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VALORIZATION OF ARTICHOKE LEAF POWDER IN EXTRUDED SNACKS:
PRODUCT QUALITY AND IN VITRO STARCH DIGESTIBILITY
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ABSTRACT

Artichoke waste is a rich source of fibers and bioactive phenolic substances. The study aimed to investigate
the effect of artichoke leaf powder (ALP) addition on physical properties and in vitro starch digestibility of
wheat flour (WF) - based extrudates. Feeds were prepared to have extrudates with ALP:WF ratios of 0:100,
3:97, 6:94, and 9:91. Increasing ALP ratio reduced sectional and volume expansion indexes but increased
bulk density and hardness values. The water absorption index decreased for the highest ALP: WF ratio
(9:91), while the water solubility index was not affected by ALP addition. Rapidly and slowly digestible
glucose fractions were not significantly affected by ALP addition. The overall acceptability of products was
only affected at the 9:91 ALP: WF ratio. The findings showed that ALP could be valorized as a food
ingredient. The information gained could guide future studies that will focus on developing nuttitious ready-
to-expanded snacks enriched with high fiber ingredients.

Keywords: Artichoke, extrusion, dietary fiber, available glucose

ENGINAR YAPRAGI TOZUNUN EKSTRUDE ATISTIRMALIKLARDA
KULLANILMASI: URUN KALITESI VE IN VITRO NiSASTA
SINDIRILEBILIRLiGI

oz

Enginar Gretimi esnasinda ortaya ¢tkan atiklar zengin lif ve biyoaktif fenolik madde kaynagidir. Bu
calisma, enginar yapragi tozu (ALP) ilavesinin, bugday unu (WF) bazli ekstriiddatlarin fiziksel
Ozelliklerine ve 7n witro nisasta sindirilebilirligine etkisini arastirmayr amaclamaktadir. Calismada,
ALP:WF oranlart sirasiyla 0:100, 3:97, 6:94 ve 9:91 olacak sekilde ekstridatlar Gretilmistir. ALP
oraninin artirilmasi, genlesme indekslerini azaltmis, ancak yigin yogunlugu ve sertlik degetlerini
artirmistir. Su emme indeksi en yiiksek ALP:WF oraninda (9:91) azalirken, suda ¢éziinirlik indeksi
ALP ilavesinden etkilenmemistir. Hizli ve yavas sindirilebilen glikoz fraksiyonlart ALP ilavesinden
6nemli 6lgiide etkilenmemistir. Uritinlerin genel kabul edilebilirligi yalnizca 9:91 ALP:WF oraninda
etkilenmis olup bulgular, ALP'nin ekstriidatlarda bir gida bileseni olarak degetlendirilebilecegini
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gostermistir. Elde edilen bilgiler, yiiksek lif icerigi ile zenginlestirilmis, besleyici atistirmaliklarin
gelistirilmesine yonelik gelecekteki calismalara rehberlik edebilir.
Anahtar kelimeler: Enginar, ekstriizyon, diyet lifi, mevcut glikoz

INTRODUCTION

The extrusion is a high-temperature, short-time
technology that combines several food processing
operations such as mixing, shearing, heating, and
forming in a single piece of equipment. The
process combines mechanical, thermal, and
chemical effects continuously. Its versatility
makes it possible to produce different foods such
as pasta, ready-to-eat cereals, and pet foods by
simply changing the ingredient, extrusion
conditions, and the die. The extrusion process is
high throughput, energy-efficient,
environmentally friendly, and  low-cost
technology. Therefore, it is convenient for
developing value-added cereal-based products by
incorporating  by-products  with  nutritional
benefits into the food stream for consumer appeal
(Wani, Kumar, 2016). However, additional
ingredients mainly composed of high dietary fiber
and protein have adverse effects on extrudates'
expansion and textural properties, which could
reduce their acceptance rates by consumers
(Ackar et al., 2018; Blandino et al., 2022).

Extruded products' structural and textural quality
may alter nutrients' digestibility (Rathod,
Annapure, 2017). It is possible to increase the
availability of bioactive compounds, antioxidant
activity, and total phenolic content in the
extrudates during digestion by incorporating
vegetable-based materials (Tonyali et al., 2015;
Ortak et al., 2017; Guven et al., 2018; Tonyali et
al,, 2020). Besides, additional ingredients high in
fiber and protein content may reduce the starch
digestion rate (H. Lu et al., 2021). Therefore, it is
essential to investigate the quality, nutritional and
sensory attributes of cereal-based extrudates
enriched with by-products to improve the
nutritional quality and increase consumer interest.
Globe artichoke (Cynara scolymus 1.) has many
health benefits since it is rich in inulin, fiber,
minerals, and bioactive phenolic compounds
(Lattanzio et al., 2009). A great portion (60%) of
harvested arthichoke biomass, consisting of
external flowers, bracts and stems, is discarded
during manufacturing operations (Guven et al,,

2018). Artichoke waste is surprisingly rich in
fibers and bioactive phenolic compounds. Several
studies showed that the extrusion process
improved the in vitro bioaccessibility of
functional compounds, including the bioactive
compounds found in the artichoke leaf powder
(ALP) (Tonyali et al., 2015; Ortak et al.,, 2017;
Guven et al, 2018; Tonyali et al, 2020).
Therefore, the present study investigated the
effects of ALP addition on the physical and
sensory properties and iz vitro starch digestibility
of wheat flour-based extrudates.

MATERIALS AND METHODS

Materials and feed preparation

Wheat flour (WEF) (72.2 g carbohydrate, 2.4 ¢
fiber, 13.1 g protein in 100 g) (Soke Milling
Industry and Trade Inc., Tirkiye) and artichoke
(Cynara scolymus 1..) leaves from local groceries
(Ankara, Turkiye) were used in feed preparations.
Pepsin (EC 3.4.23.1, P7125, Sigma-Aldrich, St.
Louis, MO, US), pancreatin (P7545, Sigma-
Aldrich, St. Louis, MO, US), amyloglucosidase
(EC 3.2.1.3, A7095, Sigma-Aldrich, St. Louis,
MO, US), and invertase (EC 3.2.1.26, 14504,
Sigma-Aldrich, St. Louis, MO, US) enzymes were
used for enzymatic digestion of products.

Green fleshy outer leaves of artichokes leaves
were washed and dried at room temperature for
two weeks (Guven et al., 2018). They were ground
(pulverisette 16 mill, Fritsch, Idar-Oberstein,
Germany) and sieved (1 mm, Fritsch, Idar-
Oberstein, Germany). The artichoke leaf powder
(ALP, moisture of 8.4 £ 1.4 %) was stored at
room temperature in closed jars until the analysis.
A halogen moisture analyzer at 160 °C (MIX-50,
AND, Tokyo, Japan) was used to measure the
moisture contents of both raw and processed
samples.

Feeds were prepared to have extrudates with
ALP: WF ratios of 0:100, 3:97, 6:94, and 9:91 (g
ALP: ¢ WF on dry basis). The final moisture
contents of the feed mixtures were adjusted to 20
% by adding distilled water and mixed
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(KitchenAid, Greenville, OH, US). Feed mixtures
were stored at +4 °C overnight for equilibration
and kept at room temperature for 2 hours before
the extrusion process.

Extrusion

A laboratory-scale  co-rotating  twin-screw
extruder (Feza Machine Co. Ltd., Istanbul,
Turkey) with screw configurations given in Table
1 was used to obtain the extrudates (Guven et al.,
2018; Tonyali et al., 2015, 2020). Die diameter was
3 mm, and barrel length to diameter ratio (L:D)
was 25:1 (cm: cm). The feed flow rate was 55 £ 1
g/min, the screw speed was 250 rpm, and batrel
temperature zones were set at 80 °C, 90 °C, 130
°C, and 150 °C (die: 128 °C). Samples were taken
only when the actual barrel zone and die
temperatures varied maximum * 2 °C from the
set temperatures. The moisture content of the
samples was 11.5 £ 0.5 % after the extrusion
process, and they were dried at 50 © for 5 h (E28,
Binder, Tuttlingen, Germany) to a moisture
content less than 10 % and stored in plastic bags
until the analyses.

Table 1. Screw configurations of the extruder.

8 D Twin lead feed screws

7x30° Forward kneading elements
4 D Twin lead feed screws

4x60° Forward kneading elements
4x30° Reverse kneading elements
2D Twin lead feed screws

6x60° Forward kneading elements
4x30° Reverse kneading elements
1 D Single lead feed screws

7x90° Kneading elements

2 D Single lead feed screws

Die

Screw diameter (D) = 25 mm

One kneading element = 0.25 D

Physical properties of extrudates

Color:

Extrudates were ground (KSW 445 CB, Bomann,
Kempen, Germany) and sieved (212 um)
(Caltinoglu et al., 2013). The color of compressed
powder was determined as color coordinates in
CIELAB color space (L", 4% 4" (CR 10, Konica
Minolta, Osaka, Japan), which was calibrated
against a standard white (L= 93.8, ™= 0.0, /"=
5.2) (Caltinoglu et al., 2013). In order to determine
the effect of ALP addition on the colot, the color
change upon ALP addition was determined. The
AE value, which shows the color difference
between the control and ALP added samples, was
calculated according to Eq.1 where L%, a%, &%,
and L, &%, b* are the color values of the control
sample and samples with added ALP,
respectively.
AE=((L*-LY)2+(a"-a"o)2+(b"-b")2)1/2 (Eq.1)
Scanning electron microscopy (SEM):

Images of the extrudates were captured in the
Middle East Technical University (METU)
Central Laboratory with a scanning electron
microscope (QUANTA 400F Field Emission,
Thermo Fisher, Oregon, US). Before scanning,
samples were coated with 6 nm Au-Pd by sputter
coater (Polaron, Quorum Technologies Ltd, East
Sussex, UK) (Caltinoglu et al., 2013).

Bulk density:

The liquid displacement method was used to
determine the bulk density as described
previously (Caltinoglu et al., 2013). Extrudates
with known weight were submerged into molten
paraffin and cooled to let paraffin cover the
sample. The covered pieces were weighed and
dipped into water with a glass ball with a known
weight in a degree cylinder. The rise in the water
level was measured. Bulk density was determined
by using the below equations:

MMparaffin = Mtotal — Mextrudate (g) (EqZ)
Vbarqﬁiﬂ = Mparafiin / Oparaffin (Cm3) (Eq3)
Vvex)‘rw/ale = A%iquid - V;g/aﬂha// - mardﬁfz (Cmg) (Eq4)
(g/cm’) (Eq.5)

where Zearudate () Mparain (L) 7200 (g) are the weight
of the extrudate without the paraffin, the weight
of the paraffin covering the extrudate, the total
weight of the extrudate with the paraffin,

Obuikdensity = Mlexctrudate / %xlmdate

999
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respectively; Vewmdare (€3, 1 paragin (€3), 1V gpacsban
(em?), AVigua (cm?) were the volume of the
extrudate, the volume of the paraffin covering the
extrudate, the volume of the glass ball, the volume
of water raised, respectively; guirdnsin (g/cm?) and
Oparain (g/cm?) are the density of extrudates and
the density of paraffin covering the extrudates,
respectively.

True density:

The true volume and true density values of
extrudates were determined by a helium
pycnometer (Ultrapycnometer
1000, Quantachrome, Boynton Beach, FL, US) at
the Middle East Technical University Central
Laboratory (Caltinoglu et al., 2013).

Sectional expansion index (SEI), volume expansion index
(VEL) and porosity:

Diameters of randomly selected extrudate pieces
were measured with a digital caliper (Caltinoglu et
al., 2013). The sectional expansion index (SEI)
and volume expansion index (VEI) were
calculated as described elsewhere (Pai, Blake,
Hamaker, Campanella, 2009) by the following
formulas:

SEI= (D./ D,)? (Eq.6)
VEI = Osoliddensity / Qbulkdensity (Eq7)
Por U-S‘Zb/ =1- (Q/m/kdemi{y / ‘_O.ra/z'dden\ri{)) (EqS)

where D, (mm) and D, (mm) are the diameter of
the extrudate and the diameter of die, respectively;
Osoliddensity (&/ ) and gpusednsiny (g/ cm?) are the true
density and the bulk density values of extrudates,
respectively.

Water absorption index (WAIL) and water solubility
index (WS1):

Water absorption index (WAI) and water
solubility index (WSI) were calculated by the
method described elsewhere (Caltinoglu et al.,
2013). Extrudates were finely ground (KSW 445
CB, Bomann, Kempen, Germany) and sieved
(212 um). 1 g powdered sample was mixed with 6
mL of distilled water in a beaker, and the mixture
was stirred at 30 °C, at 1000 rpm for 30 min (Wisd
WiseStir MS-20D, witeg Labortechnik GmbH,
Wertheim, Germany). The mixture
transferred into a tube and centrifuged at 4000xg,
at 24 °C for 20 min (2-16PK, Sigma

was

Laborzentrifugen, Osterode am Harz, Germany).
The supernatant was separated from sediment
and transferred into a glass tube with known
weight, and the remainder was weighed. The glass
tube containing the supernatant was dried at 110
°C for 18 h and weighed. WAI and WSI were
calculated by the following formulas:
WAL = mtsedimens | P dpyproduct

WS = (ﬂidmg/ﬁn[ / m,zgprod”[;) x 100

(Eq.9)
(Eq.10)

whete #dpproduct (&), Psediment (&) AN Maissoned () are the
dry weight of product initially weighed, the weight
of sediment after the centrifugation process, the
weight of dissolved solids in the supernatant,
respectively.

Breaking stress:

A texture analyzer (TA.XT Plus, Stable Micro
Systems, Surrey, UK) in compression mode was
used to determine the breaking stress (BS)
(Caltinoglu et al, 2013). Height and force
calibrations were conducted before the analysis. A
4-cm-long piece of the sample was placed on a
three-point bend rig with two adjustable supports.
The distance between supports was fixed at 2 cm.
A sharp testing blade (0.12 cm thick, 8 cm wide)
was used as the analysis probe. The trigger force,
test distance, and test speed values were 5.0 g, 10
mm, and 10.0 mm/s, respectively. The maximum
stress was calculated with the equation given
below (Sahin, Sumnu, 2006):

o= (F.L)/ (zr) (Eq.11)

whete g, F, L, and rare the maximum stress (Pa),
snapping force (N), the distance between two
supportts (m), and the radius of extrudate (m).

Determination of nutritionally important
glucose fractions by in vitro digestion

In vitro digestion

To determine glucose fractions, in vitro digestion
protocols described elsewhere (Englyst et al.,
1999; Parada et al., 2011) were used with some
modifications (Tonyali et al., 2020). The enzyme
mixture was prepared fresh on the day of analysis.
In each of the six centrifuge tubes, 3 g of
pancreatin was mixed with 20 ml water by
vortex-mixing and stirred on a magnetic stirrer for
10 min. The mixture was centrifuged at 1500 x g
for 10 min. From each tube, 15 mL of supernatant
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was transferred into a beaker and mixed with 4
mlL of amyloglucosidase and 6 mL of invertase to
have a 100 mL enzyme mixture.

Ground (KSW 445 CB, Bomann, Kempen,
Germany) and sieved (212 um) samples (0.7 g)
were mixed with 5 mL saturated (50 %) benzoic
acid solution and 10 mlL pepsin-guar gum
solution (5 g pepsin/L and 5 g guar gum/L
dissolved in 0.05 M HCI) in 50-ml-tubes. A blank
tube (without sample) was used to correct the
glucose coming from the enzyme solutions and
additional chemicals. All tubes were vortex-mixed
and placed in a water bath at 37 °C for 30 min.
After the incubation at 37 °C, 5 mL of sodium
acetate solution (0.5 M), 5 mL of the enzyme
mixture, and five glass balls were added to each
tube. The caps of tubes were closed and slightly
shaken. The tubes were placed in a shaking water
bath (160 rpm) at 37 °C (t=0 min). After 20 min
(t=20), 0.2 mL sample from ecach tube was
transferred into another tube labeled as Gz and
mixed with 4 mL of ethanol. The original tubes
were immediately returned to the water bath, and
at the end of 120 min (t=120), the same sampling
procedure was repeated for each tube to obtain
the Gioo samples. At the end of 120 min, the
original tubes in the water bath were vortex mixed
and placed in a boiling water bath for 30 min.
Then they were cooled down in an ice-water bath
for 15 min, and 10 mL of potassium hydroxide
(0.7 M) was added into each tube. The tubes wete
returned to the ice-water bath and incubated for
30 min. Then, 0.2 mL of the sample taken from
each tube was mixed with 1 mL acetic acid
solution (1 M) and 320 uL amyloglucosidase
solution (40 pL diluted with 280 L water). This
mixture was first incubated in a water bath at 70
°C for 30 min, and then it was placed in a water
bath at boiling temperature for 10 min. The tubes
were let to cool down to room temperature, and
12 mL of ethanol was added to obtain total
glucose (T'G) samples.

High-pressure liguid chromatography (HPLC):

The Gao, Gi2, and TG sample solutions were
centrifuged at 1500xg for 5 min. The supernatants
were dried in a concentrator (Concentrator 5301,
Eppendorf AG, Hamburg, Germany), dissolved

in 1 mL of distilled water, and filtered through a
0.45 um PTFE syringe filter. Gz (glucose released
during the first 20 min), Gizo (glucose released
during the first 120 min) and TG (total glucose in
the sample) values were determined by HPLC
analysis at METU Molecular Biology and
Biotechnology R&D Center by adapting the
official method of the European Community (NF
EN 12630:1999) (Tonyali et al., 2020).

Calculation of glucose fractions: RAG (rapidly
available glucose), SAG (slowly available glucose),
and UG (unavailable glucose) were calculated
according to the equations given below (Tonyali
et al., 2020):

RAG (g/100g) = (G2 / TG) x 100 (Eq12)

SAG (g/100g) = (Giz20— Gz) / TG) x 100 (Eq.13)
UG (g/100g) = (TG - G120) / TG) x 100 (Eq.14)

Sensory evaluation

Ten semi-trained panelists among the METU
Food Engineering Department members
evaluated the produced extrudates. Definitions of
the quality attributes and the score sheet were
explained to the panelists before the panel. The
panelists rinsed their mouths with water just
before tasting each sample. Panelists evaluated the
samples in terms of appearance, color, taste, and
texture on a 9-point hedonic scale (1: dislike
extremely to 9: like extremely). They were asked
to compare four products for each category
separately for only one attribute. Panelists also
scored the overall preference. Statistical analysis
Analysis of variance (ANOVA) was used to
determine whether there was a significant
difference between the samples (p=<0.05). When
there was a significant difference, Duncan's
Multiple Range Test was applied to determine
means which significantly differed from others
(p=0.05). Minitab 16 Statistical Software (Minitab
Inc., Pennsylvania, USA) was used in statistical
analysis. BEach experiment was replicated at least
three times except the 7 witro digestion
experiments, where the replication number was
two.
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RESULTS AND DISCUSSION

Physical properties

Color:

The L*, a* b* values, and AE values were
depicted in Table 2. As ALP:WF ratio increased
L* value decreased. The products became darker
in color because the greenish color of ALP is
naturally darker than the white color of the wheat
flour. The redness (a*) and yellowness (b*) of the
products increased with increasing ALP:WF ratio.

Artichoke heads show a wide color range since
they contain anthocyanin pigments,
hydroxycinnamic acids, and flavones (Schiitz et
al., 2004; Zhu et al., 2004; Schutz et al., 20006a;
Schiitz et al., 2006b; Lattanzio et al., 2009). The
product with 9:91 ALP:WF ratio had the highest
color difference (AE) due to the increasing
pigment concentration with increasing ALP
content.

Table 2. Color parameters of artichoke leaf powder (ALP) added wheat flour (WF) based extrudates.

ALP: WF

L* a* b* AE
(&g

0:100 733+ 0.3 4.4+ (.44 19.1 + 0.2d -

3:97 67.9 + 0.5b 4.8 + 0.4¢ 21.8 +0.2¢ 20.9 £ 0.5¢
6:94 64.6 + 0.8¢ 51+ 0.1b 233+ 0.1b 24.6 + 0.8v
9:91 61.2 + 0.64 5.4+ 0.1 23.7 + 0.12 27.9 + 0.1

Results are mean £ SD (n = 10). Significantly different values in the same column are followed by different letters
(a, b, ¢, d) (P<0.05). L*: lightness; a*: redness; b*: yellowness; AE: color difference between the control and ALP

added samples.

Scanning Electron Microscopy (SEM):

The internal microstructures of extrudates were
examined by scanning electron microscopy
(SEM). Microstructure (cell number, size, and
wall thickness) is related to the extrudates’
expansion and textural properties (Gui, Ryu,
2014). The decrease in the size and the increase in
the number of air cells after ALP addition,
especially for the extrudates with 9:91 ALP:WF
ratio could be seen qualitatively in Figure 1. In a
previous study, corn-based extrudates enriched
with semi-defatted sesame cake, the number of air
cells increased, and the air cells’ size decreased
(Nascimento et al., 2012). The researchers
claimed that dietary fibers in the semi-defatted
sesame cake behaved as nucleating agents and
increased air cell number. The same hypothesis
can be valid for the present study since ALP is a
rich source of fibers that may act as nucleating
agents. In apple-pomace added corn-based
extrudates, the reduction in air cell size was
attributed to the reduction in elastic recovery and
extensibility due to the replacement of starch with
apple pomace (Karkle et al., 2012). In the present
study, the dilution of starch in ALP added
extrudates could be responsible for reducing
elasticity and extensibility, which in turn causes

reduced cell size and the less expanded samples.
The cell wall thickening effect of ALP can also be
observed (Figure 1). Thicker cell walls are
responsible for increased rigidity, resistance to
rupture, and hardness of extrudates (Bisharat et
al., 2013; Rolandelli et al., 2020).

A

Figure 1: SEM micrographs of artichoke leaf
powder (ALP) added wheat flour (WF) based

extrudates. Extrudate with an ALP:WF (g:g)
concentration of A) 0:100, B) 3:97, C) 6:94, D)
9:91.
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Expansion properties:

The puffing degree of extrudates can be described
by expansion ratio (expansion in the radial
direction) and bulk density (expansion in all
directions) (Falcone, Phillips, 1988). The porosity,
another expansion property, is negatively
correlated with bulk density (Yagci, Gogus, 2008).
As ALP:WF ratio increased, bulk density

increased, and porosity, SEI and VEI decreased
(Table 3). At all ALP addition levels, extrudates
had significantly different SEI and VEI values
(Table 3). Bulk density and porosity were not
significantly affected by ALP addition at 3:97
ALP:WF  ratio; however, when  ALP
concentration increased further, bulk density
increased and porosity decreased significantly

(Table 3).

Table 3. Physical properties of artichoke leaf powder (ALP) added wheat flour (WF) based extrudates.

ALP: WF (g:g)

0:100 3:97 6:94 9:91
Bulk Densityt (g/cm’)  0.18 £ 0.00¢ 0.21 £ 0.03b¢ 0.24 £0.05>  0.37 £0.102
SEIf 14.11 £ 0.97» 7.52 £ 0.05b 6.01 £0.31c  4.08 £ 1.224
VEIt 8.29 £ 0.34 7.32 £ 1.48b 640 £1.75¢ 423 % 0.614
Porosityt 0.88 £ 0.012 0.86 £ 0.03% 0.84 £0.04>  0.76 £ 0.03¢
WAI§ g/ 3.96 £ 0.032 3.87£0.18> 370 £0.05®  3.63 £0.01>
WSI§ % 2405093  23.851+239 2608 £256+ 24.01 £0.992
Breaking Stress § (MPa) 0.39 £ 0.084 0.95 £ 0.18¢ 125+£0.20> 217 +0.38

Abbreviations: ALP, artichoke leaf powder; WF, wheat flour; SEI, sectional expansion index; VEI, volume
expansion index; WAI, water absorption index; WSI, water solubility index.

TResults are mean = SD (n = 10).
T Results are mean = SD (n = 50).
§ Results are mean £ SD (n = 0).

Significantly different values in each row are followed by different letters (a, b, ¢, d) (P=0.05).

The primary polymer which plays an essential role
in the expansion is starch, and the other
components such as proteins, sugars, fats, and
fibers act as diluents (Moraru, Kokini, 2003). In
this study, ALP has negatively affected the
expansion properties acting as a diluent.
Artichoke bracts are mainly composed of dietary
fibers (Villanueva-Suarez et al., 2019). Fibers may
cause an overall reduction in expansion properties
through different mechanisms (Robin et al,
2012). They interfere with bubble expansion,
reduce the air cell size by causing premature
rupture of gas cells and eventually lead to a
reduction in the overall expansion (Lue et al.,
1991; Chang et al., 1998; Moraru, Kokini, 2003;
Yanniotis et al., 2007). Therefore, ALP may have
reduced expansion and increased bulk density by
interfering with bubble expansion, disrupting the
continuous structure and restricting the available
water.

Water absorption index (WAIL) & water solubility index
(WSI):

The water absorption index (WAI) indicates the
volume occupied by the granule or starch polymer
or the ability of starch to absorb water upon
swelling in excess water (Sriburi, Hill, 2000; Zhu
etal., 2010). In this study, there was no significant
difference between WAI values of extrudates at
0:100, 3:97 or 6:94 ALP:WF ratios (Table 3).
However, when ALP:WF ratio was further
increased to 9:91, WAI was lower than that of
extrudates with no ALP. In literature, for rice,
batley, corn, and semolina based extrudates
reduction in WAI was reported due to enrichment
with pea grits, beetroot powder, tomato pomace,
partially defatted hazelnut flour, apple pomace,
and mushroom powder (Singh et al., 2007; Altan
et al., 2008a; Yagct, Gogiis, 2008; Karkle et al.,
2012; Singh etal., 2016; Lu et al., 2020). Increasing
fiber content was found to decrease the WAI of
cornmeal extrudates in previous studies (Artz et
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al., 1990; Jin et al., 1995); on the other hand, if the
fiber has a higher water holding capacity than
starch, it may lead to an increase in WAI (Yadav
et al., 2015). WAI can be used as an indirect
measure of the gelatinized starch granules (Zhu et
al., 2010). The lower WAI value in extrudates with
the highest ALP level (9:91 ALP:WT ratio) could
be due to the dilution of starch, implying that ALP
might have a slightly lower water holding capacity
than the WF (Singh et al., 2007; Altan et al., 2008a;
Yagci, Gogus, 2008; Singh et al., 2016). WSI
measures free polysaccharides released from the
starch after extrusion. It is an indication of starch
degradation  with  combined effects of
gelatinization, dextrinization, and the consequent
solubilization (Gutkoski, El-Dash, 1999; Sriburi,
Hill, 2000; Ding et al., 2005). In our study, the
WSI values of samples were not significantly
affected by ALP addition (Table 3). Differential
scanning calorimetry analysis (data were not
shown) showed that gelatinization was complete
for all extruded samples. Previously, similar
results were observed for mushroom enriched
semolina-based extrudates and onion skin powder
enriched wheat flour-based extrudates (X. Lu et
al., 2020; Tonyali et al., 2020). We can conclude
that fragmentation or gelatinization was not
affected by ALP addition for all ALP levels.

Breaking stress:

Breaking stress (BS) can be used to measure the
hardness of extrudates (Altan et al., 2008b;
Stojceska et al., 2008; Robin et al., 2011; Delgado-
Nieblas et al., 2019). According to the BS values
given in Table 3, products’ hardness increased
significantly as ALP:WF ratio increased. These
data were also supported by increased bulk
density and decreased porosity data (Table 3).
Generally, addition of by-products to extrudates
increases product density and hardness (Korkerd
et al,, 2010).

Glucose fractions determined by in-vitro
starch digestion

Thermal, mechanical, and, chemical processes
applied to starch and its interaction with other
ingredients in the food matrix contribute to
forming a typical microstructure that can affect
starch digestion and absorption of carbohydrates

(Kaur, Singh, 2016; Lovegrove et al, 2017).
According to the results given in Table 4, all the
extruded samples had high rapidly available
glucose (RAG) and low unavailable glucose (UG)
values. In some studies, the addition of bran,
inulin, guar, mushroom and additional fibers was
found to reduce carbohydrate digestibility of
extrudates (Brennan et al., 2008; Brennan et al.,
2012; Schuchardt et al., 2016). However, in the
present study, the used ALP:WF ratios did not
cause any significant difference in the RAG and
UG values (Table 4). The data in Table 4 were
presented as RAG, SAG and UG “per 100 g total
glucose” rather than “per 100 g of the samples”.
Therefore, the effect of dilution, due to
replacement of WF by ALP, were excluded by
normalizing the data with the total glucose found
in the samples. In addition, according to the DSC
results, all  samples showed complete
gelatinization (data not shown). Therefore, in this
study, the used ALP:WF ratios were not high
enough to limit the gelatinization and reduce the
carbohydrate digestibility. Tonyali et al. (2020)
also reported that onion skin powder addition did
not affect the glucose release rate of wheat-based
extrudates.

Sensory evaluation results

Extrudates evaluated in terms of
appearance, color, taste, texture and overall
preference. Only the extrudates with the highest
ALP:WF ratio (9:91) had significantly lower
scores (Table 5). Among the other groups, there
was not a significant difference in terms of
evaluated attributes. Extrudates with lower
breaking force and higher expansion degrees were
reported to receive better sensory scores (Altan et
al., 2008b; Ackar et al., 2018). The poor expansion
and hard structure of extrudates with 9:91
ALP:WF ratio may be responsible for the low
sensory scores in the present study.

were
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Table 4. Rapidly available glucose (RAG), slowly available glucose (SAG), and unavailable glucose
(UG) fractions of artichoke leaf powder (ALP) added wheat flour (WF) based extrudates.

ALP:WF RAG SAG uG
(2:0) (g glucose / 100 ¢ TG)
0:100 57.45 = 11.1 6.45%25 36.1 +20.3
3:97 7474 + 5.8 1.68 £ 6.8 23.58 £ 4.0
6:94 60.05 + 10.08 141 £206 38.54 +19.2
9:91 58.86 £ 5.3 6.71+29 3443 £ 8.4

Results are mean = SD (n = 2).

Table 5. Sensory evaluation results of artichoke leaf powder (ALP) added wheat flour (WF) based

extrudates.
AI(‘;;;;VF Appearance Color Taste Texture Overall Acceptance
0:100 7+2a 7+2a 7+2 7+2 72
3:97 7E1e 712 712 712 71
0:94 6E22 6E22 622 622 61
9:91 4+2°b 4+2°b 4+2b 4+30b 4+2°b

Results are mean = SD (n = 10). Significantly different values in the same column are followed by different letters

(a, b) (P<0.05).

CONCLUSIONS

The study results showed that ALP addition
caused changes in microstructures and quality
attributes of wheat flour-based extrudates. As
ALP concentration increased, the expansion and
porosity decreased, while hardness increased.
Except for the highest ALP level (9:91 ALP:WF),
there was not a significant difference between the
ALP added extrudates and control in terms of
overall consumer preference. The 7 vitro starch
digestion rate was also not affected by ALP
addition at the studied ALP:WF ratios. The study
showed that ALP could be added at low
concentrations to expanded snacks. Future
studies may focus on improving the quality
attributes of ready-to-expanded snacks enriched
with by-products by changing the process
conditions.
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oz

Bu calismanin amaci, zeytinyad proses atigi olan karasuyundaki fenolik maddelerin bertaraf edilmesi icin
ekstraksiyon sistemlerinin kiyaslanmasidir. Ayrica ¢alismanin bir diger amact derin 6tektik ¢6zgen (DOC:
kolin klortir:formik asit (1:2, n:n)) kullandarak ohmik, mikrodalga ve ultrason destekli ekstraksiyon sistemi
ile fenolik bilesiklerinin ekstraksiyonu ve kinetik modellenmesidir. Calismada, dért farkli ekstraksiyon teknigi
(ohmik, mikrodalga, ultrason ve maserasyon) ve ekstraksiyon cesidine gére degisen farkl islem stireleri
kullanilarak kolin klortr:formik asit (1:2, n:n) ve su karisimu (1:1, viv) ile 1:5 (m:v) karasu:solvent oraninda
ckstraksiyon islemi gerceklestirilmistir. Bagimli degisken olarak toplam fenolik madde miktar belirlenmistir.
En yliksek toplam fenolik madde miktarina (24.2511.19 mg GAE/g karasu) mikrodalga (270 W glcte)
destekli ekstraksiyon isleminde ve 80 dakikada ulagtlmistir. Ek olarak modelleme sonucunda fenolik madde
degisiminin Peleg modeline uyum gosterdigi gorilmistiir. En yiiksek By ve Crax degetleri sirastyla ohmik
destekli ekstraksiyon islemi ve mikrodalga destekli ekstraksiyon isleminde tespit edilmistir.

Anahtar kelimeler: Ohmik, mikrodalga, ultrason, DOC, karasu, fenolik bilesik, kinetik modelleme

KINETIC MODELLING OF OHMIC, MICROWAVE AND ULTRASOUND
ASSISTED EXTRACTIONS OF PHENOLIC COMPOUNDS FROM OLIVE MILL
WASTE WATER

ABSTRACT

The aim of the study is to compare different extraction systems for the removal of phenolic
compounds from olivemill wastewater. Besides, the another aim of the study is kinetic modelling and
extraction of phenolics using DES (DES: choline cloride:formic acid (1:2, n:n). In the study, different
extraction methods (ohmic, microwave, ultrasound and maceration) and extraction times were used.
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Morteover, choline chloride:formic acid (1:2, n:n) and water mixture (1:1, v:v) was used as the solvent
and the solute to solvent ratio was adjusted to 1:5 (m:v) wastewater: solvent ratio. Total phenolic
content was selected as dependent variable. Maximum total phenolic content (24.25+1.19 mg GAE/g
OMYW) was reached at microwave (270 W power) and 80 minutes process time. In addition, it was
found that the variaiton of TPC with respect to time fit Peleg model. The highest Bo and Cpax values
were detected at ohmic and microwave, assisted extraction respectively.

Key words: Ohmic, microwave, ultrasound, DES, olive mill wastewater, phenolic compounds,

modelling

GIRIS

En eski gidalardan biri olan zeytinyagi 6zellikle
Akdeniz  Bolgesi’nde yer alan  ilkelerin

ckonomisinde 6nemli bir rol almaktadir (Foti vd.,
2021; Shabir vd., 2023). Tiketicilerin besin degeri
yiksek ve dogal olan triinlere ilgisinin artmast,
zeytinyagl Uretiminin de artmasina neden
olmustur (Zahi vd., 2022). Zeytinlerin antioksidan
kapasitesinin ylksek olmasina karsin, zeytinyagt
Uretimi sirasinda yapilan ekstraksiyon ile fenolik
maddelerin  sadece %2 kadari zeytinyagina
gecmektedir ve kalan kismi ise atik olarak
kalmaktadir  (Solomakou ve Goula, 2021).
Zeytinyagl  Uretimi  sirasinda  olusan  yan
drinlerden bir tanesi zeytin karasuyu olarak
bilinmektedir (Khadir vd., 2019). Zeytin karasuyu
icerdigi agir metaller, asitliginin yitksek olmast ve
icerdigi fenolik maddelerin ¢evrede toksisiteye
neden olmasindan dolayr cevre kirliligi kaynagi
olarak kabul edilmektedir (Zahi vd., 2022). Bu
sebeple zeytin karasuyunda bulunan fenolik
bilesiklerin bertarafi arastirmacilarin ilgisini ¢ceken
bir konudur.

Bitkilerin ikincil metabolizma trtini olan fenolik
bilesikler, disik molekidl agirlikli  fenolik
asitlerden yitksek polimerize bilesiklere kadar
bircok farkli yapi icermektedir (Guebougji vd.,
2023). Fenolik asitlerin antioksidan,
antimikrobiyel, anti-kanser aktivite gibi 6zelliklere
sahip olmast nedeniyle saglik tzerine yaratlart
dikkat cekmektedir (Rashmi ve Negi, 2020).
Bunun yani sira degisik biyolojik 6zelliklere sahip
olan fenolik asitler, kozmetik ve gida
endustrisinde kullanilmaktadir (Kumar ve Goal,
2019).

Ekstraksiyon — iglemi, istenilen  bilesiklerin
numuneden ekstrakta ge¢mesi icin yapilan bir
ayirma islemi olarak tanimlanabilir (Gil-Martin
vd., 2022). Ekstraktlarin fenolik bilesik igerigi,

ekstraksiyon isleminde kullanilan metoda baglt
olarak degismektedir (Bondam vd., 2022).
Ekstraksyon islemi geleneksel veya geleneksel
olmayan yontemlerle yapilmaktadir. Soksalet ya da
maserasyon gibi geleneksel yontemler, ¢ok fazla
solvent kullanimina, uzun islem sirelerine ve
olumsuz cevresel etkilere neden olmaktadir. Bu
dezavantajlart ortadan kaldirmak icin, basinglt sivi
ekstraksiyonu, stperkritik sivi - ekstraksiyonu,
mikrodalga destekli ekstraksiyon ve ultrason
destekli ckstraksiyon gibi yeni yontemler
gelistirilmistir (Alara vd., 2021). Bunlara ek olarak
ohmik 1sitma da  ekstraksiyon isleminde
kullamilmaktadir (Cilingir vd., 2021).

Mikrodalgalar, 300 MHz ile 300 GHz frekans
araliginda  bulunan ve iyonlastirict  olmayan
radyasyon olarak simflandirtlmaktadir (Alvi vd.,
2022). Mikrodalga enerjisi, iyonik iletim ya da
dipol rotasyon ile molekillerin hareketini
saglamaktadir. Bu iki mekanizma  bitki
hticrelerindeki sicakligin hizli bir sekilde artmasina
yol acarak, hiicre duvarlarinin parcalanmasina
neden olabilmektedir. Bu da mikrodalga destekli
ckstraksiyon sirasinda hedef bilesiklerin ekstrakta
gecmesini saglamaktadir. Geleneksel ekstraksiyon
yontemlerine gbre daha kisa siirede ekstraksiyon
isleminin gerceklesmesini saglamakla birlikte
solvent maliyetini de azaltmaktadir (Bagade ve
Patil, 2019; Lin vd., 2020; Loépez-Salazar vd.,
2023). Ultrason destekli ekstrasiyon ise cesitli
bitkilerden hedef bilesenlerin elde edilmesi icin
ultrases enerjisi ile birlikte solventlerin kullanildigt
bir ekstraksiyon islemidir. Ultrases enetjisinin
bitki hiicreleri tizerine mekanik ve termal etkileri
sonucu kavitasyon kabarciklart olugsmaktadir. Bu
kabarciklar bir araya gelerek buyirler ve daha
sonra ¢Okerek yerel sicak noktalar olustururlar.
sonucunda, hiicre duvarinda
parcalanmalar meydana gelmekte ve biyoaktif
bilesikler ¢oziici ortama ge¢mektedir. Bu islemde
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kullanilan ultrasonik dalgalarin frekanslar 20 Hz
ile 20 kHz arasinda degismektedir. Termal
olmayan bir ekstraksiyon teknigi olarak kullanilan
ultrason  destekli  ekstraksiyon,  biyoaktif
bilesenleri hem daha kisa stirede hem de dusuk
sicaklikta ekstrakte edebilmesinin yaninda islemin
enetji ve solvent gereksinimini de azaltmaktadir
(Kumar vd., 2021; Yusoff vd., 2022). Calismada
kullanilan bir diger uygulama olan ohmik 1sitma,
gida endiistrisinde alternatif 1sitma tekniklerinden
biri olarak kullanilmaktadir. Ohmik isitma en
temel anlamiyla elektrik enerjisinin, 1s1 enerjisine
donustirilme islemi olarak ifade edilmektedir.
Yontem, kati ya da svi gidanin iki elektrot arasina
yerlestirilerek, alternatif akimin gecirilmesine
dayanmaktadir. Elektrik akimi, gida igerisinden
gecerken gidanin elektrik direncine bagl olarak
Urin icinde sicaklik artisina neden olmaktadir.
Ohmik 1sitma, homojen ve hizli bir 1sitma
saglamakta aynt zamanda yiksek verimle
gerceklesmektedir. Ohmik 1sitmanin  etkinligini
islenen triiniin boyutlari, elektrik alan kuvveti,
sistem tasarimu gibi faktorler etkilemektedir
(Cilingir vd., 2021; Cabas ve Igier, 2021;
Safarzadeh Markhali vd., 2022; Kaur vd., 2024).

Geleneksel metotlarda yliksek miktarda harcanan
ve cevre kirliligine neden olan solventler yerine
ginimiizde derin 6tektik ¢oziiciiler kullanilmaya
baslanmistir. Derin &tektik ¢oziiciiler (DOC), oda
sicakliginda katt halde bulunan, belitli molar
oranlarinda karistirildiklarinda  sivi bir  ¢ozeltd
olugturan, 1iki veya daha fazla bilesigin
karistirilmast sonucu olugmaktaditlar (Lomba vd.,
2021). Bir hidrojen bag alicist (HBA) ve bir de
hidrojen bag vericisinin (HBD) kombinasyonu ile
hazirlanmaktadir (Abbott vd., 2003). DOClerin
Ozellikleri, oda sicakliginda uguculuklarinin ihmal
edilebilmeleri, suyla karisabilmeleri ve yuksek
viskoziteye sahip olmalart olarak siralanabilir
(Garcia vd., 2016). Su ile karistirilabilme 6zellikleri
ekstraksiyon icin uygun viskozite degetlerinin elde
edilmesini mimkiin kilmaktadir. Cevre dostu olan
bu solventler organik solventlere alternatif olarak
kullandmaktadir (Suthar vd., 2023).

Matematiksel modelleme yontemleri, prosesleri
optimize etmek i¢in yani enetji, siire ve solvent
kullanimini  azaltmak icin  kullanilmaktadir

(Milicevi¢ vd. 2021). Yani modelleme islemi,
stirecin daha basit bir sekilde ele alinmasini
saglayarak, buylk Olcekli ekstraksiyon kosullari
icin optimum kosullarin elde edilmesine neden
olmaktadir (Wang, 2023). Ekstraksiyon isleminde
zamana baglt olarak elde edilen toplam fenolik
madde miktarinin degisimi ve sorbsiyon grafikleri
birbirine benzemektedir. Bu nedenle, kinetik
modeller tanimlanitken benzer matematiksel
ifadeler kullanilabilir (Mili¢evi¢ vd., 2021; Shewale
vd, 2022). Ekstraksiyon kinetiginin modellenmesi
ise bitkilerden istenilen bilesiklerin maksimum
sekilde elde edilmesi icin gerekli olan optimum
ckstraksiyon parametrelerinin tahmin edilmesini
saglamaktadir (Kumari vd., 2017). Ekstraksiyon
kinetigini tanmimlamak icin farklt kinetik modeller
kullanilmaktadir, bunlardan en yaygini olan Peleg
modeli de ekstraksiyon kinetigini tanimlamak icin
kullanilan yart ampirik bir modeldir (Shewale vd.,
2022).

Bu calisgmanin ana amaci, zeytinyagl proses atigt
olan karasuyun igerisinde bulunan fenolik
maddelerin bertaraf edilmesi igin ekstraksiyon
sistemlerinin kiyaslanmasidir. Bu ¢alisgmada hem
yenilik¢i ekstraksiyon tekniklerini hem de derin
otektik ¢oziictleri birlikte kullanarak zeytin
karasuyunda  bulunan  fenolik  bilesiklerin
ekstraksiyonu icin  konvansiyonel —metotlara
alternatif bir metot gelistirilmesi hedeflenmistir.
Ekstraksiyon islemi icin derin 6tektik ¢ézlctiler ile
farklt ekstraksiyon teknikleri kullanilarak en iyi
kosullarin belirlenmesi ve konvansiyonel metotla
kiyaslanmast amaclanmustir. Ayrica ekstraksiyon
islemlerinin kinetik modellenmesi de
gerceklestirilmistir. Calismamizda ohmik destekli
ekstraksiyon islemi karasu fenolik bilesiklerinin
ekstraksiyonunda ik kez DOC ile birlikte
kullantlmugtir,  ayrica  kullanllan  yenilikci
teknolojilerin (mikrodalga, ultrason ve ohmik)
karasu hammaddesinden DOC ile fenolik
bilesiklerin ekstraksiyonunda modellendigi bir
calisma da literatiirde bulunmamaktadir.

MATERYAL VE METOT

Materyal

Denemelerde materyal olarak zeytinyagi proses
atugl olan karasu Mersin-Turkiye’den temin
edilmistir (Karasu 2021 yili hasad:i zeytinlerin
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islenmesinden elde edilmistir). Ekstraksiyon
islemi Oncesi fabrikadan gelen karasular iyice
karistirldmis  ve plastik  siselere  doldurularak
dondurulmus sekilde analizlere kadar -18 °C’de
depolanmustir.

Ekstraksiyon analizleri icin kolin klortr, formik
asit, Folin-Ciocalteau reaktifi, Na>COjs, gallik asit
(Merck, Almanya) kimyasallart kullanilmistir.

Yontem

Calismada solvent olarak kolin klorir:formik asit
(1:2 (n:n)) DES ¢ozeltist 1:1 (viv) saf su ile
seyreltilerek kullandmistir. Karasu:solvent orant
1:5 (m:v) olacak sekilde sabit tutulmustur.

Obmik destekli ekstraksiyon (ODE)

CGalismada ohmik ekstraksiyon icin Kutlu vd.
(2021) tarafindan tasarlanan ohmik 1sttma sistemi
(CLOH-1000, CLS, Thurkiye) kullandmugtir.
Ohmik 1sitma sisteminin frekanst 50 Hz, ohmik
1sitma haznesinin ¢apt 5 cm ve iki elektrot arast
mesafe ise 15 cm’dir. Ohmik 1sitma stresince
stcaklik kontrolti £1 °C olacak sekilde bilgisayara
baglt bir sicaklik kontrol sistemi ile saglanmistir.
Ohmik 1sitma sirasinda 6rnegin sicakligr iki adet
termokapl ile 6l¢tlmektedir. Termokapllar ohmik
isitma hiicresinin igerisine yerlestirilerek proses
stresince  kaydedilmektedir. Kayitlardan
1sitmanin homojen oldugu tespit edilebilmektedir.
Isitma stiresi yaklagik olarak 1 dakika stirmektedir
ve ckstraksiyon siiresine dahil edilmemektedir.
Ohmik isitma 20 V/cm elektrik alan siddetinde
gerceklestirilmistir. Isitma hicresinin  sicaklig
451 °Cde sabit tutulmustur. Ekstraksiyon
sureleri 1-30 dakika arasindadir. Ekstraksiyon
islemi sonrasinda ekstraktlar bir kaba filtre kagid
kullantlarak stzilmustir. Ekstraktlar analizlere
kadar karanlikta ve derin dondurucuda ( -18 °C)
saklanmistit.

Mikrodalga destekli ekstraksiyon (MDLE)

Laboratuvar tipi mikrodalga firina (General
Electric, GMOM 25, Amerika), soksalet aparatt
baglanmis bir mikrodalga ekstraksiyon dnitesi
kullanilmistir. Ornekler derin 6tektik ¢6zgenler ile
(6ncesinde 1:1 distile su ile seyreltilerek) 1:5
¢ozgen:¢Oziicti oraninda karstirilarak 500 mLlik
balonlarda ekstraksiyon islemi gerceklestirilmistir.

Giig ve stre mikrodalga firin tizerindeki kontrol
panelinden ayarlanmistir. 180 W ve 270 W
mikrodalga giicleri ve farkli ekstraksiyon siireleri
kullantlmugtir.  Ekstraksiyon islemi sonrasinda

ekstraktlar  bir  filtre  kagidi  kullanilarak
stizilmustir.  Ekstraktlar  analizlere  kadar
karanltkta ve detin dondurucuda (-18 °C)

saklanmustir.

Ultrason destekli ekstraksiyon (UDE)

Ultrason islemi bir ultrason banyo (RK 100 H,
Bandelin Sonorex, Almanya) ve bir ultrason prob
(Sonoplus Ultrasonic Homogenizer, HD 2070,
Almanya) kullanilarak gerceklestirilmistir.

Banyo 35 kHz frekans ve 320 W gicte
caligmaktadir.  Sicakllk  45%1°C’de  sabit
tutulmustur. Ultrason prob ise 2531°C’de oda
sicakhiginda 54 W gliclerde prob ucu ekstraksiyon
haznesine 4 cm daldirilarak buz dolu bir hazne
icerisinde  gerceklestirilmistir. Ornekler derin
Otektik ¢ozgenler ile (6ncesinde 1:1 distile su ile

seyreltilerek)  1:5  ¢bzgen:¢dziici  oraninda
karistirilarak ekstraksiyon islemi
gerceklestirilmistir. Ekstraksiyon islemi

sonrasinda ekstraktlar bir filtre kagidr kullanilarak
stizllmugtir.  Ekstraktlar  analizlere  kadar

karanlikta ve derin dondurucuda (-18 °C)
saklanmustir.

Maserasyon ekstraksiyon (ME)

Kontrol olarak da kullanilan maserasyon islemi su
banyosu (Simsek, SBD-313, Tirkiye) kullanilarak
45+1°C’de gergeklestirilmistir. Ornekler derin
Otektik ¢ozgenler ile (6ncesinde 1:1 distile su ile

seyreltilerek)  1:5  ¢bzgen:¢dziici  oraninda
karistirilarak ekstraksiyon islemi
gerceklestirilmistir. Ekstraksiyon islemi
sonrasinda ekstraktlar bir filtre kagidt kullanilarak
stizilmustur.  Ekstraktlar  analizlere  kadar
karanlikta ve derin dondurucuda (-18 °C)

saklanmistir.

Analizler

Toplam fenolik madde (TFM) miktar:

Toplam fenolik madde miktarinin belirlenmesi
icin  Folin-Ciocalteu metodu  kullanilmistir
(Singleton ve Rossi, 1965). 100 pl ekstrakt
uzerine 900 pl saf su ilave edildikten sonra 5 ml.
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Folin ¢6zeltsi (0.2 N) ve 4 mL. NaxCO3 (%7.5
(w/v)) ¢ozeltisi ilave edilerek vorteks ile
kartstirilmistir. 2 saat  karanlikta  bekletilen
Orneklerin UV-VIS spektrofotometrede
(Lambda35, Perkin Elmer, ABD) 765 nm dalga
boyunda absorbans degerleri  Sl¢lilmistir.
Kalibrasyon egrisi icin farkli gallik asit
konsantrasyonlarindan (0, 50, 100, 150, 200, 250
ve 500 mg/L) vyaratlanimistir (R2=0.9961).
Sonuglar mg GAE/g karasu olarak verilmistir.

Obmik destekli ekstraksiyonda elektriksel iletkenligin
hesaplanmas:

Orneklerin  elektriksel konduktivite —degerleri
voltaj ve akim verileri kullaniarak esitlik 1
yardimiyla hesaplanmistir (Cabas ve Icier, 2021).
Sicaklik ve elektriksel konduktivitenin degisimi

grafik haline getirilmistir
IL

5 =i 1)
Esitlikte o elektriksel konduktivite (s/ m), A
clektrotlar arasi haznenin kesit alant (m?), I akim
(A), L elektrotlar arast mesafe (m) ve V voltaj

(Vydur.

Modelleme
Fenolik  bilesiklerin ~ ekstraksiyon — kinetigini
hesaplamak icin Peleg kinetik modelinden

yararlanilmustir (Peleg, 1988). Dogrusal olmayan
regresyon SigmaPlot 12.0 (Systat Software Inc.,
ABD) programit kullanilarak gerceklestirilmistir.

t

C(t) = Co + m (2)

C, t anindaki fenolik bilesik konsantrasyonunu
(mg GAE/g karasu), t eckstraksiyon suresini
(dak), Co Dbaslangictaki  fenolik  bilegik
konsantrasyonunu t=0 (mg GAE/g karasu), Ki
Peleg hiz sabitini (dak. g karasu /mg GAE) ve K
Peleg kapasite sabitini (g karasu/mg GAE) ifade
etmektedir (Kumari vd., 2022; Xu vd., 2022).
Peleg hiz sabiti Ky, ekstraksiyon hizini (Bo, mg

GAE/g  karasu dak) hesaplamak icin
kullanilmaktadir, t=0,

1
B = 3

Peleg kapasite sabiti de maksimum ekstraksiyon
verimini (Cma, mg GAE/g karasu) hesaplamak
icin kullanilmaktadir.

1
Cnax = A )

Istatistik Analiz

Istatistik analizler icin Minitab 16.0 paket
programi kullandmistir (Minitab, State College,
PA, ABD). Bagimsiz degiskenlerin etkilerinin
incelenmesi icin varyans analizi yapilmis ve
degisken ortalamalart Tukey ¢oklu karsilastirma
testi ile karsilastirlmustir. Yapilan deneyler her
kosul icin 2 paralel olarak gerceklestirilmistir.

BULGULAR VE TARTISMA

Bulgular

Calismamizda toplam fenolik madde miktarina
iliskin bulunan sonuglar Cizelge 1°de sunulmustur.
Cizelge 1’e baktigimizda toplam fenolik madde
miktarlarinin ekstraksiyon cesidine gore degistigi
gorilmektedir. Toplam fenolik madde miktarlar
maserasyon ekstraksiyon isleminde 11.94+0.37-
15.0410.32 mg GAE/g karasu (Cizelge 1a),
ohmik destekli ekstraksiyon  isleminde
11.94%£0.37-15.19£0.35 mg GAE/g karasu
(Gizelge 1b), ultrason destekli ekstraksiyon
isleminde 9.83%0.05-16.78+0.39 mg GAE/g
karasu (Cizelge 1c), ve mikrodalga destekli
ekstraksiyon isleminde 13.66+1.32-24.25+1.19
mg GAE/g karasu (Cizelge 1d) degerleti arasinda
degismektedir. Buna goére en yiiksek toplam
fenolik madde miktart degerlerine mikrodalga
destekli ekstraksiyon isleminde ulagilmustir.
Literatire  baktigimizda  organik  ¢Oziictler
kullamilarak gelencksel olarak elde edilen zeytin
degirmeni atik suyu ekstraktlarinin toplam fenolik
madde miktar1 degetleri 19.58 GAE/L olarak
rapor edilmistir (Romeo vd., 2019). Baska
calismalara baktigimizda ise toplam fenolik madde
miktarint De Marco (2007) 3481 mg/ L ekstrakt
olarak bildiritken, diger yazarlar yart modern ve
modern i¢ fazli proseslerden toplanan zeytin
degirmeni atik suyu icin 6110 ile 9820 mg/L
arasinda bir deger araligi tespit etmigtir (El-
Abbassi vd., 2011).

Ohmik Destekli Ekstraksiyonda
Fenolik Madde Miktar:

Ohmik 1sitma islemi iki elektrot arasinda direkt
olarak c¢6ziicli ve ¢Ozgen icerisinden elektrik
akiminin ge¢mesi ve olusan dirence baglt olarak
isitmanin - saglanmast olarak agiklanmaktadir.

Toplam
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Calismamizda dustk sicaklik (45 °C) ve dusuk
elektriksel alan siddeti (20 V/cm) uygulanarak
timlt bir elektriksel 1sitma uygulanmast tercih
edilmistir. Bunun nedeni yiiksek sicakliklarda
fenolik bilesiklerin degredasyonlarinin artmasidir.

disik yogunluklu (<100 V/cm) bir islem
uygulamast olarak belirlemislerdir. Bu sekilde
secim yapilmasinin sebebi termal gecirgenligi
azaltmak ve elektriksel etkilerin olusumunu
degerlendirmek olarak aciklanmustir, aksi taktirde

Literatiirde de benzer ilimli kosullarda yiksek yiksek  ekstraksiyon  sicakliklart  (termal
ekstraksiyon verimlerine ulagiimistir. Ornegin  gegirgenlestirme) ve fenolik bilesiklere zarar
Pereira vd. (2020) Gzim kabuklarinda baslangic verme gibi sonuglara neden  olabilecegi
termal ekstraksiyon kosullarini 20 dakikalik bir degerlendirilmistir.
islem siresi icin 35-40 °C arasindaki sicaklik ve
Cizelge 1. Toplam fenolik madde miktar1 sonuglart
Table 1. Total phenolic content results
1.a Maserasyon ekstraksiyon
1.a Maceration extraction
Ekstraksiyon siiresi Maserasyon RSD
dakika %
60 11.94£0.37 3.01
120 13.441+0.17 1.29
180 14.141+0.12 0.88
240 14.34+0.25 1.72
420 14.54+0.15 1.06
540 14.74£0.25 1.68
600 15.04£0.32 2.26
1.b Ohmik destekli ekstraksiyon
1.b Obmic assisted extraction
Ekstraksiyon stresi Ohmik RSD
dakika ODE %
1 13.59+0.25 1.84
7 14.54£0.55 3.64
15 14.7410.40 271
20 14.841+0.35 241
30 15.19£0.35 2.30
1.c Ultrason destekli ekstraksiyon
1.¢c Ultrasound assisted extraction
Ekstraksiyon stiresi UDE UDE RSD
dakika Banyo RSD prob %
45 °C % 54 W
10 15.52+1.16 6.96 9.83%0.05 0.50
30 16.13+0.38 2.42 11.05£0.39 3.56
60 16.78+0.39 2.25 14.26+2.27 18.96
1.d Mikrodalga destekli ekstraksiyon
1.d Microwave assisted extraction
Ekstraksiyon stresi MDE 180 W RSD MDE 270 W RSD
dakika %o %
3 13.66+1.32 8.82 15.18+0.54 3.44
5 13.481+0.26 1.95 14.49£0.25 1.73
20 13.54+0.56 3.67 15.54+0.25 1.63
40 14.48£0.40 2.77 19.39+1.14 5.54
50 15.40£0.46 3.06 20.01£0.84 4.36
60 17.74£0.66 4.48 21.8410.45 2.10
70 18.141+0.35 1.93 22.24%1.30 5.52
80 19.97£0.15 0.85 24.25+1.19 4.68
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Sekil 1. Ohmik ekstraksiyonda toplam fenolik madde miktarinin siireyle degisimi
Figure 1. Variation of total phenolic content of ohmic extraction samples with time

Ohmik destekli ekstraksiyon isleminin toplam
fenolik madde miktarina etkisini zamana gore
inceledigimizde 15. dakikaya kadar toplam fenolik
madde miktarinda dogrusal bir artis ve daha sonra
30. dakikaya kadar sistemde dengeye ulasma
gorilebilmektedir (Sekil 1). Bu durum solventin
once bitkisel dokuya niifuz etmesi ve daha sonra
dokudaki  komponentlerin  ¢6zlinmesi  ve
solventin icine gecen komponentlerin dengeye
gelmesi ile ekstraksiyon isleminin tamamlanmast
seklinde ifade edilebilmektedir. Ohmik 1sitma
islemi ile 30 dakika igerisinde hizli bir sekilde
15.19 mg gallik asit/g karasu degerine ulasilmistir
ve maserasyon islemine kiyasla ekstraksiyon islemi
%95 daha hizli tamamlanmistir (Sekil 1 ve 8).
ODE ile daha kisa siirede daha yitksek TFM
miktarina ulasimistir ve bu durumun nedeni
literatirde, ohmik islem bitki
dokusunun yumusamast ve fenolik bilesikler
arasindaki etkilesimlerin bozulmasinin polifenol
salinimint artirabilecegi seklinde agiklanmustir (Shi
vd. 2003). Benzer sekilde Pereira vd. (2016) ODE

sonucunda

isleminin renkli patatesten gidada kullanidabilen
fitokimyasallarin ckstraksiyonu  tizerindeki
etkilerini aragtirmustir. Bu ¢alismada ohmik
isitmanin diger ekstraksiyon tekniklerine kiyasla
daha hizhh  ve homojen 1sitma  sagladig
bilditilmigtir. Bu nedenle, ohmik 1sitmada sicaklik
islem kosgullarinin uygun sekilde kontrol edilmesi

durumunda,  bitki  dokusundan istenilen
komponentin  ekstraksiyonunda  hedeflenen
komponente Ozgi secici bir islem
tasarlanabilecegi rapor edilmistir. Ohmik
isitmanin  bitki ve tarimsal attklardan yiiksek
degerde  komponentler  kazanidmast  igin
kullantmina  iliskin ~ calismalar  literatirde

mevcuttur (Hashemi Gahruie vd., 2020; Jesus vd.,
2020; Ferreira-Santos vd., 2024). Bitln calismalar
fenolik birlesiklerin  ekstraksiyon verimlerini
ohmik destekli islemin arttirdigini  rapor
etmislerdir.
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Sekil 2. Ohmik ekstraksiyonda elektriksel iletkenlik degerinin sicaklik ile degisimi
Figure 2. Variation of electrical conductivity of obmic exctraction samples with temperature

Calismamizda ohmik 1sitmanin bir géstergesi olan
clektriksel ~ konduktivite — degerlerinin  kolin
klortir:formik asit (1:2, n:n) solventinde sicaklikla
degisimi incelenmistir (Sekil 2). Ekstraksiyon
islemi sirasinda sicaklik arttiginda kondiktivite
degeri de belirgin sekilde artmustir. Elektriksel
iletkenlik degerlerinde sicaklikla birlikte artis,
iyonlarin hareketi icin sirtiinmenin azalmasiyla
aciklanmaktadir (Icier ve Ilicali, 2004). Benzer
sekilde Al-Hilphy vd. (2015) bugday kepeginden
fenolik ekstraksiyonu yaptiklari ohmik destekli
ekstraksiyon calismasinda elektriksel
konduktivitenin  énemli sekilde (P <0.05)
ckstraksiyon stresi ile artis gosterdigini tespit
etmiglerdir. 14 V/cm elektriksel alan siddeti
uygulandiginda ekstraksiyon zamant 2, 10, 20
dakika  oldugunda elektriksel — konduktivite
degerleri sirasiyla 1.03, 2.27, 3.92 S/m olacak
sekilde yiikselmistir. Bu durum sicaklik artisinin ve
bugday kepeginin i¢inden gegen akimin zamanla
artmast ile actklanmistir. Calismamizda elektriksel
konduktivite degerleri zamanla artmaktadir (Sekil
2). Sicakligin zamanla degisimi de Sekil 3’te
gosterilmistir. Sicaklik 6nce 70 °C’ye kadar hizlica
artmis ve sonrasinda sistemin elektrik akiminin
durdurulmasiyla  sicaklik  zamanla 45 °Cde
dengelenmistir. Bu durum sebebiyle elektriksel
konduktivite degerinde de bir dalgalanma, ani bir

yikselme ve disme goriilmektedir. Kolin klortr
temelli derin Otektik ¢ozicilerin konduktivite
degerlerinin solvente su katilmasiyla degistirildigi
calismalara da literatlirde rastlanmistir (Shaukat ve
Buchner, 2011; Grishina ve Kudryakova, 2017,
Popovic vd., 2022). Su eklenmemis kolin klortr
ile yapilan solvent sistemlerinin viskozitesi
genellikle yiksek bulunmustur, ancak sisteme su
cklenmesi viskoziteyi diisirmekte ve ekstraksiyon
verimini arttirmaktadir. Bu nedenle ohmik 1sitma
hizli gerceklesmistir.

DOC’iin Ozellikleri (6rnegin, polarite,
fizikokimyasal etkilesimler, ¢6ztntrlik, viskozite)
fenolik bilesiklerin ekstraksiyon verimini 6nemli
Olgiide  etkileyebilir. Bu  faktbtler arasinda
viskozite ¢ok Onemli bir faktordir. Yiksek
viskozite, ¢6zicinin hedef bilesikletle sinirh
temast nedeniyle biyomolekdllerin
ekstraksiyonunu engeller. DOC, genellikle yiiksek
bir viskozite (>100 cP) g0sterir, ancak kolin
kloriit:formik asitin (1:2) molar oran) viskozitesi
literatiirde 50 cP olarak genel DES ¢o6zeltilerine
gore (500 cp) disik raporlanmistir  (Kehili vd.,
2022).
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Sekil 3. Ohmik ekstraksiyonda sicaklik degerinin zamanla degisimi
Figure 3. Variation of temperature of obmic extraction samples with time

Mifkrodalga Destekli Ekstraksiyonda Toplam Fenolik
Madde Miktar:

Mikrodalga destekli ekstraksiyon islemi 180 W ve
270 W gii¢ degerlerinde gerceklestirilmistir. 360
W ve 450 W giic degerleri 6n denemelerde
calisilmis ancak ekstraksiyon balonunda kaynama
ve tasmalar gozlendigi icin bu gii¢ degerlerinde
calismaya devam edilememistir.

DOCler farkli hidrojen bag alicilart ve vericileri
kullanilarak sentezlenebilir. Bu c¢alismada kolin
klortir hidrojen bagi alicist olarak, bir karboksilik
asit olan formik asit de hidrojen bag vericisi
olarak  secilmistir. ~ Cozuctlerin  dielektrik
Ozellikleri de ekstraksiyon verimi tzerinde hayati
bir rol oynayabilir. Mikrodalga  destekli
ekstraksiyonlarda rol oynayan en Onemli
parametre dielektrik sabitidir. Dielektrik sabiti (¢"),

bir maddenin elektrik enerjisini absorbe etme
yeteneginin  bir  Slgisidiir  ve  dolayisiyla
malzemelerin goreceli bir Olcustudur.
Mikrodalgalarin daha iyi nifuz edebilmesi icin
solventin dipol polarizasyonun gerektirdiginden,
solventin daha verimli 1sitnmast igin daha yiiksek
dielektrik sabiti degerleri istenir (Kehili vd., 2022).
Muley vd. (2019) yaptiklari calismada farklt
DOClerin dielektrik 6zelliklerini élemiis (kolin
klorur:formik asit, kolin kloruir:oksalik asit, kolin
klortir:laktik asit) ve kolin kloriir:formik asidin
dielektrik sabiti ve dielektrik kayip fakt6rintn
2450 MHz'de diger DOC'lerle karsilastirildiginda
daha yiiksek oldugunu rapor etmistir. Bu nedenle
calismamizda mikrodalga destekli ekstraksiyon
uygulanacagr icin kolin kloriir:formik asit
calisilmasi kararlastirilmistir.
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Mikrodalga 1sitma mekanizma icin, bir dipol, bir
elektrik alanina maruz kaldiginda, kendisini
karsiltk  gelen alan polaritesiyle hizalamaya
calisacaktir. Uygulanan alan hizla degistiginde,
dipolar molekdiller yeni yone (ayrica hizla) yeniden
hizalanmaya calisir ve belirli frekanslarda, dipol
dénmeye baglar. Bu hizalama ¢abasinda,
molekdller birbirleriyle stirtinmeye ve ardindan
1sinmaya neden olarak hizlanir. Tyonik iletkenlikte,
yukli iyonlar aynt uygulanan elektrik alaninin
etkisi altinda ¢cozelti icinde salinir. Elektrik alani
yoni degistikee, iyonlar yavaslar ve yon degistirir.
Bu stirecte, bu hareket carpismalara neden olur ve
bu da kinetik enerjinin 1st enerjisine déntismesiyle
sonuclanir. Bu nedenle solvent polaritesi arttikca
dielektrik sabiti artacak ve mikrodalga 1sitma da
hizlanacaktir. Buna baglt olarak fenolik bilesikler
daha iyi ¢6ztinecek ve ekstraksiyon islemi de daha
hizlt olacaktir (Muley ve Boldor, 2013).

Sicaklik, dielektrik solventlerde 1stya déntistirilen
enerji miktarint kontrol eden mikrodalga glictiyle
ligkili bir faktérdir. Genellikle, daha yiksek
sicaklik ekstraksiyonu artirir ve reaksiyon siiresini
azaltir, ancak sicakhk dogru sekilde segilmezse
fenolik bilesiklerde bozulmaya da yol acabilir ve
béylece  ckstraksiyon verimini  engelleyebilir
yapilan caligmalarda daha yiksek sicakligin,

25

Toplam Fenolik Madde Miktar (mg GAE/g karasu)

0 10 20 30

mikrodalga destekli ekstraksiyonda toplam fenolik
madde miktarlart Gzerinde 6nemli 6lctide olumlu
bir etki yaratti§1 sonucuna varilmistir, bu da bu
fenolik bilesiklerin daha ytksek sicaklik kosullari
altinda nispeten kararlt oldugunu géstermektedir
(Lovri¢  vd., 2017). Mikrodalga  destekli
ckstraksiyon isleminde sicaklik 180 W ve 270 W
gliclerde 1, 30, 60 ve 90. dakikalarda 6l¢tilmis ve
strastyla 70.2-170.8 ve 89.3-176.8 °C arasinda
bulunmustur.

Mikrodalga giiciiniin  toplam fenolik madde
miktart Gzerine pozitif etkili oldugu bulunmustur
(Sckil 4, 5). Bu durumun nedeni mikrodalga
radyasyonunun hacimsel bir i1sinmaya neden
olmasi, bitki matriksindeki hucre duvatlarinin
hasar gérmesine neden olmast ve hedef
komponentin ¢éziinme siiresini  kisaltmasidir
(Chemat ve Cravotto, 2012; Chanioti ve TZzia,
2018). Genel olarak daha yiksek mikrodalga
glcleri numune sicakliginda hizli bir artisa neden
olur ve nispeten kisa bir ekstraksiyon siiresinde
daha iyi ekstraksiyon verimliligi saglayabilir. Ek
olarak, daha yiksek sicakliklarda DOCin
viskozitesi azalir ve bu da DOClin yiizey
geriliminin azalmasi ile birlikte hedef bilesiklerin
desorpsiyonunun ve ¢Oziinmesinin artmastna
neden olur (Bubalo vd., 20106).

- Deneysel

® Tahmini

40 50 60 70 80

Zaman (dakika)

Sekil 4. Mikrodalga ekstraksiyonda toplam fenolik madde miktarinin siireyle degisimi (180 W)
Figure 4.V ariation of total phenolic content of microwave extraction samples with time (180W)
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Sekil 5. Mikrodalga ekstraksiyonda toplam fenolik madde miktarinin siireyle degisimi (270 W)
Figure 5. VVariation of total phenolic content of microwave extraction samples with time (270W)

Mikrodalga  destekli  ekstraksiyon  islemi
konvansiyonel maserasyon islemine gore yaklasik
%85 zaman tasarrufu saglamistir (Sekil 4, 5, 8).
Alifaki vd. (2022) ve Kutlu vd. (2021) yaptiklari
gilaburu ve kizilak meyvelerinin - mikrodalga
destekli ekstraksiyonu ile fenolik bilesiklerinin
optimum  ekstraksiyon siirelerinde  sirasiyla
maserasyona kiyasla %97.9 ve 91.6 oraninda
azalma saglamuslardir.

Ultrason Destekli Ekstraksiyonda Toplam Fenolik
Madde Miktar:

Ultrason destekli ekstraksiyon sonuglarina gore
toplam fenolik madde miktarlar
karsilastirildiginda  ultrason prob ile 54 W’da
14.2612.27 mg gallik asit/g karasu ve ultrason
banyoda 16.78+0.39 mg gallik asit/g karasu
degerine ulagtlmustir (Sekil 6 ve 7). Alifaki vd.
(2022) gilaburu ile ultrason prob kullanarak
yaptiklart calismalarinda da 54 W gli¢ degerinin
daha disiuk fenolik madde igerigine ulagsmaya
sebep oldugu sonucuna varmuglardir. Yiksek
ultrason gl¢ degerleri bazi fenolik birlesiklerde
degredasyona sebep olmakta sicaklik 25 °C’de

sabit tutulsa bile sicak noktalar probun
kenarlarinda olugsmakta ve 54 W giicte fenolik
bilesikler zarar gbrmektedir (Ma vd., 2009).

Toplam fenolik madde miktarlarinin ekstraksiyon
zamanina gore degisimi de verilmektedir (Sekil 6
ve 7). Veriler incelendiginde islem stiresinin
istatiksel olarak 6nemli oldugu bulunmustur. Her
iki ultrason isleminde de ekstraksiyon siiresi
arttkca belli bir degere kadar toplam fenolik
madde miktarinin artt@  gbzlemlenmistir. Bu
durum kitle aktariminin islem stresi boyunca
devam etmesi ancak belli bir noktada sistemin
dengeye gelmesi ile agiklanabilmektedir. Alifaki
vd. (2018) ve Yilmaz vd. (2021) gilaburu ve ali¢ ile
yaptiklart ¢alismalarda fenolik ekstraksiyonunun
streyle iligkisini benzer sekilde bulmuglardir.
Kontrol olarak kullanilan maserasyon islemi ile
elde edilen sonuclar ile wultrason destekli
ekstraksiyon sonucu elde edilen sonuglar
karsilastirildiginda ultrason destekli ekstraksiyon
ile islem siresinde yaklastk % 93.3 oraninda
tasarruf saglandig1 dikkati cekmektedir (Sekil 6, 7
ve 8).
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Sekil 8. Maserasyon ekstraksiyonda toplam fenolik madde miktarinin siireyle degisimi
Figure 8. Variation of total phenolic content of maceration extraction samples with time

Modelleme

Peleg modeline ait K1, Kz, Bove Crax katsayilart ve
R2  degeri Cizelge 2’de verilmistir. Farklt
ckstraksiyon yontemleri ile elde edilen R? degerleri
incelendiginde 0.8969-0.9996 arasinda degistigi
gorilmustir. Bu yiksek R? degetleri, deneysel
veriler ile Peleg modelinden yararlanilarak
hesaplanan tahmini degerlerin  birbirleri ile
uyumlu oldugunu gostermektedir. Disik K

yapilan ekstraksiyonun siresi diger yOntemlere
kiyasla daha uzundur. Peleg denkleminden elde
edilen K degerlerine bakildiginda da bu sonucu
destekledigi gortlmustiir. Cmax degeri en yuksek
270 W mikrodalga giict ile yapilan ekstraksiyon
kosullarinda elde edilmistir. 270 W mikrodalga
gicinde en yiksek toplam fenolik madde
miktarina ulasilmistir ve sonugclarin  birbirini
destekledigi gorilmistiir. En yitksek Bo degerine

degerleri  ekstraksiyon isleminin daha hizli ise ohmik destekli ekstraksiyon isleminde
oldugunu, distk K, degerleri ise ekstraksiyon ulastlmustir. Bu da islemin diger ekstraksiyon
veriminin daha yiiksek oldugunu gostermektedir  tekniklerine gére daha hizli  gergeklestigini
(Kaderides vd., 2019). Maserasyon islemi ile  gOstermesi acisindan 6nemlidir.
Gizelge 2. Modelleme katsayilar
Table 2. Modeling coefficients
Metot Ky K2 By Cinax R?
Maserasyon 1.0862 0.0654 0.9206 15.2905 0.9995
ODE 0.0068 0.0669 147.0588 14.9477 0.9992
UDE banyo 45 °C 0.0529 0.0594 18.9036 16.8350 0.9996
UDE prob 54 W 0.3821 0.0683 2.6171 14.6413 0.9770
MDE 180 W 0.0623 0.0587 16.0514 17.0358 0.8969
MDE 270 W 0.0901 0.0463 11.0988 21.5983 0.9116
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SONUC

Bu calismanin ana amaci, zeytinyagt proses atigi
olan karasuyun icerisinde bulunan fenolik
maddelerin bertaraf edilmesi icin ekstraksiyon
sistemlerinin kiyaslanmasidir. Karasu igerisindeki
fenolik maddeler nedeniyle 6nem arz eden ve atik
olarak degerlendirilmesi gereken bir yan tGrtindir.
Calismamizda yenilikci ekstraksiyon tekniklerinin
DOC ile kombinasyonunun karasu icerisindeki
kalan fenolik bilegiklerin ekstraksiyonunda istiin
Ozelliklerini  tespit  etmek  amaclanmustir.
Maserasyona gore ultrason destekli ekstraksiyon
ile islem stresinde yaklastk 9%93.3 azalma
saglanirtken bu deger sirastyla mikrodalga ve
ohmik destekli ekstrasksiyon icin %85 ve %95
olarak hesaplanmistir. Ekstraksiyon islemlerinin
Peleg modeline uyum sagladigt gérilmistiir. Crax
degeri en yiksek 270 W mikrodalga giici ile
yapilan ekstraksiyon kosullarinda elde edilmistir.
270 W mikrodalga giciinde en yiksek toplam
fenolik madde miktarina ulagilmistir.

CIKAR CATISMASI

Yazarlar bu aragtirma makalesinde herhangi bir
kisi ve/veya kurum ile ¢ikar catismasi olmadigini
beyan etmektedir.

YAZAR KATKILARI

Yasar Ozlem ALIFAKI laboratuvar analizlerini,
metadoloji, bulgularin  degerlendirilmesi  ve
yorumlanmasi, istatistiksel analizler ve makale
yazimint  gerceklestirmistit.  Merve  Silanur
YILMAZ modelleme analizlerini ve makale
yaztmint  gerceklestirmistir. Ozge SAKIYAN
sire¢ yOnetimi, metadoloji, proje yOnetimi ve
makalenin kontrol edilmesi konularinda katki
saglamistir. Asli ISCI metadoloji ve makalenin
kontrol edilmesi konularinda katki saglamigtir.
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ABSTRACT

In this study, antimicrobial, antioxidant and anti-quorum sensing activities of S. oleraceus, . scaturiginosum, 1.
bithynicum and L. tuberosus were investigated. T. scaturiginosum and I. bithynicum were effective in terms of
antimicrobial activity. The highest antibiofilm inhibition was shown by 33.30% aqueous extract of 5. okeracens
on P. aeruginosa ATCC 27853. While S. oferaceus aqueous extract showed 35.32% violacein inhibition, T.
bithynicum had a zone diameter of 13 mm for quorum sensing inhibition. L. fuberosus ethanol extract was
found remarkable with its 52.5% anti-swarming activity. The most effective plant in terms of antioxidant
activity was determined as L. fuberosus. This value is 1Cso 4.36 mg/mlL for DPPH and 67.64% for FTC
activity. It has been shown that these edible plants may be suitable candidates for reducing microorganismal
resistance and using them in the treatment of diseases.

Keywords: Antimicrobial, antibiofilm, anti-quorum sensing, antioxidant, edible plants

BAZI YENILEBILIR ASTERACEAE UYELERININ ANTIMIKROBIYAL,
ANTIBIYOFILM, ANTI-QUORUM SENSING VE ANTIOKSIDAN
AKTIVITELERI

oz

Bu calismada, S. oleracens, . scaturiginosum, T. bithynicum ve L. tuberosus’un antimikrobiyal, antioksidan
ve anti-quorum sensing aktivitesi arasturlmistir. T. scaturiginosum ve I. bithynicum antimikrobiyal
aktivite acisindan etkili bulunmustur. En yitksek antibiyofilm inhibisyonunu P. aeruginosa ATCC 27853
tzerinde S. oleracensun %33.30°luk sulu ekstrakti géstermistir. S. oleracens sulu ekstraktt %35.32
viyolasin inhibisyonu gosterirken, T. bithynicum quorum sensing inhibisyonu icin 13 mm’lik zon ¢apt
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gOstermistir. L. zuberosus etanol ekstrakti, %52.5 anti-swarming aktivitesi ile dikkat ¢ekici bulunmustur.
Antioksidan aktivite acisindan en etkili bitki I.. zuberosus olarak tespit edilmistir. Bu deger DPPH igin
4.36 mg/mL ICso ve FTC aktivitesi icin %67.64’tlir. Elde edilen bulgular yenilebilir bitkilerin
mikroorganizma direncinin azaltilmast ve hastaliklarin tedavisinde kullanilmasi i¢in uygun adaylar

olabilecegi g6stermistir.

Anahtar kelimeler: Antimikrobiyal, antibiyofilm, anti-quorum sensing, antioksidan, yenilebilir

bitkiler

INTRODUCTION

Infectious diseases pose an important health
problem for both society and individuals. One of
the major reasons for this problem is the rise of
acquired bacterial resistance to antibiotics, a major
worldwide health threat facing the world today
(Hemeg et al., 2020). As antibiotic resistance
increases over time, attention is increasing for
plants used as herbal remedies in traditional
medicine, which have the potential to contain
biologically active compounds with strong
antibacterial and antifungal properties (Erfan and
Marouf, 2019; Singh et al., 2023).

Medicinal plants have been exploited for
centuries, laying the construction for modern
pharmacology. Over the centuries, humans have
employed these plants in the cure of varied
illnesses, contributing significantly to the
development of contemporary medical practices
(Pammi et al,, 2023). Additionally, medicinal
plants, grains, vegetables, and fruits contain
bioactive organic chemical compounds. These
compounds play important defensive roles both
in metabolic and genetic dysfunction of the host,
as well as in infections and chronic diseases.
Revealing the chemical content of medicinal
plants has enabled the detection of vatious
bioactive compounds such as saponins, phenols,
alkaloids, tannins, anthraquinone, lignin, organic
acids, volatile oils, and polysaccharides (Lambo et
al., 2024). Phytochemicals have many therapeutic

potentials  as  antioxidant,  antimicrobial,
anticancer, anti-inflammatory, immune
enhancing, neuropharmacological agents.

(Ugboko et al., 2020). The Asteraceae family,
typically known as the sunflower family, is one of
the largest flowering plants. Many members of the
Asteraceae family have been cultivated for edible
and medicinal purposes for over 3000 years. It is
most common in arid and semi-arid subtropical
regions but is known and distributed worldwide.

These plants demonstrate a broad activity,
including, hepatoprotective, antioxidant,
antimicrobial, and anti-inflammatory properties
(Garcia-Oliveira et al., 2021). Sonchus oleracens L.
(Esek halvesi), Taraxacum scaturiginosum G. HAGL.
(Meyram gbbegi), Taraxacum bithynicum DC. (Sari
cicekli ot), and Leontodon tuberosus L. (Yumaklt ot)
are the Asteraceac members that can be edible
plants of the Mugla region and are also used in
conventional treatment for the remedy of
different ailments. Based on current knowledge,
there ate a few studies on the antimicrobial and
antioxidant  activities of 8. oleracens, T.
scaturiginosum, 1. bithynicum, and L. tuberosus there is
no research on their antibiofilm and quorum-
sensing inhibitory effects, including violacein
production, swarming inhibition. This study aims
to investigate the antimicrobial, antioxidant,
antibiofilm, and quorum-sensing inhibitory
effects of ethanol and aqueous extracts from four
plants that grow in the Mugla region and are used
as food, focusing on their impact on clinically
important microorganisms.

MATERIALS AND METHODS
Preparation of Plant Extracts

Plants subject to study: Somchus oleracens L.,
Taraxacum  scaturiginosum G. HAGL., Taraxacum
bithynicum DC., and Leontodon tuberosus L. These
species, belonging to the Asteraceae family, were
collected from Mugla the southwestern region of
Tiurkiye. The plant materials were identified by
Assistant Professor Mehtap Donmez Sahin from
Usak University. The plants were dried and
subjected to extraction processes. A Soxhlet
device was used for ethanol extract and a
lyophilizer was used for aqueous extract.

Microbial Strains

Staphylococens anreus NTCC 25923, Micrococcus luteus
NRLL B-4375, Bacillus subtilis ATCC 6633,
Escherichia coli ANTCC 25922, Pseudomonas aeruginosa
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ATCC 27853, Candida albicans ATCC 10239, and
multiresistant strains of Pseudomonas aeruginosa,
Psendomonas  fluorescens and various species of
Staphylococcns, Chromobacterium violacenm CN 12472,

Chromobacterium violacenn CN 026, and Pseudomonas
aeruginosa PAO1.  Microbial strains used in this
study were given at Table 1.

Table 1. Microbial strains and growth conditions

Test strains

Growth conditions

Bacillus subtilis ATCC 6633
Micrococens lutens NRRL B-4375
Staphylococcus aureus ATCC 25923
Staphylococcus aureus MU 38
Staphylococcus aureus MU 40
Staphylococcus MU 46
Staphylococeus MU 47
Staphylococcus epidermidis MU 30

Gram positive

Nutrient Broth (NB)
37°C,24h

Escherichia coli ATCC 25922
Pseudomonas aernginosa ATCC 27853
Pseudomonas aernginosa MU 187
Psendomonas aeruginosa MU 188
Psendomonas aeruginosa MU 189
Pseudomonas fluorescens MU 180
Pseudomonas fluorescens MU 181
Pseudomonas aernginosa PAO1

Gram negative

Nutrient Broth (NB)
30°C, 24 h

Chromobacterium violacenn CNV 026

Luria Bertani (LB) Broth

30°C, 24-48 h
Chromobacterinm violacenm CV 12472 Luria Bertani (LB) Broth
30°C, 24 h
Yeast C. albicans ATCC 10239 Saboraud Dextrose Broth’da (SDB)
30°C,24-48 h

Determination of Antimicrobial Activity

Disc diffusion method (Bauer et al., 1966; Collins
et al, 1995; Murray et al.,, 1995) and minimum
inhibition concentration (MIC) (CLSI, 2006) were
used for antimicrobial activity. In the disc
diffusion test, discs impregnated with plant
extracts (20 uL)) were placed on plates containing
bacteria (100 uL)) spread on Mueller-Hinton agar.
For MIC, plant extracts in the range of 20-125
mg/mL wete added to the bacteria inoculated in
Mueller Hinton Broth. The experiment was
performed in 96-well microplates. The bacterial
density for both tests was 5X10> colony forming
units (CFU)/ml. As a result of appropriate
incubation conditions, the inhibition zone (mm)
and MIC were measured.

Antibiofilm Activity

Biofilm inhibition of MIC and sub-MIC values of
plant extracts on bacteria were measured. Briefly,
1% of overnight cultures (OD adjusted to 0.4 at

600 nm) of test pathogens were added into 200
uL of fresh TSB medium and cultivated in the
presence/absence of extract. The wells containing
only TSB setved as control. After two days of
incubation conditions at the appropriate
temperature, bacteria were evacuated from the
wells. The remaining bacteria were subsequently
stained with 0.1% crystal violet solution for 10
min at room temperature. The wells were washed
to remove the crystal violet solution. 95% ethanol
was added to the wells for Gram-negative bacteria
and C. albicans, and 33% acetic acid was added to
the wells for Gram-positive bacteria. Measuring
was made at 550 nm on a microreader (Merritt et
al., 2005). Antibiofilm activity was calculated with
the following formula:

Biofilm inhibition (% )

_ 0D 550 control — OD550 sample

X
0D 550 control 100
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Anti-Quorum sensing activity
Violacein inbibition assay using C. violacenm CV'12472
C. violacewn CNV12472 was inoculated into LB
broth in microplate wells and added plant
extracts. It was incubated at 37°C for 24 hours.
Sub-MIC concentrations of the extracts were read
in 2 microreader to examine violacein inhibition
(Tamfu et al, 2020). Violacein pigment
production inhibition percentage was calculated
by the following formula:
Violacein inhibition (%)

0D 585 control — OD585 sample

0D 585 control * 100

Bioassay for Quorum sensing inbibition (QS1) activity
using C17°026

The method of Koh & Tham (2011) is slightly
modified. C. violaceumn CV026 and C¢HSL were
added to Molten Soft Top Agar, mixed and
poured onto LBA. Wells were made in the
solidified medium. Sub-MIC concentrations of
plant extracts were put in each well. The plates
were incubated at 30°C for 3 days. Halo
formation on the purple-colored medium was
evaluated as Quorum sensing inhibition and zone
diameters were measured in mm.

Swarming motility inhibition on Psendomonas aernginosa
PA07

Plant extracts were added to plates containing 1%
peptone, 0.5% NaCl, 0.5% agar and 0.5% D-
glucose and mixed. Thereupon, central point-
inoculated of P. aernginosa PAO1 was performed.
The plates were incubated at 37°C for 18-24
hours. Inhibition of swarming motility was

determined by measuring swarm  zones
(Packiavathy et al., 2012).

Antioxidant Activity

Antioxidant activity of plant extracts was

determined according to two methods: DPPH
(1,1-diphenyl-2-picryl hydrazyl) (Yamasaki et al.,
1994) and FT'C (Ferric thiocyanate) (Kikuzaki and
Nakatani, 1993). For DPPH radical scavenging
activity, extracts were added to the DPPH
solution. It was incubated for 30 minutes and its
absorbance was measured at 517 nm. DPPH
radical scavenging activity was calculated as 1Csp.
Standards were ascorbic acid and BHT. In FTC,
the solution consisting of ethanol, plant extracts,

linoleic acid and buffer was incubated at 40°C.
Then, some amount of this solution was taken,
ethanol, ammonium thiocyanate and ferric
chloride were added, left for 3 minutes and
measurements were made at 500 nm. This was
repeated at 24-hour intervals until the maximum
value of the control was reached.

RESULTS AND DISCUSSION
Antimicrobial Activity

The present investigation determined the
antimicrobial activity of aqueous and ethanol
extracts of S. oleracens, T. scaturiginosum, T.
bithynicum, and L. tuberosus plants against various
microorganisms. Antimicrobial —activity was
performed by two methods: disc diffusion and
minimum inhibition concentration. The findings
are exhibited in Table 2. According to the disc
diffusion method, it was determined that aqueous
extracts showed limited activity against the test
microorganisms, and ethanol extracts did not
show an inhibition zone. However, it is
noteworthy that all of the aqueous extracts are
especially active against S.aurens MU 47 and the
highest activity belongs to 1. bithynicum (14 mm
zone diameter). When looking at the MIC, it is
understood that plant extracts generally inhibit
test microorganisms in the concentration range of
5-20 mg/ml. (Table 2). In patticular, it was
determined that the alcohol extract of T.
scaturiginosum inhibited S.aurens ATCC 25923 with
a concentration as low as 5 mg/mlL. Finally, in
terms of antimicrobial activity, it can be said that
not all extracts are active against fungi, but are
more effective against gram-positive bacteria than
gram-negative bacteria. In this context, it was
determined that all extracts used in our study had
more effective antimicrobial potential against
gram-positive bacteria. Modern science utilizes
plants as probable sources of medicines to treat
or prevent illnesses. Antimicrobial resistance,
highlighted as a global health crisis by the WHO,
demands concerted action from nations and
societies alike. The rise of multidrug-resistant
microbes (MDR) has triggered socioeconomic
turmoil and exacerbated public health challenges
wortldwide. In developing regions, these resilient
microorganisms undermine the effectiveness of
many affordable antimicrobial treatments (Arslan,
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2023). Given this escalating threat, exploring
medicinal plants as potential sources of new
antimicrobial drugs is imperative to combat these
MDR strains (Kebede et al.,, 2021). The study
reveals that extracts from numerous medicinal
plants exhibit promising antimicrobial properties,
suggesting a fertile ground for discovering novel
treatments against diseases caused by pathogenic
microbes.

In particular, the inhibition activity of I. bithynicum
and T. scaturiginosum against different strains of 5.
anrens reveals the potential of the plants extracts
(Table 2). These findings echo previous research
advocating for plant-based therapeutic agents as
viable substitutes, alternatives, or complementary
treatments for infectious diseases (Segmenoglu
and Sevindik, 2022; Naz et al., 2022; Machado et
al., 2023).

Table 2. Antimicrobial activity of extracts

Microoreanism Extract S.oleracens T. scaturiginosum T bithynicum L.tuberosus
croorganisms Xtracts DD MIC DD MIC DD MIC DD MIC
(mm) (mg/ml) (mm) (mg/ml) (mm) (mg/ml) (mm) (mg/mL)
. Aqueous - - - - B N B )
B.subtilis ANTCC 6633 Ethanol ) 20 B 10 _ _ _ _
Aqueous - - - - - - - -
M. lutens NRRL B-4375 Ethanol ) 10 B 10 ~ _ _ _
. Aqueous 11 20 - - - - - -
S.anrens ATCC 25923 Ethanol ) 20 B 5 _ 10 - -
) Aqueous - - - - 9 - 8 -
S.anrens MU 38 Ethanol ) 20 _ 10 _ 10 - -
Aqueous - - - - 9 - - -
S.anrens MU 40 Ethanol . B ~ ~ _ _ - -
) Aqueous 10 20 - - - - - -
S.anrens MU 46 Ethanol ) B _ 10 _ 10 - -
Aqueous 10 - 12 20 14 20 11 -
S.aurens MU 47 Ethanol B B _ _ - 20 - -
o Aqueous - - 8 - 9 B 8 B
S.epidermidis MU 30 Ethanol ) 20 B ~ _ _ - -
) Aqueous - 20 - - - - . )
.coli A 25922
E.coli ATCC 259 Ethanol ) 20 B _ _ _ - -
Paeruginosa ATCC 27853 ~dueous - ] ) ] ] ] ’ ]
.aernginosa Ethanol . B B _ - - - -
) Aqueous - - - - - - - -
P.aeruginosa MU 187 Ethanol - - - - - _ _ _
. Aqueous - - - - - - B B
. AU 1 ]
P.aeruginosa MU 188 Ethanol ) 20 B ~ _ _ - -
) Aqueous - 20 - - - - . )
P.aeruginosa MU 189 Ethanol ) 20 20 _ _ - -
Aqueous - - 7 - 7 - - -
. 7
P.flnorescens MU 180 Ethanol - - - - - - - R
Aqueous - - - - - - - B
P.fl 181
fluorescens MU Ethanol ) 10 R 20 - R - -
C. albicans ATCC 10239 2queous - ] ] ) ) . ] ]
Ethanol - - - - -

(-) No inhibition, (DD) Disc diffusion, (MIC) Minimum inhibition concentration

Antibiofilm activity

In the study, sub-MIC antibiofilm effects of all
plant extracts against test strains were
investigated. The obtained results are shown in
Table 3. According to the findings, among all of

the extracts, the aqueous extract of . olracens was
observed to inhibit biofilm formation P.aeruginosa
ATCC 27853 with 33.3 % (at 10 mg/mL
concentration).
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Table 3. Antibiofilm activity of extracts

Mictooroamisms Extrac S.oleracens T. scaturiginosum T bithynicum L.tuberosus
Croorganisms xtracts Concentration (mg/ml.) / Inhibition (%)
o Aqueous - - - -
B.subtilis ATCC 6633 Ethanol - 10 (7.19) - -
Aqueous - - - -
M./utens NRRL B-4375 Ethanol - 10 (11.87) - -
S.anrens ATCC 25923 Aqueous : ] ] i
Ethanol - - - -
S.aurens MU 38 Aqueous - B - B
10 (21.2)
Ethanol - 10 (13.08) 5(14.39) -
2,5 (5.24)
Aqueous - - - -
S.anrens MU 40 Ethanol _ - - -
. Aqueous - - - B
S.aureus MU 46 Ethanol _ _ - -
S.anreus MU 47 Aqueous B 1(; g?i;) 10 (9.65) -
Ethanol - - - -
o Aqueous - - - B
S.epidermidis MU 30 Fthanol ~ _ _ -
E.coli ATCC 25922 Aqueous 10093 ] ) i
Ethanol - - - -
P.aeruginosa ATCC 27853 10 (33.3)
Aqueous 5 (15.51) - B
Ethanol 20 (17.51) - - -
o Aqueous - - - -
P.aeruginosa MU 187 Fthanol ~ _ _ -
. Aqueous - - - B
D
P.aeruginosa MU 188 Fthanol ~ _ _ -
P.aernginosa MU 189 10 (23.91)
Aqueous 5 (10.17) ) ’ )
Ethanol 20 (6.89) ;128 g‘gg% 20 (6.20) -
. Aqueous - - - B
P flnorescens MU 180 Fthanol _ - - -
P.fluorescens MU 181 Aqueous 10 (11.51) ) 150 ((82385; -
Ethanol - - - -
] Aqueous - - - 3
C. albicans ATCC 10239 Ethanol B _ _ 20 (11.47)

() No inhibition

Microorganisms, such as bacteria and fungi, are
implicated in nearly 87% of healthcare-associated
infections affecting humans. The virulence of
these microorganisms stems from various
mechanisms, including the modulation of biofilm
production, crucial for colonization and infection
development. Biofilm formation contributes
significantly to approximately 80% of infections
caused by bacteria and fungus in human tissue,
causing persistent infections, especially in chronic
wounds. Given the looming threat of
antimicrobial resistance, which could potentially

cause 10 million deaths annually by 2050, the
urgency to develop novel antibiofilm therapies
alongside conventional antibiotics has never been
more critical (Lopes et al., 2021).

In current work, the antibiofilm activity of plants
frequently used in traditional medicine and
nutrition was demonstrated and especially the
activity of 5. oleracens aqueous extract revealed that
this plant has a potential in the production of new
therapeutic for diseases. There is no study on the
antibiofilm activity of S. oleareceus in the literature,
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so it is not possible to make a reliable comparison.
However, this study significantly contributes to
the existing literature and underscores its
importance for future investigations.

Anti-Quorum sensing activity

Quorum sensing (QS), a density-dependent
mechanism in gram-negative bacteria mediated by
autoinducers like AHLs, orchestrates gene
expression, including virulence factors crucial for
pathogenesis. Targeting QS with natural and
herbal compounds has emerged as a strategy to
control bacterial virulence (Li et al., 2022). In this
study, the anti-QS inhibition activity of plants was
determined by three different methods: Violacein
inhibition, QS inhibition and Swarming motility.

C. violacenm CV12472, a gram-negative bacterium,
produces purple violacein pigment indicative of

QS activity and protects its membrane against
oxidative stress. The purple violacein produced
can be measured and reflects the quorum-sensing
process in bacteria. Prior to violacein inhibition,
the MIC values of the extracts were determined
against strain C. violacenrn CV12472 and the ability
of the extracts to inhibit violacein production was
measured at sub-MIC concentrations. The results
obtained are reported in Table 4. MIC values

varied between 1.25 mg/mL and >25 mg/mL for
all extracts. The sub-MIC concentrations were
used to determine the percent violacein inhibition
of the extracts. The most active S. okracens
aqueous extract showed 35.32% inhibition at a
concentration of 2.5 mg/mL. Also, all extracts of
S. oleracens and alcohol extract of T. scaturiginosum
are two herbs that inhibit violacein.

Table 4. Anti-quorum sensing activity by extracts

Plant extracts MIC VI (%) / MIC QST (mm)/ SI
* (mg/mL) Con (mg/mL)  (mg/ml)  Con(mg/ml) (%)
3532/ 2.5 100 -
S. oleracens Aqueous > 20.32 / 1.25 19
Ethanol 25 554 /12,5 2 - 4.8
T coaturioi Aqueous >25 - 100 - -
Seairginosim Ethanol 12.5 14.26 /10 2 - :
Aqueous >25 - 100 - 19
Lo 13/ 0.75
1. bithynicum Ethanol >25 ; 0.8 11/ 0.50 9.5
9/0.25
Aqueous 10 - 100 - -
L. tuberosus 12/1
Ethanol >25 - 2 10/ 05 52.5

*(VI) Violacein inhibition, (Con) Concentration, (QSI) Quorum sensing inhibition, (SI) Swarming inhibition,

() No inhibition

The mutant strain  C.  violacenn  CV020,
supplemented with external AHL, served to
detect QS impairments through quorum sensing
inhibition zones. These bacteria can be used to
find impairments in quorum sensing by
determining quorum sensing inhibition zones. In
test plates with purple lawn colour produced by
activated C.  wviolaceurn CV026 bacteria, the
formation of a cream or yellowish halo around the
well was an indicator of QS inhibition. The
quorum  sensing  inhibition  zones  were
determined at sub-MIC concentrations and

diameters were measured in millimetres (Table 4).
Only ecthanol extract of T. bithynicum and L.
tuberosus exhibited anti-QS activity. 1. bithynicum
ethanol extract had the highest QS inhibition
zone diameter (13 mm) at the low concentration
of 0.75 mg/ml..

During bacterial communication, small signaling
molecules produced inside cells diffuse into the
extracellular space. Thus, it mediates the behavior
of colonies. Phenotypic factors regulated during
this process include bacterial motility. The



Biological activities of some medicinal plants

motility of microorganisms is associated with QS-
mediated biofilm formation. P. aeruginosa PAO1
uses swarming motility to invade and colonize
surfaces. We examined the anti-QS potential of
extracts from four plants against QS-dependent
swarming motility in this strain. The swarming
motility of P. aeruginosa PAO1 strain was evaluated
at a concentration of 100 mg/mL and the results
are shown in Table 4. The results showed that the
PAO1 pathogen inhibited swarming behavior to
different levels among test plants, except for T.
scaturiginosum. Contrary to the fact that the
aqueous extract of L. #uberosus showed no anti-
swarming activity, the ethanol extract of this plant
showed the highest level of inhibition in the
migration of PA01, with 52%.

Antioxidant Activity

The concept of oxidative stress, a relatively recent
focus in medical sciences over the past three
decades, is intricately involved in the
pathophysiology of prevalent diseases such as
diabetes, hypertension, pre-eclampsia,
atherosclerosis, acute renal failure, Alzheimet's,
and Parkinson's disease. Cells utilize oxygen in
metabolic processes, generating reactive oxygen

species (ROS) that can be harmful. Normally, the
production and elimination of ROS are balanced;
however, when this equilibrium is disrupted
typically due to an excess of pro-oxidants or a
deficiency in antioxidants oxidative stress occurs.
Elevated ROS levels within cells profoundly
impact cellular function, contributing to cellular
and disease
progression. Antioxidants play a crucial role in
biological cells by neutralizing free radicals, which
are highly reactive molecules that can inflict
damage on living organisms. (Munteanu et al.,

dysfunction, accelerated

aging,

2021).

This study used DPPH free radical scavenging
method for
antioxidant activity. Table 5 gives information
about the antioxidant activity values of all
extracts. Test plants showed radical scavenging
activity in various ranges. The aqueous extract of
L. tuberosus showed the best radical scavenging
activity with an ICsg value of 4.36£0.58 mg/mL.
However, the antioxidative capacity of all extracts
was weaker than the standard substances. The
1Cso values of BHT and a-tocopherol are 0.487

and Ferric  thiocyanate

(FTC)

mg/mL and 1.75 mg/mlL, respectively.

Table 5. Antioxidant activity of extracts

Plant extracts DPPH . FTC

1Cs (mg/mL) Inhibition %

S oleracens Aqueous 63.4712.45 54.76+1.72
’ Ethanol 56.67t1.18 27.55+0.63
T, scaturiginosum Aqueous 46.32%+0.94 62.721+2.80
’ Ethanol 28.88+0.22 19.91£1.02
Aqueous 6.96x0.55 64.27+2.15

T. bithynicum Ethanol 44.31+1.14 28.46%0.44
Aqueous 4.3610.58 67.64£2.08

L. tuberosus Ethanol 43.54+1.22 22.88+0.34
BHT 0.48710.014 63.361+2.52

Standards a-tocopherol 1.75%0.04 39.96£1.65
Ascorbic acid NT 77.67%£2.81

(NT) Not tested

FTC is a method by which the amount of
peroxide in the initial stages of lipid peroxidation
is measured. FTC test results displayed that
aqueous extracts were more effective than alcohol
extracts, especially the aqueous extract of L.
tuberosus  showed the highest inhibition with
67.64%. Moreover, it appears that the aqueous

extract of L. ‘tuberosus has
antioxidant  potential  in

more effective
preventing  lipid
peroxidation chain reactions and free radical
scavenging. In the literature, data on the
antioxidant activity of natural plant extracts can
be found (Benitez et al., 2023; Christou et al.,
2024; Abd-El-Aziz et al, 2024). The results
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obtained are consistent with each other.
Therefore, it is thought that it would be
appropriate to include these plants used as food
in diets as antioxidant agents.

CONCLUSION

There is limited knowledge and research on wild
species traditionally consumed as food. In
conclusion, the antimicrobial and anti-quorum
sensing activities of edible plants grown in the
Mugla region and included in local diets ate
promising as important antioxidant agents,
especially in reducing the damage caused by
reactive oxygen species. Therefore, it has emerged
that these plants and the compounds they
contain, which traditionally have an important

potential, can be evaluated in a broader
perspective.
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ABSTRACT

Black mulberry is crucial for its high content of bioactive substances, such as phenolic compounds and
vitamin C, as well as nutritional values, such as carbohydrates, fats, fibre and minerals. This study aimed to
determine the physical, biochemical and nutritional properties of 35 different brands of black mulberry
extracts sold in our country. Consequently of the studies, it was observed that some of the extracts sold in
our country had a very high HMF value; most of them contained no protein and additional maltose and
derivatives. In addition, all of these black mulberry extracts were low in minerals and contained additional
sweeteners, preservatives and synthetic colourings. Synthetic colourings were found in many of these black
mulberry extracts and carbon 13 levels were not appropriate. When BME-34 and 35 brands of black
mulberry extract were analysed, all of the above values were appropriate, and consistent with previous studies
in the literature.

Keywords: Black mulberry, fruit extract, food

KARADUT OZLERININ BIiYOKIMYASAL BILESIMI VE TAGSISIN
BELIRLENMESI

oz

Karadut, igerigindeki yitksek miktarda fenolik bilesikler ve C vitamini gibi biyoaktif maddelerin yani
sira karbohidrat, yag, lif, mineral gibi besleyici degerlerden dolay1 6nemlidir. Bu ¢alismada tilkemizde
satist yaptan 35 farkli marka karadut Ozlerinin fiziksel, biyokimyasal ve besinsel 6zelliklerinin
belirlemesi amaclanmistir. Yapilan ¢alismalar sonucunda tlkemizde satist yapilan karadut ézlerinin
bazilarinda HMF degerinin ¢ok yiksek oldugu, bircogunun protein icermedigi ve ilave maltoz ve
tirevlerini icerdigi gérillmistiir. Ayrica bu karadut 6zlerinin tamaminin mineralce fakir oldugu, ilave
tatlandirict, koruyucu ve sentetik boya icerdigi tespit edilmistir. Bu karadut 6zlerinin bircogunda
sentetik boyaya rastlanmis ve karbon 13 degerlerinin de uygun olmadigr goérilmustir. BME-34 ve 35
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marka karadut 6zii incelendiginde ise yukarida bahsedilen tim degerlerin uygun oldugu ve literatiirle
de benzer sonugclar verdigi gérilmistiir. Sonug olarak iilkemizde karadut 6zl olarak satilan Griinlerin

hileli bir Griin oldugu tespit edilmistir.
Anahtar kelimeler: Karadut, meyve 6zU, gida

INTRODUCTION

Recently, there has been a marked increase in the
demand for fresh fruits. This surge can be
attributed to a combination of factors, including
changes in production methodologies, innovative
marketing approaches, and the effective
utilization of social media platforms to emphasize
the rich presence of bioactive compounds in
fruits (Skrovankova et al. 2015). Fruits, a
significant source of nutrients, play a pivotal role
in human health and are integral to a balanced
diet. They are primary provitamin A and vitamin
C sources and are abundant in phytochemicals
and bioactive constituents. These components
have demonstrated potential therapeutic effects
against cardiovascular diseases and may also
mitigate cancer risks (Serce et al. 2010).
Furthermore, fruits contribute dietary fiber and
essential minerals to an adult diet while offering a
diverse range of flavors and colors. The presence
of these attributes and the concentration of
bioactive compounds in fruits are significantly
influenced by their genotypes and the
environmental conditions under which they are
grown (Skrovankova et al. 2022).

Specifically, berries have garnered substantial
attention in nutritional science, earning the title
‘super-food’ due to their positive impact on
human health (Kalt et al. 2017). This is primarily
due to their high content of anthocyanins and
other phenolic compounds. Berry fruits are
typically consumed in their fresh state but are also

available in frozen and processed forms (Okatan
and Colak 2019).

The black mulberry (Morus nigra), a member of the
Moraceae family within the Morus genus, is
cultivated for its fruit, leaves, and wood. Widely
distributed across Asia, Europe, and America
(Ozgen et al. 2019), it shares prominence with two
other well-researched mulberry species: white
mulberry (Morus alba L..) and red mulberry (Morus
rubra L.). Black mulberry fruits are flavorful and
rich in nutritional value. Their high content of

vitamins, minerals, and antioxidants makes them
desirable for human consumption (Dalmagro et
al. 2019; Shekarabi et al. 2020).

In regions, such as India, China, and Japan, black
mulberry is primarily grown for its leaves, which
play a crucial role in silkworm breeding.
Silkworms (Bombyx mori) exclusively feed on
mulberry leaves, which provide essential nutrients
for their growth and silk production. The genetic
basis for this feeding preference involves the
GRO66 gene, which influences silkworms’ affinity
for mulberry leaves (Zhang et al. 2018; Vijayan et
al. 1997). In contrast, European countries like
Tirkiye and Greece focus on cultivating black
mulberry for its fruit (Gerasopoulos and
Stavroulakis  1997; Ercisli 2005). Notably,
Anatolia is renowned for high-quality black
mulberry cultivation (Erarslan et al. 2021), with
Tirkiye leading in production, especially in the
Middle Eastern Anatolia and Black Sea regions
(Togrul and Hayoglu 2020).

Black mulberry fruits, which are approximately
2.5 cm in length, mature from a reddish hue to a
deep black color, resembling raspberries.
Harvested during July and August (3), these fruits
are versatile in consumption, being enjoyed fresh
or processed into dried fruit, molasses, and juice
(Kutlu et al. 2011). Their palatable taste has led to
their extensive use in jams, liqueurs, and natural
dyes, and they are also valued in the cosmetic
industty due to their beneficial properties
(Memete et al. 2023; Nguyen et al. 2022).

Among fruits and vegetables, black mulberries are
recognized as one of the richest soutrces of
antioxidants (Zhang et al. 2018). Specifically, they
contain high concentrations of phenolic
compounds, including anthocyanins, flavonoids,
and other polyphenols, contributing to their
strong antioxidant properties (Liu and Zhang
2024). Anthocyanins, glycosides formed by the
attachment of sugar groups to anthocyanidins, are
categorized into two subgroups: sugar-free
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anthocyanidin aglycones and sugar-containing
anthocyanin  glycosides. Over 500 distinct
anthocyanins have been identified, with the six
most prevalent anthocyanidins in fruits and
vegetables being cyanidin (50%), delphinidin
(12%), pelargonidin (12%), peonidin (12%),
petunidin  (7%), and malvidin (7%). The 3-
glycoside, 3,5- and 3,7-diglycoside derivatives of
anthocyanidins are more abundant, and 3-
glycoside derivatives are 2.5 times more abundant
than 3,5-diglycosides. The most common
anthocyanin in nature is cyanidin-3-glycoside
(Castafieda-Ovando et al. 2009).

Anthocyanins, responsible for the vibrant colors
observed in many fruits and vegetables, play a
significant role in preventing or treating health
conditions associated with inflammation and
oxidative stress. Anthocyanins have been
recognized for their potential therapeutic
applications against various diseases, including
oral and dental diseases, hypertension, diabetes,
anemia, and cancer (Suh et al. 2003; Mahesh et al.,
2017; Naseri et al. 2018; Ahmed et al. 2023).

These compounds exhibit a fascinating color
variability that depends on their concentration,
pH levels, and the presence or absence of co-
pigments (Sendri and Bhandari 2024; Guo et al,,
2023). In acidic environments, anthocyanins
appear red; in neutral environments, they turn
purple; and in basic environments, they range
from blue-green to violet (Espin et al. 2000;
Ananga et al.,, 2013). These pigments ate used as
natural colorants in food products due to their
stability and health benefits (Katsube et al. 2000;
Palonen and Weber 2019; Svanberg et al. 2019).

The antioxidant content of black mulberries is
influenced by several factors, including soil
composition, geographical location, and growing
conditions (Kosti¢ et al. 2019; Pruteanu et al.
2023). For instance, soil rich in humic substances
can enhance the transport of nutrients and water,
redox reactions, chelate formation, and the
secretion of various compounds (i.e., organic
acids, sugars, phenols, and amino acids) by plant
roots (Rodrigues de Queiroz et al., 2023). Black
mulberries contain significant amounts of

anthocyanins, such as cyanidin-3-glycoside,
cyanidin-3-rutinoside, pelargonidin-3-glycoside,
and pelargonidin-3-rutinoside, which have shown
various health benefits, including inhibitory
effects on cancer cells (Chen et al. 2000).
Cyanidin, a type of anthocyanin, has been
suggested to form a complex with DNA,
providing a protective effect. The formation of
this complex is believed to shield both cyanidin
and DNA from oxidative damage, particularly
from the attack of hydroxyl radicals (Sarma et al.
1999; Mattioli et al. 2020). This protective
mechanism  underscores the potential of
anthocyanins in mitigating oxidative stress-related
damage.

Black mulberries are packed with essential
nutrients, including vitamins C and K, iron,
potassium, and dietary fiber, supporting overall
health, including boosting immunity, aiding
digestion, and promoting proper blood clotting.
They have shown potential in reducing
cholesterol, blood sugar levels, and cancer risk
due to their phenolic compounds, organic acids,
and sugar content (Nacem 2020; Gundogdu et al.
2011).

In Turkiye, a significant portion of black
mulberries is used to produce molasses (70%)
(Aybastier  2021). Recently, the industrial
production of black mulberry juice has increased,
offering more opportunities for its use in various
products (Polat 2004). However, the commercial
use of anthocyanins is limited by their low
extraction yields and susceptibility to degradation
by heat, light, oxygen, and pH changes during
processing and storage (Cavalcanti et al. 2011).

Modern developments in the food industry, such
as the cold-press method, have enhanced the
preservation of nutrients in fruit products. This
method, which does not use chemicals or heat,
retains the nutritional content of the fruit
(Rabrenovic¢ et al. 2014). Cold-pressed fruit musts,
which have high nutritional value, are increasingly
popular due to their sensory properties and health
benefits (KKaplan 2022).
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The rising demand for black mulberry products
has also led to increased incidences of
adulteration. Common adulterants include
preservatives like sorbic acid and benzoic acid,
synthetic dyes, and artificial sweeteners, such as
Acesulfame potassium, Saccharin, Aspartame,
and Sucralose. These substances can significantly
alter the nutritional profile and safety of black
mulberry products, raising concerns about their
health implications.

Given the rising demand for black mulberry
products, the incidence of adulteration has
increased, with many products containing
synthetic additives. This study aims to analyze the
physical-chemical, nutritional, and antioxidant
properties of black mulberry extracts from
various companies and to identify any
adulteration. By examining 35 different brands
and analyzing each sample in triplicate, we seck to
provide insights and raise public awareness about
the quality and authenticity of black mulberry
extracts, ensuring consumers have access to
genuine and beneficial products. This study also
includes an evaluation of BME-34 Black Mulberry
Extract and BME-35 Black Mulberry Mix,
products by Sem-As Food, to ensure a
comprehensive  market understanding. The
companies producing the extracts are coded and
discussed in accordance with ethical guidelines.

MATERIALS and METHODS

Materials

This study undertook the examination of 35
distinct brands of black mulberry extracts
available in the Turkish market, with the objective
of assessing their physical, biochemical, and
nutritional  properties to  determine  their
naturalness. To facilitate this, three samples from
each of the 35 brands were procured from the
market between March 1, 2024, and March 31,
2024, and preserved under standardized
conditions pending analysis. For each brand of
black mulberry extract, three samples were taken,
and each sample was tested in triplicate. Each
example was examined with three repetitions.
Furthermore, the physical, biochemical, and
nutritional characteristics of the black mulberry
extracts produced by SEM-AS Gida Sanayi

Ticaret Ltd. Sti. were ascertained for comparative
purposes with the other extracts. The black
mulberry extracts from all brands were assigned
codes to maintain ethical standards. All figures
and tables included in the text are provided in the
appendix.

Methods

PH Valne

The pH values of each sample were determined
using a pH meter (Hanna, HI 2020, US) in
accordance with the TS 1728 ISO 1842 standard.
Measurements were conducted at a controlled
temperature of 20°C to ensure accuracy and
consistency. Each sample was measured in
triplicate ~ to the reliability and
reproducibility of the results.

ensure

Electrical Conductivity

The electrical conductivity of each sample was
measured using a conductivity meter (Ohaus,
St300c, US). Measurements were performed at a
constant temperature of 20°C. To ensure the
precision of the readings, samples were diluted
with deionized ultra-pure water (Millipore,
Synergy, Germany), which has a conductivity of
0.0006 Ms/cm. Each sample was measured in
triplicate to confirm the consistency and accuracy
of the data.

Determination of Soluble Solids Content (Brix®)

The soluble solid content of the samples was
measured using a tabletop manual refractometer
(Refrakto Abbe, Ertich, Abbe-2, Germany). The
results were expressed in degrees Brix (°), with the
final values reported as percentages of Brix°.
Each measurement was conducted in triplicate to
ensure the dependability and precision of the
results.

Determination of viscosity

The viscosity of the black mulberry extracts was
measured using a First Plus Viscometer. The
measurements were conducted with an R-4
spindle at a speed of 200 rpm for 60 seconds.

Ash Determination
The determination of ash content was conducted
using the gravimetric method, as described by
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Czaja (2020). A precision scale (RADWAG,
AS220.R2, Poland) was employed for the analysis.
Approximately 2 g of each sample, measured with
an accuracy of 0.01 mg, were placed in porcelain
crucibles that had been brought to a constant
weight. The samples were first incinerated using a
Bunsen burner flame and then heated in a muffle
furnace at 550°C until they turned light gray-
white. The samples were then weighed, and the
ash content was determined as a percentage. Each
sample was analyzed in triplicate to ensure the
accuracy and reproducibility of the results.

Determination of Density

In this study, the densities of the black mulberry
extracts were determined using a pycnometer, a
standard instrument for such measurements.

Hydroxcymethylfurfural (HMF) Determination

The quantification of HMF was performed by
weighing a 5 g sample from each sample with a
precision of 0.01 mg and dissolving it in 100 mL
of ultrapure water. Following this, 2 mL of Carrez
I solution (15 g potassium ferrocyanide dissolved
in pure water and diluted to 100 mL) and Carrez
II solution (30 g zinc acetate dissolved in pure
water and diluted to 100 mL) were added to the
sample. The resulting solution was filtered
through a 0.45 um filter. Subsequently, 2 mL of
the filtrate was transferred to two separate test
tubes. To each tube, 5 mL of p-toluidine solution
(Sigma-Aldrich, Munich, Germany) was added.
Then, 1 mL of barbituric acid solution (Sigma-
Aldrich, Munich, Germany) was added to one
tube (sample) and 1 mL of pure water to the other
(blank). The tubes were thoroughly mixed, and
the absorbance values at 550 nm were measured
using a spectrophotometer (SHIMADZU, UV-
19001, Japan). The results were multiplied by a
correction factor of 192 to calculate HMF content
in mg/kg (Gungér 2007). Each sample was
measured in triplicate to ensure reliability.

HMF = A X 192 (Equation 1)

Water Activity Determination

The water activity (aw) of the samples was
measured using a water activity meter (Novasina
Labmaster, 1119971, Switzerland) at room
temperature. Each sample was measured in

triplicate to guarantee the and

consistency of the results.

accuracy

Determination of Protein

The protein content in black mulberry was
determined using the Kjeldahl method by
measuring  nitrogenous  compounds  and
multiplying by a factor of 6.25, as recommended
by Bremler (1965). The results were expressed as
a percentage (Koyuncu et al. 2014).

Hunter Color Analysis (¥, a*, b*)

The Hunter color values (L*, a*, b*) of the
samples were determined using a color
measurement device (Konica Minolta, CR-410,
Japan). The L* value represents lightness (100:
white, 0: black), the a* value represents the red-
green spectrum (+a*: red, -a*: green), and the b*
value represents the yellow-blue spectrum (+b*:
yellow, -b*: blue). Each measurement was
conducted in triplicate to ensure precision and
reproducibility.

Determination of Titratable Acidity

The titratable acidity of the samples was assessed
following the guidelines outlined in TS 1125 ISO
750. Initially, a 25 mL aliquot of each sample was
appropriately diluted to a final volume of 250 mL.
Subsequently, a 50 mL portion of this diluted
solution underwent titration using a standardized
0,1 N sodium hydroxide (NaOH) solution
(Merck, Darmstadt, Germany) with
phenolphthalein employed as the indicator (Istk
and Celik 2023).

Sugar Profile Analyses

Quantitative analysis of glucose, fructose,
sucrose, maltose, and lactose within the samples
was performed using high-performance liquid
chromatography (HPLC) in accordance with the
DIN 10758 methodology. This methodology is
universally applicable across diverse food
matrices, such as honey, jams, marmalades,
molasses, confectionery, and fruit juices.
Calibration standards encompassing glucose,
fructose, and sucrose at concentrations of 10000,
15000, and 20000 ppm were meticulously
prepared and injected into the HPLC system
(SHIMADZU, Reservoir Tray, Japan) to
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construct a robust calibration curve. Following
precise weighing (to 0.01 mg) of 5 g of each
sample, dissolution in 40 mL of water ensued.
This solution, along with 25 mL of methanol,
were quantitatively transferred to a volumetric

flask and made up to a final volume of 100 mL
with water. Before HPLC analysis, the resultant
mixture underwent filtration through a 0.45 um
filter. Detailed chromatographic parameters are
delineated in Table 1.

Table 1. Chromatographic conditions for HPLC

Device HPLC SHIMADZU, Reservoir Tray model

Mobile Phase Water/Acetonitrile solution (20/80)

Detector Agilent RID Detector, wavelength 284 nm

Column Agilent Zorbax NH2 analytical column (4.6x250 mm, 5 um)
Flow Rate 1.8 mL/min

Column Temperature 30 °C

Injection Volume 20 pLL

Determination of Sorbic acid and Benzoic acid

This investigation employed high-performance
liquid chromatography (HPLC) to perform
quantitative analysis of benzoic acid and sorbic
acid. The sample preparation adhered to the
protocol outlined by the Nordic Committee on
Food Analysis, specifically the method titled
“Liquid Chromatographic Determination of
Benzoic  Acid, Sorbic  Acid, and p-
Hydroxybenzoic Acid Esters in Foods” (Karataslt
et al. 2026).

The chromatographic separation of benzoic acid
and sorbic acid was facilitated using a C18 column
(Agilent, 250 mm length, 4.6 mm outer diameter,
inclusive of 5 um silica particles). The mobile
phase was a mixture of an acetate buffer
(pH=4.74) and methanol in a 65:35 ratio. The
column was conditioned before the analysis by
passing the mobile phase through it at a flow rate
of 1 ml/min for approximately 40 minutes. The
flow rate of the mobile phase was consistently
maintained at 1 ml/min throughout the
chromatographic  separation  process. The
detection of benzoic acid and sorbic acid was
performed at a wavelength of 250 nm.

Determination of Synthetic paint

In this study, the presence of synthetic colorants,
which are frequently incorporated into food
substances during the manufacturing process, was
verified in blackberry extracts. This verification

was based on the NMKL-130 method and utilized
an HPLC device for the analysis.

Abntioxidant Assessment

The antioxidant capacity of the samples was
quantified  utilizing the Ferric Reducing
Antioxidant Power (FRAP) assay. The FRAP
methodology is predicated on the reduction of the
Fe(lI)-TPTZ  complex-2,4,6-tris(2-pyridyl)-S-
triazine- (Sigma-Aldrich, Munich, Germany) in
the presence of antioxidants, leading to the
formation of the blue Fe(II)-TPTZ complex. This
complex exhibits peak absorbance at 593 nm
when measured using a spectrophotometer
(SHIMADZU, UV-19001, Japan) (Benzie and
Strain 1996).

A calibration curve was established using a range
of concentrations of FeSO4.7H>O (Sigma-
Aldrich, Munich, Germany)
(31,25/62,5/125/250/500/1000 uM) (Figure 1).
The FRAP reagent, a mixture of 300 mM pH 3.6
acetate buffer (Merck, Darmstadt, Germany), 10
mM TPTZ, and 20 mM FeCls (Sigma-Aldrich,
Munich, Germany) in a 10:1:1 ratio, was prepared.
A volume of 3 mL of this reagent was combined
with 100 pL of the sample.

The results were benchmarked against a standard
FeSO4.7H0, tested under identical conditions
and expressed as the pM FeSO4.7H20 equivalent
antioxidant power. The pipetting procedure was
executed as delineated in Table 2 (Can et al. 2015).
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Antioxidant Assessment Calibration Curve
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Figure 1. Antioxidant assessment calibration curve
Table 2. Pipetting procedure in FRAP determination.
Blank mcon  Test (Sample) Color Blank mcon  FeSO4.7H2O
FRAP Reagent 3 mL 3mL - 3 mL
Sample - 100 uLb 100 uLb -
FeSO47H20 (Variable Conc.) - - - 100 L
Methanol 100 uL. - 3 mL -

In the 4th minute, absorbance is read at 593 nm.
Color Blank MeOH: Color blank for the sample dissolved in methanol.

Total Pohphenol Analysis

The quantification of total phenolic content is
predicated on a redox reaction, wherein phenolic
compounds reduce the Folin-Ciocalteu reagent
(Sigma-Aldrich, Munich, Germany), an oxidative
compound in a basic medium, thereby
transforming them into their oxidized forms.
Subsequent to this reaction, the total quantity of
phenolic compounds present in the sample is
ascertained by measuring the absorbance of the
resultant purple-blue color of the reduced reagent

using a spectrophotometer (SHIMADZU, UV-
19001, Japan) at 760 nm.

For the construction of the standard cutve, a
range of concentrations of gallic acid (1, 0.5, 0.25,
0.125, 0.0625, 0.03125, and 0.015625 mg/mlL)
were employed (Figure 2). The total polyphenol
content was quantified in terms of gallic acid
(Sigma-Aldrich, Munich, Germany) equivalents
(Slinkard ~ and  Singleton  1977).  The
comprehensive procedures for the quantification
of total polyphenols are delineated in Table 3.

Table 3. Pipetting procedure for total polyphenolic determination

Blank Standard Sample
Distilled Water 700 pLL 680 pLL 680 uL
Standard (Various Conc.) - 20 pLL -
Mixture Samples - - 20 pLL
0,2 N Folin Reagent 400 pL 400 pL 400 pL

The tubes were mixed by vortex, and after three minutes, the following chemical was added.

%10 NaCOs 400 pL

400 pL 400 pL

The absorbance was read against the blank at 760 nm.

1044



Black mulberry extracts: Biochemical composition and adulteration detection

Total polyphenol determination calibration curve
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Figure 2. Total polyphenol determination calibration curve

DPPH?* Radical Scavenging Activity Analysis

The DPPHe (2,2-diphenyl-1-picrylhydrazyl)
radical, a synthetic free radical commercially
available, is utilized as a model for quantifying
antioxidant activity. The radical form, which
exhibits an absorbance at 517 nm, undergoes a
color change upon reduction in the presence of
an antioxidant agent (Table 4). The efficacy of

DPPH radical scavenging was quantified in terms
of SCso, a parameter defined as the concentration
of the antioxidant agent required to reduce
(scavenge) 50% of the radical (Cuendet et al.
1997). A graphical representation was constructed
with concentration plotted against absorbance,
facilitating the calculation of the SCso value in
mg/ml.

Table 4. Pipetting procedure in DPPH determination.

Blank Color Blank Sample
Sample (Black Mulberry Extract) - 750 pLL 750 pLL
Methanol 750 pLb 750 pLL -
DPPH- 750 L. - 750 pL.

In the 40 minutes, absorbance is read at 517 nm.

Color Blank MeOH: Color blank for the sample dissolved in methanol.

Total Flavonoid Substance Analysis

Flavonoids, representing the most extensive
subclass within the polyphenol family, are notable
bioactive constituents of honey. The total
flavonoid content in honey was quantified
employing the spectrophotometric method,
specifically the aluminum chloride method
(Fukumoto and Mazza 2000). The absorbance of
the colored complex, formed due to the redox
reaction between the flavonoids present in honey
and aluminum (III), was measured at 415 nm. A
standard working graph or calibration graph was
established using a Quercetin standard (1 mg/ml).

Working solutions of varying concentrations
(0.500/ 0.250/ 0.125/ 0.062/ 0.031 and 0.015
mg/ml) were prepared through serial dilution,
and their respective absorbance values were
recorded in accordance with the method (Table
5). A standard calibration graph was subsequently
generated by plotting the absorbance values
against the Quercetin concentration. The results
were expressed as mg Quercetin equivalent (mg

QE/100 g).
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Table 5. Pipetting procedure in Flavonoid determination.

Blank Color Blank Standard Sample

Sample - 250 uL. - 250 uL.
Standard (Quercetine) - - 250 pL. -
Methanol 2.4 mL 2.25 mL 2.15 mL 2.15 mL
10% AIINO3)3 50 pLL 50 uL. 50 pL.
1M NH4CH3;COO 50 pL. - 50 uL. 50 pL.
In the 4th minute, absorbance is read at 415 nm.

Color Blank MeOH: Color blank for the sample dissolved in methanol.

Determination of Mineral Content added C4 sugar, involves the complete

In this research, a homogeneous sample weighing
approximately 0.5 g was placed into a Teflon
crucible, to which 6 mL of pure HNOj; and 3 mL
of HxO (both sourced from Sigma-Aldrich,
Munich, Germany) were added. The samples were
incinerated in a Milestone microwave oven, and
the resultant ashes were diluted with distilled
water to achieve a total volume of 25 ml.. The

mineral constituents within the samples,
encompassing calcium (Ca), sodium (Na),
phosphorus  (P), and potassium (K), were

ascertained utilizing an Inductively Coupled
Plasma Optical Emission Spectrometer (ICP-
OLES) (Thermo ICAP, 7400, Japan) (Yidiz et al.
2009).

Carbon isotope analysis (C13)

The most prevalent method for detecting sugar
additives in fruit extracts today is 13C analysis, a
technique first implemented in 1978 (Padovan et
al. 2007). This method relies on the carbon
isotope difference (13C/12C) between the fruit
protein fraction, serving as a qualitative and
quantitative indicator of the purity of the fruit
extract. The 13C analysis is an isotopic technique
used to detect fruit extracts fed with sugar; it is
based on the differences in isotope ratios between
C3 and C4 naturally present in plants due to
photosynthesis.

The 13C analysis, an isotopic technique used to
detect sugar-fed fruit extracts, is based on the
differences in isotope ratios between C3 and C4
naturally present in plants due to photosynthesis.
Typically, in C4 plants, this ratio is between -22%
and -35% compared to nectar-bearing C3 plants.
This analysis method, which detects adulteration
in fruit extracts produced or fed with externally

combustion of the protein solution obtained from
the fruit extract. The resulting CO; gas contains a
C atom with a 13C/12C ratio, which is determined
by mass spectrometry, and the % C4 sugar ratio is
calculated from this value.

RESULTS and DISCUSSION

The results of the physical, chemical, and
nutritional properties of black mulberry extracts
sold by various companies in Turkiye, as well as
BME-34 brand black mulberry extract and BME-
35 black mulberry mix products, are presented in
Tables 6-14.

The results of the analysis indicated that the brix
values of black mulberry extracts exhibited
considerable variability, ranging from 41.9 to 81.8,
with an overall mean of approximately 75 brix.
The pH values of black mulberry extracts showed
a similarly wide range, spanning from 1.76 to 4.9.
The literature review revealed that the pH value
of black mulberry fruit varies from 2.60 to 4.00.
The pH value of the BME-34 and 35 brand black
mulberry extract was 3.5. Upon examination of
the density values of all black mulberry extracts, it
was found that they fall within the range of 1.36
to 1.43 g/cm?® (Table 6).

When the colour analysis was examined, it was
determined that the redness value of blackberry
extracts containing synthetic dyes was higher,
although there was no obvious difference (Table
6). When the water activity of black mulberry
extracts was analysed, it was found to vary from
0.555 to 0.934. Considering the viscosity results,
it was found that they varied from 795 to 56263
cP (Table 7).
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Table 6. Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code | % Brix® pH Density Hunter color parameters
(g/cm?) L* a* b*

BME-1 76.0£1.1 2.53%0.03 1.39£0.01 18.14%0.2 1.86+0.03 | 0.7+0.01
BME-2 75.6%£1.2 1.86%0.01 1.4240.01 18.361+0.4 2.31£0.01 | 1.01£0.04
BME-3 76.31£0.9 1.85%0.01 1.39£0.00 18.25%0.7 1.64£0.06 | 0.95£0.02
BME-4 75.811.4 2.44£0.01 1.41£0.01 18.13%0.1 1.73£0.07 | 0.73£0.04
BME-5 77+1.1 2.48%0.02 1.38%0.03 17.99£0.8 0.2410.08 | 0.44%0.06
BME-6 75.7£1.3 2.03£0.03 1.37£0.01 18.29%0.5 0.18%0.01 | 0.52%0.02
BME-7 76%0.7 2.58%0.04 1.39%0.02 18.01+0.4 0.2£0.07 | 0.44£0.05
BME-8 79£1.6 2.08%0.01 1.41£0.01 18.36£0.6 1.95£0.05 | 0.88%0.01
BME-9 75.3£1.8 1.76£0.02 1.37£0.00 19.47£0.9 1.7£0.09 | 0.73%£0.01
BME-10 41.910.5 2.3310.02 1.18%0.01 18.44£0.3 0.37+0.01 | 0.46%0.02
BME-11 80.2%0.6 1.93£0.03 1.4310.04 18.18%0.5 0.54%£0.03 | 0.69£0.04
BME-12 73.1£1.4 3.61£0.01 1.38%0.02 18.63%0.3 -0.18 1.07%£0.04
BME-13 77.6£0.4 1.95%0.02 1.43£0.01 18.19%0.8 0.32£0.01 | 0.57%0.07
BME-14 78.7£0.7 2.01£0.03 1.39£0.02 18.81£0.2 3.11£0.03 | 1.74£0.02
BME-15 77.4%0.7 2.04%0.04 1.41£0.02 19.72£0.4 0.45+0.01 | 0.4%0.01
BME-16 75.5£0.9 2.05%0.03 1.37£0.03 18.58£0.6 0.79%£0.02 | 0.68%0.05
BME-17 82.1+1.4 4.39£0.02 1.4£0.02 18.31%0.1 -0.14 0.84£0.06
BME-18 81.7+0.9 4.46x0.03 1.43£0.01 18.79%0.5 -0.32 1.41%0.09
BME-19 80.8+1.4 4.37£0.02 1.4%£0.01 18.44%0.7 -0.05 0.94£0.01
BME-20 79.6x1.1 2.28%0.01 1.39£0.00 18.06£0.3 0.78%+0.02 | 0.48%0.01
BME-21 76.7£1.7 2.24%0.02 1.39£0.00 17.91£0.7 0.22+0.03 | 0.25%0.03
BME-22 75.3+1.4 2.05%0.01 1.43£0.01 18.02£0.3 0.35+0.03 | 0.41%0.02
BME-23 81%0.7 4.9£0.01 1.42%0.02 18.21+0.4 0.33£0.03 | 0.44x0.04
BME-24 80.6+1.2 4.62£0.02 1.39%0.04 19.4%0.6 -0.12 2.33%0.07
BME-25 80.2+1.4 4.61£0.01 1.4£0.03 18.13£0.3 0.35%£0.01 | 0.47%0.08
BME-26 75.1+1.4 2.06£0.02 1.36£0.01 17.99+0.4 0.38+0.01 | 0.45%0.06
BME-27 75.8+1.2 2.01£0.01 1.37£0.01 18.08+0.7 0.31+0.01 | 0.45%0.07
BME-28 33.5£0.3 2.14%0.04 1.38£0.01 18.35£0.5 1.55%£0.02 | 0.83%0.07
BME-29 79.7£1.2 2.32%0.02 1.39£0.02 18.47%0.2 1.21£0.07 | 0.91£0.05
BME-30 75.5%1.1 2.07£0.03 1.43%0.02 18.18%0.2 1.89£0.05 | 0.65£0.01
BME-31 73.6£0.8 2.54£0.03 1.37£0.03 18.39£0.3 2.13%£0.06 | 1.01+0.03
BME-32 77.3%1.2 2.1£0.03 1.3840.01 18.11%0.6 0.98%0.03 | 0.88%0.02
BME-33 75%0.8 2.2%0.02 1.39£0.03 18.37£0.9 1.84%0.04 | 0.76£0.05
BME-34 81.8+1.6 3.5£0.02 1.4£0.02 18.05%0.1 0.39£0.08 | 0.41%0.02
BME-35 60%1.3 2.7£0.01 1.36£0.03 18.01%£0.2 0.42£0.09 | 0.45%+0.07
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Table 7. Analysis Results of Black Mulberry Extract (Karadut Ozii

Product code Water Activity (a,) % Ash Viscosity (cP) HMF (mg/kg)
BME-1 0.761£0.13 0.09£0.01 6698162 14%1
BME-2 0.731£0.10 0.06£0.01 6721147 92+2
BME-3 0.727£0.12 0.05£0.01 66241101 27515
BME-4 0.782£0.87 0.06£0.01 6333142 12+1
BME-5 0.721£0.17 0.05£0.00 69521121 137£8
BME-6 0.727£0.15 0.15£0.02 4404153 980+12
BME-7 0.777£0.13 0.07£0.01 6922181 40+2
BME-8 0.681£0.21 0.035£0.00 11524£113 100£3
BME-9 0.72+0.18 0.005%0.00 3753%78 176%5
BME-10 0.934£0.11 0.14£0.01 79571 77+3
BME-11 0.742%0.19 0.38£0.03 53207£167 376£8
BME-12 0.745%0.27 0.35%£0.03 178341101 272%15
BME-13 0.784£0.32 0.08%£0.01 15141£121 7216
BME-14 0.685%0.10 0.17£0.02 12349147 114%11
BME-15 0.71£0.31 0.32£0.03 17650£203 870%25
BME-16 0.804%0.22 0.19£0.02 1080059 15412
BME-17 0.555%0.19 1.37£0.01 51496%236 553
BME-18 0.558£0.25 1.53%0.02 562631245 64+7
BME-19 0.568%0.21 1.46£0.03 32575%282 52%11
BME-20 0.785%0.12 0.14£0.01 14953£168 132£7
BME-21 0.801%+0.14 0.055%0.01 20545%153 49+3
BME-22 0.814£0.33 0.13£0.01 13864£109 135%11
BME-23 0.569%0.17 0.38£0.01 28822£80 15%3
BME-24 0.572%+0.17 0.78%0.01 20603£73 6617
BME-25 0.581+£0.24 0.84£0.04 28263182 244%+18
BME-26 0.749%0.26 0.03£0.00 3933+221 11921
BME-27 0.809£0.17 0.085£0.00 6589178 213
BME-28 0.798%0.11 0.41£0.01 12895198 453+31
BME-29 0.813£0.24 0.02£0.00 13684£105 33918
BME-30 0.804£0.17 0.32£0.00 32134%155 165%11
BME-31 0.752%0.11 0.11£0.01 22890186 532%15
BME-32 0.791£0.12 0.2£0.01 10903£59 105£9
BME-33 0.777£0.18 0.09£0.01 16534£167 229+17
BME-34 0.562£0.19 1.96£0.01 38906%137 48+21
BME-35 0.792+0.32 1.78%0.02 2459 +42 353
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Upon analysis of the ash content of black
mulberry extracts, it was observed that the ash
values were generally low, indicating that the
products were low in minerals. While the lowest
ash content was 0.005%, the highest ash content
was 1.53%. The ash content of the BME-34 brand
black mulberry extract was 1.96%, while that of
the BME-35 black mulberry mix was 1.78%. This
indicates that the latter is rich in minerals (Table
7).

Taking a look into the analysis of the HMF (5-
Hydroxymethyl = Furfural) of black
mulberry extracts, it was observed that they
exhibited a considerable range, spanning from 12
to 980. The HMF wvalue, known to be harmful to
human health, especially in products subjected to
high temperatures, was elevated in most products.
The HMF value was 48 in the BME-34 brand
black mulberry extract and 35 in the BME-35
black mulberry mix (Table 7).

values

The acidity values of black mulberry extracts
ranged from 0.29 to 3.26 (citric acid equivalent)
g/100 mL, while the conductivity values were
obsetved to vaty from 475 to 2970 uS/cm. The
electrical conductivity of the BME-34 brand
blackberry extract was 4100 uS/cm (Table 8).

Upon examination of the protein content of black
mulberry extracts, it was observed that they
demonstrated a very low protein content. The
protein content of black mulberry extracts
exhibited a range of values between 0.078 and
0.4%. The protein content of the BME-34 brand
black mulberry extracts was calculated to be 1,5%,
consistent with the literature and 1.2% in the
BME-35 black mulberry mix (Table 8).

When the sugar profile of black mulberry fruit
was examined, it was observed that the
fructose/glucose ratio should be close to 1, there
should be no sucrose in it, and the maltose
maximum should be around 2%. It was also
confirmed with the literature. It was determined
that the fructose/glucose ratio of many extracts
did not match the expected value and contained
additional maltose. Some black mulberry extracts
were even found to contain sucrose. It was

deduced that the fructose content of black
mulberry extracts showed a considerable range,
varying from 1.48 to 28.37%. Similarly, the
glucose content exhibited a wide range, varying
from 2.3 to 38.26%. In most products, the
maltose content exceeded 20%, while in some
instances, sucrose was present at a concentration
of up to 11%. In the case of the BME-34 brand
black mulberry extract and BME-35 black
mulberry mix, the fructose-to-glucose ratio did
not contain sucrose in a concentration close to 1.
Furthermore, it was noted that no additional
maltose was added (Table 9).

The preservative content of black mulberry
extracts was analysed, and it was found that many
extracts contained sorbic acid and benzoic acid.
Sotbic acid was added between 37 and 446
mg/kg, and benzoic acid was added between 38
and 844 mg/kg in black mulberry extracts. The
BME-34 brand blackberry extract and BME-35
mix were found to contain no preservatives
(Table 10). Dyes were utilized in many of the
extracts to impart coloration. No evidence of the
use of dyes was found in the BME-34 brand black
mulberry extract and BME-35 black mulberry mix
(Table 10).

To ascertain the presence of sweeteners in black
mulberry extracts, an investigation was conducted
to determine the presence of various sweeteners.
The most commonly used sweeteners, namely
Acesulfame-K, Saccharine, Aspartame and
Sucralose were analysed for this purpose. The
results of the analyses indicated that some black
mulberry extracts contained Acesulfame-K (30-
204 mg/kg), saccharine (34-134 mg/kg),
aspartame (2.6-25 mg/kg) and sucralose (0.78-
12.8 mg/kg). The BME-34 brand black mulberry
extract and BME-35 black mulberry mix were
devoid of any sweetener (Table 11).

The results of the analyses conducted to
determine the mineral content of black mulberry
extracts revealed that the mineral values of the
extracts were relatively low. In particular, the
amounts of calcium, potassium, sodium and
phosphorus, which were most abundant in black

mulberry, were analysed. The  results
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demonstrated that the mineral contents of all =~ BME-34 brand black mulberry extract and BME-
extracts were low. The mineral content of the 35 black mulberry mix was high (Table 12).

Table 8. Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code Acidity (Citric acid eq.) Electrical Conductivity % Protein
(g /100 mL) (1S/cm)

BME-1 0.94£0.05 492%15 0.1£0.01
BME-2 1.86%0.07 483122 0.2£0.01
BME-3 1.67£0.09 475%17 0.2£0.01
BME-4 1.24£0.06 622%+11 0.05£0.01
BME-5 1.18£0.06 626*13 n.d.
BME-6 0.9£0.02 772+27 0.03£0.01
BME-7 1.02%0.07 575%12 0.07£0.01
BME-8 0.86x0.07 570x16 0.1£0.01
BME-9 2.18£0.09 989%19 n.d.
BME-10 1.63%0.07 884%18 n.d.
BME-11 1.35%20.03 765122 0.09£0.02
BME-12 0.81£0.03 885123 0.06£0.00
BME-13 3.26£0.17 1235147 0.3£0.01
BME-14 0.97£0.05 596%15 0.04£0.02
BME-15 0.79£0.03 615+10 0.1£0.02
BME-16 2.31£0.08 850124 0.03£0.02
BME-17 0.54£0.07 245057 0.3£0.01
BME-18 0.43%0.06 2970£59 n.d.
BME-19 0.5%0.08 2955%62 0.16£0.03
BME-20 3.25%0.19 1119439 0.23£0.05
BME-21 1.42£0.04 803122 0.4%0.03
BME-22 2.41%0.09 879114 0.11£0.01
BME-23 0.29%0.06 2653%47 0.3£0.04
BME-24 0.33%0.01 1380+33 n.d.
BME-25 0.4£0.05 367£17 0.3£0.01
BME-26 1.95£0.32 922+18 n.d.
BME-27 2.231+0.23 111526 0.36%0.02
BME-28 1.34£0.02 882+18 0.17£0.01
BME-29 1.56%0.08 757128 n.d.
BME-30 1.28%0.05 1064£43 n.d.
BME-31 1.17£0.09 736%11 0.078£0.00
BME-32 1.24%0.08 670%25 0.13£0.03
BME-33 1.33+0.16 1145£33 0.28£0.04
BME-34 0.8£0.01 410086 1.5+0.01
BME-35 0.97£0.02 1875£78 1.240.02
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Table 9. Sugar Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code % Fructose % Glucose % Saccharose % Maltose F/G Ratio
BME-1 4.5710.4 13.02+0.01 n.d. 30.18+0.06 0.351
BME-2 16.8%£0.2 20.31%0.01 n.d. 20.05%0.02 0.827
BME-3 13.741+0.5 24.13%0.01 n.d. 11.41+0.1 0.569
BME-4 3.38%+0.6 9.47+0.01 0.42+0.03 28.58+0.9 0.357
BME-5 12.6210.8 21.56%0.02 n.d. 20.81£0.3 0.585
BME-6 16.16+0.5 21.01£0.01 n.d. 16.23+0.07 0.769
BME-7 4.2410.9 11.75%£0.03 n.d. 31.79£0.4 0.361
BME-8 16.3410.1 23.05%0.02 n.d. 19.21£0.07 0.709
BME-9 16.6910.1 19.67+0.02 n.d. 18.09+0.03 0.849
BME-10 7.0810.2 9.32140.01 n.d. 10.8310.9 0.760
BME-11 1.48+0.2 4.38+0.01 0.3+0.01 35.05+0.05 0.338
BME-12 17.81+0.3 21.55%0.00 n.d. 14.57+0.08 0.826
BME-13 0.073£0.0 1.87£0.00 0.3+0.03 37.78%0.6 0.039
BME-14 17.4910.1 20.12%0.01 n.d. 20.12%0.5 0.869
BME-15 14.7310.2 20.03%0.01 0.310.01 18.531+0.09 0.735
BME-16 0.1910.0 2.9410.00 0.2910.01 36.38£0.00 0.065
BME-17 20.89+0.1 34.14%0.03 12.06+0.04 1.22+0.01 0.612
BME-18 24.25%0.2 38.2610.01 11.1£0.02 0.750.6 0.634
BME-19 24.94+0.1 37.36+0.02 0.33+0.05 0.31£0.08 0.668
BME-20 0.34+0.2 5.561+0.01 n.d. 37.87£0.8 0.061
BME-21 0.076x0.0 2.3810.04 0.3%0.02 40.83%0.05 0.032
BME-22 0.2510.0 1.86%0.05 n.d. 37.5610.3 0.134
BME-23 20.44£0.5 30.68£0.01 0.9210.01 19.4610.5 0.666
BME-24 20.42%0.9 30.77£0.00 0.4310.03 21.32%0.7 0.664
BME-25 28.3710.2 29.74%0.02 1.14%0.04 14.99+0.3 0.954
BME-26 8.8110.2 17.71£0.02 n.d. 21.76%0.9 0.497
BME-27 0.08+0.1 2.310.01 n.d. 37.810.2 0.035
BME-28 12.6310.5 12.240.01 n.d. 0.2%0.00 1.035
BME-29 11.8%0.1 17.17£0.02 n.d. 23.11£0.04 0.687
BME-30 0.36+0.05 27104 0.8610.04 39.45+0.06 0.133
BME-31 13.67£0.6 17.45%0.45 1.1+0.32 22.5410.4 0.783
BME-32 16.82%0.3 23.510.06 n.d. 18.5410.9 0.716
BME-33 6.2110.6 10.4510.08 n.d. 34.72%11.7 0.594
BME-34 35.831+0.4 36.7510.07 n.d. 1.4910.05 0.975
BME-35 28.54%0.06 28.89+0.12 n.d. 1.05%0.07 0.988
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Table 10. Protector and Paint Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code

Sotbic Acid (mg/kg)

Benzoic Acid (mg/kg)

Synthetic paint

BME-1 224.5+8.3 351.6x14.76 n.d.
BME-2 81.984+3.03 n.d. Positive
BME-3 229.6%+10.1 n.d. Positive
BME-4 189.5%5.2 288.9+11.5 Positive
BME-5 n.d. 303.34%+15.9 Positive
BME-6 176.9£6-8 n.d. Positive
BME-7 103.5+11.4 207.22110.8 Positive
BME-8 n.d. n.d. n.d.
BME-9 165.49+12.7 189.419.6 n.d.
BME-10 445.94116.5 843.78+35.4 Positive
BME-11 n.d. n.d. Positive
BME-12 102.6%3.8 n.d. n.d.
BME-13 37.23156 48.812.6 Positive
BME-14 n.d. 57.316.1 Positive
BME-15 15.0810.56 3810.56 Positive
BME-16 80.913 182.4£7.7 n.d.
BME-17 124.75£7.8 n.d. n.d.
BME-18 305.77£8.9 413.9112.8 Positive
BME-19 219.44£12.8 276.90£17.9 n.d.
BME-20 n.d. n.d. n.d.
BME-21 n.d. 146.14+6.14 Positive
BME-22 n.d. 56.881£10.9 Positive
BME-23 175.8£7.91 n.d. n.d.
BME-24 116.93£13.5 n.d. n.d.
BME-25 74.7612.8 135.55123.4 n.d.
BME-26 n.d. n.d. Positive
BME-27 49.211.9 96.912.26 Positive
BME-28 n.d. 241.98113.2 n.d.
BME-29 n.d. n.d. Positive
BME-30 102.55%6.1 108.89+4.7 Positive
BME-31 89.45+8.4 95.341+2.9 Positive
BME-32 181.5%5.7 278.9112.54 n.d.
BME-33 171.8%£7.1 n.d. Positive
BME-34 n.d. n.d. n.d.
BME-35 n.d. n.d. n.d.
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Table 11. Sweetener Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code | Acesulfame-K (mg/kg) Sacchatine | Aspartam (mg/kg) | Sucralose (mg/kg)
(mg/kg)
BME-1 n.d. n.d. n.d. n.d.
BME-2 n.d. n.d. n.d. n.d.
BME-3 56.73%+3.5 52.911.8 18.5412.2 7.15+1.2
BME-4 n.d. 103.9214.2 n.d. n.d.
BME-5 101.63%+7.8 n.d. 3.71£0.9 n.d.
BME-6 n.d. n.d. 25.3214.3 12.812.3
BME-7 143.62+8.4 65.719.5 n.d. n.d.
BME-8 n.d. n.d. 5.8%0.75 n.d.
BME-9 76.30+11.7 19.4%+2.8 n.d. 5.2%0.76
BME-10 168.93+7.1 104.414.7 21.03+2.11 n.d.
BME-11 n.d. n.d. n.d. n.d.
BME-12 n.d. n.d. 13.11+1.12 n.d.
BME-13 n.d. n.d. n.d. n.d.
BME-14 203.771£13.4 89.514.2 n.d. 2.810.3
BME-15 n.d. n.d. n.d. n.d.
BME-16 178.86%9.5 133.96%6.03 n.d. n.d.
BME-17 n.d. n.d. 2.6%0.7 0.78+0.13
BME-18 n.d. 42.6111.9 n.d. n.d.
BME-19 55.2318.2 n.d. n.d. n.d.
BME-20 104.57+3.8 34.5+3.0 13.76£3.11 n.d.
BME-21 n.d. n.d. n.d. n.d.
BME-22 108.65+4.2 64.8%5.5 n.d. n.d.
BME-23 116.7£6.5 n.d. n.d. n.d.
BME-24 n.d. n.d. n.d. n.d.
BME-25 n.d. n.d. 3.810.55 n.d.
BME-26 83.715.7 43.35+3.8 n.d. n.d.
BME-27 61.317.2 n.d. n.d. n.d.
BME-28 nd. 69.3211.9 4.21+0.3 n.d.
BME-29 29.5+7.2 n.d. 18.912.4 n.d.
BME-30 n.d. 101.56%5.2 n.d. n.d.
BME-31 n.d. n.d. 2.9%0.11 n.d.
BME-32 n.d. n.d. n.d. n.d.
BME-33 78.34+6.4 n.d. 8.311£1.05 n.d.
BME-34 n.d. n.d. n.d. n.d.
BME-35 n.d. n.d. n.d. n.d.
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Table 12. Mineral Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code Calcium (Ca) Potassium (K) Sodium (Na) Phosphorus (P)
BME-1 35.1+7.4 216£45.4 108.4£22.8 50.4%£10.6
BME-2 30£6.3 36.9£7.7 64.4£13.5 16.3+3.4
BME-3 43.616.3 103.4£9.5 69.3110.8 12.813.3
BME-4 57.21+12.8 52.5%£12.7 57.2£8.45 19.34£3.8
BME-5 27.8317.2 67.516.8 48.7+4.5 24.516.2
BME-6 98.44%13.42 98.7£7.7 77.8112.6 27.3%5.1
BME-7 41.6+10.8 119.8£11.8 101.3£7.9 35.319.2
BME-8 43.719.2 65.5+13.8 30.4+6.4 21.614.5
BME-9 20.05%5.3 142.4£6.6 309.2+13.6 41.618.3
BME-10 57.3+12 314%65.9 554.4+116.4 9+1.9
BME-11 16134 n.d. 75.8£15.9 1.6£0.3
BME-12 146.5+30.8 1445.2+303.5 353.5174.2 194.4%+40.8
BME-13 65.9+11.6 308.5£4.9 n.d. 7.4+1.1
BME-14 14.91£2.2 78.1418.4 109.4£10.5 54.2%9.3
BME-15 27.4+58 82.8+17.4 174£36.5 255154
BME-16 18.6£3.9 54.3£11.4 356.1£74.8 17%3.6
BME-17 75.44+15.4 61.71£4.0 206.4£7.5 n.d.
BME-18 36.918.5 72.1£9.3 401.7£6.6 n.d.
BME-19 48.13+10.5 66.4£8.3 59.3£8.2 19.3£2.6
BME-20 529133 243.0£5.8 209.81£12.7 32.614.0
BME-21 141.5£29.7 249152 365£76.7 275%57.8
BME-22 77.34£13.6 118.6+7.3 56.716.8 2214527
BME-23 18.56%2.5 71.8+12.9 259.1+8.9 56.3£7.6
BME-24 28.22+3.8 n.d. n.d. 101.5+7.8
BME-25 61.7£9.4 67.9+11.7 207.9£16.3 98.6£5.5
BME-26 101.44£15.3 307.6+34.3 51.8%£2.7 62.7£6.3
BME-27 40.6£8.6 227119 n.d. 29.4%6.9
BME-28 442174 36.8£2.9 48.913.1 57.3£6.9
BME-29 65.92114.5 417.8%£33.5 101.7+15.9 32.9+6.3
BME-30 20.8+3.3 86.4£3.9 74.519.4 48.9+4.4
BME-31 16.71£2.4 276.716.3 78.3116.9 38.617.0
BME-32 39.5+4.9 72.7£11.9 59.13+14.8 108.7£34.1
BME-33 81.5614.6 138.8141.3 88.9£3.0 129.22.8
BME-34 1098.2£230.6 8224.6+1727.2 2190.6+460.1 580.5£123.2
BME-35 787.5134.73 6543.3157.4 1879.9£101.3 357.3143.7
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When the total phenolic contents of black
mulberry extracts were investigated, it was found
that the phenolic content could not be calculated
in all but one or two of them. Similarly, FRAP and
DPPH could not be calculated in most cases. In
the BME-34 brand black mulberry extract and
BME-35 black mulberry mix, the calculated
phenolic contents ranged from 1547 to 1728 mg

GAE/100 g. The antioxidant contents were
similarly calculated, with FRAP wvalues ranging
from 1850 to 2245 mg/100 g FeSO, and DPPH
(SCs) values ranging from 10.9 to 12.6 mg/mlL.
The total flavonoid contents of the BME-34
brand black mulberry extract and BME-35 black
mulberry mix ranged from 350 to 526 mg
QE/100 g (Table 13).

Table 13. Antioxidant Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code Antioxidant - FRAP | Antioxidant - DPPH | Total phenolic Total flavonoid
(mg/ 100 g FeSO4) SC50 (mg/ml.) (mg GAE/100 ¢) | (mg QE/100 )
BME-1 25.7%£3.2 n.d. n.d. n.d.
BME-2 n.d. n.d. n.d. n.d.
BME-3 n.d. n.d. n.d. n.d.
BME-4 n.d. n.d. n.d. n.d.
BME-5 n.d. n.d. n.d. n.d.
BME-6 n.d. n.d. n.d. n.d.
BME-7 n.d. n.d. n.d. n.d.
BME-8 n.d. n.d. n.d. n.d.
BME-9 n.d. n.d. n.d. n.d.
BME-10 n.d. n.d. n.d. n.d.
BME-11 n.d. n.d. n.d. n.d.
BME-12 86.317.2 n.d. 25.9+1.1 2.6x0.3
BME-13 n.d. n.d. n.d. n.d.
BME-14 n.d. n.d. n.d. n.d.
BME-15 n.d. n.d. n.d. n.d.
BME-16 n.d. n.d. n.d. n.d.
BME-17 n.d. n.d. n.d. n.d.
BME-18 52.719.1 n.d. 21.310.5 n.d.
BME-19 n.d. n.d. n.d. n.d.
BME-20 n.d. n.d. n.d. n.d.
BME-21 n.d. n.d. n.d. n.d.
BME-22 n.d. n.d. n.d. n.d.
BME-23 n.d. n.d. n.d. n.d.
BME-24 n.d. n.d. n.d. n.d.
BME-25 n.d. n.d. n.d. n.d.
BME-26 n.d. n.d. n.d. n.d.
BME-27 n.d. n.d. n.d. n.d.
BME-28 n.d. n.d. n.d. n.d.
BME-29 n.d. n.d. n.d. n.d.
BME-30 n.d. n.d. n.d. n.d.
BME-31 n.d. n.d. n.d. n.d.
BME-32 n.d. n.d. n.d. n.d.
BME-33 n.d. n.d. n.d. n.d.
BME-34 2245.4+38.3 10.910.4 1728.3+28.6 525.8+11.8
BME-35 1852.7£19.8 12.6x0.7 1547.4+33.7 349.518.4
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Upon examination of the carbon 13 isotope
analyses of the black mulberry extracts, it was
observed that all of them were not suitable. While
the carbon 13 isotope value in fruits should be -
23 and more negative, it was observed that the

value varied from -12 to -15 in all extracts. In the
case of the BME-34 brand black mulberry extract
and BME-35 black mulberry mix, the calculated
value was approximately -25 (Table 14).

Table 14. Carbon 13 Analysis Results of Black Mulberry Extract (Karadut Ozii)

Product code Delta C13 (313C) Product code Delta C13 (813C)
BME-1 -12.36%0.31 BME-19 -12.18+0.31
BME-2 -12.26%0.31 BME-20 -12.6910.31
BME-3 -12.4240.32 BME-21 -12.4010.31
BME-4 -12.5610.32 BME-22 -12.26+0.34
BME-5 -12.28+0.31 BME-23 -13.45+0.32
BME-6 -12.5410.32 BME-24 -12.57+0.34
BME-7 -12.29+0.33 BME-25 -12.48+0.31
BME-8 -12.38%0.31 BME-26 -12.40%0.32
BME-9 -12.58%0.32 BME-27 -12.26%0.32
BME-10 -12.6610.32 BME-28 -14.72%0.33
BME-11 -12.54%+0.31 BME-29 -12.831+0.31
BME-12 -14.03%0.35 BME-30 -12.61£0.32
BME-13 -12.39%0.33 BME-31 -12.74%0.32
BME-14 -12.41+0.31 BME-32 -12.524+0.31
BME-15 -12.8610.32 BME-33 -14.57£0.32
BME-16 -12.84%0.32 BME-34 -25.19%0.63
BME-17 -12.214£0.31 BME-35 -25.18%0.63
BME-18 -14.57£0.33

To compare the results of this study, vatrious
studies with low Brix content were analyzed, and
their Brix values were adjusted to 75°Btix for a
consistent assessment of the findings. It was
found that the total acidity results of all samples
were consistent with those in other studies, while
the total phenolic contents were generally lower,
except for samples BME-34 and BME-35, which
were within the expected range (Wang et al,
2022). Regarding total flavonoid content, only
BME-34 and BME-35 had results comparable to
other studies; however, the values were slightly
lower. This discrepancy could be attributed to the
fact that other studies used fresh fruit juices,
whereas this study involved heat-treated and
evaporated fruit extracts (Wang et al., 2022;
Ercisli and Orhan, 2007).

Moreover, the mineral content of black mulberry
fruit was evaluated post-Brix adjustment. The
calcium, potassium, and phosphorus contents of
black mulberry fruit were similar to those of
samples BME-34 and BME-35, while the other
samples contained lower mineral levels. However,
the sodium content was slightly higher than the
adjusted fruit mineral values (Ercisli and Orhan,
2007; Paunovi¢, Maskovi¢ and Milinkovi¢, 2020).

In the study by Paunovi¢ et al, the protein
content and sugar composition of the fruit
extracts were also analyzed. The results for
samples BME-34 and BME-35 were similar to
their findings, except for the sucrose content,
which was not found in samples BME-34 and
BME-35. However, the remaining samples did
not exhibit similar sugar compositions or protein
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content (Paunovi¢, Maskovi¢ and Milinkovi,

2020).

CONCLUSION and
RECOMMENDATIONS

The increasing demand for black mulberry is
driven by its recognized nutritional value,
characterized by many antioxidants, vitamins, and
minerals. Renowned for its richness in potassium,
calcium, and vitamins C and K, black mulberry
extract stands as a significant nutritional source,
contributing to the enhancement of the human
immune system.

This study aims to enhance consumer awareness
regarding the black mulberry extracts available in
the Turkish market by conducting comprehensive
analyses of these products. Notably, many
extracts of black mulberry sold within the country
contain  added  sugars, sweeteners, and
preservatives.

Evaluation of this study outcomes reveals that
while the pH values of several examined black
mulberry extracts meet the standards for human
consumption, certain extracts exhibit elevated pH
levels, posing health risks. Furthermore, many

tested extracts show excessive levels of
Hydroxymethylfurfural (HMF), a known
carcinogenic substance, thus rendering the

consumption of these products hazardous.

Except for the BME-34 and 35 brands, the
protein content in the analyzed products is
notably absent, suggesting a low fruit content or
the absence of fruit entirely. Similarly, the sugar
profile analysis indicates the absence of fruit
sugars, with the presence of maltose and its
derivatives, implying the products' lack of
complete naturalness. Moreover, varying levels of
sweeteners were detected, posing risks, especially
for diabetic patients and potentially causing
digestive system complications. Hence, product
labels should transparently disclose the presence
of sweeteners.

Many black mulberry extracts contain sorbic and
benzoic acids as preservatives, yet their usage is
often undisclosed on product labels. Such

preservatives may elicit adverse health effects
ranging from skin rash and itching to digestive
complications and allergic reactions. Therefore,
the inclusion of preservatives on product labels is
imperative. Additionally, some extracts contained
added colorants.

The mineral analysis of black mulberry extracts
indicates lower-than-optimal mineral content.
Similarly, the Carbon 13 analysis reveals
inadequate fruit content in these extracts. The
analysis reveals insufficient phenolic compounds,
total flavonoids, and antioxidants in several
products despite labels claiming suitability for
infants and diabetic patients. However, the
findings obtained in the analyses suggest these
products are unsuitable for such populations.

Conversely, examination of BME-34 and 35
brand products reveals mineral richness, high
antioxidant values, and comparable nutritional
profiles to black mulberry fruit as documented in
the literature. Notably, these products lack added
sugars, preservatives, colorants, and sweeteners
and exhibit appropriate Carbon 13 values.
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Bu arastirmada, zerdegal ekstrakt: ilavesinin kefirin bazi fizikokimyasal 6zelliklerine etkisi incelenmistir. Bu
amacla ¢ig inek siitii 80-85 °C arasinda 10 dakika pastorize edilerek 25-28 °C’ye sogutulmus ve icetisine kefir
starteri katlmistir. Ayrt ayri kaplarda hazirlanan siit 6rneklerine %00 (kontrol), 2, 4, 6, 8 ve 10 oranlarinda
zerdegal ekstrakti ilave edilerek pH 4.6’ya diisene kadar fermente edilmistir. Fermantasyondan énce ve sonra,
depolamanin 1., 7. ve 14. giinlerinde kefirin bazt 6zellikleri analiz edilmistir. Elde edilen sonuglara gére,
zerdegal ilave edilmis 6rneklerde viskozite ve serum ayrilmasi degetleri kontrole gére yiksek (P >0.05)
ctkmustir. Zerdegal oranlart viskozite ve serum ayrilmasi degerlerini etkilememistir (P <0.05). Kefire zerdecal
ckstrakti ilavesi renk L*, a* ve b* degerleri ile duyusal renk, yapi, koku, tat ve genel begeni puanlarint
etkilemistir (P <0.05). Kefir 6rneklerine 21 mL (%006) ve 14 mL (%04) zerdecal ekstrakti ilave edilmesi, titketici
begenisine farkl bir tat ve aroma alternatifi sunmast bakimindan bagarih bulunmustur.

Anahtar kelimeler: Kefir, zerdecal, zerdecal ekstraktt

THE EFFECT OF TURMERIC EXTRACT USAGE ON SOME
PHYSICOCHEMICAL PROPERTIES OF KEFIR

ABSTRACT

In this research, the effect of turmeric extract on some physicochemical properties of kefir was
examined. For this purpose, raw cow milk was pasteurized between 80-85 °C for 10 minutes and
cooled to 25-28 °C and kefir starter was added. Pasteurized turmeric extracts at level of 0 (control),
2,4, 6, 8 and 10% was added to the milk samples prepared in separate containers and fermented until
pH dropped to 4.6. Some properties of kefir samples were examined before and after fermentation
and on the 11, 7t and 14 days of storage. According to the results, viscosity and serum separation
values were high (P>0.05) in the turmeric extract added samples when compared with control. The
addition of turmeric extract to kefir affected the color L¥ a* and b* values, as well as the sensory
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Zerdecalin kefirin bazi 6zelliklerine etkisi

color, texture, odort, taste and general acceptability scores (P<0.05). Adding 21 mL (6%) and 14 mL
(4%) of turmeric extract to kefir samples has been found to be successful in terms of providing an

alternative taste and aroma for consumer liking.
Keywords: Kefir, turmeric, turmeric extract

GIRIS
Yogurt, ayran ve kimiz gibi fermente sit Urind
olan kefir gerek siitten gelen ve gerekse
fermantasyon esnasinda olusan bilesenlerden
dolayt hem beslenme ve hem de saglik agisindan
Onem tasir. Probiyotik etkisi yaninda kefirin
gastrointestinal sisteme, kroner kalp
rahatsizliklarina ve bagisiklik sistemine olumlu
etkileri vardir. Kefir kolesterol, kan sekeri ve
tansiyonu  dengeleyici  6zellik  tasir;  ayrica
antimikrobiyel, antikarsinojenik ve antialerjik
etkileri de s6z konusudur (John ve Deeseenthum,
2015). Turkgede keyif veren anlamina gelen ve
ctkis yeri Kafkaslar, Tibet ve Mogolistan olan
kefirde; Lactobacillus kefiri; Leuconostoc, Lactococcus
ve Acetobacter suslary, Kluyveromyces  marxianus,
Saccharomyces  unisporus, Saccharomyces cerevisiae ve
Saccharomyces  exiguns  gibi  mikroorganizmalar
bulunur (Anonim, 2009; Tomar vd., 2017).

Zetrdecal (Curcuma longa L..) Zingiberaceae Gyesi olup
cok yillik, sar1 ¢icekli ve anavatant Hindistan olan
bir bitkidir. Toprak altindaki ana kékleri yumurta
seklinde, yan kokleri ise yumru seklindedir.
Zerdecalin ana bilegseni “kurkumin”dir. Gidalarda
renk verici olarak kullanilir ve saghiga pek ¢ok
faydasi vardir (Akbay ve Pekcan, 2016).
Zetdegalin 6nemli bir bileseni olan kurkuminin
antioksidan, anti-inflamatuar, anti-bakteriyel ve
anti-aterosklerotik 6zelliklere sahip oldugu; bu
Ozellikleri  dolayisiyla  alzheimer,  kanser,
kardiyovaskiiler hastaliklar ile diyabet, obezite ve
depresyon  vb.  hastaliklarin  tedavisinde
kullanddigi bildirilmistir (Erkul vd., 2021). Coteli
ve Karatas (2017) tarafindan yapilan bir ¢alismada
zerdecal (Curcuma longa L..) tozunda yiiksek oranda
Glutatyon (GSH, GSSG), A, E, C, B1, B3 ve B9
vitaminleri bulundugu; fenolik ve flavonoid
maddelerce zengin oldugu, dolayistyla giiclii bir
antioksidan etki gosterdigi tespit edilmistir (Coteli
ve Karatas, 2017).

Diyetlerde fonksiyonel gida bulundurulmasina
yonelik taleplerin artmast ve bdylece saglik
problemlerinden korunma gabasi gibi sebeplerden

dolay1 peynir, peynir altt suyu, yogurt ve kefir gibi
stt trtinlerine farkli meyve, baharat veya bunlarin
degisik tirevleri katimaktadir. Silva vd. (2020)
taze Shanklish peynirine kefir ve zerdegal ekstraktt
katarak fonksiyonel Ozelliklerini  gelistirmeye
calismuslardir. Benzer sekilde Rohmah vd. (2024)
peynir altt suyuna zerdegal dogal boyast katarak
fonksiyonel icecek tretme yoluna gitmislerdir.
Coskun vd. (2023) peynir alt suyu, zerdegal
ekstrakti ve akcaaga¢ surubundan (%10) olusan
bir icecek tretmislerdir. Orneklerde tat ve aroma
bakimindan en iyi sonucun elde edildigi
depolamanin 14. giininde kuru madde orani
%13.01, asitlik %0.42, pH 3.84, maya-kif sayist
1.99 log KOB/mL, L* degeri 26.39, a* degeri -
1.57 ve b* degeri 3.05 olarak rapor edilmistir. Kim
ve Kim (2020), zerdecal miktart arttik¢ca
fermantasyon esnasinda Doenjang’da  (soya
fasulyesi ezmesi) maya, anaerobik bakteri sayist,
asitlik ve renk L degerinin kademeli olarak
distiging, renk & degerinin ise arttigmni rapor
etmislerdir. Martina vd. (2020) zerdegal miktari
arttkca yogurtta mikrobiyel yikiin distigind,
pHnin artugini ve bunun zerdecalin alkali
ozelliginden kaynaklandigini, ayrica zerdegalin
yogurt rengini etkiledigini, 95 mL yogurtta 5 mL
zerdecal ckstraktt bulunan yogurt 6rneginin
duyusal olarak daha c¢ok tercih edildigini tespit
etmislerdir. Foda vd. (2007), manda yogurdunda
zerdegal oranindaki artisin suda eriyen azot
oranini distrdigiini, pH degerlerini
ctkilemedigini, serum ayrimasini  azalttiing,
yogurdun stkiliginin arttigint ve duyusal olarak
zerdecal orant arttikca gorinds, lezzet ve genel
begeni puanlarinin dustiigiini rapor etmislerdir.
Ayrica yogurtta zerdegal tozunun %0.1 oraninda
kullantminin  yiksek oranda tercih edildigini
belirtmislerdir.

Fonksiyonel 6zellige sahip meyve, baharat ve
tirevleri kefir Uretiminde de kullanilmaktadir.
Yapilan bir calismada, Zivzik (Siirt) nart sulu
konsantrasyonlarinin artisina bagh olarak, kefirin
kirmizilik, yesillik ve mavilik renk degerlerinde
azalma tespit edilmistir. Duyusal olarak, en az
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%06.25 (10.12) ve en yiksek %50 konsantrasyona
(15.94) sahip nar suyu ilave edilmis 6rnekler genel
begeni gérmistiir (Hallac ve Sancak, 2021). Farklt
oranlarda (%0.5 ve %1) propolis (P2) ilave
edilerek tretilen kefir 6rneklerinde; %0.5 propolis
iceren Orneklerin duyusal olarak daha kabul
edilebilir nitelikte oldugu, ayrica toplam fenolik
madde icerigi ve radikal siipiirme aktivitesinin
kontrole kiyasla arttig1 tespit edilmistir (Bagdat ve
Ilikkan, 2024).  Dogan (2011) yapugt bir
calismada, cicek ve ¢cam bali ilave ederek Urettigi
kefir 6rneklerinde bal konsantrasyonu arttikca pH
degerinin dustigini, distsin cam bali ilave
edilmis kefir 6rneklerinde daha fazla oldugunu
rapor etmistir. Bal ilaveli 6rneklerde diisiik oranda
vizkozite ve renk I. degerleri elde edilirken,
yitksek oranda renk & degerleri elde edilmistir.
Cinar (2019) mavi yemis ilave ederek trettigi kefir
orneklerinde daha yiiksek antioksidan aktivite ve
daha distk sayida mikroorganizma
kaydetmislerdir. Ataman (2020) cilek ilaveli kefir
orneklerinde daha digiik vizkozite, sertlik ve pH
degerleri elde etmistir. Yal¢in (2021) havug lifi
lave ederek trettigi kefir 6rneklerinde, havug
lifinin fiziksel, tekstiirel, mikrobiyolojik ve duyusal
Ozellikleri  gelistirdigini  ve kefir Uretiminde
basartyla kullanilabilecegini rapor etmistir.

Meyve veya baharatlarin kefir veya benzeri
fermente sut Urinlerine katdmasinin ve bunun
yayginlasmasinin pek ¢ok nedeni bulunmaktadir.
Kefirde alternatif tat gelistirilmesi, saglik ve
beslenme alanlarina artan ilgi ve titketici talepleri
bu nedenler arasinda sayilabilir (Martina vd., 2020;
Foda vd., 2007; Felfoul vd., 2017; Anonim, 2024).
Ulkemizde faaliyet gdsteren bazi marketlerde
zerdecal ve meyve karnisimlart  kullanilarak
Uretilmis  ticari marka kefirlere rastlamak

mimkindir (Anonim, 2024). Ancak, zerdecal
kullantminin  kefirin = Ozellikleri Uzerine etkisi
konusunda bir arastirmaya rastlanmamistir. Bu
calismada, kefire farkli oranlarda zerdecal
ekstrakti ilave ederek alternatif bir lezzet
gelistirilmesine, bazt fizikokimyasal ve duyusal
Ozelliklerine etkisinin belitflenmesine ve ayrica en
uygun zerdecal ekstrakti oraninin  tespit
edilmesine caligilmistir.

MATERYAL VE YONTEM

Materyal

Bu calismada, kefir dretiminde ¢ig inek sttd
(ortalama olarak pH 6.60, asitlik %00.12, yag %3.34
ve kuru madde %710.80) kullanilmustir. Sttler
Bolu’da faaliyet gdsteren bir idreticiden temin
edilmigtir. Kefir starteri ticari toz kiltirden
(Danisco Biolacta DC1) hazitlanmistir. Uretici
firmaya gore kefir starter kiiltiiri kefir taneleri
mikroflorasin, kefir mayalarini, Lactococcus spp.,
Lactobacillus spp., Leunconostoc spp. ve Streptococcus
thermophilus vb. mikroorganizmalari icermektedir.
Calismada kullanilan toz zerdecal, baharatcilardan
(Knotr) temin edilerek su ile ekstrakte edilmistir.
Yapilan 6n denemeler neticesinde, ihtiya¢ duyulan
zerdecal ekstraktini elde etmek icin 255g toz
zerdecal tartiip Gzerine 40-50 °C’deki saf sudan
1000 mL ilave edilerek iyice karistirldiktan sonra
buzdolabinda bir gece dinlendirilmistir. Sonra
yine iyice kargtinlarak 4 kattan olusan bir
tilbentten iki defa stiziilmistir. Stizme esnasinda
ckstrakta zerdecal partikiilii gecmemesine dikkat
edilmistir. Elde edilen stiztintd su banyosunda 65-
68 °C arasinda yarim saat pastOrize edilmistir.
Sonra sogutularak kullanim anina kadar +4 °C’de
muhafaza edilmigtir. Zerdecal ekstrakti steril bir
meziir yardimiyla agagidaki oranlarda kefir yapimi
icin kullanilan stte ilave edilmistir (Cizelge 1).

Cizelge 1. Calismada kullanilan siit ve zerdegal ekstrakti miktar ve oranlari
Table 1. Amounts and proportions of milk and turmeric extract used in the study

Ornek kodu Siit miktart (mL.) Zerdecal miktart (mL) % Oran (v/v)
Sample code Milk amonnt (mL) Turmeric amount (mL) Ratio % (v/v)
0 (Control) 350 0 0

7 343 7 2

14 336 14 4

21 329 21 6

28 322 28 8

35 315 35 10
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YONTEM

Kefir tiretimi

Cig inek sith Oncelikle bir tilbent yardimiyla
stuzulmustir. Cig sut 80-85 °C araliginda 10 dakika
pastotize edilerek 25-28 °Clye sogutulmus ve
igerisine Cizelge 1’de belirtilen oranlarda (%0, 2,
4, 6, 8 ve 10) zerdecal ekstraktt katilmigtir. Ayrica
icerisine %2 oraninda kefir starteri ilave edilmistir.
Sut iyice karigtirtip 25-28 °C’de inkubasyona
birakilmistir. Inkiibasyon esnasinda siitin pH’st

4.06’ya geldiginde (yaklastk 12 saat sonra)
fermantasyona son verilmistir. Elde edilen
ornekler  buzdolab:  sartlarinda 14 gln
depolanmustir.  Fermantasyonun  baginda  ve

sonunda, depolamanin ise 1., 7. ve 14. giinlerinde
ornekler alinarak hedeflenen analizler yapilmistir.
Calisma iki tekerrtrlii olarak yurtilmustiir.

Analizler

Kefir 6rneklerinin pH tayininde, WT'W 720 marka
pH metre kullandmistir.  Olgim  Kurt  vd.
(1996)’ne gore yapilmistir. Toplam mezofilik
aerobik bakteri sayim: Plate Count Agar
kullanilarak yapilmistir. Ekimi yapilan petriler 30
°C’de 48 saat inkibe edilmistir. Bu stre sonunda
olugan koloniler sayilmistir (Mainville vd., 2001).
Sttlerin ve kefir 6rneklerinin viskozite degerleri
titresimli  viskozimetre cihazt (AND  vibro
viscometer SV-10, Japonya) ile Olctilmistir.
Olgiim 15 °C’de yapilmistir. Cihazdan 15 saniyede
bir olmak uzere 2 dakika boyunca toplam 9 él¢cim
alinmistir. Alinan 9 Slgiimiin ortalamast, o drnegin
viskozite degeri olarak kabul edilmistir. Sonug
mPa.s cinsinden ifade edilmistir. Serum ayrilmast
Sodini vd. (2005)’nin bildirdigi yontem modifiye
edilerek belirlenmistir. Buna goére 25%er g kefir
Ornegi darast alinmis santriflij tUpleri igerisine
tartilip, 4 °Cde 1250xgde 10 dakika streyle
santrifilj (Sigma 2-16KC, Almanya) edilmistir.
Santrifij sonrast tlplerin Ustiinde kalan serum
kismi dokildikten sonra geriye kalan kistm
tiiplerle beraber tartilp (son tartim) serum
ayrilmasina  ait  degerler  su  formiille
hesaplanmistir:

Serum ayrilmast (%) = (A + B—-C)x100 / B
Burada; A= Santrifij tipluntn darast (g), B=
Santrifiyj tipine tartilan kefirin miktari (g) ve C=

Santrifiij sonrast serumun dokildikten sonraki
kalan dara ve pelet miktaridir (g).

Renk L% a* ve b* degetleri CIE (International
Commission on Illumination) renk Olcim
sistemine gére Konica Minolta CR-400 (Osaka,
Japonya) renk tayin cihazt ile yapilmustir. Duyusal
analizlerde “Skalaya g6re dereceleme testi”
kullantlmigtir (Metin, 1977). Duyusal panelde 6
panelist gérev almistir. Duyusal testlerden 6nce
panelistlere  egitim verilmis ve On testler
yaptirlmistir.  Panelistlere 6rnekler ayni anda
sunulmustur. Tat ve koku testlerinde Grnekler
arast gegiste agiz su ile ¢alkalanmis ve bir middet
beklenmistir. Panelistlerden 6rneklerin renk, yapi,
koku, tat ve genel begeni Ozelliklerinin
degerlendirilmesi (1-5 arast puan) istenmistir.
Calismadan elde edilen verilerin istatistiksel
analizinde Duncan c¢oklu karsilastirma testi
kullanilmistir (Devore ve Peck, 1993). Tstatistiki
analizler “SPSSS 20” programu ile yapilmustir.

BULGULAR VE TARTISMA

Kefir 6rneklerinin pH degerlerinde meydana
gelen degismeler

Farkli miktarlarda zerdecal ekstrakt: ilave edilmis
kefir 6rneklerinde fermantasyon esnasinda ve
depolama boyunca pH’da meydana gelen
degismeler Cizelge 2’de sunulmustur.

Cizelge 2’in incelenmesinden anlagilacag uzere,
farklt oranlarda zerdecal ekstrakti iceren kefir
orneklerine ait genel ortalama pH degerleri ile
fermantasyon Oncesi zerdecal ekstraktt ilave
edilmis  Orneklerde pH  degerleri  kontrol
orneginkinden bir miktar yiksek ¢tkmis, ancak bu
istatistiksel ~ olarak  Gnemli  bulunmamustir
(P >0.05). Beklendigi tizere, pH degerleri
fermantasyon sonrasinda tim Orneklerde dusts
gostermistir (P <0.05). Fermantasyondan sonra
orneklere ait pH degerleri birbirine oldukea yakin
ctkmistir. Depolama boyunca kefir 6rneklerinin
pH degerlerinde pek bir degisim olmamistir
(P >0.05). Martina vd. (2020) tarafindan yapilan
bir calismada, zerdegal miktart artttk¢a yogurt
orneklerinde pH degerlerinin yikseldigini tespit
etmislerdir. Bu bulgu, bu calismada elde edilen
sonucglara benzerdir. Ataman (2020) cilek ilave
ederek trettigi kefir 6rneklerinde daha dustik pH
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degeri tespit etmistir. Bu calismada depolama
boyunca elde edilen pH degerleri, Sarica ve
Coskun (2020) tarafindan kefir Srnekleri icin

rapor edilen pH degerleri (431 — 4.47) ile
benzerlik gostermektedi.

Cizelge 2. Kefir 6rneklerinin pH degerlerinde meydana gelen degismeler
Table 2. The changes in pH values of kefir samples

eiifaeki?; Fermantas;&ir;/z )Fermeﬂfafz'on Depolama periz;c;j ((nG:ug)/ Storage period Genel ortalama/
Turmeric extract . General mean
%) Once/ Before  Sonra/ After 7 14 (N=10)
0 (Control) 6.63+0.000c  4.50+0.021>  4.41+0.057* 4.40+0.0212 4.44+0.035%>  4.88%0.926*
2 6.6610.014>  4.46+0.0212  4.38+0.078 4.38+0.042* 4.40+0.0350  4.86£0.951*
4 6.7010.014>  4.50£0.078  4.40+0.078* 4.39+0.021*  4.41£0.0000  4.88£0.960*
6 6.7240.07°  4.51£0.106° 4.41+0.0500 4.41£0.035* 4.42+0.0572  4.89£0.9624
8 6.7610.007>  451+0.1200  4.4310.042* 4.43%0.007* 4.44+0.0422  4.91£0.973*
10 6.79+0.021>  4.5140.0570  4.46£0.050: 4.43+0.007* 4.4740.042: ~ 4.92%0.984*

n: Her bir hiicredeki iki tekerriir ortalamasini, N: Her bir satirdaki veriletin ortalamasint, a,b,c: Fermantasyon ve depolama

boyunca ortalamalar arasindaki farki, A,B,C: Zerdecal miktatlarina ait ortalamalar arasindaki fark: gostermektedir (a=0.05).
n: Each cell shows the average of two replicates, N: Shows the average of the extract in each row. a,b,c,: Shows the difference among the averages
during fermentation and storage, A,B,C: Shows the difference anong the averages of turmeric amounts (@=0.05).

Toplam aerobik mezofilik bakteri sayilarinda
meydana gelen degismeler

Zerdecal ekstraktt ilave edilmis kefir 6rneklerinde
toplam aerobik mezofilik bakteri (TAMB)

sayllarinda meydana gelen degismeler ve bu
degismelere ait istatistiksel analiz sonuglari
Cizelge 3’te sunulmugtur.

Cizelge 3. Kefir 6rneklerinin TAMB sayilarinda meydana gelen degismeler (log KOB/mL)
Table 3. The changes in TAMB counts of kefir samples (log CEU/mL)

ei::ielzft?l/ Fermantas;zt:;/z )Fermentcztz’an Depolama perizg;lyt)l Er(l}:ug)/ Storage period Genel ortalama/
Turmeric extract . General mean
) Once/ Before  Sonra/ After 1 7 14 (IN=10)
0 (Control) 7.89+0.184*  9.5140.028>  9.74+0.198¢ 9.17£0.035> 7.78+0.240*  8.82+0.8767
2 7.7940.085>  9.56+0.0794  9.64£0.149¢ 9.03£0.021¢ 7.43£0.042*  8.69+0.963A
4 7.80£0.035*  9.53%£0.070¢  9.60£0.254c 8.83+0.254> 7.69%£0.353*  8.69+0.878%
6 7.78+0.113*  9.60£0.269¢  9.56+0.120c  8.84£0.283> 7.85+£0.375*  8.73+0.856°
8 7.77£0.106*  9.551£0.283>  9.41£0.233> 8.96£0.099> 7.87+£0.396*  8.71+0.8177
10 7.56£0.1132  9.4240.452>  9.50£0.141> 8.99+0.304> 7.93+0.467  8.68%0.8714

n: Her bir hiicredeki iki tekerriir ortalamasini, N: Her bir satirdaki verilerin ortalamasini, a,b,c,d: Fermantasyon ve depolama

boyunca ortalamalar arasindaki farki, A,B,C: Zerdecal miktarlarina ait ortalamalar arasindaki farki géstermektedir (a=0.05).
n: Each cell shows the average of two replicates, N: Shows the average of the extract in each row. a,b,c,d: Shows the difference among the averages
during fermentation and storage, A,B,C: Shows the difference among the averages of turmeric amounts (=0.05).

Genel ortalama dikkate alindiginda, farkl
oranlarda zerdecal ckstrakti ilave edilen kefir
Orneklerinde kontrole gére daha digik sayida
TAMB elde edilmistir, ancak bu istatistiksel olarak
o6nemsiz bulunmustur (P >0.05). Tim 6rneklerde
TAMB sayist depolamanin 1. gliniine kadar
artmis, 7. ve 14. glnlerde dusts egilimi
gostermistir (P <0.05). TAMB sayilarinin

depolamanin 14. glintinde dusts gdstermesi, bazt
mikroorganizmalarin disik pH’dan etkilenmis
olmast ile aciklanabilir (Goncu vd., 2017). Elde
edilen sayllar Ataman (2020) tarafindan elde
edilen genel ortalama degerler (8.27-8.70 log
KOB/¢g) ile uyumludur.
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Viskozite
degismeler
Calismada tretilen kefir 6rneklerine ait viskozite
degerleri ve bu degerlerdeki degismeler Cizelge
#’te gbsterilmistir.

degerlerinde meydana gelen

Depolamanin 7. ve 14. giint ve genel ortalamalar
dikkate alindiginda zerdecal miktari arttikca
viskozite degerleri de artmigtir (P >0.05). Kontrol
Orneginin viskozite degetleri depolama boyunca
duserken, zerdecal ekstrakti ilave edilen
orneklerde artmustir. Artis 7 mL (%2) ve 21 mL

(%06) zerdecal ckstrakti ilave edilmis 6rneklerde
6nemli (P >0.05) bulunmustur. Sonu¢ olarak
zerdegal ilavesi kefir O6rneklerinde viskoziteyi
artirmistir. Ayrica tim 6rneklerde
fermantasyondan sonra viskozite degerleri
fermantasyon baslangicina kiyasla oldukea artis
gostermistir (P <0.05). Elde edilen viskozite
degerleri, Sarica ve Cogkun (2020) tarafindan inek
sttinden yapilan kefir 6rnekleri icin depolamanin
14. giinine kadar tespit edilen degerlere (42.17-
48.43 mPa.s) benzerdir.

Cizelge 4. Kefir 6rneklerinin viskozite degerlerinde meydana gelen degismeler (mPa.s)
Table 4. The changes in viscosity values of kefir samples (mPa.s)

Zerdegal Fermantasyon/ Fermentation Depolama petiyodu (Gun)/ Storage period (Day) Genel
ekstrakti/ (n=2) (n=2) ortalama/
TWMZZ);X”M[ Once/ Before  Sonra/ After 7 14 Gegg’f{gfﬂ”
0 (Contro) 24140226+ 3848+1.730> 42.89+10.1050 3523167600  30.15+33300 22-83F15.6874
2 22440573 383011457  30.34+1.080>  4571+3.840c  51.08+2.772c O0-33+18.190%
4 205+0.170¢  39.34+4.050> 3830142200  50.85+13.456° 52.06+0.1060 -0-26F19.066
6 219+0.1700  33.5914.257b  36.27+5.1970  46.60+11.950b 5127+4.483 I0-09+18.727
8 2.57+0.092: 3258416483 31.8312.737 50.45+14.036> 37.90+3.880p o1-06T18.154
10 23910.665  38.2616.866° 30.1317.304>  40.19+1.096> 3712442990  29.62%15.235A

n: Her bir hiicredeki iki tekerriir ortalamasini, N: Her bir satirdaki verilerin ortalamasini, a,b,c,d: Fermantasyon ve depolama

boyunca ortalamalar arasindaki farki, A,B,C: Zerdegal miktarlarina ait ortalamalar arasindaki fark: géstermektedir (a=0.05).
n: Each cell shows the average of two replicates, N: Shows the average of the extract in each row. a,b,c,d: Shows the difference among the averages

during fermentation and storage, A,B,C: Shows the difference among the averages of turmeric amounts (0=0.05).

Serum ayrilmasi degerlerinde meydana gelen
degismeler

Kefir érneklerinde fermantasyondan énce serum
ayrilmast  degerleri  %93.76-94.62  arasinda

degisitken, bu deger fermantasyondan sonra
%52.61 ile 58.71 arasina dismiustir (P <0.05)

(Cizelge 5).

Cizelge 5. Kefir 6rneklerinin serum ayrilmasi degerlerinde meydana gelen degismeler (%)
Table 5. The changes in serum separation values of kefir samples (%)

Fermantasyon/ Fermentation Depolama petiyodu (Gun)/ Storage period (Day) Genel
Zerdegal ekstraktt/ (n=2) (n=2) ortalama/
; 0,
Turmeric extract (%o) Once/ Before  Sonta/ Affer 1 7 14 Ge(;lf\e]ri/{g;aﬂ
0 (Control) 93.76+2.602>  52.61£0.976*  47.24£2.828* 49.21+2.913+  51.41+2.044»  58.85%18.5894
2 94.62+0.141c  58.714£5.247>  49.28+0.226  49.75+2.7292  50.25%£0.184*  (0.52+18.448~
4 94.14+1.725¢  56.584+2.913>  51.02£0.990* 53.84+1.018>  51.0320.0992  61.32%17.4764
6 93.92+1.301d  57.08+0.339¢  51.32%1.7542  55.08£0.629b¢  52.73+1.1172b  62.03£16.9594
8 94.08+1.414c  56.84%£1.018>  52.1242.263» 54.11+1.428> 544811358  (2.33+16.8504
10 94.34+1.838>  56.13%£1.117¢  52.84%3.168* 53.88+4.193=  52.66+1.7822  (1.97£17.2254

n: Her bir hticredeki iki tekerriir ortalamasini, N: Her bir satirdaki verilerin ortalamasini, a,b,c,d: Fermantasyon ve depolama

boyunca ortalamalar arasindaki farki, A,B,C: Zerdecal miktarlarina ait ortalamalar arasindaki farki géstermektedir (a=0.05).
n: Each cell shows the average of two replicates, N: Shows the average of the extract in each row. a,b,c,d: Shows the difference among the averages

during fermentation and storage, A,B,C: Shows the difference among the averages of turmeric amounts (=0.05).
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Genel olarak serum ayrilmast degerleri zerdegal
ilaveli 6rneklerde ylksek c¢ikmigtir.  Serum
ayrilmast genel ortalamast kontrol 6rneginde
%58.85 olurken, 28 mL (%8) zerdecal ekstrakti
ilave edilmis 6rnekte %62.33 olmustur (P >0.05).
Genel olarak depolama boyunca serum ayrilmasi
degerlerinde artis  saptanmustir (P >0.05).
Depolama sonu olmast bakimindan depolamanin
14. giint incelendiginde zerdegal orani arttikca
serum ayrilmasinda az da olsa bir artma, viskozite
degerlerinde ise diisme egilimi meydana gelmistir.
Foda vd. (2007) manda stti kullanarak ve farkl
oranlarda zerdecal tozu ilave ederek uretmis
olduklart yogurt orneklerinde, zerdecal orani
arttkca  serum  ayrilmasinin  distigini

()0, e—) U7,

L* degerleri/ values
~| ~| ~l o] [s.2] [s.2] [5.2]
~J [2.4] K] (=) = %) w

~
=]

Once/Before Sonra/After

Fermantasyon/Fermentation

Fermantasyon/Fermentation

Once/Before

saptamiglardir.  Arastirmacilar  bu  distsin
nedenini, zerdecal parcaciklarinin su tutmast ile
aciklamaktadirlar. Elde edilen serum ayrilmast

degerleri, murver ile zenginlestirilmis kefir
orneklerinde depolamanin 14. giiniinde elde
edilen degerlere (%51.57-53.52)  benzerdir
(Barazi, 2022).

Renk L¥*, a* ve b* degerlerinde meydana
gelen degismeler

Kontrol ve zerdecal ekstrakti ilave edilmis kefir
orneklerine ait renk L% a* ve b* degerlerinde
meydana  gelen  degismeler  Sekil  1°de
gosterilmigtir.
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Sekil 1. Kefir 6rneklerinde renk 1%, a* ve b* degerlerinde meydana gelen degismeler
Figure 1. The changes in color ¥, a* and b* values of kefir samples

Genel ortalama L* degeri (0-siyah, 100-beyaz)
kontrol 6rneginde 82.28 iken, bu deger diiserek 35
ml zerdecal ekstraktt ilave edilmis 6rnekte 79.01
olmustur (P<0.05). Bir baska ifadeyle zerdecal
orant arttik¢a 6rneklerin beyazligr azalmistir (Sekil
1). Depolama stresi boyunca o6rneklerin L*
degerinde Onemli bir degisme olmamistr
(P >0.05). Fermantasyondan Onceki degetlere
kiyasla, fermantasyondan sonra [.* degerleri tim
orneklerde artis gostermistir (P <0.05). Sonug
olarak zerdecalin sari renkte olmast 6rneklerin 1.*
degerlerini dustirmede etkili olmustur. Havug lifi
ile zenginlestirilmis kefir Ornekleri Uzerinde
yapilan bir ¢calismada, havug lifi miktart artttkga I*
degerlerinde  diisme  meydana  gelmistir.
Depolamanin birinci glintinde L* degeri kontrol
orneginde 89.15 bulunurken, %1 lif ilaveli kefirde
85.71 bulunmustur (Yalgin, 2021). Benzer
sonuglar kusburnu ilave edilmis kefir 6rneklerinde
de tespit edilmistir (Demir, 2020).

Renk a* degeri eksi (-) tarafta yesilligi ve art1 (+)
tarafta kirmizih@r ifade eder. Tim Orneklerde
degerler eksi (yesil) tarafta yer almustir (Sekil 1).
Zerdecal  ekstrakt  miktart  artttkca  kefir
orneklerinde a* degerleri dismis (kontrol
Orneginde genel ortalama -3.27, 35 mL ilave
edilmis Ornekte -8.37), yani yesillik artmistr (P
<0.05). Kontrol  o6rneginde  a*  degeri
fermantasyondan sonra artarken, zerdecal ilaveli

orneklerde daha da azalmustir (P <0.05). Bu
durum zerdegalin fermantasyon esnasinda kefir
Orneklerine daha fazla ntfuz etmis olmastyla
agiklanabilir. Depolama esnasinda tiim 6rneklerde
a* degerlerinde pek degisim olmamustir (P >0.05).
Yalcin (2021) kefir 6rneklerinde, havug lifi miktars
arttkca a* degerlerinde ytkselme kaydetmistir.
Kontrol 6rneklerinde a* degeri -1.88 olurken %01
havug lifi ilaveli 6rneklerde 1.90 olmustur. Barazi
(2022) mirver ilave ederek Urettigi kefir
orneklerinde  a*  degerlerini  daha  yiiksek
(depolamanin 14. giintinde 2.95-7.41) bulmustur.

Renk /* degerleri eksi (-) tarafta maviligi, art1 (+)
tarafta saritlifr ifade eder. Sekil 1°den izlenecegi
tzere zerdecal ekstrakt miktart arttikca o oranda
sartlik (6% degerleri de artis gbstermistir (kontrol
orneginde b* degeri 5.15, 35 mL ilave edilmis
ornekte 31.39) (P <0.05). Fermantasyondan sonra
kontrol Orneginde sarilik (4% degeri diserken,
zerdecal ekstraktt ilaveli Orneklerde sarilik
degerleri artmistir (P >0.05). Depolama boyunca
tim Orneklerde /* degetlerinde 6nemli  bir
degisiklik olmamustir (P >0.05). Benzer sekilde
havug lifi ilave edilerek yapilmis kefir 6rneklerinde
b* sarilik degerleri artis gostermistir. Degerler 7.66
ile 10.44 arasinda yer almistir. Goneu vd. (2017)
kefir 6rneklerinde limon lifi miktart arttikca b*
degerlerinin de arttigini tespit etmistir.
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Duyusal  6zelliklerde meydana  gelen
degismeler

Yapilan duyusal analizlerde, 5 puan tizerinden en
yliksek duyusal renk puant (genel ortalama 4.39)
21 mL (%0) zerdegal ekstraktt ilave edilmis kefir
orneginden elde edilmistir (P <0.05). Bunu 14 mL
(%o4) zerdecal ekstraktt iceren 6rnek takip etmisgtir.
Fermantasyondan 6nce duyusal renk degerleri 14
ml’ye (%4) kadar artmis, sonra dismistir.
Fermantasyon ve depolama boyunca en disik
duyusal renk puanlart 35 mL (%10) ekstrakt iceren
ornekten elde edilmistir. Duyusal yap1 bakimindan
en yliksek genel ortalama puant (4.13) 21 mL (%0)
ckstrakt iceren 6rnekten elde edilmistir (P >0.05).
Fermantasyondan 6nce duyusal yapt puanlari,
ckstrakt orant arttikca artmustir. Duyusal renk
puanlarinda oldugu gibi, en yiksek koku puant 21
mL (%0) ckstrakt iceren o6rnekten (4.39) elde
edilmistir. Bunu 4.17 puan ile 14 mL (%4) ekstrakt
iceren Ornek takip etmistir. Fermantasyondan
once koku puanlari 21 mL’ye (%0) kadar artmis,

28 (%8) ve 35 ml (%10) eckstrakt iceren

Puanlar (5 tzerinden)/ Scoves (of 5)

335

Cextracyy (%)

orneklerde kademeli diisiis gostermistir. En distik
koku degerleri kontrol 6rnegi ve 35 mL (%10)
ekstrakt iceren Ornekten elde edilmistir. En
yiksek genel ortalama tat puani 21 mL (%0)
ekstrakt iceren 6rnekten elde edilmistir, bunu 3.91
puan ile 14 mL (%4) ekstrakt iceren 6rnek takip
etmistir (P <0.05). Tat puanlar1 fermantasyondan
o6nce 21 mL’ye (%06) kadar artmis, sonraki
miktarlarda digls géstermistir. Fermantasyon ve
depolama boyunca en distik tat puanlart 35 mL
(%10) ekstrakt iceren 6rnekten elde edilmistir.
Genel begeni puant bakimindan en yiksek
ortalama puan 21 ml (%06) ekstrakt iceren
ornekten (4.27) elde edilmis, bunu 4.01 puanla 14
mL (%4) ekstrakt iceren 6rnek takip etmistir (P
<0.05). Duyusal renk, yapi, koku, tat ve genel
begeni testi sonuglarindan 21 mL ve takiben 14
ml ekstrakt iceren 6rneklerin 6n plana ¢ikmasi
nedeniyle; Orneklerin tim duyusal 6zelliklerini
temsilen sadece genel begeni puanlart Sekil 2°de
gosterilmistir.

354 m445 w455

O/B: Fermantasyondan dnce/Before fermentation
S/A: Fermantasyondan sonra/After fermentation

Sekil 2. Kefir 6rneklerinin genel begeni puanlarinda degismeler
Figure 2. The changes in general preference scores of kefir samples

Genel begeni puanlart 21 ml’ye (%06) kadar artis
gOstermis, sonraki miktarlarda dismistir. En
distik puanlar 35 mlL (%10) zerdecal ekstraktt
ilave edilmis 6rnekten elde edilmistir. Depolama

boyunca genel begeni puanlarinda meydana gelen
degismeler  istatistiksel ~ bakimdan  Gnemli
bulunmamustir (P >0.05). Tum Orneklerin tat
puanlart depolamanin 7. giiniinde en yiiksek
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olmustur. Sonug olarak test edilen tim duyusal
Ozellikler bakimindan en tercih edilen 6rnek 21
mL (%0) zerdecal ekstrakt: ilave edilmis 6rnek
olmus, bunu 14 mL (%4) ekstrakt iceren 6rnek
takip etmistit (yap1 haric). Ayrica, Orneklerin
duyusal 6zellikleri degismeden iki haftaya kadar
buzdolabinda saklanabilecegini s6ylemek
mimkindir. Ataman (2020) cilek ilave ederek
rettigi kefir 6rneklerinden en begenilenin %15
cilek ilave edilen 6rnek oldugunu, benzer sekilde
Cinar (2019) da %15 oraninda mavi yemis ilave
edilen kefir 6rneklerinin daha cok begenildigini
rapor etmislerdir. Yapilan diger bir arastirmada,
%71 mirver tozu ilave edilmis kefir 6rnekleti en
cok begeni toplamistir (Barazi, 2022).

SONUC VE ONERILER

Bu calisgmada, kefirde alternatif bir lezzet ortaya
koymak amaciyla farkli oranlarda zerdegal
ekstrakti kullanarak kefirin bazi 6zelliklerine etkisi
incelenmistir. Elde edilen sonuglara gére ilave
edilen zerdegal ekstrakt miktarlarinin pH ve
toplam mezofilik aerobik bakteri sayist tizerinde
olumsuz bir etkisi gbzlenmemistir. Zerdecal ilave
edilmis 6rneklerde kontrole gére daha yuksek
oranlarda viskozite ve serum ayrilmasi degerleri
elde edilmistir (P >0.05). Zerdecal orant arttikca
kefir 6rneklerinde beyazlik (IL*) ve yesillik (2%
degetleri dismis (P >0.05), sarilik (4%) degerleri
artmustir (P <0.05). En yiiksek duyusal renk, yaps,
koku, tat ve genel begeni degerleri 21 mL (%0)
zerdecal ekstraktr ilave edilmis 6rneklerden elde
edilmistir. Bunu 14 mL (%4) ekstrakt iceren 6rnek
takip etmistir. Sonug olarak kefir tiretiminde 21
mlL (%06) ve 14 ml (%4) zerdecal ekstraktt
kullaniminin  alternatif bir lezzet elde etmede
basarili oldugu soylenebilir. Calismadan elde
edilen bilgiler ve sonuclar pratikte uygulanabilir
potansiyele sahiptir.

CIKAR CATISMASI BEYANI
Yazarlar bu makalede, diger kisiler ve kurumlar

arasinda  herhangi bir ¢ikar  catismasinin
olmadigint beyan eder.
YAZAR KATKILARI
Tum yazarlarin calisma konusunun
belirlenmesinde, orneklerin Uretiminde,
analizlerin yapilmasinda, verilerin

degerlendirilmesinde ve makalenin
hazirlanmasinda katkist olmustut.
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Verilerin ~ istatistiksel ~ degerlendirilmesinde

katkilarindan  dolayt Dr. Ogr. Uyesi Ahmet
EMIRMUSTAFAOGLUna tesekkiir edetiz.
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ABSTRACT

This study aimed to determine the effects of ethylene scavenger incorporated active packaging and storage
temperature on the shelf life of cucumbers. For this purpose, cucumbers were packaged using modified
atmosphere packaging (5% O2-10% CO2-85% Ny) in two different low-density polyethylene (LDPE)
packages, with and without ethylene scavenger, and stored at 4°C and 10°C for 20 days. The group of
cucumbers without packaging was prepared as the control. Throughout the storage period, changes in
physical, chemical, and sensory quality parameters of the cucumbers were monitored through analyses of
headspace gas analysis, weight loss, colot, texture, soluble solid content (%obrix), pH, titratable acidity, and
sensory evaluation. Due to cold injury at 4°C, equilibrium atmosphere could not be achieved, and the %O,
level dropped below the critical limit (2%) by the end of storage. At 10°C, the products packaged without
ethylene scavenger exhibited higher ethylene concentration during storage, negatively affecting the quality
parameters, whereas the group with ethylene scavenger had lower ethylene accumulation and reduced cold
injury, preserving product quality better. The cucumbers packaged with ethylene scavenger and stored at
10°C was sensorially acceptable for the entire storage of 20 days suggesting the shelf life of 20 days only for
this application.

Keywords: Active packaging, ethylene scavengers, post-harvest quality, chilling injury, cucumber

ETILEN TUTUCU ICEREN AKTIiF AMBALAJLAMANIN VE DEPOLAMA
SICAKLIGININ BADEM HIYARIN (CUCUMIS SATIVUS L.) KALITE VE RAF
OMRUNE ETKIsI

oz
Bu ¢alismada, etilen tutucu igeren aktif ambalajlamanin ve depolama sicakliginin badem hiyarin raf

Omri tzerine etkilerinin belirlenmesi amaclanmistir. Bu amacla badem hryarlar (Cucumis sativus 1..),
etilen tutucu katki iceren ve icermeyen olmak tizere iki farkli diisik yogunluklu polietilen (LDPE)
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Ethylene scavenging as active packaging for cucumber

ambalajda modifiye atmosfer kullanilarak (%5 O2-%10 CO2-%85 N3) ambalajlanmis ve 4°C ve
10°C’de 20 gtn depolanmistir. Ambalajlanmamis tiriin grubu kontrol olarak kullanilmistir. Depolama
stiresince hiyarlarin fiziksel, kimyasal ve duyusal kalite parametrelerindeki degisimin izlenmesi icin
tepe boslugu gaz analizi, kiitle kaybi, renk, tekstiir, suda ¢6ziinir kuru madde, pH, titrasyon asitligi
ve duyusal analizler yapilmistir. 4°C’de hiyarlarda meydana gelen soguk zarari nedeniyle denge
atmosferine ulastlamamis ve depolama sonunda %O:> seviyesi kritik limitin (%2) altina inmistir.
10°C’de ise etilen tutucu icermeyen ambalajlt grupta depolama siiresince etilen konsantrasyonun daha
ylksek olmast tGrtiniin kalite parametrelerini olumsuz etkilerken, etilen tutucu iceren ambalajda etilen
konsantrasyonunun daha dusik olmast ve disiik soguk zarari sayesinde Urtin kalitesi daha iyi
korunmustur. 20 giinliik depolama sonunda duyusal olarak kabul edilebilir tek tiriin grubu, 10°C’de
etilen tutucu iceren uygulama olmustur. Sonuglara gére, 10°C’de etilen tutucu katki iceren
ambalajlarda badem hiyarin raf 6mriiniin en az 20 giin oldugu tespit edilmistir.

Anahtar kelimeler: Aktif ambalajlama, etilen tutucu, hasat sonrasi kalite, soguk zarari, badem hiyar

INTRODUCTION

Cucumber (Cucumis sativus 1.) belongs to the
Cuenrbitaceae family and is a widely cultivated and
popular plant consumed globally, with significant
economic importance (Che and Zhang, 2019).
With high total water content (95% on average),
cucumbers ate also rich in vitamins and minerals
essential for human nutrition, such as vitamin K,
vitamin A, calcium, molybdenum, potassium,
manganese and magnesium (Manjunatha and
Anurag, 2014; Maleki et al., 2018). Although there
are slight variations in the figures over the years,
an average of 87 million tons of cucumbers were
produced worldwide in 2021. China holds the
largest share of this production with
approximately 75.5 million tons. Following China,
Turkey produced about 1.9 million tons and
Russia 1.6 million tons of cucumbers in 2021
(Anonymous, 2023). Cucumbers belong to the
group of non-climacteric fruits, meaning they do
not continue to ripen after harvest (Wang et al.,
2013). Therefore, if not stored under proper
conditions after harvest, they quickly detetiorate,
leading to significant product and economic
losses. Considering the production
volumes, it can be estimated how substantial
product and financial losses can be during
improper storage and transportation. To prevent
these losses, it is crucial to maintain proper
packaging and storage conditions that minimize
product losses until the products reach the
consumer.

annual

During storage, cucumbers continue cellular
respiration by taking in oxygen from the
environment and releasing metabolic products

such as COa, water and ethylene (Sousa et al.,
2017). If these metabolites released during
respiration are not controlled in packaging and
storage, quality losses such as color and texture
changes and softening may occur in the products
(Maleki et al., 2018). Indeed, it has been reported
that most of the spoilage in cucumbers during
storage is caused by yellowing due to the
accumulation of ethylene gas and wrinkling due to
cold injury when exposed to low temperatures
(Manjunatha and Anurag, 2014). Cucumbers,
which are highly sensitive to different storage
temperatures, start to wrinkle, spot, yellow, and
age when stored at temperatures below 10°C. On
the other hand, cucumbers stored at temperatures
above 15°C generally spoil through rotting and
yellowing. Therefore, storage temperature is a
crucial criterion for cucumbers and must be
carefully controlled to extend the product's shelf
life (Sabir and Agar, 2008; Li et al., 2014).

In addition to temperature control, vatious
packaging techniques are being tried to prevent
quality losses that may occur during storage and
to extend the shelf life of cucumbers (Farber et
al., 2003). At this point, modified atmosphere
packaging (MAP) has become a frequently used
application. It has been reported that MAP
packaging significantly contributes to preventing
cold injury in cucumbers during storage, and
slows down water loss in products by reducing
respiration rate and ethylene production (Fahmy
and Nakano, 2014). Many studies in the literature
highlighted the advantages of MAP technology in
extending the shelf life of fruits and vegetables
(Sandhya, 2010; Manjunatha and Anurag, 2014,
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Oliveira et al,, 2015;). However, like many
developments in various fields today, packaging
technologies have also advanced significantly. In
addition to applications such as MAP, where only
the internal atmosphere of the packaging is
altered, some active packaging applications
incorporate emitter or absorber systems within
the packaging that capture or slow down aging by
absorbing metabolites resulting from cellular
respiration (Yildirim et al., 2018; Ebrahimi et al.,
2022; Fan et al., 2023). Active packaging helps
extend the product's shelf life by altering the
atmospheric conditions around the product
during storage using absorber and emitter systems
for various metabolites such as carbon dioxide,
oxygen, ecthylene, and ethanol (Ozdemir and
Floros, 2004; Yildirim et al., 2018; Bhardwaj et al.,
2019). Active packaging is generally applied by
including  absorber/scavenger ~ or  emitter
substances in a sachet or incorporating them
directly into the packaging material (Soltani
Firouz et al., 2021). Removing ethylene, which is
produced as a result of the metabolic activities of
fruits and vegetables, is one of the most critical
factors in extending the shelf life (Fonseca et al.,
2021). For this purpose, ethylene absorbers,
which are a type of active packaging system, are
used in cucumber storage. Compounds such as
zeolite, potassium permanganate and palladium
are used to capture ethylene in ethylene absorber
systems. Among these, zeolite is one of the most
commonly used ethylene absorbers in the
structure of packaging materials (Yildirim et al.,
2018).

Cucumbers are one of the most widely produced
vegetables globally, yet they are highly sensitive to
both high and storage temperatures.
Furthermore, the accumulation of ethylene within
packaging can accelerate their aging, making
preservation  through  traditional —methods
particularly  challenging. ~ While  classical
refrigeration and modified atmosphere packaging
(MAP) are commonly employed, there is a
growing need for active packaging solutions that
extend the post-harvest shelf life of cucumbers
and minimize economic losses (Li et al., 2014).

low

Although numerous studies have explored the
effects of MAP on cucumber preservation, there
is a noticeable gap in research specifically
addressing the wuse of ethylene-absorbing
packaging materials (Wills et al., 2018; Mori et al,,
2022). In this study, we investigated the impact of
active packaging containing ethylene absorbers
and varying storage temperatures (+4°C and
+10°C) on the quality parameters of cucumbers
stored under modified atmosphere conditions.

MATERIALS AND METHODS

Materials

Cucumbers sourced from the Sakarya fruit and
vegetable wholesale market were used in this
study. LDPE (low-density polyethylene) with
ethylene-scavenging properties and LDPE
without ethylene-scavenging properties were used
in packaging. The ethylene scavenging LDPE
pouches/bags (20 cm x 20 cm in size) were
obtained from PEAKfresh (Peakfresh Products,
Germany). The materials of these bags with a
thickness of 25 um, an oxygen transmission rate
(OTR) of 23,000-24,000 cc/m?/day at 22°C and
0% relative humidity, a water vapor transmission
rate (WVTR) of 25-27 g/m?/day at 22°C and 90%
relative humidity, and an ethylene absorption rate
of 3900 cc/m?/day at 22°C and 90% relative
humidity were used. The LDPE films without
cthylene scavenging properties were obtained as
rolls from Stumer Plastic Inc. (Istanbul, Turkey).
These films were cut into appropriate sizes,
folded in half (final package size of 20 cm x 20
cm), and heat-sealed on three sides using a heat-
sealing machine (ME-400 CFN, Mercier
Corporation, Taiwan) at 100°C to form similar
size pouches. At this stage, LDPE films with a
thickness of 25 um, an oxygen transmission rate
of 4500 cc/m?/day at 22°C and 0% relative
humidity, and a water vapor transmission rate of
7.36 g/m?/day at 37.8+1.1°C and 90% relative
humidity were used.

All chemicals, including NaOH and
phenolphthalein, were sourced from Merck
(Merck Chemicals GmbH, Darmstadt, Germany),
unless otherwise specified.
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Methods

Packaging and Storage of Cucumbers

The cucumbers were purchased a day before the
study (packaging) and quickly transported to the
Food Packaging Laboratory at the Department of
Food Engineering, Faculty of Engineering,
Sakarya University. The cucumbers were
transported in their original till-basket at ambient
temperature. They were divided into two groups
and stored in a refrigerator at 4°C and 10°C until
packaging. Just before packaging, the cucumbers
were taken out of the refrigerators, divided into
450 * 50 g portions, and packaged using two
different types of LDPE bags: one with ethylene-
scavenging properties and one without.

The portioned cucumbers were packaged under
modified atmosphere conditions using a MAP
machine (Reepack RV 300, Italy) with a gas
mixture of 5% O, 10% CO,, and 85% Ny,
maintaining 1:1 headspace ratio. The packed
cucumbers were then stored at 4°C and 10°C for
20 days.

A control group of cucumbers was also stored to
observe the effect of unpacked storage, and these
were kept at 4°C and 10°C in an open atmosphere.
Accordingly, six different groups were formed:
cucumbers stored in an open atmosphere without
packaging (AP4 and AP10), cucumbers packaged
under MAP conditions (5% Oz — 10% CO2— 85%
Ny) in LDPE packages without ethylene-
absorbing properties (MAP4 and MAP10), and
cucumbers packaged under MAP conditions (5%
0O2—10% CO2—85% Ny) in LDPE packages with
ethylene-absorbing properties (E-MAP4 and E-
MAP10). The MAP conditions used in the study
were determined through preliminary  trials,
considering the formation of an equilibrium
atmosphere within the package and the headspace
conditions (data were not shown). The
experimental design and groups used in the study
are schematically shown in Figure 1. Physical,
chemical, and sensory quality analyses were

performed on cucumbers stored at 4°C and 10°C
on days 0, 5, 10, 15, and 20 of storage. The
experiment was set up with three repetitions, and

Storage in unpackaged
and air atmosphere

conditions

unless otherwise specified, analyses were
performed in duplicate.
Cucumbers
(450+50 g)
L I i
[ 1
Storage in LDPE bags Storage in LDPE bags
without ethylene containing ethylene
scavengers and MAP scavengers and MAP
condmons condmons

o sl

AP10 MAP4

MAP10 E-MAP4 E-MAP10

Figure 1. Experimental design

Weight Loss

The weight losses of the cucumbers were
determined gravimetrically. Accordingly, the
cucumbers were weighed with a precision balance
(Sartorius, GE 2101, Germany) with an accuracy
of £0.01 g on each analysis day, and the
percentage (%0) weight loss values were calculated.

Headspace Oxygen, Carbon Dioxide, and Ethylene
Concentration

The oxygen and catbon dioxide (%ov/v)
concentrations in the headspace of the packages
were determined on each analysis day using an
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Oxybaby gas analyzer (Witt Oxybaby, Germany)
(Sezer et al., 2017).

The ethylene concentration accumulated inside
the packages was determined using a gas
chromatography (GC) (Shimadzu, Model GC-
2010, Japan) with a flame ionization detector
(FID). For this purpose, 1 ml of air was drawn
from the headspace of the package using a leak-
proof syringe and injected into the GC to
determine the ethylene concentration. A
Poropak-Q column (1.8 m, Restek, USA) and
nitrogen gas (Kusakl Smai ve Tibbi Gazlar Ind.
Trade. Co. Ltd., Sakarya, Turkey) as the carrier gas
were used during the analysis. The oven
temperature was set to 50°C, the injector
temperature to 210°C, and the detector
temperature to 250°C throughout the analysis
(Tian et al., 2004). The concentration of ethylene
gas in the package was determined based on a
calibration curve drawn using ethylene gas (99%
purity) and air mixtures at five different
concentrations, and the results were calculated as
mg/kg.

Color Analysis

During storage, changes in the L*, a*, and b*
color values of the cucumbers were monitored.
On each analysis day, three cucumbers from each
group were taken, and measurements were made
from two opposite points on each cucumber
using a pre-calibrated color measurement device
(PCE-CSM 7, Meschede, Germany). The results
were calculated as the average of 18
measurements taken for each application (Guiné
etal., 2014).

Texture Analysis

To monitor the textural changes in the cucumbers
during storage, texture analysis was performed
using a TA.XT Plus texture analyzer (TA.XT Plus,
UK). Texture analysis was carried out by taking
measurements from two opposite points of the
samples using a 4 mm diameter cylindrical probe,
a speed of 5 mm/s, and a penetration distance of
5 mm. On each analysis day, three samples from
each repetition were taken, and the results were
calculated as the average of 18 measurements
taken for each application. The results of the

texture analysis were expressed as the maximum
penetration force in Newtons (N) (Sezer et al.,
2017).

Chemical Analysis

During storage, the pH, titratable acidity and
soluble solid content (SSC) analyses of the
cucumbers were performed. Homogenized
cucumbers using a laboratory blender (Waring,
Germany) were used for pH, titratable acidity and
SSC analyses.

pH Analysis

The pH analysis of the cucumbers was carried out
according to the standard method described in
AOAC (AOAC, 2005). For this purpose, 20 g of
homogenized cucumbers were weighed and
transferred to a 200 mL volumetric flask, filled to
the mark with distilled water, and the prepared
mixture was filtered through filter paper. A 20 ml
aliquot of the resulting solution was taken into a
beaker, and the pH was measured using a pre-
calibrated pH meter (WTW-315i, Weilheim,
Germany).

Titratable Acidity

For titratable acidity analysis, 20 g of
homogenized cucumbers were transferred to a
200 ml volumetric flask, filled to the mark with
distilled water, and filtered through coarse filter
paper. A 25 ml aliquot of the filtrate was taken
into an erlenmeyer flask and titrated with 0.1 N
NaOH in the presence of phenolphthalein
indicator, and the results were calculated as a
percentage of malic acid (AOAC, 2005).

Soluble Solid Content (SSC)
For SSC determination, 1-2 drops of the
homogenized sample were taken and measured

with a refractometer (Atago N-50, Japan), and the
values were expressed as % Brix (AOAC, 2005).

Sensory Evaluation

The sensory evaluation of the cucumbers was
conducted  according to  the method
demonstrated by Manjunatha and Anurag (2014)
and Al-Juhaimi et al. (2012), with some
modifications. The evaluation was carried out by
a panel of six experienced panelists, who assessed
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color, flavor, texture, and overall acceptance on a
5-point scale. The scale points used for evaluating
each sensory attribute are as follows:

For surface color: 1 = very bad/severe yellowing
on the skin, 3 = moderate/slightly yellow, 5 =
very good/dark green

For texture: 1 = soft/not crispy,
moderate/acceptable, 5 = crispy/firm
For flavor: 1 = very bad/unwanted flavor/loss of
flavor, 3 = acceptable, 5 = very good/intense fruit
flavor

For overall acceptance: 1 = dislike very much, 3
= acceptable, 5 = like very much

3 =

Statistical Analysis

The variance analysis of the results obtained from
the study was performed using IBM SPSS 20
statistical software. The differences between
applications during storage were evaluated by
Duncan's multiple comparison test at a
significance level of P < 0.05.

RESULTS AND DISCUSSION

Weight Loss

Figure 2 shows the effect of active packaging and
storage temperature on the weight loss (%) of

cucumbers during storage. It was observed that
the weight loss in cucumbers packaged using
LDPE bags with and without ethylene scavenger
stored at both 4° or 10 °C was negligible (below
1%) during the entire storage period (P >0.05).
However, cucumbers stored in air atmosphere at
4° and 10 °C without packaging had a weight loss
of 31.99% and 47.21%, respectively, at the end of
20 days of storage. Weight loss during storage of
fresh fruits and vegetables is a significant
parameter as it leads to economic losses and
negatively affects the sensory quality of the
products (Sezer et al., 2017). On the other hand,
it has been reported that packaging significantly
reduces weight loss (Halloran et al., 1996). The
results from the study showed that significant
weight loss occurred in cucumbers stored without
packaging at 4° and 10 °C during storage, leading
to sensory defects (especially wrinkling) and
reducing the quality of the products. Therefore, a
weight loss exceeding 30% in cucumbers sold
without packaging indicates significant economic
losses. On the other hand, the insignificant weight
loss in cucumbers packaged with both types of
LDPE bags can be attributed to the low moisture
permeability of the PE-based materials used.

50
40
S 30
Z
= 20
=)
§ 10
0 rS D & B
0 5 10 15 20
Storage period (day)
—o— AP4 —o-—MAP4 E-MAP4
API10 —e—MAP10 —e—E-MAPI10

Figure 2. Effect of active packaging and storage temperature on weight loss of cucumber
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It has been stated that cucumbers stored under
passive MAP in polyethylene packaging exhibit
significant differences in weight loss compared to
those stored in open air (Sabir and Agar, 2008). In
a study investigating the effects of different
packaging materials and methods on the storage
stability of cucumbers, Sabir and Agar (2008)
reported that at the end of 21 days of storage, the
highest weight loss was observed in cucumbers
stored without packaging (15.86%), while the
lowest weight loss was found in MAP-applied
groups (0.23%) (Sabir and Agar, 2008). It was also
reported that cucumbers packaged with
perforated and non-perforated LDPE packaging
materials and stored at 5°C for 18 days
experienced weight losses of less than 1% and
9%, respectively, at the end of storage (Wang and
Qi, 1997). Similarly, Kargwal et al. (2021) reported
that the weight loss of cucumbers packed with PE
bags under MAP conditions and stored at 10°C
for 27 days ranged from 0.98% to 1.06%, whereas
it reached 14.38% in unpacked samples.

Oxygen, Carbon Dioxide and Ethylene
Concentration in Headspace

Oz and CO2 Concentration

The effect of active packaging and storage
temperature on the Oz and COz gas ratios in the
headspace of the packages during storage is

shown in Figure 3 (A and B). When fruits and
vegetables like cucumbers, which continue their
respiration during post-harvest, are stored in
MAP packaging, the critical oxygen level inside
the package must remain above 2% to prevent the
onset of anaerobic fermentation and establish an
equilibrium atmosphere (Badillo and Segura-
Ponce, 2020).

It was observed that the desired equilibrium
atmosphere was not achieved at 4°C in cucumbers
stored under active MAP (5% O, 10% CO., 85%
N>), and the O; level dropped below the critical
limit (2%) that could anaerobic
fermentation by the end of 20 days. This decrease
can be explained by the fact that cucumbers are
sensitive to cold. At temperatures below 10°C,
cold injury occurs in cucumbers, increasing the
respiration rate of the product. With the increase
in respiration rate, the product consumes oxygen
more quickly, preventing the formation of an
equilibrium atmosphere. In the MAP4 group, the
Oz level rapidly decreased from the 5% day of
storage, measuring 1.5% at the end of the storage
period. Correspondingly, in this group, the CO,
concentration in the headspace initially at 10%
increased up to 11.4% by the end of the storage
period.
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Figure 3. Effect of active packaging and storage temperature on headspace gas composition (A: effect
on oxygen concentration, B: effect on carbondioxide concentration)

Similarly, at 10°C, the targeted equilibrium
atmosphere was not achieved in LDPE packages
without scavenger (MAP10). Although no cold
injury occurred in cucumbers at this temperature,
the decrease in oxygen concentration due to
increased respiration at higher temperatures
prevented reaching equilibrium atmosphere
possibly due to insufficient O2 permeability of the
packaging material to replace the oxygen used by
the respiration. At the end of the storage, the O2
and CO; concentrations were observed to be
1.5% and 11.4%, respectively.

In LDPE packages with ethylene scavengers
stored at 10°C (E-MAP10), an equilibrium
atmosphere was achieved on the 5% day due to
lower cold injury and higher OTR of the
packaging material, with an O3 concentration of
2.7% on the 20t day. CO levels stabilized around
11% in groups stored at 10°C. The changes in O»
and CO: concentrations in the E-MAP4 group
can be explained by the high sensitivity of the
product to cold. In this group, the Oz
concentration reached 10% on the 10* day of
storage but then quickly dropped to 1.5% by the
end of the storage period. Correspondingly, the
increased sensitivity to cold accelerated the

respiration of the cucumbers, increasing COs
production from the 5% day onwards.

Overall, the headspace gas analysis results showed
that equilibrium atmosphere was achieved in
cucumbers stored in LDPE packages with
ethylene absorbents at 10°C by the end of storage.
Cucumbers are non-climacteric products with low
cthylene production but they are ethylene
sensitive. By capturing the low ethylene
production in packages with scavengers, the
impact of ethylene on the product was minimized.
Considering the high cold injury at 4°C, a more
suitable atmosphere was formed for cucumbers at
10°C.

Ethylene Concentration

The effect of active packaging and storage
temperature on the ethylene concentration in the
headspace is shown in Figure 4. During the first 5
days of storage, the ethylene concentration in the
headspace increased to approximately 1 mg/kg in
all groups. There was no significant change in
ethylene concentration in all applications until the
10t day of storage, but after the 10t day,
significant increases in ethylene concentration
were observed (1.4 mg/kg) in packages without

1081



1082

T. Tiribolulu, G. Haskaraca, Z. Ayhan

ethylene scavengers at both temperatures (P
<0.05). At the end of storage, the difference in
ethylene concentration between packages with
and without ethylene scavengers was found to be
statistically significant (P <0.05). The lowest
ethylene concentration (0.92 mg/kg) was
measured in LDPE packages with ethylene
scavengers stored at 4°C, however, it was
determined that storage temperature did not
significantly affect the ethylene concentration
measured in cucumber packages (P >0.05).

Although cucumbers produce ethylene at a low
rate (0.1-1.0 pl/kg.h at 20°C), they are sensitive to
it. Even 0.5 mg/kg ethylene in cucumbers can
increase yellowing and spoilage (Srilaong and
Tatsumi, 2003). Therefore, the ethylene
concentration in the headspace remaining below
1 mg/kg even at the end of 20 days in packages
with ethylene scavengers is thought to
significantly contribute to extending the shelf life
of the products.
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Figure 4. Effect of active packaging and storage temperature on ethylene concentration in the
headspace
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The effect of active packaging, storage

temperature, and storage period on color (L*, a*,
b*) is presented in Table 1. Color is one of the
most critical parameters affecting the shelf life of
ripe fruits and vegetables (Fagundes et al., 2015).
Active packaging, storage temperature and
storage period had significant effects on the L*
value of cucumber (P <0.05). Due to cold injury
to the product at 4°C, measurements could not be
taken on the 20t day of storage in the unpackaged
groups, while the results obtained in the packaged
groups were measured as 33.52 and 32.40 in the
MAP4 and E-MAP4 applications, respectively.
The initial L* value (39.86) was determined as
34.89, 36.06, and 42.89 at the end of storage in the
AP10, MAP10, and E-MAP10 applications,

respectively. While the L* values of the product
in the E-MAPI10 group increased during the
storage period, a decrease was observed in other
groups. This could be associated with microbial
growth considering the sticky layer formed on the
surface of the cucumbers. Better quality in color
was obtained in the groups stored at 10°C
compared to those stored at 4°C.

In a study investigating the effects of ultraviolet
(UV-C) irradiation on cold injury in cucumbers, it
was reported that the change in L* value was
lower at 10°C compared to 4°C, and storage at
higher temperatures (10°C) was more effective in
preserving the product's brightness (Kistmler,
2011).
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Table 1. Effect of active packaging and storage temperature on L*, a* and b* color values of cucumber

Day 0 Day 5 Day 10 Day 15 Day 20
AP4 39.86%1.78%  38.91%£2.12A«  32.40£2.11P>  30.89%1.79P¢ N.A.
MAP4 39.86£1.784b  36.68+2.28B¢ 4131420242  34.00%£1.70¢d  33.521+1.40Dd
I E-MAP4 39.86%1.784  37.53+2.24ABb  40.384+2.00¢b  33.24+1.99Cc  32.40+£1.73Dc
AP10 39.86£1.784  37.86%£1.96ABx 379142368  36.16+2.00Ab  34.89F4.19A¢
MAP10 39.86£1.784  37.66+1.44A8>  40.02+1.92ABa  37.28+2.198>  36.06+1.16C¢
E-MAP10  39.86%£1.784c  36.95F+1.78Bd 397742458  41.38+1.97Ab  42.8911.46B=
AP4 -1.3240.454%  -4.44+1.11¢  -2.7911.21a>  -3.54+1.40CDd N.A.
MAP4 -1.324£0.454  -2.824+1.118>  -410£0.70B  -2.53%£1.268>  -4.02+1.02B¢
o E-MAP4 -1.324£0.454  -1.95%1.068  -3.3240.824c  -1.42+0.954  -2.60£1.194b
AP10 -1.3240.454  -2.73%+0.798>  -2.87+0.928>  -3.96+0.90Pc  -530%1.41¢d
MAP10 -1.3240.454  -1.93%£1.67A>  -3.05£0.63Ac  -2.92%0.88BCc  -3.481+1.424c
E-MAP10 -1.3240.454  -1.6910.88%  -3.36+1.024>  -3.60£0.73€P>  -4.331+(.69B¢
AP4 18.23+2.53%  18.86+2.898C2  18.41£2.27¢%  15.77+3.80P> N.A.
MAP4 18.23+2.5340 182442100 252542124 17.7742.63¢>  15.14%1.85D¢
- E-MAP4 18.23+2.534¢  20.2312.14AB>  22.054+2.6582  16.73+2.70CPc  14.07+£1.73DPd
AP10 18.23+2.534c  21.30£1.834>  25.98%2.534  26.1812.72A2  22.971+4.478b
MAP10 18.23+2.534c  19.78+1.36AB>  22,65+2.20B2  21.99+2.148+  19.16£1.27Cbe
E-MAP10 18.23+2.534c  18.91+2.488Cc  2330£3.178>  24.77£2.40A>  27.59+2.9442

A-D: For the same parameter, differences between means in the same column for a given storage day are statistically

significant (P <0.05).

a-d: For the same parameter, differences between means in the same row for a given application are statistically

significant (P <0.05).

(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere,
MAP4: at 4°C in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in
MAP condition, E-MAP4: at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-
MAP10: at 10°C in LDPE packaging containing ethylene scavengers and in MAP condition, N.A.: Could not be

analyzed)

The effects of packaging method, temperature
and storage period on the a* values of cucumbers
were found to be statistically significant (P <0.05).
The negative a* value indicates the greenness of
the products. According to Table 1, a decrease in
the a* value was observed in all applications at the
end of storage compared to the beginning. This
decrease indicates that the color of the cucumbers
has darkened and ripened. The a* value, initially
at -1.32, dropped to -5.30 in the AP10 application
at the end of storage. The a* value closest to the
initial value (-2.60) at the end of storage was
obtained in the E-MAP4 application. The use of
ethylene scavenger at low temperatures limited
the change in a* value. It is thought that the
wrinkles occurred in the cucumbers in the E-

MAP4 application may have affected the color
(Manjunatha and Anurag, 2014).

The change in skin color is a part of the natural
development of agricultural products during
maturation and aging. During this process,
pigments such as carotenoids and anthocyanins
replace chlorophyll, causing the green color of the
fruit to disappear and change to the ripened color.
While color change accelerates due to stress
factors such as cold injury, it also occurs naturally
during storage (Kustimler, 2011).

Similar to L* and a* values, the effect of
packaging method, temperature, and storage
period on the b* value of cucumbers was also
statistically significant (P <0.05). A decrease in b*
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value indicates a color change in the cucumber.
The most significant color change in terms of b*
values occurred in the E-MAP4 and MAP4
applications. It is thought that the color change in
the E-MAP4 group was due to cold injury. In the
groups stored at 10°C, an increase in b* value was
observed at the end of the storage period. The
initial b* value of 18.23, was determined as 22.97,
19.16, and 27.59 in the AP10, MAP10, and E-
MAP10 applications at the end of the storage,
respectively. In the E-MAP10 application, the b*
value increased during storage, and the color of
the product darkened which is in line with the
change in a* value. In a study by Kigimler (2011),
cucumbers were stored at 5° and 10°C, and it was
reported that the b* value decreased at lower
temperatures and  increased  at  higher
temperatures. The literature reports that reducing
the oxygen level can delay the breakdown of
chlorophyll and, consequently, the yellowing of
the fruit skin (Suslow and Cantwell, 2006). In our
study, it was observed that active packaging along

with active modified atmosphere packaging at
10°C delayed the color change of the cucumbers.

Texture

The effect of active packaging and storage
temperature on penetration force (N) is presented
in Table 2. It was determined that active
packaging, storage temperature, and storage
period had significant effects on the penetration
force of cucumbers (P <0.05). The penetration
resistance of cucumbers was measured as 25.88 N
at the 0% day of storage, and the tissue hardness
was maintained in the E-MAP10 group
throughout the storage period, with a
measurement of 2542 N on the 20% day.
However, a significant decrease was observed
during the storage for the products stored at 4°C
(P <0.05) and measured as 11.71 N and 1.51 N in
MAP4 and E-MAP4 groups, respectively. This
can be explained by the softening of the
cucumbers due to cold injury at low temperatures.
Better results were obtained in penetration force
in the groups stored at 10°C.

Table 2. Effect of active packaging and storage temperature on penetration force (N) of cucumber

Day 0 Day 5 Day 10 Day 15 Day 20
AP4 25.8812.054  26.53+2.59ABC2  21.59%2.918b 0.61%0.35F¢ N.A.
MAP4 25.8812.054 25.02+2.86¢ 19.05£2.78¢k 19.73£3.25¢Cb 11.71£4.15¢C
E-MAP4 25.8812.054  2533+3.104BC2  22.67£1.78Bb 5.3311.48D¢ 1.51£1.70bd
AP10 25.881+2.054b 25.6112.478Ch 25.5112.634Ab 29.2613.47Ma 19.56£2.998¢
MAP10 25.881+2.054b 27.8912.0044 24.8612.104bc  24.60+2.30Bbc  23.88+3.37Ac
E-MAP10 25.8812.0544b 27.1911.53A8a 2499122740 257241.89Bb 2542417540

A-E: Differences between means in the same column for a given storage day are statistically significant (P <0.05).
a-d: Differences between means in the same row for a given application are statistically significant (P <0.05).

(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere,
MAP4: at 4°C in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in
MAP condition, E-MAP4: at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-
MAP10: at 10°C in LDPE packaging containing ethylene scavengers and in MAP condition, N.A.: Could not be

analyzed)

Significant differences were found between
applications at the end of storage (P <0.05), and
the best results were obtained in the E-MAP10
and MAP10 groups. It was determined that
temperature was a motre important factor than
ethylene scavenger packaging on cucumber
firmness. Singh et al. (2024) stated that the
firmness of cucumber is correlated with the
cellulose, hemicellulose and pectin content. Also,

they were reported that at harvest, the firmness of
cucumbers was 8.24 N, while, after 28 days of
storage, the firmness declined by approximately
50%, reaching 4.68 N and 4.72 N for the control
cucumbers stored at 10°C and 15°C, respectively.
Also, they were concluded that packaged
cucumbers maintained higher firmness levels

compared to control. Kahramanoglu and
Usanmaz (2019) observed that cucumber
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firmness decreased over a 24-day storage period,
with MAP demonstrating superior preservation
of firmness compared to control samples.
Similatly, in the Octobus pickling cucumber
variety, it was reported that storage under
controlled atmosphere and passive modified
atmosphere reduced firmness in all applications at
the end of the 30-day storage period, but this
reduction occurred most rapidly in the fruits
stored under a controlled atmosphere (Akbudak
et al., 2007).

pH

The effect of active packaging and storage
temperature on the pH of cucumbers is presented
in Table 3. It was determined that active
packaging and storage period had significant
effects on the pH value of cucumbers (P <0.05).
Generally, an increase in pH was observed during

storage in all groups. This increase can be
explained by the ripening of the products as the
storage period progresses. In many fruits, acidity
decreases with ripening, whereas the pH value
increases (Karacali, 2004). At the end of the 20-
day storage, the pH value was the highest in the
MAP4 and MAP10 groups, with values of 6.84
and 6.68, respectively, indicating that the fruit was
more ripened compared to other applications. In
a study investigating the effects of chitosan-
limonene containing coatings on the shelf life of
cucumbers stored at 4°C and 10°C for 15 days
under active and passive modified atmosphere,
the pH value, initially 5.82, increased to 6.40 and
6.60 at the end of storage at 4°C and 10°C,
respectively. It was stated that the change in pH
was related to the respiration rate and metabolic
activity of the product (Maleki et al., 2018).

Table 3. Effect of active packaging and storage temperature on pH of cucumber

Day 0 Day 5 Day 10 Day 15 Day 20
AP4 5.98£0.034¢ 6.0820.08B¢P 6.42%0.08AB» 6.30%0.3382 6.14%0.10¢
MAP4 5.98%0.034b 6.1120.13B¢b 6.27%0.558> 6.65%0.074 6.68%0.07ABa
E-MAP4 5.98£0.034¢ 6.18%0.108> 6.4620.1678» 6.50£0.16A8» 6.63£0.038=
AP10 5.98%0.034b 6.00£0.11¢=b 6.33%0.148- 6.18%0.1182 6.02£0.19¢Dab
MAP10 5.98%0.03Ad 6.41£0.074¢ 6.7220.094b 6.7320.074b 6.84£0.047
E-MAP10 5.98%0.034b 6.14%0.098> 6.7620.204 6.6310.424 6.59£0.188=

A-D: Differences between means in the same column for a given storage day are statistically significant (P <0.05).
a-d: Differences between means in the same row for a given application are statistically significant (P <0.05).
(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere,
MAP4: at 4°C in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in
MAP condition, E-MAP4: at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-
MAP10: at 10°C in LDPE packaging containing ethylene scavengers and in MAP condition)

Titration acidity (%)

The effect of active packaging and storage
temperature on titration acidity is presented in
Table 4. It was determined that packaging,
temperature, and storage period had significant
effects on the titration acidity of cucumbers (P
<0.05). The highest titration acidity was measured
at 0.20% in the unpackaged group stored at 4°C.
In a study, the titration acidity of the control
group products was found to be higher than that

of the group containing ethylene scavenger, and
this was explained as an indication that ripening
was faster in the control group (Duman, 2011).
Controlling two key factors, respiration rate and
ethylene production, closely affects fundamental
quality parameters such as color, acidity, and
texture, which are quality indicators for fruits and
vegetables (Cavusoglu, 2014).
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Table 4. Effect of active packaging and storage temperature on titration acidity ( Malic acid %) of cucumber

(%0 Malic acid)
Dav 0 Day 5 Dav 10 Dav 15 Day 20
AP4 0.18+0.0244b 0.20£0.0244b 0.26£0.05¢ 0.16£0.018b 0.20£0.02A4b
MAP4 0.18£0.024b 0.18£0.014b 0.21£0.028B2 0.16£0.018b 0.17£0.018b
E-MAP4 0.18£0.024b 0.19£0.024b 0.32£0.03ABa 0.20£0.03A8Bb 0.18+0.014b
AP10 0.18£0.024b 0.19£0.014b 0.2820.048Ca 0.21£0.06Ab 0.17£0.038>
MAP10 0.18£0.024b 0.18£0.014b 0.21£0.028B2 0.16£0.018b 0.18£0.014b
E-MAP10 0.18+0.02Ab 0.20£0.014b 0.33£0.0242 0.15£0.018be 0.16£0.018b

A-C: Differences between means in the same column for a given storage day are statistically significant (P <0.05).

a-c: Differences between means in the same row for a given application are statistically significant (P <0.05).

(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere, MAP4:
at 4°C in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in MAP condition,
E-MAP4: at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-MAP10: at 10°C in LDPE

packaging containing ethylene scavengers and in MAP condition)

Soluble Solid Concentration

The effect of active packaging and storage
temperature on SSC is presented in Table 5. The
Initial brix value of 2.20% decreased to 1.50% at
the end of storage in the unpackaged groups (AP4
and AP10), 1.60% in the scavenger-free LDPE
groups (MAP4 and E-MAP10), and 1.40% in the
E-MAP4 group and 1.70% in the E-MAP10
group containing ethylene scavenger. At the end

of the storage, the difference between E-MAP4
(1.40%) and E-MAP10 (1.70%) was found to be
statistically ~ significant, but the differences
between other applications were not statistically
significant. The decrease in % brix value during
storage can be explained by the utilization of
sugars in the product through respiration
(Halloran et al., 1996).

Table 5. Effect of active packaging and storage temperature on brix (%) of cucumber

Day 0 Day 5 Day 10 Day 15 Day 20
AP4 2.20£0.10Aa 2.20£0.40Aa 2.10£0.10Aa 1.70%£0.208b 1.50%0.0148b
MAP4 2.20£0.10Aa 2.00£0.30Aa 2.10£0.10Aa 1.80%0.108b 1.60%0.2048b
E-MAP4 2.20£0.10Aa 2.10£0.10Aab 2.10+0.104b 2.10+0.104b 1.40%0.208¢
AP10 2.20£0.10Aa 2.10£0.10Aa 2.00£0.30ABa 2.20£0.20Aa 1.50%0.2048b
MAP10 2.20£0.10Aa 2.10£0.10Aa 1.70%£0.208b 1.80%+0.108b 1.60%0.1048¢
E-MAP10 2.20£0.10Aa 2.00£0.20Aa 1.70%0.208b 1.60%0.208b 1.70£0.10Ab

A-B: For the same analysis parameter, differences between means in the same column are statistically significant (P
<0.05).

a-c: For the same analysis parameter, differences between means in the same row are statistically significant (P <0.05).
(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere, MAP4:
at 4°C in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in MAP condition,
E-MAP4: at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-MAP10: at 10°C in LDPE

packaging containing ethylene scavengers and in MAP condition, N.A.: Could not be analyzed)

Sensory Evaluation

The effect of active packaging and different
storage temperatures on the sensory properties of
cucumbers is presented in Table 6. Photos taken
at the beginning of storage (day 0), on the 5% day,
on the 10" day, and on the 20 day are shown in
Figures 5, 6, 7, and 8, respectively. The products
were evaluated in terms of peel color, texture,
flavor, and overall product acceptance.
Accordingly, the acceptability of unpackaged

groups stored at 4°C and 10°C (AP4 and AP10) in
terms of color values was limited to 5 days, while
the acceptability of packaged groups stored at 4°C
(MAP4 and E-MAP4) was limited to 10 days. The
color of the LDPE-packaged group stored at
10°C (MAP10) was found to be acceptable on the
15t day. At the end of storage, only the E-MAP10
group was found to be acceptable in terms of
color values.
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Table 6. Effect of active packaging and storage temperature on sensorial properties of cucumber

Day 0 Day 5 Day 10 Day 15 Day 20
AP4 5.0010.0%2  4.80£0.0842 2.00£0.36¢ 1.00£0.31¢¢ 1.00£0.21P¢
. MAP4 5.00%0.0%  4.50£0.23Aa 3.5010.788b 2.50v0.898¢ 2.00£0.76¢¢
S E-MAP4 5.00£0.082  4.7530.14Aa 3.751+0.388> 2.25%0.458¢ 2.00£0.44¢
S AP10 5.0010.042 5.0010.04a 2.75%1.148¢b 1.00£0.50¢¢ 1.00£0.32DPc
MAP10 5.0010.0%2  4.75%0.134a 4.50£0.2842 3.50%0.344>  2.50+0.368¢
E-MAP10 5.00£0.082  4.50%0.33Aab 4.75%0.24A 4.00£0.67Ab  3.5010.45%¢
AP4 5.0010.042 5.0010.02a 3.00£0.54¢ 1.00£0.44P<  1.00£0.21P¢
o MAP4 5.00+0.082  4.00£0.45%4  4.25+0.23ABab  2.25+(.33C  1.50%0.22CD¢
2 _E-MAP4 5.00£0.082  4.75+0.2042  3.50%0.37ABa 2.25%0.78C  2.00£0.448C¢
$  AP10 5.0010.042 5.0010.07 4.00£0.33A8b 1.00£0.50P  1.00£0.21P«
& MAP10 5.0010.0%a 5.0010.04a 4.50£0.204a 3.25+£0.598  2.50+0.668¢
E-MAP10 5.00+0.082  4.50£0.244b  4.254+0.37ABab  4,00£0.42Abc  3.25+4(.69A¢
AP4 5.00£0.082  4.75%0.124a 2.75%1.048b N.A. N.A.
. MAP4 5.0010.082  4.2530.354b 4.2510.444v 2.25%1.204p 1.00£0.33¢¢
S E-MAP4 5.00+0.082  4.50£0.2242  3.50£0.514B>  2.50%0.454¢ 2.00£0.768¢
E AP10 5.00£0.082  4.75%0.164  3.75+(.13ABab N.A. N.A.
MAP10 5.00£0.082  4.25%0.414a 4.2510.224a 3.00%0.554>  2.00£0.458¢
E-MAP10 5.00+0.0%2  4.00£0.55%  3.80£0.45ABb 3.00+0.78Ac 3.00£0.43A¢
AP4 5.00£0.082  4.753%0.14Aa 2.25+1.12¢% 1.00£0.44P<  1.00£0.22bc
— ' MAP4 5.00£0.042  4.25%0.334b 4.25%0.3640 2.25%0.58¢¢ 1.50%0.56C
g . E-MAP4 5.00+0.0%2  4.7540.2244 3.25+0.638> 2.25+0.54¢¢ 2.00£0.638¢
5 - AP10 5.00%0.0%a 5.0010.04a 3.25+0.778b 1.00£0.62P<  1.00£0.34P¢
' MAP10 5.00%0.0%2  4.50£0.24A= 4.50£0.2142 3.00£0.468>  2.00£0.748¢
E-MAP10 5.00+0.082  4.25+0.354b  4.2510.467 4.00£0.57A>  3.00£0.47Ac

A-D: For the same parameter, differences between means in the same column for a given storage day are statistically significant
(P <0.05).

a-c: For the same parameter, differences between means in the same row for a given application are statistically significant (P
<0.05).

(AP4: at 4°C without packaging and in air atmosphere, AP10: at 10°C without packaging and in air atmosphere, MAP4: at 4°C
in pure LDPE packaging and in MAP condition, MAP10: at 10°C in pure LDPE packaging and in MAP condition, E-MAP4:
at 4°C in LDPE packaging containing ethylene scavengers and in MAP condition, E-MAP10: at 10°C in LDPE packaging
containing ethylene scavengers and in MAP condition, N.A.: Could not be analyzed)

Figure 5. Images of cucumbers on the Ot day of storage
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Figure 6. Images of cucumbers on the 5" day of storage
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Figure 7. Images of cucumbers on the 10t day of storage
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Figure 8. Images of cucumbers on the 20t day of storage
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In terms of texture, the textural acceptability of
unpackaged groups and packaged groups stored
at 4°C was limited to 10 days, while the textural
acceptability of products stored in LDPE
packages without ethylene scavenger at 10°C
(MAP10) was limited to 15 days. At the end of
storage, only the E-MAP10 group was found to
be acceptable in terms of texture. It was
determined that all groups stored at 4°C
experienced softening due to cold injury related to
the cold storage temperature.

In terms of flavor values, the acceptability of the
unpackaged AP4 group was 5 days, while the
acceptability of the AP10 group was 10 days.
After the 15% day, tasting could not be performed
on unpackaged groups due to microbial growth
on the surface. The acceptability of packaged
groups stored at 4°C (MAP4 and E-MAP4) in
terms of flavor was 10 days. At the end of storage,
only the E-MAP10 group was acceptable in terms
of flavor. It was determined that active packaging
and storage temperature had a significant effect
on flavor (P <0.05).

When evaluating overall acceptance, the
acceptability of the unpackaged (AP4) group was
limited to 5 days, while the acceptability of the
AP10 group was 10 days. The acceptability of
packaged groups stored at 4°C was 10 days. The
acceptability of products packaged in LDPE
packaging without an ethylene scavenger and
stored at 10°C (MAP10) was determined as 15
days. At the end of storage, only the E-MAP10
application remained above the acceptability
threshold. As a result, the cucumbers in LDPE
bags with an ethylene scavenger stored at 10°C
were acceptable in terms of all sensory attributes
and overall product acceptance.

Overall, packaging and storage temperature had a
significant effect on the sensory properties of
cucumber (P <0.05). Among all applications,
better results for all sensory attributes were
obtained at 10°C compared to 4°C. Sing et al.
(2024) reported that packaging under modified
atmosphere conditions significantly extended the
overall acceptance of cucumbers beyond 20 days
when stored at 10°C (21 days) and 15°C (28 days).

Similarly, in a study investigating the quality
changes of cucumbers stored at 10°C for 30 days
by packaging them with modified atmosphere and
shrink film, it was reported that at the end of the
30" day, products packaged with modified
atmosphere received a score of 3.6 out of 5,
maintaining their marketability, while those
wrapped with shrink film received a score of 2.0,
losing their marketability. It was stated that the
presence of rot and loss of green color in products
wrapped with shrink film at the end of storage
resulted in a low score (Sen, 2013).

CONCLUSIONS

The effects of different packaging applications
(unpackaged, MAP packaging in LDPE bags, or
MAP packaging in LDPE bags with an ethylene
scavenger) and different storage temperatures
(4°C and 10°C) on the shelf life of cucumbers
were investigated. Based on the evaluation of
physiological, physical, chemical, and sensory
parameters, results indicated that the
packaging of cucumbers in LDPE bags
containing an ethylene scavenger and storage at
10°C is the optimal conditions for extending the
shelf life of cucumbers to 20 days. In contrast,
unpackaged cucumbers stored at 4°C had a shelf
life of 5 days, while unpackaged cucumbers at
10°C and those packaged in LDPE at 4°C (with
or without an ethylene scavenger) had shelf lives
of 10 days. Cucumbers packaged in LDPE
without an ethylene scavenger at 10°C (MAP10)
lasted for 15 days.

our

This study highlights the substantial benefit of
using LDPE packaging with an ethylene
scavenger, demonstrating a 100% increase in shelf
life compared to unpackaged cucumbers. Given
the significant economic implications of
packaging on the shelf life and weight loss, future
research could explore cost-effective packaging
solutions and evaluate their environmental
impact. Additionally, studies could investigate the
long-term  effects of  different  storage
temperatures on sensory attributes and nutritional
quality.
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ABSTRACT

This study presents physicochemical characteristics of 39 honey samples (21 blossom and 18 pine honey)
collected during two years from three different geographical regions of Tirkiye that differs vastly in climatic
conditions and thus plant species. The samples were analysed for §13C/8'2C stable carbon isotope ratios of
honey (83Cpy and its protein fraction (8'3C,), moisture, free acidity, proline and 5-hydroxymethyl furfural
(HMF) content, diastase activity and sugar composition. The results showed that C4 sugar content, proline
content, diastase activity, acidity values of pine honeys were higher than that of blossom honeys whereas,
higher moisture and HMF content were detected for blossom honeys. Besides, geographical region mainly
affected the moisture and Cq sugar contents. High correlations between HMF and 83Cy, and 8'3C,; proline
and acidity values; fructose and glucose content were determined, and this indicated the robustness of the
analysis and quality evaluation among different honey types and regions.

Keywords: Honey, physicochemical characterization, geographical variability, carbon isotope ratio,
hydroxymethyl furfural

TURKIYE’YE OZGU CAM VE CICEK BALLARININ KALITE
OZELLIKLERININ DEGERLENDIRILMESI: FIZIKOKIMYASAL OZELLIKLER
ARASINDAKI ILISKI

oz

Bu ¢aligma, Turkiye'nin iklim kosullart ve dolayistyla bitki tirleri bakimindan biyik farklhiliklar
gosteren Ug farkli cografi bolgesinden iki yil boyunca toplanan 39 bal érneginin (21 ¢icek ve 18 ¢cam
baly) fizikokimyasal 6zelliklerini ortaya koymaktadir. Ornekler, balin §13C/812C kararli karbon izotop
oranlar1 (3'3Cy) ve bunun protein fraksiyonu (8'3C,), nem, serbest asitlik, prolin ve 5-hidroksimetil
furfural (HMF) icerigi, diastaz aktivitesi ve seker bilesimi agisindan analiz edilmistir. Sonuglar, cam
ballarinin Cy seker icerigi, prolin icerigi, diastaz aktivitesi ve asitlik degerlerinin ¢icek ballarindan daha
yiksek oldugunu, ¢icek ballarinda ise nem ve HMF iceriginin daha yiksek oldugunu géstermistir.
Ayrica cografi bolge faktori, nem ve Cy seker iceriklerini biiyitk 6lctide etkilemistir. HMF icerigi ile
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813Cy, ve 813C degerleri arasinda, prolin ve asitlik degerleri arasinda ve fruktoz ve glukoz icerikleri
arasinda yiiksek korelasyonlar tespit edilmis ve bu durum farkli bal tirleri ve farkli bolgeler arasinda
yapilan analiz ve kalite degerlendirmelerinin gegerliligini géstermistir.

Anahtar kelimeler: Bal, fizikokimyasal karakterizasyon, cografi farkliliklar, karbon izotop orani,

hidroksimetil furfural

INTRODUCTION

Honey is a natural product that honeybees (Apis
mellifera) produce by collecting and processing
plant nectars (Mohammed and Babiker, 2009). It
is known as a valuable substance that has high
nutritional properties and therefore can be used
in many medicinal practices (Herniandez et al.,
2005). Several factors can affect honey quality
such as plant variety that bees gather their nectar
needs, climatic factors of the plant area, process
and storage conditions. For this reason,
investigating honey quality regarding the essential
properties is very important considering the
health of consumer (Abdulkhaliq and Swaileh,
2017).

In Tirkiye, honey production is well developed
and beekeeping is an important agricultural
activity that has been going on for many years due
to the environmental conditions that ensure a
proper atmosphere for apicultural activities
geographically and climatically (Kahraman et al.,
2010). Turkiye is recognized as one of the biggest
honey producers worldwide (Yardibi and Gumus,
2010). According to the FAO statistics (FAO,
2022), there are about more than 8 million hives
in Turkiye and c.a.111.000 tons of honey have
been produced by 2022 totally.

Blossom honey is produced from nectar collected
directly from flowers by worker bees, and is the
most popular honey type consumed and
commercially available in Ttrkiye. In general, this
honey is produced from a variety of flowers and
thus called as a “poly-floral” honey that doesn’t
have any particularly distinct flavour. Unlike
blossom honey, pine honey is actually produced
from honeydew, which is a liquid secreted from a
type of insect that lives on pine trees. Turkiye is
the global leader in the production of pine honey,
with more than 90% of the total output
originating from Tirkiye (Sar1, 2022).

More than two hundred components are defined
in honey (Escuredo et al., 2013) and the main
ones are sugars (70—80%) and water (10-20%).
The remaining part is composed of free amino
acids, proteins, minerals, vitamins, phenolic acids
and organic acids. Honey properties and
composition differ widely according to the region,
season, bee species, plants variety in the region,
harvesting method, and storage period in
honeycomb and postharvest storage. Considering
that there are many floral origin possibility, it is
expected that a honey is not exactly the same as
the other (Kirs et al., 2011).

The honey quality is identified relaying on its
unique characteristics such as physical, chemical,
sensorial and microbiological properties (Finola et
al, 2007). The regulations and standards
regarding honey are developed to
standardization of the processing and clearness in
the market. The necessary conditions to assess the
honey for its authenticity are stated by the Codex
Alimentarius, whose main purpose is to assign the
significant quality limits that are important for
consumption.

ensure

Honey adulteration is one of the main issues that
need attention for honey manufacturers and also
for the consumers. Not only it affects honey
producers economically but also it has
unfavourable impacts for consumer health.
Honey fraud via bee feeding by a variety of sugars
during honey production or manipulating honey
after production by adding different sugar syrups
are some of the ways for adulteration that result
in change in the composition of pure honey.
Starch-based sugar syrups, high fructose corn
syrup, glucose syrup and sucrose syrups are some
of the sugars which can be used (Tosun, 2013).
Standard 8'3C/812C carbon isotope ratio analysis
is well recognized for the detection of fraud in
honey with sugar cane or corn (Cs) sugar syrups
(Elflein et al., 2008; Simsek et al., 2012; White and
Winters, 1989).
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Currently honey market tends to define
geographical limits for production with the
purpose of providing a particular standard of
quality developed and marketed for a production
area. One region could produce better quality
honey products than others. Thus, labelling of
regional honey must be supported by analysis in
order to confirm its origin (Viuda-Martos et al.,
2010). Numerous studies reported the
physicochemical characteristics of several types of
honey from various geographical regions around
the world (Al-Khalifa and Al-Arify, 1999;
Kahraman et al., 2010; Mendes et al., 1998;
Ouchemoukh et al., 2007). However, there are
limited number of studies exhibiting the chemical
composition and quality parameters of Turkish
commercial honeys. In particular, there is limited
study in which the quality characteristics of
commercial pine and blossom honey obtained
from different regions of Tirkiye are determined
comprehensively and associated with their
geographical regions. The purpose of the present

work is to exhibit the physicochemical
characteristics of blossom and pine honey
samples collected in two years from three
different regions of Tirkiye, namely, Black Sea,
Central Anatolia, and Mediterranean Regions
where the climatic conditions and plants varies
significantly. Besides, the correlation among the
quality parameters has been assessed as well as
they are evaluated with regard to national and
international honey standards.

MATERIAL AND METHODS

Honey samples

Commercial honey samples (21 blossom and 18
pine) were obtained from commercial producers
in Black Sea (6 blossom and 5 pine honeys),
Central Anatolia (5 blossom and 4 pine honeys)
and Mediterranean Region (10 blossom and 9
pine honeys) in the year of 2013 and 2014. The
regions where honey was collected are shown in
Fig. 1. The samples were stored in a refrigerator
until taken to analysis.

| Black Sea Region
[ Central Anatolia Region
[ Mediterranean Region

Figure 1. The regions where honey was collected in Tiirkiye

Moisture content

Moisture content was measured by a digital
refractometer (Atago, Japan) according to AOAC
969.38 and 920.180 methods.

Acidity

Total acidity was measured with regard to the
harmonized method as described by Bogdanov
(2009). Briefly, 10 g of the sample were dissolved
in 75 ml CO»-free distilled water and titrated with
0.1 M NaOH until the pH reached 8.5.
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Stable carbon isotope ratio
813Cy, and 813C, was analysed by an isotope ratio
mass spectrometry system coupled with an
elemental analyser (EA-IRMS, Thermo Scientific,
Germany) based on AOAC 998.12 method. As
reference materials to draw linear calibration
curve sucrose (RM-8542 from NIST, USA) and
L-glutamic acid (RM8573 NIST, USA; USGS40)
were used whose 8VC (delta) values are -
10.4710.13%0 and -26.24+0.07%o, respectively.
Graphite (RM8541, NIST, USA) was used in
order to control accuracy. CO; with 83C (delta)
values —41.04%0 was utilized as reference gas.
Amount of Cy4 sugar was calculated according to
following equation (Eq.1) provided by Padovan et
al., (2007), where 813C; is accepted as -9.7 for corn
sugar.
Cy (%) = [(613C,, - 813Cy) / (813C,, - 813Cy)] x 100
(Eq.1)

5-hydroxymethyl furfural content

HMF was determined by dilution of honey with
distilled water and addition of p-toludine solution
according to the method of IHC, Determination
of HMF After Winkler (Bogdanov, 2009).
Absorbance was determined at 550 nm using a 1
cm cell in a double beam spectrometer (Perkin
Elmer, England). The content of HMF was

calculated as follows:
HMF 192 xAx 10

- Weight of honey in grams

(Eq.2)

Where A is the absorbance and 192 is the factor
for dilution and extinction coefficient. Results
were expressed as mg/kg.

Diastase activity

The diastase activity was measured based on the
method of AOAC 958.09 by using a buffer
solution of soluble starch and honey which was
incubated in a special glass test tube. Results were
expressed as ml of 1% of starch hydrolysed by an
enzyme in 1 g honey in 1 hour.

Sugar composition

The fructose, glucose and sucrose contents were
determined by HPLC (Shimadzu 10-A, Japan),
using a refractive index (RTP-6A) detector, on
250 x 4.6 mm x 5 micron NH» column. Sample
preparation and chromatographic procedure were

conducted as described in DIN 10758. Briefly 1.3
ml/min of pump flow, 30£1°C of column
temperature, 10 ul of injection volume and
acetonitrilerwater (80:20, v/v) mixture for mobile
phase were used in the study.

Proline content

Proline content was determined by AOAC 979.20
method by the measurement of the absorbance at
510 nm of the resulting product between proline
and ninhydrin in an acidic medium.

Statistical Analysis

Statistical analysis was conducted by SPSS version
20.0 for Windows (IBM corp, USA). The
statistical differences between the
physicochemical properties of the samples were
evaluated according to honey type and
geographical region through two-way analysis of
variance (ANOVA) followed by LSD post hoc
test. Differences between mean values at the 95%
(» <0.05) confidence level was considered
statistically ~ significant. ~ Correlations  were
obtained by Pearson’s correlation coefficient (7) in
bivariate linear correlations. The strength of the
correlation were described using the guide that
Wuensch and Evans (1996) suggested for the
absolute value of 1, namely, “Moderate
correlation” was defined as 0.40 < |r| < 0.59;
“strong correlation” was defined as; 0.60 <
|r] £0.79 and “very strong correlation” was

defined as; 0.80 < |r| < 1.00.

RESULTS AND DISCUSSION

The mean values and standard deviations of
various physicochemical parameters, as well as
national limits and number of samples exceeding
relative limits are given in Table 1 for blossom and
pine honeys. In order to outline the general
quality characteristics of the commercial honey
samples in the presented study, their compliance
with national and international standards was
examined. Overall, 97.4% of samples were fully in
the range of the quality parameter limits set on
Turkish Food Codex (2020) and FEuropean
Commission Regulation (European Commission,
2002). Out of 39 samples, only one sample which
is a pine honey from Mediterranean Region was
out of the limit values due to its sucrose content.
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Table 1. The quality properties of blossom and pine honeys from three regions of Turkey

Region Northern Middle Southe?n
Anatolia Anatolia Anatolia Limits in
Honey Blossom Pine Blossom Pine Blossom Pine Tur?ziiOOd
N) (©) ©) ©) *4) (10) )
d13Cy -24.45a -23.67b -24.36a -24.35b -24.78a -24.26b < 23%
%o (0.50) (0.55) (0.61) (0.806) 0.59) (0.35) < 22 5k
d13C, -25.19a -24.70a -24.92a -24.83a -25.092 -24.86a NA
%o (0.70) (0.57) (0.56) (0.45) (0.58) (0.56) ’
BC,-813Cy, -0.73a -1.03b -0.56a -0.48b -0.31a -0.60b > -1*
%o (0.30) (0.21) (0.24) (0.45) (0.27) (0.32) N.A®*
Cy 4.70a 6.19b 3.66a 3.25b 2.02a 3.91b < 7
% (1.89) (0.56) (1.59) (3.09) (1.72) (2.04) NLA**
Acidity 23.27a 24.41a 219 a 25.35a 24.64a 24.86a <50
(meq/kg) (3.70) (4.37) (4.21) (4.04) (2.78) (4.13) B
Moisture 17.77a 16.68¢ 16.23a 15.64b 17.29a 16.54b <20
% (0.88) (0.33) (0.15) (0.90) (0.40) (0.53) -
Diastase 10.02a 12.73b 10.49a 10.77b 11.62a 14.24b >3
activity (1.41) (2.29) (1.88) (2.10) (2.98) (3.43) -
HMF 20.19a 10.18a 22.80a 16.20a 24.28a 14.40a <40
(mg/kg) (10.88) (9.94) (14.57) (6.47) (10.99) (7.42) -
Proline 492.84a 505.61a 463.84a 529.952a 503.94a 546.452 >300
(mg/kg) (55.59) (139.24) (67.45) (50.42) (38.96) (78.69) -
Fructose 38.25a 33.77b 36.61a 32.87b 35.68a 33.16b NA
% (0.69) (0.61) (2.12) (1.74) (2.64) (4.79) ’
Glucose 34.01a 28.09b 29.53a 27.99b 30.93a 28.05b NA
% (0.69) (1.31) (1.47) (0.56) (2.69) (3.54) )
Sucrose 0.552a 0.67a 0.78a 0.76a 0.382a 0.41a <5
% (0.19) (0.56) (0.44) (0.74) (0.34) (0.45) -
F+G 72.26a 61.87a 66.14a 60.862 66.612 61.21a Z60*
% (0.87) (1.74) (3.28) (1.73) (5.18) (8.22) >4 5%k
F/G 1.13a 1.20b 1.24a 1.18b 1.16a 1.18b (0.9-1.4)*
% (0.03) (0.05) (0.06) (0.07) (0.05) (0.06) (1.0-1.4)**

Samples for each region and honey types are analyzed with two replicates; mean values are presented and
standard deviations are given in parenthesis; a-b different letters in the same line show statistically significant
differences (P < 0.05); different colors ([J, [], [, [1) in the same line shows the statistically significant
differences between the geographic regions in the (P < 0.05); F: fructose; G: glucose, N: Sample number; *:

blossom honey, **: pine honey; N.A: not available

Carbon isotope ratio (63C/612C) and C4 sugar
amount in honey samples

Honey adulteration is one of the most challenging
food quality issues in the world in terms of
difficulty in detection. Adulteration is generally
implemented by mixing honey with glucose
and/or fructose from cheaper resources.
Therefore, advanced analytical techniques are
needed in order to differentiate the added sugar
to honey due to its essential composition is based
on glucose and fructose, already. Recently

developed carbon isotope ratio analysis, enables
to monitor this type of adulteration using EA-
IRMS system (Tosun, 2013). In this method,
813C/812C values of both honey (83Cy and
protein fraction of honey (8'C;,) were analysed.
The difference between them was used as an
indication of adulteration both qualitatively and
quantitatively (Padovan et al., 2003). When sugar
from Cy plants is added to pure honey, the 8'3Cy
value will be altered, whereas its corresponding
313C,, value will remain constant. This is based on
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the differences between the CO, fixating
pathways of plants in photosynthesis where they
are divided into three groups, accordingly: Cs Cq4
and CAM. C; plants (such as sugar beet, apple,
grapes, etc.) fixate COz into 3-catbon compound,
whereas Cy4 plants (such as corn and sugar cane)
fixate into 4-carbon compound. Honeybees are
generally use C; plants, and this fact affects
directly the 813C/8'2C ratio values of the honey.
This ratio was measured as -21.9%o to -30.4%0 and
-11.8%o to -19.0%o for honeys generated from Cs
and C; plants, respectively (Martin et al., 1998).
That difference is used to detect the fraud of
external sugar addition to honey from C4 plants.
However, this criterion is lacking when the
honeybees use Cs plants together with C4 ones, or
if the C4 sugar addition is in low amount to change
the isotope ratio. Therefore, 8'3C/8'2C ratio of
raw honey is evaluated together with the
813C/812C ratio value of honey’s protein fraction,
in order to make a concrete evaluation of honey
adulteration due to its constant value, even after
C4sugar addition to honey (Cinar et al., 2014). The
difference between the 813C/812C values of honey
and its protein fractions is denoted as §3Cp-813Cy,
in Table 1. Its higher values than 1%o, is
corresponding to C4 sugar addition and
considered as honey adulteration (Padovan et al.,
2007; Simsek et al., 2012; Tosun, 2013; White et
al.,, 1998).

In the presented study, the 8'3C/3'2C values of
the raw honey and its protein fraction
counterparts for blossom honeys were detected in
the range of -25.62%o to -23.52 %o and -26.08%o
to -23.93%o, respectively whereas the pine honey
samples are indicated a carbon isotope ratio from
-25.04%o to -22.90 %o and protein extracts from -
25.94%o to -23.95 %o (data not shown in Table 1).
The mean values were calculated with regard to
honey types and their originated region (Table 1).
All those values were in accordance with the ones
reported for Turkish blossom and pine honeys in
literature and also with the national and
international limits (Tosun, 2013). Moreover,
there were statistical differences between carbon
isotope ratio values with regard to type and region
of the honeys. 613Cy, values of blossom honeys

were slightly higher than that of pine honey
samples. This may be attributed to the higher
fructose and glucose composition of blossom
honey samples, which may induce higher 53Cy.
Pine honey is a unique type of honeydew honey
and 90% of world’s pine honey is produced in
Tiurkiye. Whereas, there was no significant
difference between 313C, values, which indicates
the constant value of protein fraction.
Interestingly, there were also significant
differences among the 613C,-8'3Cp, and Cy4 values
between pine and blossom honeys as well as their
originated region. The highest values detected in
honey samples from Northern regions among
others (Table 1). This can be explained by the
dependency of honey quality to extrinsic factors
such as climatic factors and originated plant
which varies significantly among geographical
regions of Turkiye. Those results were also
compatible with correlation results presented in
Table 2. There was a very strong correlation
between 38VCy-83Cp and Cs values with a
correlation coefficient of 0.983 (Table 2). This
indicates the consistency of interpretation of
B13C,-813Cy, values as honey adulteration via Cy
sugar addition. Besides, the strong correlation
between 83C;, and 813Cy, parameters with a high
coefficient value is an indirect indicator of
robustness of applied method.

Acidity

Free acidity is an important property related to the
deterioration of honey and it shows variability
among honey types. It may be explained as an
indicative parameter for fermentation of sugars
into organic acids especially the gluconic acid (Al-
Khalifa and Al-Arify, 1999; Kirs et al., 2011). The
free acidity values of the blossom honeys in this
study ranged between 17.79 and 29.93 meq/kg
and of pine honeys between 17.86 and 33.96
meq/kg (data not shown in Table 1). All samples
were below the limit permitted by national and
international  authorities (50  meq/kg),
demonstrating  the freshness of Turkish
commercial honeys and absence of undesired
fermentations. Besides, no significant difference
was observed among the acidity values of
blossom and pine honeys from different regions.
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Table 2. Pearson correlation coefficients of the physicochemical properties.

oBCn  8BCp _6;133((::'; su(g::lrs Proline Diastase HMF Acidity Moisture Fructose Glucose Suctose F+G F/G
o6B3Cp 1
68C, 0.745* 1
OBCy-68Chn -0.424  0.238 1
Cssugars -0.507*%  0.156  0.983* 1
Proline 0.252  0.431 0161 0.125 1
Diastase -0.083  -0.071  0.018 0.071  0.390 1
HMF 0.557* 0.572* 0.049 -0.030 0.247 -0.283 1
Acidity 0174 0273 0.079 0.049 0.567* -0.067 0.349 1
Moisture 0416 0397 -0.074 -0.089 0.140 -0.018 0261 0.196 1
Fructose 0.050  -0.004 -0.046 -0.096 -0.332 -0.427 0.073 -0.243  0.143 1
Glucose 0173 0.023 -0.151 -0.210 -0.190 -0.338 0.153 -0.157  0.408  0.874" 1
Sucrose -0.173  -0.415 -0.264 -0.246 -0.261 -0.085 -0.201 0.071  -0.144  0.029  0.030 1
F+G 0113 0.010 -0.100 -0.156 -0.272 -0.397 0.115 -0.208  0.280  0.970*  0.966* 0.030 1
F/G -0.230  -0.024 0235 0.253 -0.253 -0.165 -0.138 -0.125 -0.522  0.152  -0.344 -0.029 -0.090 1

“Strong” (0.60 < |r| < 0.79) and “very strong” (0.80 < |r| < 1.00) correlations ate in bold and significant * P

<0.01.

In a previous study, Giirbiiz et al., (2020) reported
a wider range of free acidity values for blossom
honey samples collected from Southeastern
Tiurkiye, ranging from 2.00 to 44.00 meq/kg. On
the other hand, Giuizel and Bahgeci (2020)
determined the free acidity of blossom honeys
from Northern Turkiye to be between 21.10 and
47.80 meq/kg. In case of pine honeys, Ugurum et
al., (2023) conducted analyses on pine honey
samples from the western part of Turkiye, finding
free acidity levels ranging from 8.00 to 46.89
meq/kg, with an average value of 18.5715.62
meq/kg. In a study conducted in Romania, pine
honeys and polyfloral honeys exhibited free
acidity levels within the range of 11.80-
20.00 meq/kg  and  5.20-37.10  meq/kg,
respectively, signifying acceptable quality and a
low degree of deterioration (Oroian et al, 2017).
All these differences among regions may be
attributed to variations in the flora from which
bees collect nectar, as well as the sample sizes
employed in each study.

Moisture content

Moisture content as a noteworthy property affects
the physical quality of honey such as viscosity,
crystallization, —appearance, aroma, specific
gravity, solubility and preservation (Escuredo et
al,, 2013). The maximum amount of water
contained by honey is important due to the risk of
fermentation and granulation during storage.

Moisture content in honeys analysed in this study
ranged from 14.50% to 18.90% for blossom
honeys and from 15.65% to 17.20% for pine
honeys (data not shown in Table 1). All samples
in the study included less than 20% water, which
is the maximum limit defined by national and
international regulations. In a study conducted by
Giizel and Bahgeci (2020), the moisture content
of blossom honeys from Northern Ttrkiye was
determined as to be between 14.5% and 21.7%.
On the other hand, Giirbtz et al., (2020) reported
a range from 14.04% to 16.68% for blossom
honey samples belonging Southeastern Ttrkiye.
In another study, the moisture content ranged
from 15.40% to 18.80% for blossom honeys in
Central Anatolia (Ozler et al., 2019). In research
carried out in Romania, it was found that pine
honeys had moisture levels ranging from 14.44%
to 17.20%, while polyfloral honeys showed
moisture content within the range of 15.43% to
19.64%, which is also similar to present study
(Oroian et al., 2017). Honey’s water content varies
according to several factors including the relative
humidity of the region or the season (Karabagias
et al., 2014). This may explain the significant
difference in moisture contents of honeys from
different regions (Table 1). The moisture contents
of honeys from humid climate (Northern and
Mediterranean Regions) were higher than arid
climatic regions such as Central Anatolia of
Tirkiye. Moreover, due to the property of honey
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as being hygroscopic and absorbing moisture
from the environment, the moisture in honey can
also rise depending on the process parameters and
unsuitable storage conditions. Those could
explain the significant difference in moisture
contents of flower and pine honeys from different
regions (Table 1). On the other hand, the water
content in honey plays a key role in its resistance
to fermentation. Honey with a higher moisture
level is more prone to fermentation over time due
to the growth of sugar tolerant yeasts (Singh and
Singh, 2018).

Diastase activity and HMF

Diastases are classified as amylolytic enzymes that
contain a- and B-amylases and constitute a small
portion of the proteins present in honey naturally.
Diastase activity is affiliated with many factors
such as the geographical and floral origins of the
honey (Ahmed et al., 2013). Besides, diastase
content in honey may differ according to the age
of the honeybees, the nectar collection and the
colony’s physiological season, the amount of
nectar and its sugar composition because a high
quantity of nectar results in a lower enzyme
content and lower pollen consumption (P. M. Da
Silva et al., 2016). Moreover, diastases are thermo-
labile and their amount decrease if the honey is
subjected to heating or if it is stored for a long
time. Consequently, diastase content is used for
the evaluation of honey freshness and/or
overheating (above 60°C) of the product (Ahmed
et al., 2013). Therefore, diastase activity needs to
be evaluated along with HMF content for
detecting the freshness and/or overheating.
International authorities determine the minimum
value of diastase activity as 8 on G6the’s scale and
maximum limit of HMF as 40 mg/kg (European
Commission, 2002). Diastase activity in this study
was found in the range of 8.07-17.79 for flower
honeys and 8.31-20.35 for pine honeys (data not
shown in Table 1). The mean values differed
significantly among honey types (Table 1), pine
honeys contained slightly higher amount of
diastase activity than flower honeys and similar
results were reported in literature (Unal and
Kiplali, 2006; Vorlova and Celechovska, 2002).
As it is seen in Table 2, a negative correlation (r =
-0.283) was observed between diastase activity

and HMF. This result also indicated the negative
correlation between the decrease in the
concentration of diastase due to its sensitivity to
heat treatment and the formation of HMF as a
result of exposure to heat treatment. There was
also moderate correlation (r = -0.427) between
diastase  activity and  fructose  content.
Thrasyvoulou (Thrasyvoulou, 1986) found the
loss of diastase activity is associated with fructose
(r = -0.67) and glucose content (r = -0.48), which
is in agreement with the present study.

The content of HMF in honeys ranged from 9.22
to 39.46 mg/kg and from 1.73 to 34.18 for flower
honeys and pine honeys, respectively (data not
shown in Table 1). The presented results
demonstrated a high level of quality of all
commercial honey samples in this paper in
accordance with national and international
regulations (Table 1). HMF as a by-product in
Maillard reaction or a decomposition product of
monosaccharides especially appears when honey
is subjected to heating or storage for a long
period. While the heat treatment intensity and the
storage period of the honey increase, the HMF
content also increases substantially. Tornuk et al.,
(2013) analysed twenty Turkish flower honeys by
HPLC/DAD and the values ranged between 0
and 4.12 mg/ kg, which is lower than that of
found in this paper. Nevertheless, HMF alone
cannot be evaluated as a parameter to detect the
severity of the heat processing, because other
factors such as the sugar profile, presence of
organic acids, pH, and moisture content can
influence the levels of HMF. That’s why; the
HMEF value can only be an indicative parameter
for overheating or improper storage. In the
presented study, there was no statistical difference
between HMF values of pine and flower honeys
and among geographical regions, which can be
attributed to the high standard deviation values of
the results (Table 1). According to correlation
data in Table 2, HMF content was strongly
correlated with 813C/8'2C ratios of honey (r =
0.557) and its protein fraction (r = 0.572). This
high correlation may be due to HMF is formed
from reducing sugars in honey in acidic
environments when they are heated through the
Maillard reaction.
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Proline content

Amino acids comprises 1% (w/w) of the whole
components of honey and proline is known as the
most abundant amino acid in honey and pollen (P.
M. Da Silva et al., 2016). Relative proportions of
amino acids vary according to the origin of the
honey (Hermosin et al, 2003). Proline
corresponds a total of 50-85% of amino acid
quantity in honey (Iglesias et al, 2006). It
originates mainly from the salivary secretions of
honey bees during the conversion of nectar into
honey and it is used as a criterion for the
evaluation of the maturation of honey, and in
some cases, adulteration with sugar. Besides, the
content of proline is associated with the
antioxidant capacity of honey (Bentabol
Manzanares et al., 2011). The minimum limit for
authentic honey is determined as 300 mg/kg for
proline value according to Turkish Food Codex
(2020). In this study, the amount of proline in
blossom honeys ranged from 389.29 to 594.64
mg/kg, while in pine honeys, it was found to be
within the range of 357.83 to 638.27 mg/kg (data
not shown in Table 1). Thus, in accordance with
the criterion, all honeys analysed in this study
were ripened and not adulterated (Table 1). In a
study conducted by Ozler et al, (2019), the
proline content of polyfloral honeys were
determined as to be between 349-908 mg/kg. On
the other hand, Giirbiiz et al., (2020) reported a
range from 117.15-933.49 mg/kg for blossom
honey samples belonging Southeastern Tirkiye
which indicates that proline amount of some
samples was found less than 300 mg/ kg, which
was the legal minimum limit.

As it is expected there was positive correlation (r
= 0.431) between 813C/8'12C ratios of honey
protein fraction and proline content (Table 2).
Interestingly, a positive moderate correlation (r =
0.567) was observed between acidity and proline
content (Table 2) which may be due to the acidic
characteristic of proline.

Sugar content

Sugar composition depends mainly on the honey
type, geographical origin, and varies according to
the climatic changes, process and storage
conditions (Escuredo et al., 2013; Tornuk et al.,
2013). Fructose, glucose and sucrose are the

major components of honey (Kahraman et al,
2010). In this study, the predominant sugar in all
analysed honey samples was fructose. As it is
presented in Table 1, the mean values of fructose
content were higher than the glucose content in
all honey samples. Besides both fructose and
glucose contents of flower honeys were
significantly higher than that of pine honey
samples. In many studies (Golob and Plestenjak,
1999; Mateo and Bosch-Reig, 1997) it was
reported that lower glucose and fructose levels in
honeydew honeys than in their blossom honey
counterparts. The content of these invert sugars
and the ratio between them, are important
indicative parameters for honey classification. In
almost all honeys, fructose is predominant sugar
excluding some honeys like rape (Brassica napus)
and dandelion (Taraxacum officinale). In these
honey types glucose content could be higher than
fructose content (Escuredo et al., 2013) which
often results in rapid crystallization. The
fructose/glucose ratios were widely distributed,
indicating the variety of plant sources that bees
used for honey production (Al-Khalifa and Al-
Arify, 1999). The fructose/glucose ratio which
affects honey flavour and may result in
crystallization was calculated for all honey
samples in this study and it ranged between 1.08
and 1.29 for flower honeys and 1.07 and 1.28 for
pine honeys. Sum of fructose and glucose content
varied from 58.76 to 76.88 for flower honeys and
from 46.10 to 74.03 % for pine honeys (data not
shown in Table 1). The fructose/glucose ratio and
sum of fructose and glucose values reported in
Table 1 as mean values were acceptable according
to the regulations which set fructose/glucose
ratio as 0.9-1.4 for flower honeys and 1.0-1.4 for
pine honeys and sum of fructose and glucose as
minimum 60 g/100 g for flower honeys and
minimum 45 g/100 g for pine honeys. As it was
expected, very strong correlations were detected
between glucose content, fructose content and
the sum values (Table 2).

The sucrose level varies depending on the
maturity level and source of the nectar used for
honey (Kahraman et al., 2010). The mean values
of sucrose content were given in Table 1; the
overall mean values were detected as 0.57 g/100g

1103



1104

0. Aslan, E.A. Arik Kibar

for flower honeys and 0.61 g/100g for pine
honeys. Out of 39 samples, only one sample
which is a pine honey from Mediterranean Region
was out of the limit values (5 g/100 g for pine
honeys) due to its sucrose content.

Comparison of characteristics of Turkish
honeys with honeys from  various
geographical origins

The identity and quality properties of honey were
analysed in different papers from several
countries. The quality and authenticity of honey
are recognized as essential features from the
consumer and producer side worldwide. Table 3
demonstrates a collected study that combines the
papers on the physicochemical characteristics of
honeys from different countries and overall mean
values detected in the presented study. As seen in
Table 3, the honeys from different countries
exhibited similar values and they meet the
international regulations. The physicochemical

properties exhibited in this study were in
accordance with those reported by Can et al.,
(2015) for Turkish honeys; except the glucose
content which was detected slightly higher in our
study. Proline values were only reported for
Tunisian honeys and significantly lower than
Turkish honeys. Diastase activity and HMF
content changed in a wide range among different
countries, the highest diastase activity and the
lowest values of HMF were reported for Spanish
and Brazilian honeys, respectively. Acidity values
were similar for all countries; however, the range
was noticeably large for honeys from Brazil and
Portugal. Moisture contents were similar for all
honeys from different countries. Sugar contents
vary among the geographical origin. The lowest
fructose and glucose contents were reported for
honey from Brazil; whereas the highest sugar
contents were reported for Egypt, Saudi and

Argentina (Table 3).

Table 3. Quality parameters of Turkish honey compared to those reported from other countries.

Country / Proline Diastase HMF Acidity Moisture Fructose Glucose Sucrose F+G F/G Ref
Honev (me/ko)  activity  (me/ke)  (mea/ke) (%) (%) (%) (%) (%) )
Turkey/ 4687 10.71 20.22 23.28 16.90 36.85 31.49 0.57 6834  1.18 PS
Blossom
g;ﬁ‘ey/ 527.34 12.58 15.79 24.87 16.48 33.27 28.04 0.61 6131 1.19 PS
Tutkey/ 6.30- 32.35 25.07 091 54.84-  1.16- -
Blossom 1320 . 16200 4565 4650 016 7618 244 (Canetal, 2015)
Tutkey/ 0.10- 0.30- 21.10- 14.50-  31.50-  26.00- 57.50-  1.03- (Giizel and
Blossom 32.20 36.50 47.80 21.70 39.10 34.30 ) 7340  1.24 Bahceci, 2020)
Turkey/ 11715 0.00- 1.10- 2.00- 14.04-  33.89- 2678  N.D.- 6255 1.03- (Giirbiiz et al,
Blossom  933.49 20.60 16625  44.00 18.02 46.47 37.35 4.10 7725 1.67 2020)
Turkey/  349- 10.4- 18.29 15.40-  3551-  26.47- 1.10- (Ozler et al,
Blossom 908 34.9 18.80 40.19 33.70 1.41 2019)
Palestine/ i 2.10- 14.50- 3424 1.13-6.94. i (Abdulkhalig
Blossom 34.20 19.00 41.99 ’ : and Swaileh,
Fgyptian - i i i 18.32 43.30 26.54 3.31 i 1.63 (El Sohaimy et
+067 +024 +031 £023 +0.05 al,2015)
Yemeni i i i i 16.28 38.76 25.45 3.43 1.52 (El Sohaimy et
£022  +020 +022  +0.12 +0.04 al,2015)
Saudi i i i i 15.64 50.78 21.58 3.59 2.35 (El Sohaimy et
£030 +041 +0.18 +0.20 +0.02  al,2015)
Portugal/ ) 338 1.75- 17- 13.52- ) ) ) ) ) (L. R. Silva et al.,
Blossom o 32.75 51.5 19.7 2009)
Tunisia 39.62- i 12.07-  7.11- i 3578  31.07- N.D.- 1.30- (Boussaid et al.,
102.60 27.43 27.20 37.84 36.58 4.60 1.17 2018)
Spain i 11.50-  5.36- 20.10- 1540-  37.75- 2880- (1o ,s i (Manzanares et
45.80 15.00 35.20 17.38 41.40 37.30 al., 2014)
Motoceo - 6.05- 7.16- 10.69- 14.64- 3944 2925 oo i (Chakir et al,
19.10 30.43 30.74 18.59 42.42 33.08 2011)
. 4.00- 9.00- 14.10-  67.70- 0.40-
Argentina - - 26.30 368 18.80 735 - 56 - - (Isla et al., 2011)
Brazil i 10.55-  2.80- 23.60- 1700 3330-  21.00- 012~ i (Moreira et al,
12.40 7.40 45.50 20.50 38.60 26.35 0.50 2010)
Romania/ 11.80- 14.44- 35.96- 32.98- (Oroian et al,
Pine ) ) ) 20.00 17.20 40.98 36.97 ) ) 2017)
Romania/ 5.20- 15.43- 33.64- 32.98- (Oroian et al,
Blossom ) ) 37.10 19.64 37.65 36.20 ) ) 2017)

PS: Presented study; -: Not available data
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CONCLUSIONS

The physicochemical analysis tresults of the
honeys produced in various regions of Tturkiye
reveal a commendable level of quality. The
813C/812C isotopic ratio in the majority of
samples conforms to established standards,
indicating their authenticity. Notably, the low
levels of HMF and acidity in most samples not
only meet freshness criteria but also underscore
the overall quality of the honeys. Furthermore,
the moisture content in all samples remains below
the 20% threshold set by international
regulations, affirming compliance with industry
standards. In blossom honeys, glucose and
fructose collectively constitute over 60% of the
total weight, with only one exception at 58.76%.
Pine honeys, on the other hand, exhibit a
significant sugar composition, surpassing 45% of
the total weight. These findings emphasize the
diverse sugar profiles across different honey
types. The correlations observed between various
quality parameters further strengthen the
reliability of the analysis. Significant relationships,
such as those between HMF and 8'*Ch and 8'3Cp
values; proline and acidity values; and sugar
content values, provide robust insights into the
overall quality evaluation of different honey types
and their regional variations. In conclusion, this
comprehensive study not only sheds light on the
quality of honeys in distinct regions of Tirkiye
but also provides a wealth of data encompassing
various parameters. The meticulous analysis and
correlations between quality indicators contribute
to a thorough understanding of the intricate
dynamics influencing honey quality across
different types and geographical locations.
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ABSTRACT

The objective of this study is to produce a biodegradable active food package by using agricultural wastes;
banana peel and olive leaf extract (OLE). To investigate the possible effect of plasticized starch at different
concentrations (0%, 5%, 10%, and 15%), corn starch was added to the films. The films were analyzed in
terms of physical characteristics (moisture content, swelling degree, water solubility, density, opacity), water
vapor permeability, and mechanical properties. In addition, the phenolic content and antioxidant activity of
the films were measured and antimicrobial activity of the films were tested on common food-borne
pathogens. Films with better characteristics (B_S15_OLE) were selected to investigate the possible influence
of the active films on shelf life of strawberries. Finally, it was shown that at the end of 10days, the films were
almost completely decomposed.

Keywords: Agricultural waste, banana peel, olive leaf extract, active film

TARIM ATIKLARINDAN BIYOBOZUNUR AKTIF GIDA AMBALAJI
GELISTIRILMESI: MUZ KABUGU VE ZEYTIN YAPRAGI EKSTRESI iLE
FILMLERIN URETIMI, KARAKTERIZASYONU VE UYGULAMASI

oz

Bu calismanin amaci, tarimsal atiklar;; muz kabugu ve zeytin yapragi ekstresi (OLE) kullanilarak
biyolojik olarak parcalanabilen aktif bir gida paketi tiretilmesidir. Farkli konsantrasyonlarda (0%, 5%,
10% ve 15%) plastiklestirilmis nisastanin olast etkisini arastirmak igin filmlere muisir nisastasi
eklenmistir. Filmler fiziksel 6zellikler (nem igerigi, sisme derecest, su ¢ézinirligl, yogunluk, opaklik),
su buhart gecirgenligi ve mekanik 6zellikler acisindan analiz edilmistir. Ayrica, filmlerin fenolik icerigi
ve antioksidan aktivitesi Ol¢iilmiis ve filmlerin yaygin gida kaynaklt patojenlere karst antimikrobiyel
aktivitesi test edilmistir. Daha iyi 6zelliklere sahip filmler (B_S15_OLE), aktif filmlerin ¢ileklerin raf
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Omri Uzerindeki olasi etkisini arastirmak icin secilmistir. Son olarak, 10 gliniin sonunda filmlerin

neredeyse tamamen parc¢alandigi gésterilmistir.

Anahtar kelimeler: Tarimsal atik, muz kabugu, zeytin yapragi ekstresi, aktif film

INTRODUCTION

Processing of biomass for the purpose of
converting energy, chemicals and materials is
called biorefinery. The main purpose of the
biorefinery is to  maintain  sustainable
development with ensuring energy security,
minimizing climate change and moderating
requirement of chemicals and materials (De
Albuquerque vd., 2019).

While producing high value-added products from
low-value raw materials, readily available raw
materials, low cost and high utility value are the
main requirements (Lee vd., 2023).

Banana is one of the most widely cultivated fruits
in the world. According to FAOSTAT, its
production amount reached approximately 135
million tons in 2022. The remaining by-product
of the fruit is the banana peel. The fruit and peel
ratio may range between 1.4 to 4.1 depending on
the ripening of the banana (Silva vd., 2024).
However, the most common use of banana peel
is as animal feed. Due to the high amount of water
content and organic composition of the banana
peel, the landfill elimination of peels is not
allowed according to law currently in force
(Santiago vd., 2022).

Although the composition of the banana peel
changes depending on the ripeness, growing
secason and species, it is a good source of
carbohydrate mainly cellulose, hemicellulose,
pectin and lignin (Pereira vd., 2021; Chandrasekar
vd,, 2023). In the literature, the approximate
compositional analysis of banana peel has been
reported as follows: starch content 3.5-6.3%,
resistant starch 2.3-2.5%, crude fat 2.4-11.6%,
crude protein 5.5-7.87%, ash 9-11%, and
carbohydrate 59.51-76.58% (Mohd Zaini et al.,
2022).

Starch is the most abundant biopolymer in nature
and composed of amylose and amylopectin units.
Heating of starch with the sufficient water will
cause irreversible gelatinization of starch and after

gelatinization casted starch paste will dried and
promote the formation of newly formed
hydrogen bonds between amylose and
amylopectin molecules (Cui vd., 2021). Further,
banana peel is also rich in terms of phenolic, it
contains more than 40 active compounds with
four main categories; (i) catecholamines, (ii)
flavan-3-ols, (iii) flavonols, (iv) hydroxycinnamic
acids. Moreover, the antimicrobial and
antioxidant activities of these compounds have
already been established (Vu vd., 2018).

The compositional variability of banana peels can
pose a challenge to maintaining consistent film
characteristics, and the presence of different
biopolymers may introduce impurities into the
film. However, given the large amount of banana
peel waste, combining them with starch could
provide useful insights for future applications.

Food packaging is the key element in terms of two
main aspects. The first one is to provide
sustainable food consumption by reducing the
waste and the second one is to relieve packaging
waste by more sustainable solutions (Guillard vd.,
2018). Traditional plastic packages derived from
petroleum-based sources decompose over a
hundred years in the soil and cause migration of
the micro-nano plastics or toxic compounds into
the carth. On the other hand, bioplastics are
produced either from the renewable sources
(starch, protein, cellulose), as the name implies, or
the fossil-based sources, (PBAT, PCL) and they
are biodegradable (Harnkarnsujarit vd., 2021).

Similar to the pursuits in the sustainable food
packaging materials, incorporation of the active
agents from the agricultural waste has started
gaining attention. Inevitable by-product of the
olive oil industry, olive leaf, accounts for millions
of tons of waste annually such that only in Spain,
1.25 million tons of leaf have been discarded
which corresponds to approximately half of the
overall production in the world. Further,
antimicrobial, antioxidant, anti-inflammatory and
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anticancer effects have already been studied

(Espeso vd., 2021).

The objective of this study is to test the possibility
of production of biodegradable, edible food
packages from banana peel. Since banana peel is a
source of multi biopolymers, to achieve the
desired integrity, modify the film structure and
analyze the possible effect, corn starch with
various concentrations were incorporated into the
banana peel film. Although banana peel includes
many phenolic compounds, to improve the active
film property of the films, olive leaf extract was
added to the film formulation. Solubility, water
permeability, mechanical properties, antioxidant
activity, and total phenolic content of the films
were investigated. The FTIR analysis has been
carried out to examine the possible interactions
and chemical bonds between banana peel,
cornstarch and olive leaf extract. Further,
antimicrobial activity of the films was also tested
on most common food borne pathogens,
Escherichia coli and Staphylococcus Anreus.

MATERIALS AND METHODS

Materials

Bananas and corn starch (As Gida Uretim ve
Pazarlama A.S., Kocaeli, Turkiye) were purchased
from a local market in Ankara. Analytical grade
hydrochloric acid solution (32-36%) and sodium
hydroxide pellets, glycerol (99.5% v/v), DDPH
(2,2-diphenyl-1-picrylhydrazyl), gallic acid (MW=
170.12 g/mol), Folin—Ciocalteu reagent, sodium
carbonate and ethanol were purchased from
Merck (Darmstadt, Germany). Nutrient broth
and Mueller—Hinton Agar were obtained from
Condalab (Madrid, Spain). Finally, olive leaf
extract was bought from Ersag Bitkisel Saglik
Gida Ltd Sti (Denizli, Ttrkiye).

Methods

Film Preparation

The banana peel and corn starch-based films were
prepared with a method described by Verma vd.,
(2024). Banana peels (400g) were cut into small
pieces with the stainless knife then immediately
soaked into the acetic acid solution (2%, 500 mL)
and boiled for 30 mins. To drain the excess water,
it was kept at room temperature for 1h. Then, it

is transferred into a new beaker with 500 mL
water and boiled for 30 min. The boiled
suspension was blended (Tefal MasterBlend
Activilow Pro 1000 W) for 5 min. In another
beaker, corn starch solutions with 5%, 10% and
15% concentrations were prepared. Heated
solutions at 85°C were kept at that temperature
for 30 min at the magnetic stirrer (MaxTir 500,
Daihan Scientific, Seoul, Korea), at 250 rpm.
Finally, banana peel (24 mL) and cornstarch (3
mL), glycerol (2mL) were mixed at 1500 rpm in a
magnetic stirrer for 15min. Finally, the film
forming solutions were transferred into the petri
plates and dried at 25°C, at 50% RH for 48h. To
produce the olive leaf extract (OLE) added
samples, OLE was incorporated into each film
forming a solution 10% based on the film’s solid
content. Films were conditioned in the climate
chamber (52%, 20°C) before analysis. The
formulation and the nomenclature of the films
were given in Table 1. In that table, B and S
referred to banana peel and corn starch,
respectively. Further, (-) and (+) signs represented
absence and presence of OLE, respectively.

Tablel: Nomenclature of the films

Nomenclature Starch
solution OLE
concentration

B_S0 0% -
B_S5 5% -
B_S10 10% -
B_S15 10% -
B_SO_OLE 0% +
B_S5_OLE 5% +
B_S10_OLE 10% +
B_S15_OLE 15% +

Moisture content, swelling degree, solubility and opacity of
the films

Films were cut in to a square (2cm X 2cm)
shape and the first weight of the samples (W)
were measured. In that step, the thickness () of
the films was also measured. Then, they were
placed in a hot oven (105°C) and kept until they
reached a constant weight (W2). After this step,
dried films were immersed into the 25 mL of
water at room temperature (25°C) overnight.
After excess water was removed with a soft tissue,
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the third weight of the samples (W3) were
measured. Finally, the films were put again into
the hot air oven for 24h to dry out the samples, at
the end of the period, the last weight of the
samples (W4) were measured. Moisture content,
swelling degree, solubility, opacity of the films was
calculated using the following equation (Yildiz
vd., 2022).

Wi Wz « 100
wy

(Equation 1)

Moisture content (MC) (%) =

Swelling degree (SD) (%) = 25=Wa % 100

Wi
(Equation 2)
Solubility (%) = WZM;W‘* X100  (Equation 3)
Opacity= Aj(ﬂ (Equation 4)
Density= XXZV;mZ (Equation 5)

In equation 4, Agoo referred to the absorbance of
the films at 600 nm, which was measured in a
spectrophotometer (Optizen Pop Nano Bio,
Mecasys Co., Ltd., Daejeon, Korea).

Water vapor permeability of the films

The water vapor permeability (WVP) of the films
were measured by ASTM E96 with some
modifications. Cylindrical test cups with the inner
diameter of 40 mm are filled with 35 mL of
distilled water. Then, the thickness of the films
was measured and the films were fixed between
the cup and cap to ensure that there was no
leakage. The initial weight of the cups was
reported and they were transferred in to the
desiccator with 104+2% relative humidity. The test
temperature was kept at 25°C. The weight of the
cups was reported in 2 h time intervals. Finally,
the WVP of the films were calculated by using the
following equation.

_ WVTRxAx

WVI " SX(Ry—R3)

(Equation 6)
In the given equation, WVTR represented the
water vapor transmission rate and it was the slope
the  weight loss  versus time  data.
Ax, S, Ry and R, referred to the thickness of the
film, saturated water vapor pressure inside the cup

(100%) and inside the desiccator at a given
temperature, respectively.

Mechanical properties of the films

The tensile strength (TS, MPa) and elongation at
break (EAB, %) wvalues of the films were
determined by the texture analyzer (Brookfield,
Ametek CT3, Middleboro, MA, USA, TA- DGA
tension probe) (Emir vd., 2023). The films were
cut into the rectangular shape (2cmX 8cm) and
their thickness were reported. The test was
performed with a 0.4 N load cell at a test speed of
0.40 mm/s.

TS (MPa) = e (Equation 7)

EAB (%) = LL—O x 100 (Equation 8)
In given equations, Fmay is the maximum load (N)
film could stand and A is the cross-sectional area
(mm?) which is perpendicular to the applied force.
Finally, Lo and Lare the initial and final lengths of
the film, respectively.

Total phenolic content (I'PC) and antioxidant activity of
the films

TPC of the films were measured by Folin-
Ciocalteu method with slight modifications
(Yildiz vd., 2021). A piece of film (~100mg) was
dissolved in ethanol/water mixture (80:20 v/v).
Then, it was vortexed for 2 mins and centrifuged
(MIKRO 220R Hettich Zentrifugen, Tuttlingen,
Germany) at 1500 rpm for 15 min. After this step,
500uL of the supernatant was mixed with 2.5 mL
of 0.2N Folin-Ciocalteu reagent. The mixture was
vortexed and kept in the dark for 5 min. After
introducing 2 mL of 7.5% w/v sodium carbonate
into the mixture, it was kept at dark for 1h. After
this period of time, the absorbance of the samples
was measured by the spectrophotometer at
760nm. The calibration curve of the samples was
prepared by gallic acid. Different concentrations
of the gallic acid (10, 20, 40, 80 and 100 mg/L)
was prepared into ethanol/water mixture (80:20
v/v). The steps mentioned above were repeated
for the gallic acid solutions. TPC of the samples
were calculated using the equation below.
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TPC= CXVXD

(Equation 9)

N

In this equation, C value referred to the
concentration cotresponding to the absorbance
value from the calibration cutve (mg/L), V, D and
Ws were the volume of solution in L, dilution rate
and sample weight (mg), respectively.

Antioxidant activity of the samples were obtained
by DPPH assay (Aydogdu vd., 2019). DPPH was
dissolved in methanol and a 50 ppm DPPH
solution was prepared. Then, diluted samples
(0.1uL), which was explained in the previous part,
were introduced into the prepared DPPH
solution (3.9mL). The mixtures were kept in dark
at 1h and the absorbance (Az) of the mixtures
were measured by a spectrophotometer at 517
nm. Methanol used as a blank and 0.1mL of
methanol solution was mixed with 3.9mL of
DDPH solution similar to the sample, and its
absorbance (A1) value was also read at the end of
the 1h. Using the DPPH calibration curve, C; and
C concentration corresponding to the A and A
absorbances was calculated. Finally, antioxidant
activity of the films was calculated using the
equation below.
AA (mg DPPH/g of sample) =G
Wsample

(Equation 10)

XV

In this equation, Wample and V were the weight of
sample in g and volume of sample in L,
respectively.

FTIR Analysis
FTIR analysis of the films was performed using
an FTIR spectrophotometer (IR-Affinityl,

Shimadzu, Kyoto, Japan) in attenuated total
reflectance (ATR) mode with a diamond ATR
crystal. The spectra were recorded with 32 scans

over a wavenumber range of 600—4000 cm™!
(Aydogdu vd., 2019).

Auntimicrobial activity of the films

To promote microbial development, 10 mL of
broth were used to inoculate Gram-positive
Staphylococcns aurens (ATCC 43300) and Gram-
negative Escherichia coli (ATCC 11229) cultures.
The cultures wete then incubated at 37 °C for 24

hours. Using a spectrophotometer (UV 2450,
Shimadzu, Columbia, USA), the bacterial culture
was diluted and its absorbance was adjusted to 0.9
at 600 nm in order to get an inoculum
concentration of around 108 CFU mL~'. Cut into
discs with a diameter of 1 cm, the films were then
placed on agar plates that had been previously
inoculated with 0.1 mL of the bacterial cultures.
After that, the plates were incubated for 24 hours
at 37 °C (Emir vd., 2023).

Preservation of strawberries

A batch of strawberries was purchased from a
local market in Ankara. Strawberries with similar
maturity, size and color were selected and they
were free from any physical damages.
Strawberries were placed into the active films and
they were folded to cover all surfaces of the
strawberries. Samples were kept in the refrigerator
at 4°C and their photo was taken for 6 days.
Strawberries were evaluated according to their
visual appearance.

Statistical analysis

To determine if there was a significant difference
among the samples, an analysis of variance
(ANOVA) was conducted using MINITAB
(Version 10). If a significant difference was found,
a Tukey multiple comparison test was used for
comparison (P =< 0.05). Correlations between the
results were calculated using Pearson correlation
with a 95% confidence level (« = 0.05).

RESULTS AND DISCUSSION

Physical Properties of the Films

Moisture content (MC) is a parameter that shows
how much moisture is entrapped into the film
matrix and therefore it influences other film
characteristics like mechanical and barrier
properties (Aydogdu Emir vd., 2023). As seen
Table 2, MC of the films ranged from
8.43+0.20% to 18.9740.23%. These values were
lower than sweet lime peel incorporated polyvinyl
alcohol/starch-based biodegradable films (Singha
vd., 2023) and starch/carboxymethyl cellulose
added banana peel films (Verma vd., 2024). MC
of the films in the mentioned studies were
between 48.7+0.21% - 31.74+0.08% and
31.807£1.280%- 33.241+1.158%, respectively.
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Comparing the literature results, starch-banana
peel films had a lower or similar moisture content
compared  to chitosan (27.031+1.84%-

17.92+1.30%) and faba bean flour (25.76 £ 1.28
% - 15.11 £ 0.26%) active films.

Table 2: Physical properties of the films with different starch and OLE concentrations

Sample MC (%) SD (%) WS (%) Opacity zj‘clfg
B_S0 18974023  124.5946.73>  44.06£233*  87740.04r  0.86+0.018
B_S5 12.8140.85¢  140.0946.89®  40.50+1.16® 5344026«  0.86+0.031°
B_S10 10.7340.85% 1431342278 35.8241.355d  5.6440.02b  0.95+0.046
B_S15 93340.16¢f 161714532 28814099  42140.03¢  1.25+0.01¢
B_SO_OLE 16704035 118714588  39.014£0.40b  9.0540.68*  0.74+0.01
B_S5_OLE 11274027«  127.6840.33%  33454+0.85¢  6.76+0.07>  0.82+0.06®
B_S10_OLE  8434+0.20f 132704031 34484041« 6074038  0.8840.01b
B_SI5_OLE  84440.100f  138.1045.18%  19.56+0.72f  5.0240.03«  1.075+0.01<

Different letters in the same column show the significant difference between samples by Tukey’s test (p < 0.05)

According to two-way ANOVA  results,
incorporation of starch significantly affected the
moisture content. Although starch is a highly
hydrophilic compound, addition of 5% starch
decreased MC and further increasing starch
concentration to 10% and 15% caused further
reduction in MC (Supplementary file). However,
changing starch concentration from 10% to 15%
did not have an effect on the MC. Besides, the
presence of an active agent (OLE) also had a role
in MC of the films. OLE decreased MC of the
films significantly (Supplementary file). Similar
results were also observed in olive leaf and laurel
leaf extract incorporated alginate films. This
consequence was explained by the hydrophobic
characteristics of the phenolics even though it was
in low concentration (Moura-Alves vd., 2023).

According to two-way ANOVA  results,
incorporation ~ of  starch  at  increasing
concentrations led to gradual increasing of SD.
B_S15 samples had the highest SD
(161.71£5.32%) whereas B_SO exhibited the
lowest value (124.59+6.73%). The main causes of
high SD of the films were mainly attributed to the
plasticizer (glycerol) and highly hydrophilic nature
of the starch due to their free hydroxyl groups.
Since glycerol amounts are the same for all films,
the primary reason for the increasing SD trend
was due to the increasing starch concentration.
Similar outcomes were also observed in the study

of corn starch-based films (Nasir & Othman,
2021).

To investigate the effect of OLE on SD for all
samples, two-way ANOVA analysis was carried
out and the results showed that, regardless of the
starch concentration, the incorporation of OLE
resulted in significant reduction of SD. This
reduction might be possible interaction between
OLE-starch and components of banana peel.
OLE might increase the cohesive intermolecular
network and support the formation of strong
hydrogen bonds between the film forming
components (Yilmaz vd., 2022).

Water solubility of the films is an important
phenomenon for the biodegradable and
biopolymer-based films. To be biodegradable,
films should be loosening their structure when
interacting with water. On the other hand, they
should keep their integrity when they are utilized
in packaging high moist foods (Singha vd., 2023).
As mentioned previously, MC has an impact upon
the other film characteristics like solubility. The
correlation coefficient between MC and solubility
was calculated as 0.76 (Pearson correlation with
Confidence Interval 95%). Therefore, there was a
high correlation between these two parameters.
Both starch and OLE had a similar influence on
solubility. Both increasing starch concentration
and the presence of OLE reduced the solubility
of the films (Supplementary file). Compared to
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films with similar food matrices from the
literature, banana peel-starch — OLE films had an
acceptable solubility. For example, the solubility
of sweet lime peel incorporated polyvinyl
alcohol/starch-based biodegradable films (Singha
vd., 2023) ranged between 85.09 +0.2% and
98.63 £ 0.25% whereas that of banana peel-
starch—-OLE films were between 44.06+2.33%
and  19.56%0.72%. Furthermore, Eriobotrya
Japonica leaves incorporated banana peel starch
films® solubility were reported as 34%2% and
42+4% (Medeiros Silva vd., 2020).

Opacity value of the films might change the food
type that will be packaged. Lower opacity values
might be preferable in packaging if consumers
want to see food material in the package (Emir
vd., 2024). On the other hand, films with high
opacity value are more feasible if food inside the
package is more susceptible to UV-light induced
changes like lipid oxidation (Emir vd., 2023). The
opacities of the films ranged from 4.21£0.03 to
9.0510.68. Increasing starch concentration
caused gradual reduction in opacity values. The
reason might be the formation of a denser film
structure. Density results, as seen in Table 2, also
support this hypothesis. Correlation coefficient
between opacity and density was -0.76 (Pearson
correlation with Confidence Interval 95%).
Therefore, higher starch addition caused more
dense structure and increased density and reduced
the opacity value.

Further, the surface roughness of the films might
also influence the opacity values. Addition of
starch might decrease the surface roughness and
decrease the opacity as mentioned in the other
article (Medeiros Silva vd., 2020).

OLE addition to the samples caused stepwise
increase in opacity. The reason for the result
might be attributed to the yellowish/brownish
color of the OLE extract. In that way, light might
be scattered and reflected easily (Emir vd., 2023).

Mechanical Properties of the Films

Tensile strength (TS) can be defined as the
maximum amount of load that the film can
withstand without fracture. On the other hand,

elongation is related to the film flexibility and
shows how far material can starch before breaking
(Singha vd., 2023). The mechanical properties of
the films, TS and EAB were shown in Figure 1.
TS of the films was measured between 3.3440.04
and 9.5140.01 MPa and these values belonged to
the BS_0 and B_15_OLE, respectively. For the
films  without OLE, increasing  starch
concentration to 5%, did not significantly change
TS compared to B_S0 whereas further increasing
starch concentration to 10% resulted in increasing
TS by approximately 65%. Furthermore, to
investigate the effect of OLE on TS of the films,
two-way ANOVA was carried out. The results
revealed that OLE added samples had higher TS
compared to the control samples (samples
without OLE) (Supplementary file) . Therefore,
both starch concentration and OLE amount had
an impact on TS of the films. Incorporation of
starch improved the film integrity which was
discussed previously and the results were
supported by the density values. Similarly, the
possible formation of more cohesive structure
due to OLE was also mentioned in the previous
part. Banana peel contains many polymers like
starch, lignin, pectin, insoluble fibers etc.,
therefore, these multi component biopolymers
might act as impurities and locate the stress at one
point and prevent distribution to all film matrices.
However, incorporation of starch and OLE
contributed to the film forming solution integrity.

B_S5 and BS_15 had the lowest (3.91+0.16%)
and the highest (10.4441.24%) EAB wvalues,
respectively. For the control groups (films
without OLE), increasing starch concentration
increased EAB of the films. Similar outcomes
were also reported in another study (Verma vd.,
2024). For the films except B_S15 and
B_S15_OLE, OLE addition increased EAB
values. This result implied that OLE might also
behave like a plasticizing agent and made the films
more flexible.

Water Vapor Permeability of the Films

The presence of hydrophilic substances like
fibers, carbohydrates, and protein and their
interactions resulted in more space developing
between hydrogen bonds and molecules, which
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enhances the passage of water vapor through the
films and increases the permeability (Verma vd.,
2024).
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Figure 1: Mechanical properties of the films

WVP of the films was shown in Table 3. As seen,
regardless of presence of OLE, 15% starch added
samples (B_S15 and B_S15_OLE) had the lowest
WVP. Although the common outcomes from the
literature supported the idea that increasing
hydrophilic compound amount in the film
resulted in the increasing permeability. This
expectation was caused by the idea that fibers,
starch, and proteins could readily interact with the
water molecules via hydrogen bonding, in that
way, transferring of the vapor molecules form one
side to another could be completed easily (Verma
vd.,, 2024). However, this pattern was not
observed in banana peel/starch/OLE films.
Packing of the film forming components with
strong  intermolecular and  intramolecular
hydrogen bonding might obstruct the passing of
the vapor molecules. This compact packaging of
the film forming components was already
supported by the density values of the films
(Table 2). The cortrelation coefficient between
density and WVP was found as -0.82 (Pearson
correlation with Confidence Interval 95%).
Therefore, it could be concluded that increasing
density resulted in decreasing permeability values.
In addition to that, solubility, which could be
interpreted as interaction between film forming

components and water showed a parallel pattern
with the permeability with the correlation
coefficient 0.81. Therefore, films having the high
solubility values had a tendency to show high
permeability. Finally, it could be concluded that
not only film forming components but also
physical properties of the films had an influence
on WVP.

Presence of active agent (OLE) did not have an
impact on the permeability values of the films.
Therefore, OLE did not change the
hydrophilic/hydrophobic characteristic of the
films.

FTIR

FTIR spectra of the sample with and without
OLE was illustrated in Figure 2. All films
exhibited a peak between 3500-3000 cm! and this
was attributed to the -OH stretching of the
hydrogen bonds of water and other films forming
components like phenolics, proteins, starch
(Medeiros Silva vd., 2020).

Peaks located around 2900 cm! were due to the
C-H stretching vibrations and peaks around 1600-
1700 cm! were attributed to the C=0 stretching
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of carboxyl groups (Amaregouda vd., 2022).
Peaks from 800 cm to 1200 cm! were attributed
to C-O-C stretching of all saccharide molecules in

OLE had very similar FTIR spectra, which could
be due to the banana peel also contained phenolic
compounds and addition of OLE did not modify

the film (Ezati vd., 2022; Bigi vd., 2021) One thing ~ any  different  intermolecular  interaction
should be noted that films with OLE and without =~ chemically.
Table 3: WVP, TPC and AA of the films
WVP TPC AA
10 (g/s.m.Pa) (mg GAE/g film) (mg DPPH/ g sample)
B_S0 1.7610.06 ) -
B_S5 1.81£0.01» -
B_S10 1.7610.01» -
B_S15 1.61£0.01> -
B_SO0_OLE 1.77£0.022 7.150£0.24¢ 2.96£0.20¢
B_S5_OLE 1.80£0.01» 6.56%0.60b¢ 2.81£0,182
B_S10_OLE 1.7440.01» 8.75+0.602 3.33£0.27¢
B_S15_OLE 1.5940.01° 9.0740.03» 3.40£0.122

Different letters in the same column show the significant difference between samples by Tukey’s test (p < 0.05)
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Figure 2: FTIR spectra of the films

1117



1118

E. Yildiz, N. Kus, S. Guner San, G. Sumnu

Total Phenolic Content, Antioxidant Activity,
Film Application on Shelf life of Strawberry &
Degradation

TPC and AA of the OLE incorporated films were
shown in Table 3. As explained in the method
section, OLE was added to the films based on
10% of the solids amount. In correlation with the
total solid content, and OLE amount, TPC of the
films showed an increasing trend. As a result,
B_S15_OLE films had the highest TPC with
9.07£0.03 (mg GAE/g film). It has been
identified that banana peel contained more than
40 phenolics and they can be categorized in to
four main groups namely; hydroxycinnamic acids,
flavonols, flavan-3-ols, catecholamines (Vu vd.,
2018) Besides, oleuropein, quercetin, apigenin-7-
O-glucoside, luteolin-7-O-glucoside, and
verbascoside were the major phenolic groups
found in the OLE (Lama-Mufioz vd., 2020).
Therefore, not only OLE but also banana peel
contributed to the phenolic content of the films.
TPC of the OLE-banana peel- starch films were
similar ~ to  the  chitosan-hydroxypropyl
methylcellulose (HPMC) films made by nettle or
sage leaf extract. TPC of the chitosan-HPMC
films were reported between 3.69-9.91 mg
GAE/g film (Bigi vd., 2021).

S.aureus

E.coli

B SO OLE

Table 3 showed AA of the films and it ranged
between 2.8110.18 and 3.40+0.12 mg DPPH/ ¢
sample. As known, banana peel contained many
saccharides including lignin. The antioxidant
activity of the lignin comes from its numerous
phenolic units (Lu vd., 2022). Therefore, phenolic
compounds, lignin in the banana peel and OLE
contributed to overall AA. Although TPC of the
films exhibited an increasing trend with an
increasing solid amount, AA of all the films were
statistically the same. It might be interpreted that
incorporation of OLE slightly influenced AA but
the natural constituents in the banana peel
dominated AA of the films.

The antimicrobial activity of the films were tested
on E.coli and S.aureus and the results were shown
in Figure 3. Although films had a significant
phenolic content and antioxidant activity, they did
not show any antimicrobial activity. This
consequence might be explained by the fact that
the active inhibitory components in the films were
not sufficient to meet minimum inhibitory
concentrations (MIC) for the microorganisms.
Similar outcomes were also observed in banana
peel/agar films; they did not show any inhibitory
effect on L. monocytogenes and E. coli (Orsuwan vd.,
2016).

B SI5 OLE
B S10 OLE

Figure 3: Antimicrobial activities of the films on S. anrens and E. ool
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On the other hand, antimicrobial activity of
ethanol extract of banana peel was reported, and
the effect was tested on many microorganisms,
namely L. monocytogenes, S. aurens, E. colz, P.
aeruginosa and 8. enteritidis. Further, MIC of banana
peel extract for P. aeruginosa was stated as
150 pg/mL (Chandrasekar vd., 2023). MIC of
each microorganism is different, however, such a
high amount of concentration for the mentioned
microorganism supported the idea for why films
failed.

B_SI5_OLE

Day 0

Day 2

Day 1 &

Day 6

Figure 4: Packaging of strawberries with the
banana-starch films for 6 days.

Although film did not exhibit an antimicrobial
activity against the selected microorganisms, one
of the perishable fruit, strawberry, was chosen to

see the possible influence of banana peel/starch
/OLE films. For the application, B_S15_OLE
film was selected by taking into the consideration
of physical properties, WVP, mechanical
properties and TPC values. As a control, B_S15
film was chosen. The images of the packed
strawberries were shown in Figure 4. While
initially both fruits were fresh, on day 4 the fruit
packaged with B_S15 began to lose its physical
integrity and some damages like exudate were
observed. On day-6, although fruit packed with
B_S15_OLE had some defects, fruits covered
with B_S15 have already decayed. Even if
B_S15_OLE films had no inhibitory effect on .
anrens and E. coli, B_S15_OLE might reduce the
total number of microorganisms and therefore
retarded the spoilage of strawberry.

Figure 5 shows the soil degradation test of the
films over a 10-day period. The films were placed
into the torf soil below the 5 cm surface. It was
regularly sprayed with water every two days. The
pots (10 ecmX5 cm) kept under ambient
conditions (20°C, 40%RH) (Medina-Jaramillo et
al., 2017).

All films lost their integrity by the end of the test
period. The results proved that banana peel-
starch films, both with and without OLE, were
decomposable. The addition of OLE neither sped
up nor decreased the decomposition rate. These
findings were very similar to the outcomes of the
yerba mate extract added to cassava starch films,
which also decomposed almost completely at the
end of day 12 (Medina Jaramillo vd., 2010).

DAY O

it
i
b3 d
I

B SO OLE B S5 OLE

L 1338 ‘;ii‘:jln: 2
i i {

~
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'ga&%?

B _SI5 OLE

L3

B_SI10 OLE

DAY 10

Figure 5: Soil degradation of films through 10-day period
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CONCLUSION

Banana peel films with different starch
concentration with and without OLE were
successfully produced. WS of the films ranged
between 44.0612.33 and 19.56X0.72  %.
Increasing starch concentration to 10%, TS
increased by 65% compared to the samples
without OLE. Further, OLE also enhanced TS of
the films. Although films with higher density had
a tendency to show low WVP, films with low
solubility had higher WVP. Both OLE and the
phenolics in the banana peel contributed to TPC.
B_S15_OLE films helped to keep fruit integrity
for 6 days compared to B_S15.

Considering the limitations, such as water vapor
permeability  (WVP)  and  water-soluble
characteristics regarding practical applications,
other methods, such as crosslinking strategies,
may be explored in future studies. Additionally,
increasing the amount of OLE in the film
structure could help observe the antimicrobial
activity more clearly.
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Supplementary File
Two-way ANOVA results
Mechanical properties
Tensile strength
Grouping Information Using the Tukey
Method and 95% Confidence
starch N Mean Grouping
15 4 895 A
10 4 860 A
5 4 5.02 B
0 4 4.52 B
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

ole N Mean Grouping

yes 8 7.50 A

no 8 06.04 B
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence
starch*OLE N Mean Grouping

15 yes 2 951 A

10 yes 2 904 A

15 no 2 839 AB

10 no 2816 ABC

5 yes 2 5.77 BCD
0 yes 2 5.69 CD
5no 2 428 D
0 no 2 334 D

Means that do not share a letter are significantly different.

Elongation at Break
Grouping Information Using the Tukey
Method and 95% Confidence
starch N Mean Grouping
15 4 854 A
10 4743 A B
0 4 6.99 B
5 4 5.60 C
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

OLE N Mean Grouping
yes 8 7.94 A
no 8 6.35 B

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence
starch*OLE N Mean Grouping

15 no 2 1044 A

0 yes 2 906 AB

10 yes 2 877 ABC

5 yes 2729 BCD

15 yes 2 6.63 CDE
10 no 2 6.10 DE

0 no 2 493 EF
5 no 2 391 F

Means that do not share a letter are significantly different.

wvp

Grouping Information Using the Tukey
Method and 95% Confidence

starch*OLE N Mean Grouping

5no 2 181 A
5 yes 2 180 A
0 yes 2 177 A
10 no 2 176 A
0 no 2 176 A
10 yes 2 174 A
15 no 2 1.01 B
15 yes 2 1.59 B

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

OLE N Mean Grouping
no 8 174 A
yes 8 1.73 A

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

starch N Mean Grouping

5 4 181 A

0 4176 A B

10 4 1.75 B

15 4 1.60 C
Means that do not share a letter are significantly different.
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Moisture content

Grouping Information Using the Tukey
Method and 95% Confidence

starch*OLE N Mean Grouping

0 no 2 1897 A

0 yes 2 1670 B

5 no 2 12.81 C

5 yes 2 11.27 CD

10 no 2 10.73 DE
15 no 2 9.33 EF
15 yes 2 8.44 F
10 yes 2 843 F

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

OLE N Mean Grouping
no 8 1296 A
yes 8 11.21 B

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

starch N Mean Grouping

0 4 17.83 A

5 4 12.04 B

10 4 9.58 C

15 4 8.89 C
Means that do not share a letter are significantly different.

Solubility
Grouping Information Using the Tukey
Method and 95% Confidence
starch N Mean Grouping
0 4 4153 A
5 4 36.97 B
10 4 35.15 B
15 4 2418 C
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

OLE N Mean Grouping
no 8 3729 A
yes 8 31.62 B

Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence
starch*OLE N Mean Grouping

0 no 2 4406 A

5no 2 4050 AB

0 yes 2 3901 BC

10 no 2382 BCD

10 yes 2 3448 CD

5 yes 2 3345 DE
15 no 2 28.81 E
15 yes 2 19.56 F

Means that do not share a letter are significantly different.

Swelling Degree
Grouping Information Using the Tukey
Method and 95% Confidence
starch N Mean Grouping
15 4 14990 A
10 4 14042 A B
5 4 133887 A B
0 4 121.656 B
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

OLE N Mean Grouping

no 8 143.634 A

yes 8 129.302 B
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence
starch*OLE N Mean Grouping

15 no 2 161713 A

10 no 2 148.135A B
5 no 2 140.093A B
15 yes 2 138100A B
10 yes 2 1327708 A B
5 yes 2 127.681A B
0 no 2 124594 B
0 yes 2 118.718 B

Means that do not share a letter are significantly different.
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Opacity
Grouping Information Using the Tukey
Method and 95% Confidence
starch N Mean Grouping
0 4 8.91800 A
5 4 6.05406 B
10 4 586259 B
15 4 4.61917 C
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence

oli N Mean Grouping

yes 8 0.73072 A

no 8 5.99619 B
Means that do not share a letter are significantly different.

Grouping Information Using the Tukey
Method and 95% Confidence
starch*oli N Mean Grouping

0 yes 2 9.05685 A

0 no 2 877914 A

5 yes 2 6.76805 B

10 yes 2 607764 B C
10 no 2 564754 B C
5no 2 5.34008 CD
15 yes 2 5.02033 CD
15 no 2 421801 D

Means that do not share a letter are significantly different.
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Bu calismada, sizme yogurt iretiminden elde edilen yogurt suyu (YS), ayran Uretiminde, siitiin
seyreltilmesinde kullanilan icme suyunun %0, %6, %12.5 ve %2571 yerine ilave edilmis ve ayranlarin 14
gunlik depolama stresince bazi 6zellikleri incelenmigtir. Y'S ilavesi ile rneklerin toplam kurumadde igerikleri
ve titrasyon asitligi degerleri artmis, yag, protein, kil icerikleri ve pH degetleri ise degismemistir. YS’nin
kivam indeksi degerlerini artirdigy, serum ayrilmast degerlerini ise azalttifi belitlenmistir. Renk 6zelliklerinden
a* degeri, YS ilavesi ile azalmis, L* ve b* degerlerinde ise farklilik gériilmemistir. Orneklerin tamaminin
depolama siiresince 107 kob/ml’nin tGzerinde laktik asit bakteri icetigine sahip oldugu belirlenmistir. Duyusal
analiz sonuglarina gore, ayranlar arasinda goriinis, renk ve koku 6zellikleri bakimindan farklilik griillmemis,
kivam ve tat Gzellikleri bakimindan ise en yitksek puanlart en yitksek YS igerigine sahip érnek almistir.
Calismadan elde edilen sonuglar, ayran tiretiminde YS kullaniminin uygun oldugunu gostermistir.

Anahtar kelimeler: Ayran, fermente icecek, renk, serum ayrilmasi, stizme yogurt, yogurt suyu

EFFECT OF YOGHURT WHEY USE ON SOME PROPERTIES OF NONFAT
AYRAN

ABSTRACT

This study investigated the effects of incorporating yoghurt whey (YW) into the production of ayran
by substituting portions of potable water with varying YW concentrations (0%, 6%, 12.5%, 25%)
during milk dilution. The samples were evaluated over a 14-day storage period. The addition of YW
significantly increased total dry matter and titratable acidity, while fat, protein, ash content, and pH
remained unchanged. Furthermore, YW enhanced the consistency index and reduced phase
separation. Color analysis revealed a decrease in the a* value, while L* and b* values remained
unchanged. Microbial assessments confirmed that all samples maintained a lactic acid bacteria count
exceeding 107 cfu/ml throughout the storage. Sensory evaluation demonstrated no significant
differences in appearance, color, or odor among the samples; however, the highest YW content was
associated with superior scores in terms of consistency and taste. These findings suggest that the
incorporation of YW into ayran production is feasible.

Keywords: Ayran, fermented beverage, color, phase seperation, strained yoghurt, yoghurt whey

* Yazismalardan sorumlu yazar / Corresponding author;
D4 nazli.turkmen@ankara.edu.tr : (+90) 312 596 1346 &: (+90) 312 318 2219

Nazli Kanca; ORCID no: 0000-0002-4219-8903


mailto:nazli.turkmen@ankara.edu.tr

Yogurt suyunun yagsiz ayranda kullanimi

GIRIS
Stzme yogurt (Torba yogurdu), ylksek besin
icerigi, zengin tat ve aroma ile uzun raf dmriine
sahip olmast gibi nedenlerle tiketiciler tarafindan
tercih edilen bir fermente sut Grinudir (Bilit,
2023). Uretimi, son {riiniin protein icerigi en az
%8 olacak sckilde, sutiin protein oraninin
standardize edilmesi veya yogurdun serum
kisminin uygun bir yontemle uzaklagtirilmast ile
gerceklestirilmektedir (Anonim, 2022).
Endistriyel tretimde ultrafiltrasyon, ters osmoz
ve  mekanik  santrifiij  gibi  yOntemler
kullanilabilmekle birlikte, Griintin  geleneksel
tretimi daha ¢ok yogurdun bez torbalardan
stzllmesi seklinde gerceklestirilmektedir (Gullit
vd., 2023).

Guniumiizde halen ¢ogunlukla geleneksel tretimle
elde edilen stzme yogurdun, sizme islemi
sonunda toplam kurumadde iceriginin yaklasik
%30’a kadar artirilmis olmast tercih edilmektedir
(Bilir, 2023). Dolaysiyla, yag icerigine gore
degismekle birlikte, yaklastk %712-16 toplam
kurumadde igerigine sahip yogurtlardan (Ozer,
2006) stizme yogurt iretimi gerceklestirildiginde,
dikkate deger miktarda sivi formda bir yan tiriintin
aciga c¢itktigini belirtmek mimkindir. Yogurt
suyu (YS) olarak isimlendirilen bu siit yan tGrindg,
yesilimsi-sart renkte, asidik ve tuzlumsu tada
sahiptir (Cebeci Avunca, 2022). Elde edildigi
hammadde yogurda ve trln isleme kosullarina
gore degisen oranlarda laktoz, yag, protein ve kil
iceren YS, 3.5-4.5 pH degerine ve %0.6-1.40 laktik
asit icerigine sahip bir yan triindir (Karastamatis
vd., 2022).

Yiksek besin icerigine sahip olan YS’nin, atik
olarak gorilerek cevre kirliligine sebep olmak
yerine, ¢esitli yontemlerle degetlendirilmesi 6nem
arz etmektedir. Geleneksel olarak evlerde cesitli
sekillerde degerlendirilen YS’nin, asidik ve
tuzlumsu bir tada ve 6zellikle diistik pH’ya sahip
olmasindan dolay1 endiistriyel olarak kullanimi
oldukea glictlir (Demir vd., 2009; Cebeci Avunca,
2022). Bu yan trlnin, 6zellikle cesitli firncilik
uriinlerinde kullanimu ile ilgili yapimis calismalar
bulunmaktadir (Demir vd., 2009; Flinois vd.,
2019; Oztiirk, 2020). Siit tiriinlerinde kullanimi ile
ilgili ise, bildigimiz kadaryla tek ¢calisma (Tongur,

2019) bulunmaktadir. Bahsedilen c¢alismada, bu
calismadan farkli olarak, 6ncelikle tam yagl stt ile
yogurt  iUretimi  gerceklestirilmis, ardindan
yogurda, seyreltme suyunun %5, %10 ve %151 YS
olacak sekilde su ilavesi yapilarak %7 toplam
kurumadde ve %1.6 yag icerigine sahip ayran elde
edilmistir. 21 glnlik depolama siiresi boyunca
ayranlarin temel bilesimi, pH, titrasyon asitligi,
serum ayrilmasi, viskozite degetleri ile maya-kif
ve koliform bakteri icerikleri saptanmustir.
Calismada kontrol 6rnegi bulunmadigt icin, YS
iceren ve icermeyen ayranlarin  kiyaslamast
yapilmamustir. YS nin stt Girinlerinde kullanima ile
ilgili gergeklestirilen caligmalarin oldukga stnirh
olmasindan dolayl, konu ile ilgili daha fazla
arastirma gerceklestirilmesi gerektigi
disuntlmektedir.

Bu c¢alismada, YS’ye bir degetrlendirme alant
yaratilabilmesinin yami sira, ayran dretiminde
kullantlan  su  miktarinin  da  azaltulmasinin
olanaklart aragtirdmistir. Bu  amagla, ayran
uretiminde sttiin seyreltilmesi i¢cin kullanilan icme
suyu %0, %12.5 ve %25 oraninda azaltilmis ve
yerine YS ilavesi yapilmistir. Ayrica, kontrol
Ornegi olarak YS icermeyen ayran Uretimi de
gerceklestirilmis ve triinlerin 14 giinlik depolama
stresince bazi fiziksel, kimyasal, mikrobiyolojik ve
duyusal 6zellikleri incelenmistir.  Glnimizde
yagsiz/ yag icerigi azaltlmis Griinlerin tiiketiciler
tarafindan daha fazla tercih edilmesinden dolayi,
calismada yagsiz ayran dretimi tercih edilmistir.

MATERYAL ve YONTEM

Yagstz Ayran Uretimi

Ayran Uretiminde, %95 kurumadde icerigine
sahip yagsiz siittozu (Bakkalbastoglu Siit Uriinleri
San. ve Tic. A.S., Nigde, Turkiye) ve piyasadan
saglanan rafine tuz kullanilmistir. Uretimde, gesitli
Ozellikleri Cizelge 1°de belirtilmis olan, yerel bir
st isletmesinden temin edilen, stizme yogurt
tretiminden elde edilen yogurt suyu kullanilmistir.
Starter kultir olarak ise Lactobacillus delbrueckii
subsp.  bulgaricus e  Streptococcus  thermophilus
bakterilerini iceren YC 380 kodlu DVS kultir
(Chr. Hansen, Danimarka) tercih edilmistir.
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Cizelge 1. Kullanilan yogurt suyunun &zellikleri

(n=2)

“ Table 1. The properties of yoghurt whey (n=2)
Ozellik ——
Property +S
pH 4.24%0.010
Toplam kurumadde (%o) N
Total solid (%) 7.52%0.080
Yag (%) .

Fat (%) 0.00x0.000
Protein (%) .
Protein (%) 0.46%0.035

Kl (%) .

Ash (%) 0.8240.001
L* 18.75+0.055

2* () 0.48%0.025

b* () 0.27+0.025

Yagsiz ayran tretimi icin 6ncelikle, yagsiz siittozu
kullanilarak toplam kurumadde icerigi %12 olacak
sekilde rekonstitiie siit hazirlanmistir. Hazirlanan
rekonstitlie stit 4 esit kisma ayrilmis ve bunlardan
birincisine kontrol 6rnegi (K) icin, %8 toplam
kurumadde igerigine sahip olacak sekilde i¢cme
suyu ilavesi yapilmistir. Diger ti¢ kisim ise, kontrol
ornegine ilave edilen seyreltme suyu miktarinin
%0’st (A), %12.51 B) ve %251 (C) yogurt suyu,
kalan kismt icme suyu olacak  sekilde
seyreltilmistir. Elde edilen karisimlara su
banyosunda (Lauda, Aqualine AL 18, Lauda-
Kénigshofen, Almanya) 85°C’de 20 dakika siire
fle sl islem uygulanmig  ve ~45°C’ye
sogutulmustur.  Inkiibasyon igin, &nceden
121°C’de 2 dk steril edilmis %10 toplam
kurumadde icerigine sahip rekonstitiie siit
icerisinde 45°C’de aktiflestirilmis kiltir (%3
oraninda) kullanilmistir. Inokiilasyonu takiben
45°C’de inkiibasyona birakilan ornekler, ~4.6
pH’ya ulasddiginda inkiibasyon sonlandirilmis,
ardindan %0.5 oraninda tuz ilave edilerek ve
karistirilarak 200 ml’lik kaplara doldurulmus ve
analizleri  gerceklestirilmek  tzere  +4°C’de
saklanmustir.

Ayran Ornekletinin Analizleri

Temel bilesim ozellikleri

Orneklerin toplam kurumadde ve kiil igeriklerinin
belirlenmesinde gravimetrik yéntem (Hooi vd.,
2004), yag iceriklerinin belirlenmesinde ise Gerber
yontemi (Hooi vd., 2004) kullanilmistir. Kjeldahl

yontemi kullanidarak Orneklerin  toplam  azot
icerikleri belirlenmis ve 6.38 fakt6ri ile carpilarak
orneklerin toplam protein icerikleri
hesaplanmustur.

PpH ve titrasyon asitligi dederleri

Ayranlarin pH degetleri Mettler Toledo marka pH
metre (Ziirich, Isvigre) ile 6l¢iilmiistiir. Titrasyon
yontemi kullanilarak belirlenen titrasyon asitligi
degerleri, % laktik asit cinsinden hesaplanmugtir.

Reolojik ozellikler ve serum ayrimast degeri

Ayranlarin reolojik 6zelliklerinin belirlenmesinde
dinamik reometrik yontem uygulanmistir. 2 mm
boslukta, 0.1-300 s! kayma hizi araliginda ve
+4°C sicaklikta 6rneklerin kivam indeksi (K) ile
akis davranis indeksi () degerleri belirlenmistir.
Analiz Malvern Kinexus Pro+ (Worcestershire,
Birlesik  Krallikk)  marka  reometre  ile
gerceklestirilmis ve sonugclar Power law modeli ile
yorumlanmustir (korelasyon degeri - R2 20.99).

Serum ayrilmast degerlerinin tespiti igin, ayranlar
100 mI’lik hacimlere sahip meziirlere aktarilmis ve
+4°C’de bekletilmistir. 24 saat bekleme siiresinin
ardindan kendiliginden ayrilmis olan serum
miktart Ol¢llerek kaydedilmistit.

Renk izellikler:

Ayranlarin renk degerleri (L*, a*, b*), Konica
Minolta marka trenk O6lcim cihazt (CR-400,
Tokyo, Japonya) ile Slgtilmistiir.

Mikrobiyolojie ozellikler

Ayranlarin laktik asit bakteri iceriklerini tespit
etmek icin, énceden steril edilmis 9 ml Ringer
cozeltisi (Merck, Darmstadt, Almanya) bulunan
tiplerde dilisyon serileri hazirlanmis ve ylzeye
yayma yontemi kullanilarak gerekli besiyerlerine
paralelli ekim yapilmustir. Lactobacillus spp. tespiti
icin MRS agar (de Man Rogosa Sharpe Agar,
HiMedia, Bombay, Hindistan), S#reptococens spp.
tespiti icin M17 agar (HiMedia, Bombay,
Hindistan) kullanidmis ve petriler  sirastyla
anaerobik ve aerobik sartlarda, 37°C’de 24-48 saat
stre ile inkiibe edilmistir. Maya-kiif sayisin1 tespit
etmek i¢in ise, PDA (Potato Dextrose Agar,
Merck, Darmstadt, Almanya) besiyeri kullanilmis
ve ekim yapilan petriler acrobik sartlarda 25°C°de
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3-5 giin siire ile inkiibe edilmistir. Inkiibasyon
sonlandirildiktan sonra gelisen koloni sayilari
tespit edilmis ve sonuglar log kob/ml olarak
hesaplanmistir.

Duyusal degerlendirme

Ayran Orneklerinin  duyusal analizi, Ankara
Universitesi Ziraat Fakiiltesi Siit Teknolojisi
Bolimii  akademik personeli ve lisansistl
ogrencilerinden olusan 10 kisilik deneyimli
panelist tarafindan gergeklestirilmistir. Ornekler
gorinids, renk, kivam, koku ve tat Ozellikleri
bakimindan en yiiksek puan 5 olacak sekilde
puanlandirilmistir.  Panelistlerden ayrica, ayran
ornekleri ile ilgili genel bir yorumda bulunmalart
ve eger varsa, algiladiklari belirgin karakteristik
Ozellikleri belirtmeleri talep edilmistir.

Orneklerin  toplam  kurumadde, yag, toplam
protein ve kil igerikleri ile renk ozellikleri
depolamanin 1. giiniinde, diger analizler ise 1., 7.
ve 14. ginlerde gerceklestirilmistir.

Istatistiksel Analiz

Denemede calistlan toplam kurumadde, toplam
protein, kil ile renk Ozelliklerine (L*, a*, b¥)
yogurt suyu orant fakt6riinin dort seviyesinin (0,
6, 12.5, 25) etkisi tesadif parselleri deneme
tertibinde  varyans  analizi  teknigi  ile
degerlendirilmistir. Incelenen diger &zelliklere
yogurt suyu orant faktdriiniin dort seviyesi (0, 6,

12.5, 25), depolama faktoriinin ise ti¢ seviyesinin
(1, 7, 14) birlikte etkisi faktoriyel diizende varyans
analizi teknigi ile belirlenmistir. Istatistik analizler
IBM SPSS Statistics 23 paket programinda
yapilmstir.  Farkli  gruplarin  belirlenmesinde
Duncan testi kullandmistir. Calisma 2 tekrarh
yuratilmustar.

BULGULAR ve TARTISMA

Ayranlarin toplam kurumadde, yag, protein ve kiil
icerikleri Cizelge 2’de verilmistir. Ornekler
arasinda toplam kurumadde igerigi bakimindan
istatistik olarak farklilik oldugu tespit edilmistir
(P<0.05). Ayran tretiminde siitiin seyreltiimesi
icin  kullanilan igme suyu yerine, %7.52
kurumadde igerigine sahip YSnin (Cizelge 1)
belirli oranlarda kullanimi, beklendigi  gibi
orneklerin toplam kurumadde igeriklerinde artis
saglamistir. Cizelge 2’den de goriilebilecegi gibi,
en yiksek toplam kurumadde iceriine sahip
ornek C 6rnefi, en disik kurumadde igerigine
sahip 6rnek ise K 6rnegi olarak tespit edilmistir.
YS ilavesinin, ayranlarin yag, protein ve kil
iceriklerini ise etkilemedigi belirlenmistir (P
>0.05. Bu durum muhtemelen, dretimde
kullanilan YS’nin, %0 yag ve %71’in altnda olmak
tizere oldukga disiik oranlarda protein ve kil
icermesinden  (Cizelge 1) ve son Urlnin
bilesimine etki etmeyecek oranlarda
kullanilmasindan kaynaklanmaktadr.

Cizelge 2. Orneklerin kimyasal bilesimi (n=2)
Table 2. The chemical composition of the samples (n=2)

Ornekler Kurumadde (%) Yag (%) Protein (%o) Kl (%)
Samples Total solid (%) Fat (%) Protein (%) Ash (%)
K 8.64£0.110¢ 0.00£0.000 3.15%£0.015 1.12+0.025
A 8.83+0.0258¢ 0.00£0.000 3.18%0.010 1.15%0.040
B 9.07%£ 0.03048 0.00£0.000 3.26%0.050 1.2240.005
C 9.29+0.0404 0.00£0.000 3.34£0.050 1.26£0.025

K (kontrol): %0 YS, A: %6 YS, B: %12.5YS, C: %25 YS

Aynt stiitundaki farklt buytk hatfler istatistik olarak farkliligs ifade etmektedir (P<0.05).

K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW,

C:25% YW

Valnes with the different upper case letters within the same column indicate the statistically significant difference (P<0.05).
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Ayranlarin renk 6zellikleri (L*, a*, b*) Cizelge 3’te
gOsterilmistir.  YS  ilavesinin, Orneklerin  L*
(patlaklik) ve b* degerleri (sarik-mavilik) tizerine
herhangi bir etkisinin olmadigt tespit edilmigtir (P
>0.05). Kirmizihk ve yesilligi ifade eden a*
degerleri bakimindan ise ayranlar arasinda
istatistik  olarak  farkliik oldugu (P<0.05)

gorilmektedir. YSnin en yiksek oranda
kullanildig1 B ve C 6rneklerinin yesilimsi renginin,
K ve A Orneklerine gbre daha fazla oldugu
belirlenmistir. Bu durum, seyreltme sivist olarak
kullanilan YSnin yesilimsi renginden (Cizelge 1)
kaynaklanmaktadur.

Cizelge 3. Orneklerin renk (L*, a*, b*) degerleri (n=2)
Table 3. Color (LL*, a*, b*) values of the samples (n=2)

Ornekler I o -
Samples
K 81.04+1.670 -3.56£0.0308 6.00£0.155
A 77.8211.310 -3.631+0.045" 6.3010.125
B 73.3412.400 -3.7610.080A8 6.4710.075
C 70.0914.030 -3.9310.040A 6.65%0.080

K (kontrol): %0 YS, A: %06 YS, B: %12.5YS, C: %25 YS

Ayni sttundaki farklt biiytik harfler istatistik olarak farkliligs ifade etmektedir (P<0.05).
K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW, C: 25% YW
Values with the different upper case letters within the same column indicate the statistically significant difference (P<0.05).

Ayranlarin 14 glinlik depolama siiresi boyunca
tespit edilen pH ve titrasyon asitligi degerleri
Gizelge 4te  belirtilmigtir.  Gergeklestirilen
istatistik analizlere gére her iki 6zellik bakimindan
da interaksiyon olmadigt tespit edilmistir. YS
ilavesinin ayranlarin pH degerlerini etkilemedigi
belirlenmistir (P >0.05). Titrasyon asitligi
bakimindan ise 6rnek ortalamalart arasindaki
farklilik 6nemli bulunmus (P<0.05), K 6rneginin
en digik, C 6rneginin en yiksek degere sahip
oldugu belitlenmistit. Bu durumu, ayranlarin
toplam kurumadde icerikleri ile iliskilendirmek
miimkindir. Farkh calismalarda (Ki¢tikakgil vd.,
2009; Yeniceri vd., 2021), fermente sit
trtinlerinin - kurumadde igeriginin artmasi ile
birlikte, titrasyon asitliginin de arttig1 bildirilmistir.
Nitekim bu ¢alisgmada da K 6rnegi en distik, C
Ornegi ise en yiiksek kurumadde igerigine sahip
Ornekler olarak tespit edilmistir (Cizelge 2).

Benzer sekilde, Tongur (2019) tarafindan
gerceklestirilen ¢alismada da en yiksek YS
icerigine sahip ayranlarin titrasyon  asitligi

degerleri daha yiiksek bulunmustur. Cizelge 4’te,
depolama giinlerinin  ortalamalar1t  arasindaki

farkliligin hem pH degeri hem de laktik asit icerigi
bakimindan istatistik acidan 6nemli olarak tespit
edildigi gorilmektedir (P<0.05). Bu calismada
oldugu gibi, fermente siit Grtnlerinin depolanmast
sirasinda, urtinde bulunan starter kultlrler ve
bunlarin irettigi enzim aktivitelerine bagl olarak
pH degerinde dists ile titrasyon asitliginde artis
gorilmesi  beklenen bir durumdur (Tamugcay
Oziinlii ve Kogak, 2010). Tirk Gida Kodeksi
Fermente Siit Uriinleri Tebligi’ne (Anonim, 2022)
gore, ayranin titrasyon asitliginin, laktik asit
cinsinden %0.5 ile %1.0 arahginda olmast
gerekmektedir. Dolayistyla ¢alismada belitlenen
degerlere gore, Orneklerin tamami depolama
stiresi boyunca Teblig’e uygunluk géstermistir.

14 gtinlik depolama siiresi boyunca tespit edilen
serum ayrilmast, kivam indeksi ve akis davranis
indeksi degerleri Cizelge 5’te belirtilmistir. Her ¢
Ozellik bakimindan da 6rnek  ortalamalart
arasindaki fark o6nemli bulunurken (P<0.05),
depolama giinleri dikkate alindiginda yalnizca
serum ayrilmast ve kivam indeksi degerlerinin
ortalamalar1 arasinda istatistik farkliik oldugu
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tespit edilmistir (P<0.05). YS icermeyen kontrol
Ornegi, bitlin 6rnekler icerisinde en yliksek serum
ayrilmast ve en diisiik kivam indeksi degerine
sahip 6rnek olarak belirlenmistir. Ozellikle serum
ayrilmasi degerleri incelendiginde, en yuksek YS
icerigine sahip C 6rneginin, %0.5 ile olduke¢a
dustik ayrilmasina  sahip  oldugu
gorilmektedir.  Bu  durum  muhtemelen,
Orneklerin 6zellikle toplam kurumadde igerikleri
ile iliskilidir. Ozer (2006) tarafindan, fermente siit
urunlerinin  kurumadde iceriklerinin dismesine
bagli olarak, proteinler arasindaki mesafenin
artmast ile kolloidal formdaki madde miktarinin
azaldig1 ve dolayisiyla serum ayrilmast degerinin
artip, viskozitenin distiigi belirtilmistir. Nitekim
Cizelge 2’de gorildugi gibi, K 6rnegi en distik

serum

tespit  edilmistir.  Ozellikle kivam  indeksi
degerlerinin depolama siiresince gostermis oldugu
artisin, ayran Uretiminde kullanidlan laktik asit
bakterilerinin ekzopolisakkarit ve kisa zincitli yag
asitlerini sentezleme yeteneginden kaynaklandigt
distnilmektedir (Yeniceri vd., 2021; Yalc¢in vd.,
2022). Tlave olarak, muhtemelen ayranlarin asitligi
de gorilen bu degisime etki etmektedir. Farklt
inkiibasyon asitliginin  ayranlarin  bazt
Ozelliklerine etkisinin incelendigi bir calismada
(Tamugay Oziinlii ve Kogak, 2010), asitlik artist ile
birlikte 6rneklerin viskozite degerlerinde 6nemli
Olciide bir artis gorildigh belirtilmistir. Asit
kazein jellerinde, soguk depolama sirasinda
gerceklesen pH distisiine bagh olarak proteinler
arast etkilesimin devam ettigi, bu durumun da

sonu

kurumadde igerigine sahip Ornektir. Benzer  depolama stiresinde viskozitede arti
sckilde, Guler-Akin  vd.  (2016), toplam  gorilmesinin  sebeplerinden  biri  oldugu
kurumadde degerindeki artisa baglt olarak,  belirtilmektedir (Giler-Akin vd., 2016). Ayran ile

icilebilir yogurtlarin viskozite degetlerinde arts
gortldiginii  bildirmistir. Depolama  giinleri
ortalamalart dikkate alindiginda ise, depolama
siresi boyunca serum ayrilmasi degerlerinin
giderek azaldigi, kivam indeksi degerlerinin arttig

ilgili gerceklestirilen farkhi ¢alismalarda (Celikel,
2012; Dufrene vd., 2021; Yal¢in vd., 2022) da
benzer sonuclar elde edilmistir.

Cizelge 4. Orneklerin depolama siiresindeki pH ve titrasyon asitligi degerleri (n=2)

Table 4. pH and titratable acidity values of the samples during the storage period (n=2)

Depolama Ornekler
Ozellik (Giin) Samples
Property Storage Ortalama
Day) K A B C v
1 438+0.055  4.38+0.050  4.3940.055  4.39+0.055  4.3840.0204
7 430+0.055  4.3240.035  4.3240.045  4.3140.050  4.31+0.018A8
pH 14 427+0.055  426+0.030  4.28+0.045  4.28+0.065  4.27+0.0198
Ortalama 3140032 43240028 43340030  4.3240.033
Mean
1 0.8010.025  0.81+0.035  0.8410.025  0.8610.025  0.8240.0145
a&ik(tj/k) 7 0.8740.035  0.87+0.025  0.9240.025  0.95+0.045  0.90+0.018A
0
I actic acid 14 0.8740.035  0.89+0.030  0.95+0.020  0.93+0.010  0.9140.016*
7
(%) O];\t;‘j;‘;“a 0.8410.021c  0.8540.021%  0.90+0.0242>  0.9140.0222

K (kontrol): %0 YS, A: %06 YS, B: %12.5YS, C: %25 YS

Ayni satirdaki farkl kiigtik harfler ve aynt stiitundaki farkli biytk harfler istatistik olarak farkliligs ifade etmektedir

(P<0.05).

K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW, C: 25% YW

Valnes with the different lower case letters within the same row and upper case letters within the same column indicate the statistically

significant difference (P<0.05).
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Cizelge 5. Orneklerin depolama siiresindeki serum ayrilmast, kivam indeksi (K) ve akis davranis indeksi
(n) degetleri (n=2)
Table 5. Phase seperation, consistency index (K) and flow bebavionr index (n) values of the samples during the storage

period (n=2)

Depolama  Ornekler
Ozellik (Gtin) Samples
Property Storage Ortalama

Duy) K A B C Mo
Serum 1 15.041.00 1351050  4.0+1.00 0.5+0.50 8.3+2.344
a(yfﬂmm 7 14.540.50  12.040.00  3.5+0.50 1.0+0.00 7.842.1478
%2“) 14 1254050 1054050  3.5+0.50 0.0+0.00 6.6+1.938
ase
separation  Or@alama 41500 101058 3.7+0.33¢ 0.540.22d
(%) Mean
Kivam 1 0.45+0.050  0.68+0.030  0.90+0.035  1.0240.060  0.7610.084¢
indeksi 7 0.5940.075  0.89+0.045  0.97+0.030  1.26+0.015  0.9240.0928
(Pa-s) 14 0.7340.025  1.17+0.080  1.34+0.165  1.4340.105  1.1610.1094
Consistency
index: (Pa-s) z’éz‘jama 0.5910.056¢  0.91+0.093>  1.07+0.097> 1.23%0.081¢
Akis 1 0.4610.015  0.4510.005  0.40+0.000  0.3810.020  0.4240.013
davrams 7 0.4740.025  0.4110.005  0.42+0.005  0.37+0.005  0.4110.014
?/dek“ 14 0.4410.005  0.3940.020  0.39+0.005  0.3910.005  0.400.009
0w
behaviowr  OTlama 4ot 0000 041400126 0.4020.0060  0.38+0.007b
index Mean

K (kontrol): %0 YS, A: %6 YS, B: %12.5YS, C: %25 YS

Ayni satirdaki farkls kiiciik harfler ve aynt sttundaki farkli buyik harfler istatistik olarak farkliligi ifade etmektedir

(P<0.05).

K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW, C: 25% YW

Valnes with the different lower case letters within the same row and npper case letters within the same column indicate the statistically

significant difference (P<0.05).

Akis davranis indeksi, stvilarin akis tipinin bir
gostergesidir. Bu degerin 1’den uzaklasip 0’a
yaklasmast, akis tipinin Newtonian olmayan akis
tipine yaklasmast anlamini tagtmaktadir (Berkay
Karaca vd., 2009). Cizelge 5’te gorildiigii gibi, akis
davranis indeksi degerlerinin tamami 1’in altinda
bulunmus, dolayisiyla 6rneklerin hepsi depolama
stiresi boyunca Newtonian olmayan akis 6zelligi
gostermistir. Gergeklestirilen farkli calismalarda
da (Erkaya vd., 2015; Besir vd., 2022; Kocabas
vd., 2022), ayranin Newtonian olmayan akis
Ozelligine sahip oldugu belirtilmektedir. Ek
olarak, K Orneginin akis davranis indeksi
ortalamasinin, 1’in altinda bulunmus olmasina
ragmen, istatistik olarak digerlerinden daha
yitksek bir degere sahip oldugu tespit edilmistir
(P<0.05). Bu durum stvilarin kurumadde igerigine

bagli olarak sahip oldugu kivam indeksi degeri ile
dogrudan iligkilidir. Benzer sekilde, Koksoy ve
Kilic (2003) tarafindan gerceklestirilen ¢alismada,
ayranin  kurumadde igeriginin dismesi ile aks
davrants indeksi degerinin 1’e, yani Newtonian
davraniga yaklastigt tespit edilmistir. Nitekim bu
calismada da akis davranig indeksi en yiksek
ornek olan K, aynt zamanda en diistik kurumadde
igerigine (Cizelge 2) ve kivam indeksi degerine
sahip 6rnektir.

Ayranlarin 1, 7 ve 14. gunlerde belirlenen
mikrobiyel icerikleri Cizelge 6’da gdsterilmistir.
YS ilavesinin ayranlarin Lactobacillus spp. igerigini
etkilemedigi tespit edilmis (P >0.05), Streptococcus
spp. sayist ortalamalari bakimindan ise en yiiksek
YS igerigine sahip B ve C 6rneklerinin en disik
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bakteri icerigine sahip  6rnekler  oldugu
belitlenmistir (P<0.05). Bu durumun ayranlarin
asitligi ile iligkili oldugu disiiniilmektedir.
Nitekim, streptokok sayist en dusiik bulunan B ve
C Ornekleri, aynt zamanda en yliksek titrasyon
asitligine  sahip  Orneklerdir  (Cizelge  4).
Laktobasillerin sayisinda bir farklilik gérilmemis
olmasint ise, bu bakterilerin yiiksek asitlige karst
streptokoklardan daha direncli olmasina baglamak
mimkindir (Yerlikaya, 2014).

Depolama  glinleri  ortalamalart  dikkate
alindiginda, Lactobacillus spp. saywsinin 7. ginde
degismedigi, ancak 14. ginde azaldig1, S#eptococcus
spp. saywisinin ise depolama boyunca dusis
gosterdigi  kaydedilmistir (P<0.05). Bu durum

tarafindan tretilen laktik asit ve hidrojen peroksit
gibi metabolitlerin driinde birikimi ile iligkilidir
(Kocabas vd., 2022). Benzer sekilde, ayranda
gerceklestirilmis farklt caligmalarda (Celikel, 2012;
Yeniceri vd., 2021), yogurt bakterilerinin
sayllarinin ilk glne kiyasla depolama sonunda
daha digik bulundugu bildirilmigtir. Calismada,
bakterilerin  sayisinda  bir disis  gorilmus
olmasina karsin, depolamanin her glint igin tespit
edilen yogurt bakterisi miktar, Turk Gida
Kodeksi Fermente Siit Uriinleri Tebligi’nde
(Anonim, 2022) belirtilen minimum say1 kriterini
(106 kob/g) karsilamaktadir. Yine Teblig’de
belirtilen sekilde, olmast gerektigi gibi, depolama
boyunca ayranlarin higbirinde maya-kif tespit
edilmemistir. Dolayisiyla ayran tretimi sonrasi

muhtemelen, yukarida da bahsedildigi gibi kontaminasyon olmadigini belirtmek
depolama sirasinda pH’da gorilen diisis ve — mumkiindiir.
fermantasyon  swasinda  yogurt  bakterileri
Cizelge 6. Orneklerin depolama siiresindeki mikrobiyel icerikleri (n=2)
Table 6. Microbial counts of the samples during the storage period (n=2)
Microorganizma Depolama Ornekler
(log kob/ml) (Gun) Samples
Microorganism (log Storage K B C Ortalama
cfu/ ml) (Day) Mean
1 8.14x0.090 8.21£0.050 8.18+0.065 8.2210.125 8.191+0.0354
7 8.06x0.045 8.17£0.025 8.13£0.040 8.0910.040 8.11+0.0214
Lactobacillus spp- 14 7.7940.080  7.79+0.065  7.74£0.125  7.78+0.110  7.77+0.038B
Oralama 5510075 8.0540.088  8.0140.096  8.03%0.093
Mean
1 8.90+0.030 8.92+0.030 8.91+0.060 8.90%+0.030 8.91+0.0154
7 8.79+0.025 8.82+0.030 8.78+0.045 8.80%+0.045 8.79+0.0168
Streplococcus Spp- 14 85010.010  8.6010.035  8.63t0.070  8.66+0.055  8.62+0.021¢
Oralama g 16100072 00540036  8.92+0.033>  8.85+0.030
Mean
1 nd nd nd nd
Maya-kif
Yeast-mold 7 nd nd nd nd
14 nd nd nd nd

K (kontrol): %0 YS, A: %6 YS, B: %12.5YS, C: %25 YS

Aynt satirdaki farklt kii¢tik harfler ve aynt stitundaki farklt buyik harfler istatistik olarak farkliligr ifade etmektedir

(P<0.05).
nd: Tespit edilmedi.

K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW, C: 25% YW
Valnes with the different lower case letters within the same row and upper case letters within the same column indicate the statistically

significant difference (P<0.05).
nd: Not detected.
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Ayranlarin duyusal analiz sonuglart Sekil 1’de
verilmistir. YS ilavesinin, ayranlarin gbrinds, renk
ve koku Ozelliklerine depolama boyunca etki
etmedigi gbrilmis (P >0.05), 6rneklerin tamami
bahsedilen 6zellikler bakimindan en yiiksek puant
(5 puan) almstir. Kivam ve tat Ozellikleri
bakimindan interaksiyon olmadigi belirlenmis,
ancak Orneklerin ortalamalar arasinda istatistik
acidan farklilik oldugu (P<0.05) tespit edilmistit.
Kivam  6zelligi ~ bakimindan  ortalamalar
incelendiginde, en dusik puant 4.02 ile kontrol
orneginin aldigy; %06, %12.5 ve %25 YS ilaveli
Orneklerin ise strastyla, 4.42, 4.83 ve 4.97 puan
aldigr  belirlenmistir. Kivam 6zelligi ile ilgili
gorilen bu  farkliligi, ayranlarn  toplam
kutumadde  miktarlart  ile  iligkilendirmek
mimkindir. Nitekim calismada kivam 6zelligi
bakimindan panelistlerden en diisiik puant alan K
Ornegi, aynt zamanda kurumadde icerigi en disiik

ornektir. 4.97 ile en yiksek puant alan C 6rnegi
ise, bitin Srnekler icerisinde en yiksek toplam
kurumadde icerigine sahip Ornektir (Cizelge 2).
Tlave olarak, Cizelge 5’te gésterilmis olan kivam
indeksi degerleri de elde edilen duyusal analiz
sonugclartyla uyumluluk géstermektedir. Kivam
ozelligine benzer sekilde, tat 6zelligi bakimindan
da en diigiik puan1 4.57 ile kontrol 6rnedi almistir.
A, B ve C 6rnekleri ise sirastyla 4.72, 4.75 ve 4.97
puan almuglardir. Panelistler ayrica, 6zellikle B ve
C 6rneklerinde fermente ve tuzlu tadin daha fazla
algilandigint  belirtmislerdir. Elde edilen tat
sonuclarina  gore, %125 ve %25 oraninda
kullamlan YS’nin, ayranlarin tadina direkt ve
olumlu y6nde etki ettigini sOylemek mimkindiir.
Bahsedilen kivam ve tat 6zellikleri bakimindan,
depolama stresi boyunca herhangi bir farkhilik
olmadig: tespit edilmistir (P>0.05).
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Sekil 1. Orneklerin depolama siiresindeki duyusal 6zellikleri (n=2)
Figure 1. Sensory of the samples during the storage period (n=2)

K (kontrol): %0 YS, A: %6 YS, B: %12.5YS, C: %25 YS

Ayni satirdaki farkls kiiciik harfler ve aynt stitundaki farkli biytk harfler istatistik olarak farkliligi ifade etmektedir

(P<0.05).

K (control): 0% yoghurt whey (YW), A: 6% YW, B: 12.5% YW, C: 25% YW

Valnes with the different lower case letters within the same row and upper case letters within the same column indicate the statistically

significant difference (P<0.05).

SONUC
Bu calisgmada, genellikle atik olarak gériilen YS nin
ayran uretiminde kullanim olanaklart

aragtirdmistir. Calismada belirtilen Giretim yontemi
ile elde edilen ayranlarin, YS ilavesi ile toplam
kurumadde iceriklerindeki artisa bagli olarak,
fermente st Urinlerinde  O6nemli  kalite

parametrelerinden olan kivam indeksinin arttig1,
serum ayrilmast degerinin ise azaldigl tespit
edilmigtir. Elde edilen a* degerlerine goére, YS
ilavesinin ayranlarin yesilimsi rengini artirdigt
belirlenmis olsa da duyusal analiz sonuglart bu
farkliligin panelistler tarafindan fark edilemeyecek
diizeyde oldugunu gostermistir. Ilave olarak,
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gidalarin tiiketiciler tarafindan kabul
edilebilitligini gbsteren en Onemli kriter olan
duyusal degerlendirme ile elde edilen verilere gére,
en yuksek YS icerigine sahip 6rnek (C) kivam ve
tat 6zelligi bakimindan en yitksek puant almistir.
Ayrica panelistler, YS ilaveli ayranlarin daha tuzlu
algilandigint  belirtmislerdir. Dolayistyla ileride
gerceklestirilecek calismalarla, YS kullanimi ile
ayrana ilave edilen tuz miktarinin azaltilmasinin
olanaklarint  arastirmanin  uygun  olacagt
dastnitlmektedir. Mikrobiyolojik analiz
sonugclarina gére, ayranlarin tamaminin, 14 ginlik
depolama suiresince laktik asit bakterileri iceriginin
107 kob/mP’nin altina dismedigi tespit edilmistir.
Calismada elde edilen sonuglar bitlikte dikkate
alindiginda, ayran Uretiminde,
seyreltilmesinde kullanilan suyun %25’ oranina
kadar YS ilavesinin uygun oldugu sonucuna
varilmistir. ' YS ilavesi sayesinde, kullanilan siit
miktarim1  artirmadan, ayranlarin  kurumadde
icerigindeki artisa baglt olarak, triiniin besin
iceriginin de arttifimt séylemek miimkiindir.
Ayrica, ayran Uretimi i¢in kullandan i¢cme
suyunun, YS kullanimi sayesinde
azaltilabilmesinin, isletme giderleri bakimindan da
bir avantaj oldugunu belirtmek miimkindiir. Basit
bir hesaplama ile, 10 ton ayran uretimi
gerceklestirilen bir isletmede, siitiin seyreltilmesi
icin ~3300 litre igme suyuna ihtiya¢ duyulurken,
bu suyun %251 oranminda YS kullanildiginda,
ihtiya¢ duyulan i¢me suyu miktarini ~825 litre
kadar diisiirmek mimkiindir. Ilave olarak, bu
sayede, buyiik 6lctide degerlendirilmeyen YS’ye de
onemli bir kullanim alani yaratilmis olacaktur.
lleride gerceklestirilecek caligmalarla, ayranda
daha yiksek oranlarda YS  kullaniminin
uygunlugunun aragtirilmast sayesinde, kullanilan
su miktarinin daha da azaltilabilmesinin ve daha
fazla miktarda YS’nin degerlendirilebilmesinin
onu acilacaktir,

sutun

CIKAR CATISMASI
Yazarin makale ile ilgili herhangi bir kisi veya
kurum ile cikar catismast bulunmamaktadir.

YAZARLARIN KATKISI
Nazli Kanca, c¢alismanin planlanmast  ve
yurttilmesi sireci ile, gerceklestirilen tiretim ve

analizlerin tamamit ile sonuglarin yorumlanmast ve
makalenin yaziminda gérev almugtir.
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oz

Bu calismada, kavrulmamus findiklardan elde edilen oleozomlar yag ve protein igerikleri ile kremlesme
stabilitesi (pH 2-11) acisindan karakterize edilmistir. Analiz sonuglarina gére, findiktan elde edilen
oleozomlarin yag igerigi %87.4510.36 ve protein icerigi %1.6520.06 olarak belirlendi. Ayrica oleozomlarin
pH 7'de agregasyona/kremlesmeye karst direnc gosterdikleri ancak daha yiiksek ve daha dusik pH
degerlerinde kararsiz olduklart tespit edilmistir. Caligmamin ikinci asamasinda, oleozomlar maltodekstrin ile
karistirildiktan sonra iki farklt yontemle (piiskiirtillerek ve dondurularak) kurutulmustur. Ornekler iizerinde
yapilan sindirilebilirlik ve oksidatif stabilite analizleri, kurutulan 6rneklerin sindirilebilitlik agisindan kontrol
orneginden daha iyi oldugunu gostermistir. Dondurularak kurutulan oleozomlar, kontrol 6rnegiyle benzer
oksidatif stabilite sonugclart sergilerken, puskirtilerek kurutulan 6rneklerin sicaklik etkisiyle 6nemli dlgiide
okside oldugu belirlenmistir.

Anahtar kelimeler: Oleozom, kremlesme, puskiirtilerek kurutma, dondurularak kurutma, oksidatif
stabilite, sindirilebilirlik

DETERMINATION OF THE EFFECTS OF DIFFERENT DRYING
TECHNIQUES ON HAZELNUT OLEOSOMES

ABSTRACT

In this study, oleosomes obtained from raw hazelnuts were characterized for their fat-protein
contents and creaming stability (pH 2-11). According to the analysis results, oleosomes obtained
from hazelnuts had a fat content of 87.45%%£0.36 and a protein content of 1.65%%0.06. On the other
hand, it was found that they exhibited resistance to aggregation/creaming at pH 7, but wete unstable
at higher and lower pH values. In the second phase of the study, oleosomes were mixed with
maltodextrin and then dried using two different methods (spray-drying and freeze-drying).
Digestibility and oxidative stability analyses conducted on the samples revealed that the digestibility
of the dried samples was superior to that of the control sample. Freeze-dried oleosomes exhibited
oxidative stability results similar to the control sample, while it was determined that samples dried by
spray-drying underwent significant oxidation due to the temperature effect.

Keywords: Oleosome, creaming, spray drying, freeze-drying, oxidative stability, digestibility
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Kurutulmus oleozom

GIRIS
Memeli sitindeki yag globiilleri, omurgalilarin
dolasim sistemlerindeki lipoproteinler ve bitki
tohumlarindaki oleozomlar gibi yapilar, yagi su
icinde kiiciik damlaciklar halinde dagitmak tzere
olusmus (Waschatko vd., 2012), mikron
buyuklugindeki lipit depolanan yapilardir. Bu
yapilar aynt zamanda badem, fistk, kabak
cekirdegi, piring kepegi, soya fasulyesi ve findik
gibi trtnlerde de bulunur (Abdullah vd., 2020;
Dave vd., 2019; Iwanaga vd., 2007).

Oleozomlar, protein ve lipit icerigi acisindan
zengin olmalar1 nedeniyle bitkisel gida kaynaklar
arasinda  en umut verici  strdirilebilir
kaynaklardan birisi olarak ortaya c¢tkmaktadir
(Lopez vd., 2021). Kiiresel niifusun artmastyla
bitlikte, oleozomlarin gida  endustrisindeki
endistriyel kullanimi, tiketicilerin - "tamamen
dogal" taleplerini  kargilamak amaciyla
sentetik olarak tasarlanmis yag kullanimini yavas
yavas degistirmektedir (Nikiforidis vd., 2014).
Oleozomlarin yitksek emiilsiyon kapasitesi, dasiik
toksisite potansiyeli, biyolojik uyumluluk ve
maliyet etkinligi gibi dikkate deger O6zelliklerd,
onlart dogal tiriin eldesi baglaminda énemli bir ilgi
odag haline getirmistir (Abdullah vd., 2020;
Ntone vd., 2023). Aynt zamanda oleozomlarin
ontimiizdeki dénemde bitki bazli gida triinlerinin
gelisimini yénlendirmede 6nemli bir potansiyele
sahip oldugu vurgulanmistir (Kara vd., 2024).

urun

Fosfolipitleri ve bazt proteinleri (oleozinler,
kaleozinler ~ve steroleozinler gibi) igeren
oleozomlar, triagilgliserol (TAG) c¢ekirdegini
cevreleyen bir protein tabakasindan olugur
(Abdullah vd., 2020). Bu proteinlerin oleozom
araytziindeki diizeni, onlart hidrofilik hale getirir
ve bu nedenle su kullanilarak ekstrakte edilebilitler
(Nikiforidis ve Kiosseoglou, 2009). Ayrica, bu
protein yapilar, oleozomlar1 gevresel etkilerden
koruyarak cesitli gida uygulamalari icin uygun hale
getirir (Nikiforidis, 2019; Abdullah vd., 2020,
Pereira vd., 2022). Bu anlamda oleozomlarin
biyoaktif bilesenleri kapstlleme, lipit
oksidasyonunu inhibe etme, taklit siit Grinleri
hazirlama ve yenilebilir fonksiyonel filmler tiretme

gibi genis uygulama alanlarinin olmasi (Iwanaga
vd., 2007; Maurer vd., 2016; Abdullah vd., 2020)

gida sanayi icin olduk¢a Onemlidir. Nitekim,
Shakerardekani vd. (2013), fistik oleozomlarin
cesiti st iceceklerinin  formilasyonunda
kullanarak, tuzsuz bir ortamda duyusal agidan en
yiksek puanlt antep fistigt sitint elde etmistir.
Bagka bir calismada, Mantzouridou vd. (2019),
oleozom eklenmis yogurdun fizikokimyasal,
mikrobiyolojik ve oksidatif 6zellikler agisindan
Ustlin stabilite sergiledigini belirlemistir. Benzer
sekilde, oleozomlarin soya sitii ve cikolata
tretiminde kullanimi ile degerli besin profillerine
ve ylksek stabiliteye sahip triinler elde edilmistir
(Gallier vd., 2012; Nikiforidis vd., 2014).

Bazi kosullar altinda oleozomlarda 6nemli 6lciide
agregasyon ve flokiilasyon gorilebilir. Ayrica
oleozomlar, yapilarindaki ¢coklu doymamis yag
asitleri nedeniyle 1stk, oksijen veya nemle temas
ettiklerinde lipit oksidasyonuna karst son derece
duyarli hale gelirler (Zaaboul vd., 2022). Bunu
onlemek  icin, oleozomlarn  mikrokapsiile
edilmesi gerekmektedir (Bakry vd., 2016).

Yagin besin degerini ve oleozomlarin islevini
korumak igin puskirtilerek kurutma yontemiyle
mikrokapsiilleme umut vadeden bir tekniktir.
Yapilan  bir calismada saf  oleozomlarin
puskirtilerek  kurutulmasinin  asit  bilesen
ayrismasina ve dolayisiyla diigiik bir kapsiilleme
verimlilifine neden oldugu belitlendikten sonra
oleozomlara maltodekstrin  (MD) eklenerek
kurutulmasinin  yag kapsilleme verimliligini
o6nemli 6lctide arttirdigt belirlenmistir (Maurer vd.,
20106).

MD, yiksek c¢Ozuntrligi, yiksek  kat
konsantrasyonunda disitk viskozitesi, dustk
maliyeti ve nétr tat ve renk 6zellikleri nedeniyle
biyoaktif ~maddelerin  mikrokapstilasyonunda
yaygin olarak kullanilir. Ambalajlama sirecinde
kaplama malzemesi, mikrokapsiillerin fiziksel ve
fonksiyonel 6zelliklerini etkiler (Loi vd., 2020).
MD, c¢ekirdek malzemeleri dig ortamdan
gelebilecek hasarlardan korumak ve c¢ekirdek
malzemelerin kapstilleme verimini maksimize
etmek icin kullandabilir (Korma vd., 2019).
Fongin vd. (2017), kuruma ve depolama sirasinda
MD eklemenin cekirdek malzemenin
mikrokapstlasyon — verimini ve  oksidasyon

1139



1140

H. Ering, T. Erkayiran

stabilitesini artirabilecegini actklamistir. Mohona
ve Pradyuman (2022), MD'nin frenk uzimu
tohum yaginin kapsiilasyonunda  bozulmay:
onlemek ve biyoaktif maddelerin raf émrind
uzatmak icin etkili bir sekilde kullanildigini ortaya
koymustur. Zhu vd. (2022), farkli hidroliz
derecelerine sahip maltodekstrinler kullanarak
soya fasulyesi oleozomlarinin kapstllenmesinin
termal ve oksidatif stabilitesini 6nemli Ol¢tude
artirdigint bildirmislerdir. Li vd. (2022) yapmis
olduklari ¢alismada, soya fasulyesi oleozomlarinin
maltodekstrin  kullanarak  kapsiillenmesinin,
oleozom mikrokapstllerinin stabilitesini
artirdigint ve depolama sirasinda lipit oksidasyon
derecesini azalttigini belirlemislerdir. Maurer vd.
(2016), maltodekstrin ekleyerek oleozomlarin
kapsiilleme verimini ve oksidatif stabilitesini
artirdigint tespit etmislerdir.

Oleozomlarin gesitli uygulamalar incelenmis olsa
da, piskiirterek ve dondurarak kurutma islemine
tabi tutulmast ve karsilastirilmast ile ilgili herhangi
bir ¢calismaya rastlanmamistir. Bu arastirmada, ¢ig
findiklardan su ekstraksiyon yontemi ile elde
edilen oleozomlar, katraktetize edildikten sonra
maltodekstrin  ile karstirdlmis  ve ki farkl
yontemle (puskiirterek-dondurarak)
kurutulmustur. Bu calismanin temel amaclar,
kurutulmus oleozomlarin sindirilebilirligini  ve
oksidatif stabilitesini degerlendirmek ve bu sekilde
oleozomlarin gida olarak cok yonli kullanimina
katkida bulunmaktir.

MATERYAL VE METOT

Materyal

Bu ¢alismada, yerel marketlerden temin edilen ¢ig
findiklar kullanilmugtir. Analizlerde kullanilan tim
kimyasallar Sigma Aldrich (St. Louis, MO, ABD)
firmasindan temin edilmistit.

Oleozom ekstraksiyonu

Findiktan oleozom ekstraksiyonunda ilk olarak,
100 g findik Grnegine sodyum bi karbonat ile
pH’st 9.5%a ayarlanmus distile su (400 g) eklenerek
4 °C'de 16 saat streyle bekletilmis ve ardindan bir
3mm delik ¢apina sahip kiyma makinasindan
gecirilmigtir. Daha sonra, saflastirilma islemi icin
3000 g'de 15 dakika stireyle santrifiij edilerek
Ustteki oleozom tabakasinin ayrilmast

saglanmustir. Buradan izole edilen tist tabaka daha
sonra sodyum bi karbonat ile pH 11°e ayatlanmis
distile su ile (1:4 oraninda) yeniden siispanse
edilmis ve 10.000 g'de 15 dakika siireyle santrifij
edilerek saflastirtlmistir. Bu  islem oleozom
safligint artirmak icin iki kez tekrarlanmistir
(Romero-Guzman vd., 2020).

Oleozomlarda yapilan analizler

Yag ve protein tayini

Findik 6rnegi ve oleozomlardaki yag miktart
Soxhlet yontemi ile petrol eteri kullanidarak,
protein icerigi ise Kjedahl yontemi kullanilarak
belirlenmistir (AOAC, 2002).

Yag asidi kompozisyon analizi

Orneklerin yag asidi metil esterleri, Hartman ve
Lago'nun (1973) yontemi kullanilarak hazirlanmag
ve yag asidi kompozisyonlari, DB23 kapiler kolon
(60 m % 0.250 mm X 0.25 um) ve alev iyonizasyon
detektort ile donatilmis Shimadzu GC-2010plus
(Shimadzu, Japonya) gaz kromatografi yardimiyla
belirlenmistir. Tastyict gaz olarak  helyum
kullanilmis (1 mL/dakika) ve split orant 1:80
olarak belirlenmistir. Analiz siiresince enjektor,
kolon ve detektér sicakliklari sirastyla 230°C,
190°C ve 240°C’de tutulmustur.

Oleozomlarm kremlesmeye kars: stabiliteleri

Bu amacla farkli pH degetlerinde tampon
¢ozeltiler hazirlanmistir. Hazirlanan bu ¢ozeltiler
icerisindeki oleozomlardan 10 mL alinmis ve 20
mL hacimli mezir icerisine yerlestirilmistir. Oda
stcakliginda 14 gin depolamanin ardindan krema
ve serum olarak ayrilan katmanlarin Slgimi
gerceklestirilmistir (Iwanaga vd., 2007; Qi vd.,
2017). Oleozom  siispansiyonunun  toplam
yiuksekligi (HT), serum tabakasinin yiiksekligi
(HSL) ve krem tabakasinn ytiksekligi (HCL) tg

tekrarlt olarak belitflenmis olup kremlesme
indekst, asagidaki formtl kullantarak
hesaplanmustir:

Serum tabakast icin Kremlesme Indeksi (CISL) =
100 x HSL. / HT

Krem tabakast icin Kremlesme Indeksi (CICL) =
100 x HCL. / HT
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Oleozomlarin kurutulmasi

Dondurarak  kurutma; oleozom Ornekleri 2 katt
oraninda maltodekstrin ile karistirildiktan sonra -
70 °C sicaklikta 24 saat dondurulmus, ardindan
liyofilizatér ~ yardimiyla 4  gin  siresince
kurutulmustur.

Piiskiirterek  kurutma; oleozom Ornekleri 2 katt
oraninda maltodekstrin ile karistirildiktan sonra
140°C, %100 aspiration hizinda, 8 ml./dakika
besleme  hizinda  puskirtmeli  kurutucuya
beslenerek kurutulmustur.

Kurutulmus 6rneklerde yapilan analizler
Taramals elektron mikroskobu giriintiileri

Kurutma islemi sonrast Orneklerin morfolojik
yapilart Zeiss/Evo 40 model taramali elektron
mikroskobu yardimiyla belirlenmistir.

FTIR

Elde edilen Grinlerin FTIR 6lcimlerinde KBr ile
hazirlanan pelletler kullandmustir. 4000-400 cm!
dalga boylar1 arasinda spektrum taranmistir. Bu
analiz IR Affinity-1 Spectrometer (Shimadzu
Corporation, Kyoto, Japonya) cihaz1 ile
gerceklestirilmistir.

Sindirim nygnlamast

Farkli yontemlerle kurutulan oleozomlarda mide
ve bagirsak sindirimi laboratuvar kosullarinda
simiile edilmistir (Ozgiiven, 2014). Bu islemde
6nce 37°C’de 5 dk a-amilaz sindirimi yapildiktan
sonra 37°C’de 2 saat pepsin/HCl sinditimi
gerceklestirilmistir. Sonrasinda ise yine 37°C’de 2
saat safratuzu/pankreatin ile sinditim islemine
devam edilmis olup baglangic 6rneklerinde ve
sindirim uygulanan 6rneklerde serbest yag asidi
tayini yapilarak Griinlerin = sindirilme  diizeyi
belirlenmistir.

Okesidasyon parametrelerinin belirlenmesi

Peroksit sayist analizi AOCS Cd 8-53 metodu ile,
malonaldehit analizi (MAD) ise 2-Tiyobarbitiirik
asidin (TBA) MAD ile kalorimetrik tepkimesinin
Ol¢me esasina dayanarak AOCS Cd 19-90 metodu
ile belirlenmistir (AOCS, 1998). Sahit ¢6zeltiye
karst 6rnegin 538 nm’deki absorbansi okunmus ve
MAD standart egrisini hazirlamak tizere 1x10-3 M
Malonaldehit bis (dietil asetal, %97) standart

cozeltisinden  farkli  oranlarda  seyreltmeler
hazirlanmustir. Hazirlanan seyreltik ¢ozeltilerden
elde edilen absorbanslar kalibrasyon egrisinin
hazirlanmasinda kullanilmistir.

Istatistiksel Analizler

Varyans analizi (ANOVA) SPSS yazilim paketi
kullanilarak  gerceklestirilmis ve ortalamalar
arasindaki farkliliklar Duncan c¢oklu aralik testi
kullanilarak degerlendirilmistir.

BULGULAR VE TARTISMA

Oleozomlarin yag ve protein igerigi
Kavrulmamis findiklarin yag icerigi %47.83%1.23,
oleozomlarin yag icerigi ise %87.4510.36 olarak
belitlenmistir. Kavrulmus ve kavrulmamis
findiktan oleozom ekstraksiyonu tzerine yapilan
bir calismada, kavrulmus findiktan elde edilen
oleozomlardaki  yag icerigi = %53.3  iken
kavrulmamis findiktan elde edilen oleozomdaki
yag icerigl %77.5 olarak bulunmustur (Capuano
vd., 2018). Yaptigimiz calismada kavrulmamis
findik  kullanddmis olup Capuano vd. (2018)
tarafindan belirlenen degere kiyasla oleozom
icerigindeki yag miktart daha ytiksek bulunmustur.

Findiktan elde edilen oleozomlarin protein
miktart ise %1.65+0.06 olarak bulunmustur.
Yapilan bir ¢calismada, soya fasulyesinin 4 °C’de 20
saat bekletmenin ardindan tohum-su orani
(1:5w/v), filtreleme ardindan 30 dakika boyunca
25000g’de  santrifijleme sonunda; oleozom
bilesiminde bizim sonuglarimizdan oldukca
yiksek miktarda (%7.85) protein oldugu
belitlenmistir  (Qi  vd., 2017). Sonuglardan
anlagildift oleozom kaynagi ve uygulanan 6n
islemler oleozom bilesimini etkilemektedit.

Yag asidi kompozisyonu

Findik ve oleozom yaglarinin yag asidi
kompozisyonlar: Cizelge 1'de detaylandirilmistur.
Beklendigi gibi, findik ve oleozom yag1 benzer yag
asidi icerigi sahip olmakla birlikte yaklasik olarak
%84 oleik asit, %7 linoleik asit ve %06 palmitik asit
icerdigi tespit edilmistir.
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Cizelge 1. Findik ve oleozom yaglarinin yag asidi kompozisyonlari
Table 1. Fatty acid compositions of hazelnut and oleosome oils

Yag Asitleri (%) Findik Oleozom
Fatty Acids (%) Hazelnut Oleosome
Miristik asit 0.0240.00 0.0340.00
Myristic acid
Palmitik asit 5.77+0.12 5.7410.10
Palpiitic acid
Palmitoleik asit
+ +
Palmitolic acid 0.33%0.01 0.34%0.01
Stearik asit 2.48+0.13 2.4240.11
Stearic acid
Oleik asit 84.2010.15 84.09+0.13
Oleic acid
Linoleik asit
- +
T inoleic acid 7.17%£0.20 7.29%0.15
Oleozomlarin kremlesme stabiliteleri (krem ve serum) olarak aymlmis ve bu,

Oda sicakliginda 14 giin siiresince depolanan
oleozom suspansiyonlarinin kararhligi tizerinde

pH'nin  etkisi, stspansiyon  kararliligini
degerlendirmek icin yaygin olarak kullanilan bir
parametre  olan  kremlesme  indeksi ile

degerlendirilmistir. Kremlesme indeksi, oleozom
sispansiyonlart igindeki damlacik  birikiminin
derecesi hakkinda bilgi vermekte olup &zellikle
yuksek kremlesme indeksi degerleri, daha biyiik
parcacik agregasyonunu gosterir (Van Aken vd.,
2003).

Cizelge 2'de gorildugi tizere, findiktan elde edilen
oleozomlar pH 3-4 araliginda tamamen iki fazli

stispansiyonun bozulmasina neden olmustur. Bu
sonug, oleozom suspansiyonlarinin asidik pH
seviyelerinde serum olusturma egilimini bildiren
Qi ve digerlerinin (2017) bulgulari ile uyumludur.
Oleozomlarda serum ayrismasi olmaksizin sadece
krem tabakast olusumunun gbzlenmesi de
kararsizligin gostergesi olarak kabul edilmis olup
sunulan bu calismada elde edilen oleozomlar en
yiksek kararhligi pH 7-8 araliginda sergilemistir.
Bunun aksine, pH 2, 5-6 ve pH 9-11'de
oleozomlar i¢ ayrt faz (krem, stispansiyon ve
serum) halinde ayrilmistir.

Gizelge 2. Farkli pH degerlerindeki oleozom siispansiyonlarinin kremlesme ve serum stabilitesi
Table 2. Creaming and serum stability of oleosome suspensions at different pH values

Krem Stabilitesi Serum Stabilitesi (%0)
T Creaming stability Serum stability
P (%) %)
Cler, Clsr.
2 6.0£0.1h 12.810.1¢
3 6.71£0.1" 93.3£0.9h
4 6.720.11 93.1£0.9n
5 5.7£0.1f 19.7£0.2f
6 5.3£0.14 12.2+0.1b
7 1.0+0.02 0.0£0.0=
8 3.5£0.0 0.0£0.0#
9 4.1%0.0¢ 14.6£0.14
10 5.6%0.1¢ 20.6+0.28
11 5.9£0.18 15.8£0.2¢

aFarkls st simgeler 6nemli farkliliklart géstermektedir (P <0.05).

“ Different superscripts indicate significant differences (P < 0.05).
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Bulgularimiza benzer olarak, Iwanaga vd. (2007),
soya fasulyesi oleozomlart icin optimum
kararhliga uygun pH araliginin 7-8 oldugunu
belirlemisler. Ancak Qi vd. (2017), en kararl soya
fasulyesi oleozom stspansiyonunun pH 9'da elde
edildigini bildirmistir. Bu sonuglardan anlasildigt
tzere oleozom kaynagy fiziksel stabilite a¢isindan
da oldukc¢a 6nemlidit.

Signal A = SE1

1oum* EHT = 15.00kV/
i Mag= 1.00KX

WD =10.0mm

Kurutulmus oleozomlarda yapilan analiz

sonuglari
Taramaly elektron mikroskobu
Kurutulmus oleozomlarin  taramali  elektron

mikroskobu gérintileri Sekil 1’de verilmis olup
sekillerden goruldigi tzere sprey kurutucu ile
yapilan kurutma islemi

maltodekstrinden  kaynakli  olarak

sonucunda
yapin

aglomere oldugu gozlenmistir. Yapidaki bu
farkliliklar son triiniin sindirilebilirliginde 6nemli
degisimlere neden olmustur.

EHT =15.00 kV
WD = 95mm

Signal A = SE1
Mag= 1.00 KX

Puskiirttilerek kurutulmus, Spray-dried

Sekil 1. Kurutulmus oleozomlarin taramali elektron mikroskobu goriintiileri
Figure 1. Scanning electron microscopy images of dried oleosomes

FT-IR

Sekil 2’de kurutulmus findik oleozomlatinin FT-
IR spektrumu verilmis olup cesitli karakteristik
fonksiyonel gruplarin varligini gbstermektedir.
Grafikte gortlen 2923 ve 2854 cm'deki pikler, -

CH: gruplarinin gerilme titresimlerine

atfedilebilir. Ayrica, 1744 cm'deki belirgin pik,
yag bilesenindeki trigliseridlerin karbonil grubuna
karsilik gelir. 1146 cm'deki pik ise C-O gerilme
titresimlerinden kaynaklanir (Matsakidou vd.,
2019).
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Sekil 2. Kurutulmus oleozomlarin FT-IR spektrumlari, A: Donuk kurutulmus, B: Piskurttlerek
kurutulmus
Figure 2. FI-IR spectra of dried oleosomes, A: Freeze-dried, B: Spray dried

Sindirim analizi sonuglar:

Yapilan sindirim analizleri sonuglari Cizelge 3’de
verilmis olup sonuglardan da gérildigh tzere
kurutulmamus kontrol Ornegine goére kurutma
islemi ile oleozomlarin sindirilebilirligi 6nemli
diizeyde artis gostermistir.  Ozellikle yiiksek
sicaklik uygulanan sprey kurutma islemi ile
oleozomlarin  %94.80 oraninda sindirilebilir

oldugu gozlenmistir. Bunun nedeni sprey
kurutma isleminde uygulanan yitksek sicakhik
etkisi ile oleozomlarin ylizey proteinlerinde
denatirasyonlarin  gerceklesmesine atfedilebilir.
Dondurarak kurutma esnasinda ise siiblimlesen
buz kristallerinin  son Urinde gozenckler
olusturarak sindirilebilirliginin artmasina neden
oldugu 6ngdrilmistir.

Cizelge 3. Kurutulmus oleozomlarin sindirilebilirlik, peroksit sayist ve TBA degerleri
Table 3. Digestibility, peroxide value, and TBA values of dried oleosomes.

Orenck Sindirilebilirlik Peroksit sayist TBA degeri

Smr;lele Digestibility Peroxide value TBA value

p %) (meq O»/kg) (ug MA/g)

Kontrol 29.6612.34 0.3140.05¢ 0.37+0.301

Control

Donuk kurutulmus 73.90+0.75b 0.20£0.05 0.3540.192
Freeze-dried

Puskurt;rek ku.rutulrnu§ 94.80+0.76¢ 0.71+0.11b 0.51+0.172
Spray dried

aFarkls st simgeler 6nemli farkliliklart géstermektedir (P <0.05).

“ Different superscripts indicate significant differences (P < 0.05).

Kurutulmug oleozomlar oksidasyon analizleri sonuglar:
Kurutulmus oleozomlarda  gerceklestirilen
oksidasyon analizleri sonuclarindan (Cizelge 3)
gorildigi tizere plskirterek kurutma islemindeki
yuksek sicaklik etkisinden dolay: peroksit sayist ve
TBA degerleri artarken dondurarak kurutma
islemi ile bu parametreler kontrole benzer

bulunmustur. Ancak TBA degerlerinde istatistiki
olarak farkliik bulunmamustir. Bu sonuclar
oleozomlarin MD ile karistirildiktan  sonra
dondurarak ve puskirterek kurutma islemlerine
tabi tutulmast sonucunda oksidasyondan ¢ok fazla
etkilenmedigini géstermektedir.
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SONUC

Bu calismada, sodyum bikarbonat ile pH’st 9.5’a
ayarlanmis  distile su  kullanilarak findiktan
oleozomlar basartyla elde edilmigtir. Gida
endustrisindeki ¢esitli pH kosullart g6z 6niine
alindiginda kritik bir parametre olan kremlesme
stabilitesi, elde edilen  oleozomlar icin
degerlendirilmis olup 6zellikle pH 7'-8 araliginda
oleozomlar krema olusumu ve agregasyona karst
giiclii  bir stabilite sergilemistir. Ek olarak,
bulgulatimiz, oleozomlarin yag fazini kimyasal
veya fiziksel bozulmalara karst etkili bir sekilde
korunmast ve sindirilebilirliginin arttrilmast icin
puskirterek ve dondurarak kurutma islemlerinin
potansiyeline isaret etmektedir. Bu testlerin
sonuglarimi  dogrulamak icin 6zellikle duyusal
degerlendirmeler ve triin uygulamalart gibi daha
fazla arastirmalarin yapilmasi gerekmektedir.
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ABSTRACT

This study successfully obtained chitosan thymol nanoparticles using an electrohydrodynamic technique,
which is a simple one-step procedure. The morphological and physical characterization, antioxidant, and
antimicrobial activity assessments of electrosprayed thymol-loaded chitosan nanoparticles (CTNPs) were
carried out. The ABTS assay and the agar well diffusion test were used to determine the antioxidant and
antimicrobial activities of the CINP samples, respectively. The results showed that CTNPs possessed
efficient antimicrobial capacity against B. cereus, S. anreus, E. colz, and S. typhimurium. CTNPs indicated a
radical scavenging activity of 90% regarding the ABTS assay. CTNPs with biological activities could be an
effective alternative for practical food safety and health applications. In this study, the use of
electrohydrodynamic atomization technique to produce biopolymer nanoparticles present a novel approach
for encapsulating thymol-like volatile active agents.
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TIMOL ENKAPSULASYONU ICIN TASARLANMIS KITOSAN
NANOPARTIKULLER

oz

Bu ¢alismada, kitosan timol nanopartikilleri elektrohidrodinamik teknik kullanilarak tek adiml, basit
bir prosediir ile basari ile elde edilmistir. Elektrosprey timol yikli kitosan nanopartikiillerin
(KTNP’ler) motfolojik ve fiziksel karakterizasyonu, antioksidan ve antimikrobiyal aktivite
degerlendirmeleri gerceklestirilmistir. KTNP 6rneklerinin antioksidan ve antimikrobiyal aktivitelerini
belirlemek i¢in sirasiyla ABTS yontemi ve agar well diftizyon testi kullanilmistir. Analiz sonuglari,
KTNPlerin B. cereus, S. anreus, E. coli ve §. typhimurium'a karst etkili antimikrobiyal aktiviteye sahip
oldugunu gostermistir. KTNP’ler ABTS yoéntemine gére % 90 radikal stplirme aktiviteye sahip
olduklar1 gorilmistiir. Biyolojik aktiviteye sahip KTNP’lerin gida giiveligi ve saglik alanindaki pratik
uygulamalarda etkili bir alternatif olabilecegi gériilmustiir. Bu calismada, biyopolimer nanopartikiiller
uretmek icin elektrohidrodinamik atomizasyon tekniginin kullanilmasi, timol benzeri ucucu aktif
bilesenlerin enkapsiilasyonu i¢in yeni bir yaklasim sunmaktadir.

Anahtar kelimeler: Kitosan, timol, elektrohidrodinamik teknik, nanopartikil, gida glvenligi,
beslenme
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Thymol loaded chitosan nanoparticles

INTRODUCTION

Thymol (2-isopropyl-5-methylphenol) is a natural
monoterpenoid phenol and the principal
component of the thyme (Thynus vulgaris) essential
oil (Pirbalouti et al., 2014; da Rosa et al., 2015;
Escobar et al., 2020). Thyme oil and thymol ate
categorized by the US Food and Drug
Administration as generally regarded as safe
(GRAS) (Cohen et al., 2021; U.S. Food and Drug
Administration, 2024). The investigations on
thymol’s potential as a food preservative and
neutraceutical are continuously increasing due to
the numerous functions of thymol, including
antifungal (Zhao et al, 2023), antibacterial
(Echazu et al., 2017), antioxidant (Doost et al.,
2019), antiviral (Nandi and Khanna, 2022), anti-
inflamatuar (Sheorain et al., 2019) and anticancer
(Qoorchi Moheb Seraj et al., 2022) effects. For
instance, volatile organic compounds such as
thymol can provide safer natural alternatives to
synthetic ones to the preservation of food
products (Viacava et al., 2018; Sepahvand et al.,
2022). However, its hydrophobic nature,
oxidation susceptibility, high volatility, poor
dispersion, unpleasant smell, and insolubility of
thymol restrict its ability for industrial
applications (Pan et al., 2022; Sharma et al., 2023;
Zhao et al., 2023). The chemical instability of
thymol is the main challenge for long-term
applications of it as a preservative in food systems
(da Rosa et al., 2015). However, innovative
encapsulation strategies may overcome these
limitations. Micro-/nano- particle encapsulation
is an emerging approach for protecting the
various bioactive compounds from harsh
environmental conditions and increasing their
bioavailability (Bazana et al., 2019; Gao et al.
2021). To enhance the bioavalibity and functional
characteristics of thymol, it can be encapsulated
within a variety of carrier matrices through
different methodologies, including,
nanoencapsulation with sodium casein via high
shear homogenization (Pan et al, 2014),
cyclodextrin inclusion complex i
electrospinning (Aytac et al, 2017), loading
nanoparticulated form in chitosan-quinoa films
(Medina et al., 2019), nanoparticle formation with
ethylcellulose/methylcellulose (Wattanasatcha et
al, 2012), encasing in caseinate-stabilized

via

nanosuspensions (Zhou et al., 2021), inclusion of
y-cyclodextrin metal-organic framework
(MOF)(Pan et al., 2022), integration of starch-
based inclusion complexes (Zhou and Kong,
2023), loading in nanoemulsions (Saatkamp et al.,
2023), entrapment in chitosan-Aloe vera films
(Sharma et al., 2023), encapsulating in zein-gum
arabic stabilized Pickering emulsions (Li et al.,
2018), nanoliposome and solid lipid nanoparticles
(Zabihi et al, 2023), administration in
nanoemulsion and nanostructured lipid cartiers in
alginate-based edible films (Talesh et al., 2024).

Chitosan is an abundant, commercially available,
unique cationic natural linear polysaccharide
obtained from the crustacean exoskeletons,
insects, and algae, and it can also be extracted
from the cell walls of fungi (IKumar et al., 2004;
Mourya and Inamdar 2008; Aranaz et al., 2021).
Chitosan is compatible with living organisms and
does not cause adverse responses in human cells
(Kumar et al., 2004). Chitosan is commonly used
in different fields as a dietary supplement (Moraru
et al,, 2018), food packaging (Amaregouda et al.,
2023), and biomedicine (Wang et al., 2020). The
carrier matrix is essential for developing the
encapsulation systems (Pan et al. , 2022; Cheng et
al., 2023). Previous studies have reported the
effectiveness of chitosan as a carrier for thymol in
different delivering systems such as thymol
chitosan nanoemulsions (Liu and Liu 2020),
thymol chitosan hydrogels (Echazd et al., 2017),
chitosan  thymol nanoparticles by ionic
crosslinking method (Zhao et al. 2023), ionic
gelation method (Medina et al. 2019; Cakir et al.,
2020), chitosan encapsulated thymol nano gels
(Piri-Gharaghie et al, 2022), thymol loaded
chitosan nanoparticles by emulsification (Guo et
al., 2022), formation of a chitosan-gelatin
copolymer matrix for the nanoencapsulation of
thymol (Ojeda-Piedra et al., 2023) and delivering
of thymol in chitosan-aloe vera films (Sharma et
al., 2023).

Engineered nanoparticles are targeted specific
carriers for food additives without disturbing the
physicochemical  capabilities of  delivered
compounds (Arserim-Ugar, 2020; Arserim-Ucar
and Cabuk, 2020; Sahani and Sharma, 2021).
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Spray drying, emusification, evaporation, and
coacervation are the most common encapsulation
techniques used to produce bioactive agent-
loaded micro/nanoparticles. These techniques
require harsh chemicals and heating that are not
suitable for heat sensitive compounds. However,
electrospraying technique does not require any
extreme temperature, pressure, and organic
solvent for manufacturing functional micro/nano
particles (Niu et al. 2020).

Currently, electrohydrodynamic techniques like
electrospray have become promising methods for
producing micro/nanoparticles in a single step at
ambient temperatures (Chakraborty et al., 2009;
Gomez-Mascaraque et al., 2017; Arserim-Ucar,
2021, Arserim-Ugar, 2022). Chitosan
nanoparticles fabricated through electrospraying
have been reported previously. The researchers
produced ampicillin-loaded chitosan
micro/nanoparticles with a particle diameter of
520 nm, prepated using 90 % acetic acid (v/v) and
2% chitosan (w/v) (Arya et al, 2008). The
chitosan particles varied in size, reaching
approximately 124 nm when 30% acetic acid
(v/v), 10% chitosan (w/v), and 30% etanol (v/v)
were used (Zhang and Kawakami 2010).

A recent study aiming to find the smallest particle
size for chitosan nanoparticles used different
concentrations (0.1, 0.2, and 0.35% w/v) of high
molecular weight chitosan and dissolved in 50%
acetic acid and resulted in desirable nanoparticles
with the particle size varied from 105 to 170 nm
(Abyadeh et al., 2017). Although various studies
are reporting electrospray chitosan nanoparticles

carrying several ingredients, there has been a lack
of research addressing the development of
electrosprayed chitosan nanoparticles
encapsulating thymol. The present study aims to
develop a green, one-step method for
encapsulating thymol in chitosan polymer via
electrospraying technique and subsequently
characterizing the developed CTNPs. The
antioxidant and antimicrobial properties of the
obtained nanoparticles will be assessed to
determine their potential use for nutrition, food
safety, and biomedical purposes.

MATERIALS AND METHODS

Materials

Low molecular weight chitosan, thymol, and
ABTS  (2,2-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) were purchased from Sigma-
Aldrich Chemical Co. (St. Louis, USA). Acetic
acid, ethanol, and hydrochloric acid (%37) were
supplied from Isolab (Wertheim, Germany).

Preparation of Electrospraying Solution
Electrosprayed chitosan nanoparticles were
obtained using the slightly modified method
previously reported by Zhang and Kawakami
(2010) and Goémez-Mascaraque et al. ( 2010).
Briefly, 2.5 % (w/v) chitosan was dissolved in a
30 % acetic acid solution (v/v) and stitred
overnight for complete dissolution. Thymol was
dissolved in ethanol and added to the chitosan
solutions at the concentrations of 0.25, 0.5, and 1
% (v/w), a sample without thymol used as control
(Table 1), and final ethanol concentration in all
chitosan formulations was 30 % (v/v).

Table 1. Electrosprayed chitosan nanoparticles

Samples Coded
Chitosan solution with 0.25 % (v/w) thymol CH-TH1
Chitosan solution with 0.5 % (v/w) thymol CH-TH2
Chitosan solution with 1 % (v/w) thymol CH-TH3
Chitosan solution without thymol CH-C

Electrospraying

The electrospraying process was achieved with
electrospinning equipment (OptoSense, Tekno-
TIP, Turkiye) containing a syringe pump and a

high-voltage power supply to spray a chitosan
solution for spraying through the drum collector.
Based on the serial preliminary experiments,
electrospraying parameters were set as follows.
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The applied voltage was 18 kV, the flow rate
ranged from 0.2 to 0.3 ml/h, and the distance
between the syringe and the collector was 12 cm.

Characterizations of Nanoparticles

Morphology and the structure of CTNPs were
investigated by scanning electron microscopy
(SEM) (Fei Quanta 250 Feg, USA). Samples were
placed on conductive two-sided carbon tapes and
coated with gold. Thermogravimetric analysis
(TGA) and differential termal analysis (DTA) was
performed wusing a Simultaneous Thermal
Analyzer (STA 600, Perkin  Elmer).
Thermograms of the nanoparticles were obtained
in the 30-700 °C range using a heating rate of 10
°C min' and nitrogen gas flow rate of 20 mL min-
1. Fourier transform  infrared  (FTIR)
characterization of nanoparticles was carried out
with a PerkinElmer Spectrum 400 FTIR
spectrometer (Waltham, Massachusetts, USA).
The spectrtum was recorded within the
wavenumber range from 500 to 4000 cm! with a
resolution of 4 cm ! at the scan of 64.

Encapsulation
Nanoparticles
The encapsulation efficiency of the CTNPs was
determined according to the slightly modified
previous method (Cakir et al., 2020; Zhao et al.,
2023). Briefly, 20 mg CTNPs were dissolved in 5
ml of HCI solution (1 M) and heated at 75 °C for
30 min. followed 1 ml ethanol added in the
mixture. The mixture was centrifuged at 4500 rpm
for 10 min (Hettich, UNIVERSAL 320,
Germany) to obtain the CTNPs supernatant,
which was then wused to determine the
encapsulation efficiency. To achieve this, the
amount of thymol in the CTNPs was estimated
by using a calibration curve of pure thymol in
HCI: Ethanol mixture at a wavelength of 275 nm
with R2 of 0.99 (y=0.0016x-0.052) via the Beer-
Lambert law. The encapsulation efficiency (%0)
was calculated from Eqs(1) (Cakir et al., 2020; Pan
et al., 2022; Zhao et al., 2023).

EE (%) = Weight of encapsulated Thmol/
Total concentration of Thymol X 100

Eq(1)

Efficiency (EE%) of

Antioxidant Activity of Nanoparticles

ABTS (2, 2-azinobis (3-ethylbenzothiazoline-6-
sulfonic acid)) radical-scavenging activity test was
employed to measure the antioxidant capacity of
the obtained CTNPs. Briefly, CTNP samples (0.1
to 0.6 mg) were dissolved in HCI solution (1 M)
and heated at 75 °C for 30 min. This was followed
by adding ethanol to the mixture, and pH was
adjusted to the range of ABTS solution. After
vortexing, the mixture was centrifuged at 4500
rpm for 10 min (Hettich, UNIVERSAL 320,
Germany) to obtain CTNPs supernatant which
was then used for antioxidant activity. This CTNP
supernatant was used for antioxidant activity. The
ABTS * solution was prepared by mixing 7 mM
ABTS radical solution with 2.45 mM potassium
persulfate (K>S20s) for 16 h in the dark (Re et al.,
1999; Ojeda-Piedra et al., 2023). Absorbance was
measured at 734 nm. ABTS scavenging activities
were calculated using Eq(2).

Antioxidant activity (%) = (A Control —

A Sample)/A Control X 100 Eq(2)

Antibacterial Activity of Nanoparticles

The antibacterial activity of CTNPs was tested
against Bacillus cerens NRRL B-3711, Staphylococcus
anrens ATCC 25923, Escherichia coli ATCC 25922,
and  Salmonella  enterica subsp. enterica serovar
Typhimurium ATCC 14028 using agar well-
diffusion assay, described by da Rosa et al. (2015)
with slight modifications. Freshly prepared
microbial culture of each bacterial strain with a
load of McFarland 0.5 (approximately 108
CFU/mL) was spread on the Mueller-Hinton agar
(MHA) (Oxoid, UK). The solution containing
100 pL of dissolved chitosan thymol-loaded
powdered nanoparticles was added into the 8 mm
diameter wells. Chitosan nanoparticles without
thymol were used as a control. Petris dishes were
incubated at 37 °C for 24 h. The antibacterial
activity was performed using three replicates by
measuring the diameter of the zone of inhibition
(mm) around the wells.

Statistical Analysis

The statistical analysis of this research result was
conducted using a one-way analysis of variance
(ANOVA) using Tukey's compatison test using
the Minitab 17 software version. A significance
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level of p<<0.05 was used. The data were presented
with mean ¥ standard deviation.

RESULTS AND DISCUSSION
Characterizations of Nanoparticles

Scanning Electron Microscopy Analysis

SEM was utilized to examine the morphology of
developed nanoparticles using the electrospray
method. SEM images provide information about
the morphology, structure, and size of the
obtained nanoparticles. Figure 1 illustrates the
chitosan  electrosprayed nanoparticles  with
thymol that appeared as a sphere with granular
structures and smoother surfaces, although less
homogeneous in size. Thymol-free chitosan
nanoparticles (CH-C) exhibited a spherical shape
with an average diameter of 154.881+106.44 nm.
Diameters of the obtained CTNPs with thymol

content of 0.25, 0.5, and 1 % (v/w) were
121.26£111.07 nm, 118.54%£76.87 nm, and
139.66194.69 nm, respectively. A recent study
presented electrosprayed thymol-loaded alginate
microparticles in spherical and ellipsoidal shape
with an average particle diameter of 597 um
(Ahmady et al., 2023). As reported in the study of
Gomez-Mascaraque et al.  (2016)  (-)-
epigallocatechin gallate-loaded chitosan particles
were not homogeneous in size. Our results are
consistent with the findings of the relevant
literature. Notably, the concentration of the
chitosan and operating parameters significantly
affected the particle shape, size, surface
characteristics  of  particles, encapsulation
efficiency, and the release of the active agent
(Zhang and Kawakami, 2010; Goémez-
Mascaraque et al., 2016; Abyadeh et al., 2017) .

Figure 1. SEM images of (a) Thymol free chitosan nanoparticles (CH-C), thymol-loaded chitosan
nanoparticles; (b) CH-TH1, (c) CH-TH2, (d) CH-TH3

Thermogravimetric Analysis (1GA)
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TGA and DTA were used to determine the
weight loss of CTINP samples based on
temperature. TGA and DTA curves of different
CTNPs, pure thymol, chitosan, and chitosan
control samples, were shown in Fig.2. Pure
chitosan (CH) had higher thermal stability than
the electrosprayed chitosan sample without
thymol (CH-C).  Electrosprayed  chitosan
nanoparticles containing thymol (CH-TH1, CH-

decomposition  temperature than  chitosan
samples. The thermal stability of thymol
improved by encapsulating it in chitosan using the
electrospraying method, as observed in the
TGA/DTA analysis. TGA curves of the samples
revealed the successful encapsulation of thymol
into the electrosprayed chitosan nanoparticles.
These results are in agreement with the findings
of the Wang et al. (2022) and Baldassatre et al.

TH2, CH-TH3)  exhibited a  greater (2023).
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Figure 2. TGA (a) Thymol(TH) , pure chitosan(CH), chitosan nanoparticles(CH-C), (b) thymol-loaded

chitosan nanoparticles(CH-TH1, CH-TH2, CH-TH3) and DTA thermograms of (c) thymol(TH), pure

chitosan(CH), chitosan nanoparticles(CH-C), (d) thymol-loaded chitosan nanoparticles(CH-TH1, CH-
TH2, CH-TH3)

The initial weight loss between 30 and 120 °C was
the evaporation of the residual solvents, also
known as the vaporization process (Zhu et al.,
2024). Thymol is a volatile chemical, and pure
thymol is evaporated and degraded before 200 °C
(da Rosa et al.,, 2015; Baldassarre et al., 2023;
Zhang et al., 2023). The second weight loss of
approximately 30% was observed in the
temperature range 225-400 °C (Fig.2) due to the
thymol degradation (Xu et al., 2023) and breaking

of the molecular chain of chitosan (Gu et al,
2019; Wang et al., 2022).

Fourier Transform Infrared Spectroscopy (FT-IR)

The spectra of electrosprayed thymol-loaded
chitosan nanoparticles (CH-TH1, CH-TH2, CH-
TH3), chitosan control nanoparticles (CH-C),
pure thymol (TH) and chitosan powder (CH) are
shown in Fig.3. These samples exhibited the
characteristic  FT-IR  spectra of chitosan
absorption bands at 3300 and 3400 cm™ (O-H
and N-H stretching), 3000 and 2800 cm (C-H
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stretching) (Sutharsan et al., 2023), 1638-1655 cm-
Tamide I and 1542-1560 cm (N-H bending from
amide group), 1558 cm ! amide II (N-H bending),
1405 cm™ (-CHz bending), 1378-1380 cm! (-CH;
symmetrical deformation), 1382 cm™ amide III
(C-N  stretching), 1150-1040 cm? (C-O-C
stretching) in glycosidic linkages and 1021-1024
cm! (skeletal vibration of C-O stretching) (Mucha
and Pawlak, 2002; Lawrie et al., 2007; Songsurang
et al., 2011; Leceta et al.,2013). The characteristic
spectra of thymol existing in the 1250-1750 cm!
region, peaks in this region attributed to the
phenolic groups of thymol C=C stretching, -OH
bending, and C-O stretching (Celebioglu et al.,

2018), peaks at 3080 cm! attributed to the
phenolic hydroxyl, and peaks around 2800-3200
cm! represent the methyl absorption (Zhao et al.,
2023). In the spectrum of the thymol, the phenol
ring is responsible for the peaks within the range
of 1621 and 1459 cm! (Milovanovic et al., 2016).
All  the electrosprayed CTNPs had the
characteristic absorption peaks of chitosan and
thymol (Fig. 3). FT-IR spectroscopy confirmed
the interaction between the chitosan polymer and
thymol. These findings revealed a successful
encapsulation of thymol into  chitosan
electrosprayed nanoparticles.
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Figure 3. FTIR spectra of thymol(TH), pure chitosan(CH), chitosan nanoparticles(CH-C), and thymol-
loaded chitosan nanoparticles(CH-TH1, CH-TH2, CH-TH3)

Encapsulation — Efficiency  of  Thymol-Loaded ~ nanospheres was 43.53%. Similarly, the
Nanoparticles encapsulation efficiency was calculated at 41.92%
The encapsulation efficiency (EE %) of  for chitosan thymol nanoparticles produced using
electrosprayed thymol-loaded chitosan ~ anionic crosslinking approach (Zhao et al., 2023).

nanoparticles (CTNPs: CH-TH1, CH-TH2, CH-
TH3) are shown in Table 2. The EE % of CTNPs

The low encapsulation efficiency of thymol may
be due to the volatile nature of the thymol,
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ranged from 29.38 to 42.19%. These results are
consistent with previous studies. As reported by
Wattanasatcha et al. (2012), the loading capacity
of thymol in ethylcellulose/methylcellulose

besides the presence of thymol on the outer layer
of chitosan electrosprayed nanoparticles can
cause the evaporation of the thymol (Liu et al.
2021). However, alginate thymol microparticles
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produced by the electrospraying method achieved
a high encapsulation efficiency of 88.9 %
(Ahmady et al., 2023). Another study found that
employing a coaxial electrospray technique within
a core-shell of zein and shellac enhanced the
encapsulation efficiency of thymol to 81.34%.
Also, a higher concentration of thymol leads to a
reduction in the homogeneity of particle size (Liu
et al, 2021). Encapsulation efficiency is
dependent on the physical interaction between
thymol and the functional groups of the cartier
polymer and the methodology used to produce
nanoparticles (Sheorain et al,, 2019; Niu et al.
2020; Wang et al., 2022; Ahmady et al., 2023).

Table 2. Encapsulation efficiency of
electrosprayed thymol-loaded chitosan

nanoparticles
CTNPs Encapsulation Efficiency (%)
CH-TH1 29.38% 0.011¢
CH-TH2 41.58% 0.041°
CH-TH3 42.19% 0.0462

abe Different letters in the same column show a
statistically significant difference (p<0.05).
All values are means = SD, n=3

Awntioxidant Activity of Nanoparticles

The results in Fig 4. illustrate the antioxidant
activity of the CNTPs determined by ABTS
method on the basis of the free radical scavenging
activities.

CH-C CH-TH1 CH-TH2 CH-TH3
100
d c c C c ¢
90 a C = ¢ ¢
d
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— I
% &\o‘ 60 b
g - d I
2 2 s0
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Figure 4. ABTS radical scavenging activity of chitosan nanoparticles (mg. mL-')(CH-C) and thymol-
loaded chitosan nanoparticles(CH-TH1, CH-TH2, CH-TH3)

The findings revealed that the CTNPs displayed a

statistically ~ significant  antioxidant  activity
(»p<0.05) (Fig 4). As demonstrated by the ABTS
experiment, the antioxidant activity of

nanoparticles increased with an increasing thymol
concentration. Thymol possesses antioxidant
activity due to its phenolic structure (Sheorain et
al., 2019). Also, as reported in the literature, low
molecular weight chitosans (<3 kDa) have

antioxidant activity (Tomida et al., 2009). In the
study of Sheorain et al. (2019), a DPPH assay was
used to predict the radical scavenging activity of
thymol-loaded tragacanth gum-chitosan
nanoparticles, and antioxidant activity was
increased with an increase in thymol content. In
another study conducted by Echazu et al. (2017),
radical scavenging activity determined by DPPH
assay showed that chitosan hydrogels containing
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1.25 and 2.5 mg/mL of thymol have antioxidant
activity. In addition, in the polymeric delivery
systems, thymol antioxidant capacity increased
with different delivering systems, such as thymol
emulsification with Quillaja Saponin (Doost et al.,
2019) and thymol in Tween 80 micelles (Deng et
al. 2016).

Antibacterial Activity of Nanoparticles

The antimicrobial efficacy of the electrosprayed
nanoparticles against the tested microorganisms
has been assessed by measuring the diameter of
the inhibition zone (Table 3). The test showed
that the loading of the thymol into the chitosan
nanoparticles could maintain and improve its
antibacterial ~ activity. ~ The  antibacterial
effectiveness was enhanced by increasing the
concentration of thymol in the chitosan
nanoparticles, with a statistically significant
increase (p<0.05). Previous studies have reported
the antimicrobial activity of thymol in different
delivery systems. In particular, chitosan thymol
nanoparticles obtained by ionic crosslinking
method exhibited higher antifungal activity
against B. cinerea than non-encapsulated thymol

(Zhao et al., 2023). Additionally, thymol-loaded y-
cyclodextrin metal-organic framework inclusion
complexes showed antibacterial activity against
E.coli and S.aureus (Pan et al., 2022). Moreover,
chitosan thymol nanoparticles produced through
ionic gelation demonstrated antibacterial effects
against  S.awrens, L.innocna, and  S.typhimurinm
(Medina et al.,, 2019). The study conducted by
Wattanasatcha et al. (2012) found that thymol-
encapsulated ethylcellulose/methylcellulose
nanospheres displayed high antibacterial activity
against E.coli, S.anrens and P.aeruginosa. In addition,
caseinate-stabilized ~ thymol nanosuspensions
showed antibacterial activity against S.aureus,
L.monocytogenes, E.coli, and S.typhimurinm (Zhou et
al., 2021). Also, alginate thymol microparticles
produced by the electrospraying method showed
antibacterial activity against S. aurens and E.coli
(Ahmady et al, 2023). Apart from that,
encapsulation systems developed with thymol are
also effective in preserving food. Thymol-loaded
nanoparticles improve the quality and extend the
shelf life of chestnuts (Guo et al., 2022). Chitosan
nanoemulsion  encapsulated ~ with  thymol
prolonged the shelf life of fresh pork (Liu and Liu,
2020).

Table 3. Antibacterial effect of electrosprayed chitosan nanoparticles and thymol-loaded chitosan
nanoparticles on selected bacteria

Chltosa.m Zone of growth inhibition (mm)
nanoparticles
S. anreus B. cereus E. cli S.thyphinzirium
CH-C - - - -
CH-TH1 10.86%0.06> - - -
CH-TH2 11.00£0.100 13.68+0.11b 11.63£0.14b 10.74%0.20b
CH-TH3 12.62£0.18 14.34%0.31a 14.30%0.342 11.39£0.262
Gen(10 pg) 24.58+0.19 34.59+0.07 25.70%£0.95 23.25%0.27

ab: Different letters in the same column show a statistically significant difference (p<0.05). All values ate means +

SD, n=3, -: no inhibition zone.

CONCLUSION

In this study, thymol
encapsulated within chitosan polymer, resulting in
nanoparticles of nanoscale dimensions. Regarding
the TGA/DTA analyses, chitosan nanoparticles
effectively improved the thermal stability of
thymol. The obtained CTNPs provide promising
results with antioxidant and antimicrobial activity.
SEM, FT-IR, and TGA analyses revealed

was  successfully

characteristic ~ features of the generated
nanoparticles, which can serve as critical
knowledge during their application. CTNPs are
obtained through a simple one-step procedure
using the electrospray technique, providing a new
strategy for encapsulating thymol-like volatile
compounds. Additionally, CTNPs can be used as
preservatives for food safety and nutritional
purposes. This work has the potential for the
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future use of thymol in food safety, nutrition, and
medical field applications.
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oz

Karotenoid grubunun tyesi olan B-karoten, igerdigi ¢ift baglardan dolay 151k, 1s1 ve oksijen gibi etmenlerin
varliginda kolaylikla bozulabilen bir molekildiir. B-karotenin bu gevresel faktérlerden korunmast amaciyla
maya hiicreleri (Saccharomyces cerevisiae) le enkapstle edilmesi bu ¢alismanin amacint olusturmaktadir. Ayrica,
farklt ¢6zticti (etil alkol ve etil asetat) ve ultrasonikasyon (5, 10, 20, 30 dk) uygulamalarmnin kapsiilleme verimi
tzerine etkisinin belirlenmesi ¢alismanin diger amagclaridir. Sonuglar degerlendirildiginde, en yiksek verim
etil asetatin ¢oztcu olarak kullanddigr kapsillerde (151.97 pg/g maya) elde edilitken ultrasonikasyon
uygulamast ile verimin azaldig: tespit edilmistir. Etil alkol kullanilan kapstllerde verim 34.86 ug/g maya olarak
belitlenmis, 30 dk ultrasonikasyon ile 58.35 pg/g¢’a ulasmustir. Enkapstilasyon sonrasi B-karotenin yapisinda
bir degisiklik olmadigt HPLC spektrumu ile dogrulanmustir. FT-IR spektrumu ve SEM analizi g6rintiilerinde
mikrokapsiller arasinda fark goriilmemis ancak ultrasonikasyon isleminin maya ceperine zarar verdigi
belirlenmistir. Calismanin sonuclarina gore, diistik maliyeti ve giivenilirligi ile dikkat ceken maya hiicreleri, 8-
karotenin kapsiillenmesinde potansiyel tastyan ézellikler sunmustur.

Anahtar kelimeler: Enkapsiilasyon, maya, 3-karoten, ultrasonikasyon

THE EFFECT OF DIFFERENT SOLVENTS AND ULTRASONICATION
APPLICATIONS ON B-CAROTENE ENCAPSULATION WITH YEAST CELLS

ABSTRACT

B-carotene, a member of the carotenoid group, is a molecule that can be easily degraded in the
presence of factors such as light, heat and oxygen due to the double bonds it contains. This study
aimed to encapsulate B-carotene with yeast cells (Saccharomyces cerevisiae) to protect it from these
environmental factors. Moreover, the effects of different solvents (ethyl alcohol, ethyl acetate) and
ultrasonication durations (5-30 minutes) on encapsulation efficiency were evaluated. The highest
yield (151.97 ng/g yeast) was achieved using ethyl acetate, while ultrasonication reduced efficiency.
With ethyl alcohol, yield was 34.86 pg/g yeast, increasing to 58.35 pg/g after 30 minutes of
ultrasonication. HPLC confirmed no structural changes in B-carotene after encapsulation. FT-IR
spectra and SEM analysis showed no significant differences between microcapsules, although
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ultrasonication damaged yeast cell walls. These findings suggest that yeast cells, due to their low cost
and safety, are a promising option for B-carotene encapsulation
Keywords: Encapsulation, yeast, 3-carotene, ultrasonication

GIRIS
Karotenoidler, insan ve hayvanlar tarafindan
sentezlenmeyen ancak bitkiler ve

mikroorganizmalar tarafindan tretilen hidrofobik
bilesiklerdir (Mussagy vd., 2019). Yapisinda
karbon atomu bulunduruyorsa karoten, oksijen
atomu  bulunduruyorsa  ksantofil  olarak
adlandirdmaktadir  (Maslova  vd,,  2021).
Karotenoidlerin dogada 1000’den fazla bilesigi
bulundugu bilinmektedir. Bu bilesiklerin biiyik
kismint a-karoten, $-karoten, likopen, lutein ve
zeaksantinin olusturmaktadir  (Fernandes vd.,
2018). B-karoten, karotenoidlerin dogada en
yaygin bulunan pigmentidir. B-karotenin diger
karotenoidlerden farkli olmasinin nedeni, zincir
yapisinn her iki ucunda da B-iyonon halkasinin
bulunmasidir. B-karoten, suda ¢6ziinmezken
yagda ise az ¢6zlnebilmektedir (Gul vd., 2015).
Sebze ve meyvelerde dogal olarak bulunan
bitkilere rengini veren kirmizi-turuncu renk
pigmentidir. Tatl patates, kirmizibiber, balkabagi,
1spanak, marul gibi sebzeler ile kayis1 ve mango
gibi meyvelerde oldukg¢a fazla bulunmaktadir
(Durante vd., 2014; Sing ve Sambyal, 2022).
Insanlar, B-karoteni meyve ve sebzeler yoluyla
viicuda almaktadir ve alinan $-karoten zamanla A
vitaminine doéntsmektedir (Wang vd., 2022).
Karotenoid ¢esitleri arasinda B-karotenin en
yiksek provitamin A aktivitesine sahip oldugu
bilinmektedir. Ayrica, sahip oldugu antioksidan
Ozelligi ile birlikte bazit kanser tlrleri ve kalp
hastaliklarin1  6nlemede  etkili oldugu yapilan
calismalarda rapor edilmektedir (Chen vd., 2021).
Margarin, firmncilik yaglart ve igeceklerde dogal
renk verici madde olarak kullanimi oldukea yaygin
olmakla birlikte icerdigi ¢ift baglardan dolay 151k,
1s1 ve oksijen gibi etmenlerin varliginda ¢ok kolay
bozulabildiginden @-karotenin gida endustrisinde
uygulamalart sinirhdir (Bilek ve Ozkan, 2012). Bu
sebepten dolayl, B-karoten biyoaktivitesinde
degisim olmamast icin enkapsiilasyon gibi
teknolojik bir stire¢ uygulanabilmektedir.

Enkapsiilayon; kat, sivi veya gaz halindeki
bilesiklerin bir tastyict materyal ile koruma altina
alinmasi  seklinde tanimlanmaktadir. Koruma

altina  alinacak Dbilesik aktif bilesen olarak
isimlendirilirken esas amag bu bilesigin korunmasi
ve kontrolli saliniminin gergeklestirilebilmesidir.
Islem sirasinda uygulanacak teknik ve kullanilacak
malzeme, enkapsiilasyon isleminde 6nem
tastmaktadir (Aydin ve Unliiel, 2021). Amaglanan
fonksiyonel 6zelligin kazandirilmast igin kapsiil
olusumunda puskiirterek kurutma, dondurarak
kurutma, koaservasyon ve akigkan yatak
kaplamast gibi yéntemler kullanilmaktadir (Ayyaril
vd., 2023). Bu yontemler arasinda 1stya duyarl
maddelerin  enkapsiilasyonunda  dondurarak
kurutma 6n plana cikmaktadir. Enkapsiilasyon
isleminde 6nemli parametrelerden bir digeri
tastyict  materyalin  secimidir.  Kullanilacak
materyal toksik olmamali, gida matrisine uygun
olmali ve aktif bileseni koruyucu &zellige sahip
olmahdir (Ozkan vd., 2019). Maltodekstrin, gum
arabik gibi polisakkaritler, peynir altt suyu, kazein
ve jelatin gibi proteinler en ¢ok kullanilan kaplama
maddeleridir (Jia vd., 2016; Sarabandi vd., 2019).
Bahsi gecen kaplama materyallerine ek olarak son
yillarda maya hiicrelerinin de tagiyict olarak
kullanlmast  6n  plana  ¢tkmaktadir.  Maya
hticrelerinin kaplama materyali olarak kullanildigt
enkapsiilasyon  isleminin  maliyeti  oldukca
dustiktlr ve prosesi basittir. Maya hticreleri etkin
salinim ve hucrenin igine gecis saglamasindan
dolayt hidrofilik ve hidrofobik karaktere sahip
molekiillerin enkapsiilasyonunda kullanilabilecegi
bilinmektedir (Dadkhodazade, 2018; Nguyen vd.,
2018; Rubio vd., 2022).

Mikrokapstilasyon sirasinda segilecek yontem ve
kaplama materyali disinda verimi arttirmak igin
ultrasonikasyon islemi de uygulanabilmektedir (de
Andrade vd, 2022; Rubio vd, 2022).
Ultrasonikasyonun  yarattg  kavitasyon  ve
mikroskobik tirbiilans maya ylzeyine ¢arpmakta,
gbzenek olusturmakta ve daha fazla baglanma
yerinin ~ ortaya  c¢tkarilmasini saglayarak
adsorpsiyonu kolaylastirmaktadir. Ayrica,
ultrasonikasyon teknigi membranda gegici delikler
olusturarak hticre zan gecirgenligini arttirmak ve
molekiillerin  hlcre icine gecisini saglamak
amaciyla da kullanimaktadir (Pham-Hoang vd.,
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2018). Bu  calismada, farkli  strelerde
ultrasonikasyon uygulanmis maya hiicreleri ile
ticari B-karotenin enkapstile edilmesi
hedeflenmistir.  Ek  olarak, farkli ¢ozicu
kullaniminin enkapsiilasyon verimi Gzerine etkisi
de  incelenmigtir.  Enkapsiilasyon  islemi
uygulanmasinin ardindan mikrokapsiillerdeki -
karotenin HPLC-Diot Dizisi Dedektéri (DAD)

ile tespit edilmesi ve vyapisal Ozelliklerinin
belirlenmesi ~ ¢alismanin  diger  amaglarint
olusturmaktadir.

MATERYAL VE YONTEM

Materyal

Bu calismada, Sakarya’da yerel bir marketten satin
alinan ekmek mayasi, Saccharomyces cerevisiae, (Dr.
Oectker, Almanya) kullanilmistir.  B-karoten
kaynagt olarak ise 7 mg kapsil (Solgar, ABD)
temin edilmistir. Yagda ¢6ztinmis B-karoten,
kapsiillerden kayipsiz ¢tkarilmis ve enkapsiilasyon
isleminde kullantlmustit.

Enkapstilasyon ic¢in kullanilan maya, oncelikle
fosfat tamponu ile yikama islemine tabi
tutulmustur. Bunun icin 50 g maya alinarak 500
ml fosfat tamponu (pH 6.8) ile manyetik
kanstiricida homojen sekilde dagilana kadar 30-40
dk kanstirdmistir. Falkon deney tiplerine esit
sckilde boltstirilmis ve 10 dk santrifiij (15°C,
9000 rpm) uygulanmustir. (Coken maya
tampondan ayrilmis ve saf su ile 5 kez yikama
islemi  gerceklestirilmistir.  Yikama  islemi
tamamlanmis olan mayalar cam petri kaplarina
alinarak dondurarak kurutulmustur
(Dadkhodazade vd., 2018). Kurutma islemi icin
liyofilizatér (Labconco, ABD) -50°C’de 48 saat
calistirilmugtir. Liyofilizatérden alinan kurutulmus
mayalar havan yardimi ile 6gttilmis ve 40 mesh
boyutunda elekten gecirilerek homojen toz maya
elde edilmistir.

Ultrasonikasyon iglemi

Bu calismanin amact hem ultrasonikasyon hem de
farklt ¢6ztict kullanimlarinin mayalarin B-karoten
yukleme kapasitesi tizerine etkilerini belirlemektir.
Bu amagla, 1 g maya 10 mL su ile oda sicakliginda
10  dakika  karistirlmis  ve  sonrasinda
ultrasonikasyon islemi uygulanmustir. Calismada,
farkli  stirelerde  ultrasonikasyon — islemi

uygulamasinin etkisi belirlendiginden her bir siire
parametresi (5, 10, 20, 30 dk) icin ayrt maya
cozeltisi hazirlanmistir. Prob, maya ¢6zeltisinin
yuzeyinden 1.5 cm derinliginde daldirtlmistir.
Ultrasonikasyon islemi 20£2°C sicaklikta ve 120
W sabit glicte gerceklestirilmistir. Sicakligi sabit
tutmak icin maya ¢Ozeltisi karisimi bir behere
konulmus  ve  beher buz  banyosuna
yetlestirilmistir. Kullanilan  ultrasonik  cihaz
(Bandelin HD2200, Almanya) 200 W, 24 kHz
giciinde olup 4.5 mm capinda ve 130 mm
uzunlugunda TS 104 proba sahiptir.

Enkapsiilasyon Islemi

Enkapsiilasyon islemi icin Pham-Hoang vd.
(2018) kullandigr yéntem modifiye edilmistir.
Oncelikle, her bir tiipe 7 mg B-karoten ve 2 ml
¢bziict (etil asetat veya etil alkol) ilave edilmis ve
vorteks islemi uygulanmistir. Maya cozeltileri 10
mL alinarak B-karoten ¢ozeltisine eklenmis ve 2
dakika karistinlmustir. Daha sonra 150 rpm,
27°Cde 3  saat calkalamali  inkibatorde
bekletilmistir. Calkalamali inkUbatérden alinan
orneklere saf su ile 5 kez yikama iglemi
uygulanmustir. Yikama islemi tamamlanmis olan
mayalar cam petri kaplarina alinarak dondurarak
kurutulmus ve enkapsiilasyon islemi
tamamlanmustir. Calismada elde  edilen
mikrokapstller ve kodlari Cizelge 1°de verilmistir.

HPLC ile B-karoten miktarinin belirlenmesi

Maya mikrokapstllerindeki B-karoten miktarint
belirlemek icin 0.1 g maya Ornegi tartilmis ve
Uzerine 1 ml etil asetat ilave edilmistir. 2 dk
vortekslendikten sonra 15 dk boyunca ultrasonik
su  banyosunda  bekletilmistir. ~ Ust  faz
santrifijleme islemi ile ayrilmis ve geriye kalan alt
faza 1 ml etil asetat ilave edilerek aynt islemler
tekrarlanmistir. Elde edilen ekstraktlar toplanarak
bir siringa yardimiyla 0.45 mikron filtreden
gecirilip stiziilerek siselere aktaridmis ve HPLC
cihazina enjekte edilmistir (Xu vd., 2021). Dolgu
maddesinin ¢ap1 3 um, i¢ ¢capt 4.6 mm ve uzunlugu
150 mm olan kolon (GL Sciences Inertsil ODS-3,
Japonya) kullanlmustir. Orneklerin  karotenoid
iceriklerini belitflemede kullandan HPLC sistemi
(Hitachi, Japonya) 1.-2130 pompa, L.-2300 firin, L-
2200 otomatik 6rnekleme sistemi ve L-2455 PDA
(Photo Diode Array) dedektdr icermektedir.
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Dedektoriin+ dalga  boyu 450 nm  olarak
ayarlanmustir.  Kullanilan mobil faz metanol:
tetrahidrofuran (95:5) izokratik ¢6zeltisidir ve akis
hizi 1 ml/dk olacak sekilde ayarlanmustir.
Analizler 450 nm dalga boyunda
gerceklestirilmistir (Cerit vd., 2023). Kalibrasyon

egrileri icin 0-25 mg/L standart [-karoten
(saflik>0.98),  (Sigma, ABD)  ¢6zeltileri
hazirlanmis ve kalibrasyon egrileri elde edilmistir
(R2=0.9938). Her bir Ornek ikiser defa analiz
edilmis ve ortalama degerler kullanilmigtir.

Cizelge 1. Ornek gruplari ve kodlart
Table 1. Sample gronps and codes

Ornek Kodu Ornek Grubu
Sample code Sample groups
AL-0 Ultrasonikasyon: 0 dk, Coziicii: Etil alkol
AL-0 Ultrasonication: O miin, Solvent: Ethyl alcobol
AL-5 Ultrasonikasyon: 5 dk, Céziict: Etil alkol
AL-5 Ultrasonication:5 min, Solvent: Ethyl alcohol
AL-10 Ultrasonikasyon: 10 dk, Céztct: Etil alkol
AL-10 Ultrasonication10 min, Solvent: Ethyl alcobo!
AL-20 Ultrasonikasyon: 20 dk, Coziicti: Etil alkol
AL-20 Ultrasonication:20 min, Solvent: Ethyl alcobol
AL-30 Ultrasonikasyon: 30 dk, Coziicti: Etil alkol
AL-30 Ultrasonication:30 min, Solvent: Ethyl alcobol
AS-0 Ultrasonikasyon: 0 dk, Coziicti: Etil asetat
AC-0 Ultrasonication: O min, Solvent: Ethyl acetate
AS-5 Ultrasonikasyon: 5 dk, Coziicti: Etil asetat
AC-S5 Ultrasonication: 5 min, Solvent: Ethyl acetate
AS-10 Ultrasonikasyon: 10 dk, Coziict: Etil asetat
AC-10 Ultrasonication: 10 min, Solvent: Ethyl acetate
AS-20 Ultrasonikasyon: 20 dk, Coziict: Etil asetat
AC-20 Ultrasonication: 20 min, Solvent: Ethyl acetate
AS-30 Ultrasonikasyon: 30 dk, Coziict: Etil asetat
AC-30 Ultrasonication: 30 min, Solvent: Ethyl acetate

Taramali Elektron Mikroskopisi (SEM) ile
yapisal karakterizasyon

Hem mikrokapstllerin hem de bos maya
hiicrelerinin - mikro  yapistnt  incelemek icin
taramall elektron mikroskop sistemi (Tescan Vega
II, Cek Cumhuriyeti) kullantlmistir. Mayalar
iletken bir tabaka (Au/Pd) ile kaplanmis ve vakum
alunda kurutulduktan sonra goriintileme islemi
yapilmistir. Ornekler 2500x ve 5000x biiytitme
oranlartyla analiz edilmistir (Fu vd., 2021).

Fourier Transform Infrared Spektroskopisi
(FTIR) ile konformasyonel karakterizasyon

Hem bos hem de yikli maya hiicrelerinin
yapilarindaki  degisikliklerin  incelenmesi icin
Perkin Elmer Spectrum Two Model (ABD)
cihaziyla 400-4000 cm dalga sayis1 araliginda

spektrumlar elde edilmistir. Veriler Spectrum

Software araciligi ile analiz edilmigtir (Cerit vd.,
2024).

Istatistiksel analiz

Kapsiillerin B-karoten icerigine ait veriler, SPSS
(versiyon 11.5, SPSS Inc., ABD) kullanilarak tek
yonlu varyans analizi (ANOVA) ile istatistiksel
olarak analiz edilmistir. Ornekler arasindaki
farkliliklart  belitflemek  i¢cin = Tukey Coklu
Karsilastirma Testi kullanilmustir (P<0.05).

BULGULAR VE TARTISMA
Bu calismada, maya htcreleri ile B-karoten
enkapsiillasyonunda  farkll  ¢Oziiciilerin -+ ve

ultrasonikasyon  isleminin  verime  etkisi
incelenmistir. Coziict olarak etil asetat ve etil alkol
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kullantlan ~ maya  kapsillerinin =~ $-karoten
konsantrasyonlart HPLC ile analiz edilmis ve
veriler Sekil 1 ve Sekil 2'de gosterilmistir. Elde
edilen sonuglara gore, ¢cézlct olarak etil asetat
kullanildiginda B-karoten miktar1 151.97 pg/g
maya olurken etil alkol grubunda 34.86 pg/g maya
olarak tespit edilmigtir. Etil asetatin yiikleme
kapasitesini etil alkole gére 4 kattan fazla arttirdigt
belirlenmistir. Etil asetat, higroskopik olmayan ve
yitksek karoten ¢Oziiniirliigiine sahip bir bilesik
iken etil alkol, hiicrelere zarar veren fakat karoten
¢cozinlrligh zayif olan bir ¢dzici olarak
bilinmektedir (Williams, 2006; Hladnik vd., 2024).
Pham-Hong vd. (2018) tarafindan yapilan bir
calismada,  Yarowia  lipolytica  hicrelerinde
karotenin kapsillenme etkinligini arttirmak icin
farkll ¢ozuctler kullantlmistir. Benzer olarak etil
alkol kullanimmin verimi arttirmadigt  ancak
kloroformun hem hiicre duvarina zarar vererek

karoten girisini kolaylastirdigt hem de karoteni
tamamen  ¢Ozerek  agregasyonu  Onledigi
bildirilmistir. Bahsi gecen calismada
enkapsiilasyon veriminin kloroform kullanim1
sonucunda 220 pg/g yas maya oldugu rapor
edilmistir.  Yapilan bir diger calismada kabak
kabuk kismindan elde edilen karotenoid ekstrakti,
gum arabik ile karistiridmis ve Ultra-Turrax (UT)
ve Ultra-Turrax ile yiiksek basincin bir arada
kullanimi (UTHP) yoluyla iretilen emiilsiyonlar
puskirtilerek  kurutulmustur.  Parcaciklarin
karotenoid konsantrasyonlary, UT ve UTHP
yoluyla tretilen 6rnekler icin sirastyla 159.1 ile
304.6 ng/g ve 104.3 ile 346.2 pg/g arasinda
degistigi rapor edilmistir (Lima vd., 2021). Bu
sonuglar, c¢alismamizdaki verim degerleri ile
benzerlik géstermektedir.
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Sekil 1. Etil alkol kullanilan kapsiillerin 8-karoten icerikleri. Farklt harflerle gosterilen degetler, gruplar
arasinda 6nemli fark oldugunu gostermektedir (P<0.05).
Figure 1. B-carotene contents of capsules using ethyl alcohol. V alues represented by djfferent letters indicate a significant
difference between the groups (P<0.05).
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Sekil 2. Etil asetat kullanilan kapstillerin 3-karoten icerikleri. Farklt harflerle gosterilen degerler, gruplar
arasinda 6nemli fark oldugunu gostermektedir (P<0.05).
Figure 2. -carotene contents of capsules using ethyl acetate. 1 alues represented by different letters indicate a significant
difference between the groups (P<0.05).

Ultrasonikasyon isleminin etkisini belirlemek icin
hazirlanan maya ¢ozeltileri, enkapsiilasyon islemi
oncesinde, 0, 5, 10, 20 ve 30 dk sabit sicaklikta
(20°C) ultrasonikasyon islemine tabi tutulmusgtut.
Sonrasinda ise enkapsilasyon iglemi aymi
prosediitle gerceklestirilmistir. Analiz
sonuglarindan elde edilen grafikler Sekil 1 ve Sekil
2’de verilmistir. Sonugclar, ¢6ziicii olarak etil asetat
kullanimiyla  yiikleme kapasitesinin = anlaml
dizeyde  arttigini, ancak  ultrasonikasyon
uygulamast sonrast verimde istatistiksel olarak
anlamlt ~ bir azalma  oldugunu  (P<0.05)
gOstermistir. COziicli olarak etil alkol kullanilan
orneklerde,  kontrol  grubundaki  yikleme
kapasitesi degeri 34.86 pg/g iken ultrasonikasyon
uygulamast ile bu degerin 58.35 ng/g'a anlamlt
sekilde yiikseldigi gbzlenmistir (P<0.05). Lieu vd.
(2020)  calismalarinda, Hibiscus  sabdariffa L.
bitkisinden antosiyanin ekstraksiyonu yapmis ve
daha sonra maya hiicreleri ile enkapsiilasyon
gerceklestirmistir. Enkapsiilasyon isleminde etil
alkol ve ultrasonikasyon kullaniminin etkilerini

hem ayr1 ayrt hem de kombine olarak
degerlendirilmistir. Calismanin sonucunda, maya
hiicrelerine sadece ultrasonikasyon

uygulandiginda bir degisiklik tespit edilmezken bu

calismaya benzer olarak kombine uygulama ile
verimin arttid1 belirlenmigtir.

Yine vyazar tarafindan yapilan giincel bir
calismada, karotenoid grubundan olan likopen,

maya hicresi ile enkapsile edilmis ve
ultrasonikasyonun ~ verim  Uzerine  etkisi
belirlenmistir. 20 dakika  ultrasonikasyon

uygulamast ile verim 324.95 ug/g’a yiikselmis, 40
ve 60 dakika uygulama sonunda ise verimin
azaldigt tespit edilmistir (Cerit, 2024). Ancak,
calismamizda  etl  asetat  kullaniddiginda
ultrasonikasyon ile verimin diismesi beklenmeyen
bir sonugtur. 8-karoten ve likopen ayni karotenoid
grubun tyeleri olmalarina karsin 8-karoten zincir
yapisinin her iki ucunda da B-iyonon halkast
bulundurmaktadir (Geng vd., 2020). Bahsi gecen
calismada farkli sonuglar elde edilmesi, yapidaki
bu farklhiliktan kaynaklandigini disiindtirmektedir.
En ytksek B-karoten icerigine sahip kapsiiller, etil
alkol grubu icin AL-30 ve etil asetat grubu i¢in ise
AS-0  oldugundan c¢alismanin  devamindaki
analizlerde bu iki 6rnek kullandmugtir.

Maya mikrokapsullerindeki B-karoten ile standart
B-karotenin 450 nm dalga boyundaki spektrumlari
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Sekil 3’te, kromatogramlari ise Sekil 4’te
gOsterilmektedir. Maya hicrelerinin  B-karoten
spektrumu ile standart $-karoten spektrumunun
aynt  oldugu tespit edilmistir. Spektrumlarin
benzerliginden yola ¢ikarak reaksiyon sonrasinda
B-karoten yapisinda herhangi bir degisiklik
olmadigt yorumu yapilabilmektedir. [-karoten,
425 nm, 450 nm ve 477 nm dalga boylarinda ¢

tepe  spektrumu  sergiledigi  bilinmektedir
(Rodriguez-Amaya,  2001).  Enkapstlasyon
sonrasinda spektrumlarda herhangi bir kayma
olmamasinin  kapstilleme  isleminin  yapida
degisiklige sebep olmadiginin  bir gdstergesi
oldugu rapor edilmistir (Pham-Hoang vd., 2018).
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Sekil 3. Standart B-karoten (A) ve enkapstle B-karoten (B) spektrumlari
Figure 3. Spectrums of standard (A) and encapsulated S-carotene (B)
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Sekil 4. Standart B-karoten (A) ve enkapsiile §-karoten (B) kromatogramlari
Figure 4. Chromotograms of standard (A) and encapsulated B-carotene (B)

Maya  htcrelerinde  ultrasonikasyon ~ ve
enkapsiilasyon  islemleri sonrasinda  olusan
degisimleri gbzlemlemek icin maya 6rnekleri ve
standart 3-karotenin Fourier dontsimli kizil6tesi
spektroskopisi gerceklestirilmistir. Sekil 5’te tim
orneklerin 400-4000 cm! dalga sayist araligindaki
spektrumlart  gOsterilmektedir. Yukli olmayan

maya hticrelerine ait spektrumlarda (maya ve US-
maya) 3266 cm™! dalga sayisinda polisakkaritlerin
OH vibrasyon piki, 2921 cm™' dalga sayisinda
lipidlerin asimetrik gerilme piki, 1638 ve 1531
cm~"de proteinlerin amid 1 ve amid 2 piki, 1038
cm™!  B-glucan  kaynakli baskin  bir pik
gorinmektedir. Benzer sonuglar literatiirdeki
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diger calismalarda da yer almaktadir (Liu vd.,
2021; Pérez-Bassart vd., 2023). Islem gOrmemis
maya hicresinde bulunan 530 cm™! dalga
sayisindaki baskin pikin ultrasonikasyon islemi ile
bitlikte kayboldugu tespit edilmistir. Bahsi gecen
pikin o-glukana ait oldugu tahmin edildiginden
ultrasonikasyon isleminin mayanin hticre duvarina
zarar  verdigi  sonucu  ¢ikarilabilmektedir
(Zhbankov vd., 1997). Standart B-karotenin 2923
cm™! ve 2854 cm™! dalga sayisinda C-H gerilme
titresimleri, 1744 cm™! dalga sayisinda C=C
ve/veya C= O konjuge c¢ift bag gerilme
titresimleri, 1464 cm™! dalga sayisinda C-H
makaslama titresimleri veya CHj; gruplarinin
antisimetrik deformasyonu , 1377 cm™! dalga
sayisinda C-H metil titresimleri, 1097 cm~! dalga

sayisinda C-H ve/veya C-O'ya karsilik gelen
bikilmeler ve 965 cm~! dalga sayisinda ise C-H
biikiilme titresimlerine ait karakteristik pikler
oldugu bilinmektedir (Gurkok, 2022). Ayrica 915
cm™! dalga sayisinda islem gérmemis maya, US-
maya ve 3-karotende goriilen pikler AL-30 ve AS-
0 mikrokapsillerinde belitlenememistir. Bu pikin
kapsiilleme sonrasinda kaybolmasinin B3-karoten
ve maya hiicreleri arasinda bir etkilesim olduguna
isaret ettigi dustnilmektedir. Mikrokapsillerin
spektrumlarinin - (AL-30 ve AS-0) benzerlik
gOstermesi ise kullanilan ¢ozlcllerin
enkapsiilasyon isleminde yapisal bir farkliliga
sebep olmadigini géstermektedir.

—Maya —US Maya AS-0 —AL-30 —B-Karoten
(Yeast) (US Yeast) (AC-0) (AL-0) (6-Carotene)
4060 3660 32Iou zsloo zaloo zobo 16I00 1260 360 460

Sekil 5. Orneklerin FT-IR spektrumlar
Figure 5. FI-IR spectrum of samples

AS-0 ve AL-30 kapsiilleri ile yiiklenmemis ve
ultrasonikasyon uygulanmis maya (US maya)
hticrelerinin  SEM  gorintileri, 2.5K ve 5K
yakinlagtirma ile Sekil 6’da verilmistir. Sonuglara
bakiddiginda  yiklenmemis maya  hiicreleri
karakteristik yuvarlak ve diizgiin sekilli iken
ultrasonikasyon uygulamasi ile maya hiicrelerinin

zarar gordugli ve sekillerinin bozuldugu tespit
edilmistir. Benzer bozulmalar ultrasonikasyon
isleminin uygulandigt AL-30 kapsiillerinde de
gorilmektedir. Ultrasonikasyon uygulanmamis
olan AS-0 kapstillerinde ise olusan degisimin daha
az oldugu dikkat ¢ekmektedir. AL-30 ve AS-0
spektrumlarindaki  benzerlik de g6z o6ntne
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alindiginda bu durumun, FT-IR analizi sonucunda
ortaya konulan mayanin  hicre duvarina
¢oziiciilerden ziyade ultrasonikasyon isleminin
zarar verdigi sonuglarini dogrulamaktadir. Ayrica,
tim maya 6rneklerinde hiicre aglomerasyonunun
belirgin oldugu soylenebilir. Dondurarak kurutma

isleminde uygulanan dusiik ¢alisma sicakligi, geri
doniistirilemez sekilde olusan aglomerasyonu
kolaylastirmakta ve daha biyitk pargacik
boyutlarinin  olusmasina neden  olmaktadir

(Adetoro vd., 2020).

2. 358 , 5. o8 g
Sekil 6. SEM analiz gériintiileri (A: AS-0 x2.5K, B: AS-0 x5K, C: AL-30 x2.5K, D: AL-30 x5K, E:
Maya hiicresi x2.5K, F: Maya hticresi x5K, G: US Maya x2.5K, H: US Maya x5K)

Figure 6. SEM images (A: AS-0 x2.5K, B: AS-0 x5K, C: AL-30 x2.5K, D: AL-30 x5K, E: Yeast cell x2.5K,
F: Yeast cell x5K, G: US Yeast x2.5K, H: US Yeast x5K)
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SONUC

Bu calismada, ultrasonikasyon yéntemi ve farklt
¢ozlctlerin kullanimlarinin maya hicreleri ile -
karotenin enkapstilasyonu lzerindeki etkileri
arastirtlmistir.  Analizler sonucunda, etil asetat
¢ozlctsinin kullanildigt  6rnekte en  yiksek
enkapsiilasyon verimi elde edilmistir.
Ultrasonikasyon uygulamasi, etil alkol kullanilan
grupta enkapsiilasyon verimini artirirken, etil
asetat kullandan grupta verimi dustirmistiir.
HPLC-DAD  spektrum analizleri, enkapsiile
edilen B-karotenin spektrumlarinin, standart §3-
karoten ile 6rtiistiglini, dolayisiyla B-karotenin
kimyasal yapisinda herhangi bir degisiklik
meydana gelmedigini gostermistir. Ayrica, FT-IR
analizinde B-katotenin bagarith bir sekilde
enkapsiile edildigine dair kanitlar elde edilmis
olup, farkli ¢oziicilerin kullanildigy  kapsiiller
arasinda bir fark tespit edilmemistir. Sonug olarak,
maya hiicrelerinin -karoten enkapsiilasyonunda
kullanilmas1 umut verici olurken ultrasonikasyon
uygulamast ¢6zlcl olarak etil asetat kullaniminda
verim tizerine negatif etki, etil alkol kullaniminda
ise pozitif etki olusturdugu sonucuna varilmistir.

Maya hiicreleri kullanilarak enkapsiile edilen (-
karotenin, gida endistrisinde 6zellikle 1s1 islem
gerektiren uygulamalarda islevsel bir bilesen
olarak kullanilma potansiyeline sahip oldugu
distinilmektedir. Maya hiicreleri, glglii hiicre

duvarlart  sayesinde  cekirdek  bilesenlerin
korunmasini ve kontrolli salinimint
saglayabilmektedir. Bu hiicre yapist,

mikrokapstllerin termal stabilitesini artirmakta ve
1s1l islem strasinda bilesigin etkinligini korumasina
olanak tanimaktadir. Ayrica, maya hucreleri,

enkapsiile edilen bilesigin lezzetini
maskeleyebilme  Ozelligine de sahiptit. Bu
Ozellikler g6z Ontine alindiginda, gelecek

calismalarda (-karoten kapsiillerinin  kurabiye,
ekmek gibi 1s1l isleme tabi tutulan gidalarda
uygulanabilmesi hedeflenmektedir.
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oz

Niifus artist, ekilebilir arazi ve su kaynaklarimin giderek azalmasi ve hayvanciligin olumsuz gevresel etkisi
alternatif protein kaynaklarini bulma konusunda aragtirma yapmayt gerekli kilmaktadir. Biyoaktif bilesenler
acisindan zengin olan makroalgler potansiyel saglik yararlari nedeni ile ilgi cekmektedir. Makroalgler, ekilebilir
araziye ihtiya¢ duymadan yetistirilebilmeleri nedeni ile karasal bitkilere gére 6nemli bir avantaja sahiptir.
Ayrica, makroalgler diger bitkisel ve hayvansal kaynakli proteinlere kiyasla protein ve amino asit icerigi
agisindan 6nemli Slgiide zengindir. Ancak, makroalglerden protein ekstraksiyonu i¢in kullanidan geleneksel
yontemler yiksek enetji ve su tiketiminin yani sira diisiik ekstraksiyon verimi nedeniyle dezavantajlar
sunmaktadir ve bu da makroalgal proteinlerin kullanilabilirligini sinirlamaktadir. Bu noktada, makroalglerden
proteinlerin ekstraksiyonu i¢in diistik maliyetli, yeni ve stirdiirtilebilir teknolojilere ihtiya¢ duyulmaktadir. Bu
detleme calismasinda, Oncelikle makroalglerin  Gzellikleri, protein kalitesi, amino asit bilesimi ve
sindirilebilitligine dayalt olarak kullanim potansiyelleri aciklanmustir. Ayrica, makroalglerden proteinlerin
ekstraksiyonu icin enzimatik, darbeli elektrik alan, ultrases, mikrodalga, yliksek basing ve sub-kritik akigkan
ekstraksiyon gibi yeni yontemler tartistlmistir.

Anahtar kelimeler: Makroalg, deniz yosunu, protein, ekstraksiyon, yeni teknolojiler

MACROALGAE AS ALTERNATIVE PROTEIN SOURCES AND EXTRACTION
OF MACROALGAL PROTEIN: A REVIEW STUDY

ABSTRACT

Increased population, decrease in arable land and water supplies, and the detrimental environmental
impact of husbandry have prompted research into alternate protein sources. Macroalgae, rich in
bioactive chemicals, are gaining popularity due to their potential health advantages. Macroalgae have
a significant advantage over terrestrial plants in that they can be cultivated without needing arable
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land. In addition, macroalgae are significantly rich in protein and amino acid content compared to
other plant and animal proteins. However, traditional methods used for protein extraction from
macroalgae present disadvantages due to high energy and water consumption and low extraction
efficiency, which limits the usability of macroalgal proteins. At this point, protein extraction from
macroalgae requires low-cost, innovative, and sustainable technology. This review indicates the
properties of macroalgae and their potential for use based on their protein quality, amino acid
composition and digestibility. Also, new methods such as enzymatic, pulsed electric field, ultrasound,
high pressure, and sub-critic water extraction for extracting proteins from macroalgae were discussed.
Keywords: Macroalgae, seaweed, protein, extraction, novel technologies

GIRIS

Diunya ntfusunun 2050 yilina kadar yaklagik 10
milyara ulasacagi, bunun da gida talebinde yaklasik
%70 oraninda bir artisa neden olacagl tahmin
edilmektedir (Dopelt vd., 2019; Nadathur vd.,
2024). Gelecekte ortaya ¢itkmast muhtemel olan
gida taleplerini karsilamak amaciyla tarim arazisi
ve su temini ihtiyacinda %14’lik bir artigla birlikte
gida tretiminin en ylksek kapasitesine ulagmast
beklenmektedir. Hayvansal ve bitkisel kaynaklar
en vyaygin iki protein kaynag oldugundan,
gelecekte protein arzinda ciddi bir eksiklik
yasanma potansiyeli bulunmaktadir. Bu nedenle,
geleneksel bitkisel ve hayvansal gidalar ile aymn
veya daha iyi besin icerifine sahip alternatif
protein  kaynaklarina ihtiya¢ duyulmaktadir.
Mevcut  protein  talebinin  karsilanabilmesi
amaciyla makroalgler, mikroalgler, bdcekler ve
mikrobiyal proteinler alternatif protein kaynagi
olarak distintilmektedir (Fasolin vd., 2019; Kazir
vd., 2019).

Makroalgler veya deniz yosunlart makroskobik,
okaryotik ve fotosentetik deniz driinleridir.
Makroalgler insanlar tarafindan ylzlerce yildir
gida, yem, ila¢ ve gibre olarak kullanilmaktadir.
Antik kayitlar, makroalglerin insan yiyecegi olarak
M.O. 500’lerde Cin’de ve bin yil sonra Avrupa’da
toplandigin1  géstermektedir  (Pereira, 2021a).
Makroalgler renk pigmentlerine gére tg¢ gruba
ayrilmaktadir. Yesil makroalgler yapisinda klorofil
a, ¢ ve ksantofil bulundurmaktadir. Kirmizi
makroalgler klorofilin yant sira, kirmizi rengi
veren fikobilinlere ve bazt  karotenoidlere
sahiptirler. Kahverengi makroalgler ise klorofil ve
karotenidleri igerirken, asil kahverengi renkten
sorumlu baskin pigment olarak fukoksantin
icermektedirler (Pereira, 2021b). Makroalgler
karbonhidratlar, proteinler, lipitler, fenolik
bilesikler, pigmentler, mineraller ve vitaminler

acisindan zengindir (Gomez-Zavaglia vd., 2019;
Pefalver  vd., 2020). Makroalgler  kuru
agirliklarinin - %8 ila %47’si arasinda oldugu
bildirilen protein igerigine sahiptir ve en yuksek
protein icerigi kirmizi ve yesil alg tlrlerinde
bulunmaktadir (Biris-Dorhoi vd., 2020).

Protein ekstraksiyonu, algal proteinlerden elde
edilen biyoaktif peptitlerin kesfinde 6nemli bir
sireci  olusturmaktadir.  Makroalgal  hiicre
duvarinin karmagsikligi ve sertliginin yani sira
polisakkaritlerin ve polifenollerin varligindan
dolayt ekstraksiyon siireci zorlasabilmektedir
(Harnedy ve FitzGerald, 2013). Makroalglerden
protein ekstraksiyonu icin genellikle htcre
duvarinin  parcalanmast gerekmektedir. Hiicre
duvarinin pargalanmasinda ve elde edilen protein
veriminin artirlmasinda  enzimatik yOntemler,
darbeli elektrik alan islemleri, ultrases ve sub-
kritik su ekstraksiyonu gibi yeni ve ¢evre dostu
yontemler uygulanmaktadir (Bleakley ve Hayes,
2017; Cermefio vd., 2020; de Souza Celente vd.,
2023; Gordalina vd., 2021).

Bu derleme ¢alisgmasinda makroalglerin alternatif
protein kaynagi olarak kullanilabilirlikleri ile iligkili
olarak makroalglerin Gzellikleri, protein kalitesi,
amino asit kompozisyonu ve sindirilebilirligi
hakkinda bilgi verilmistir. Ayrica, makroalgal
protein ekstraksiyonunda yeni ve cevre dostu yesil
teknolojilerin kullanilabilirligi tartistlmistir.

MAKROALGLER

Makroalgler suda veya nemli yetlerde yagayan tek
veya cok hiicreli organizmalardir. Gunes 1518101
emerek kimyasal enetjiye donustiren klorofile
sahip olmalar1 ayni zamanda karbondioksiti
yakalayarak oksijen tretmelerini saglamaktadir.

Bu 6zelliklerinden dolayt “dinyanin akcigerleri”
olarak kabul edilmektedirler (Gaspar vd., 2020;
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Pereira, 2021b). Bir makroalgin  rengi,
hicrelerinde  bulunan  farkll  fotosentetik
pigmentlerin  kombinasyonu ile olusmaktadir.
Makroalglerin  hepsinde klorofil bulunmasina

ragmen  renkleri  oldukca  cesitlidir  ve
pigmentasyonlarina  gbére temelde 3  gruba
ayrilmaktadirlar:  Kirmizi  makroalgler,  yesil

makroalgler ve kahverengi makroalgler.

Kirmiz1 makroalgler

Kirmizt makroalgler, tek hiicreliden ¢ok hiicreliye
kadar suda yasayan fotoototrofik bitkilerin yaygin
bir grubunu olusturmaktadir. Su ana kadar tespit
edilen yaklasik 6500 tiirle en ¢esitli taksonomik
gruba sahiptitler (Nan vd., 2017). Kirmuz
makroalg tartmi acitk  denizde, Ozellikle kiyi
seridinde yapilmaktadir. Lezzetli bir gida olarak
kabul edilen ve c¢esitli yemeklerde kullanilan
kirmiz1 makroalglerin tarimi, 6ncelikli olarak Asya
tlkelerinde  yapidmaktadir  (Titlyanov  ve
Titlyanova, 2010). Bunlar arasinda, Nori olarak
bilinen Porphyra popllerdir ve esas olarak susi
sosu, atistirmalik ve corbalarda kullanilmaktadir.
Palmaria  palmata  veya P.  dulse  giderek
atistirmaliklarda  bir  bilesen haline gelirken,
Gracilaria  ve  Kappaphycus/ Euchenma  genellikle
salata ve tursu olarak titketilmektedir. Dogrudan
tuketilmenin yant sira, karragenanlar
(Kappaphycus/ Euchenma) ve agatlarin  (Gracilaria
spp. ve Gelidium spp.) tretiminde kullanilmaktadir
(Cai vd., 2021).

Yesil makroalgler

Yesil makroalgler yiiksek biiylime oranina sahiptir
ve dunya capinda kiyt bolgelerinde kolaylikla
yetisebilmektedir. Karasal kaynaklarla
karsilastirildiginda yesil makroalglerin biiytimesi
daha hizlidir, tarimsal araziye/girdilere (glbre,
pestisit ve su) ihtiya¢ duymaz ve biytk 6lgekli
potansiyel iretim olanagina sahiptir (Lakshmi vd.,
2020).

Yesil alglerin en ¢ok tiiketilen turleri Uba lactuca
(deniz marulu), U. intestinalis ve U. compressa dahil
Ulva spp. turleridir (Bleakley ve Hayes, 2017).
Yetistirilen yesil makroalgler, salata ve diger
yemeklerin hazirlanmasinda deniz sebzeleri olarak
kullanilabilmektedir. Deniz tzimi veya yesil
havyar olarak da bilinen Cawlerpa lentillifera yaygin

adindan da anlasilacagi tizere lezzet bileseni olarak
kabul edilmektedir (Ferdouse vd., 2018).

Yesil makroalglerde rapor edilen gesitli biyoaktif
ve besleyici bilesikler vardir. Bunlar; dogal
pigmentler, coklu doymamus yag asitleri, lipitler,
proteinler ve polisakkaritler olarak siralanabilir.
Sahip  olduklart  bu  biyoaktif  bilesiklerin,
nutrasétik  ve  kozmetik  endistrilerinde
kullanilabilecek bir¢ok saglik potansiyeline sahip
oldugu dustinilmektedir (Ruslan vd., 2021).

Kahverengi makroalgler

Kahverengi makroalgler yalnizca ¢ok hiicreli
formda bulunduklart icin  algler arasinda
benzersizdir ve 2000°den fazla tir iceren 6nemli
bir topluluktur. Kahverengi algler, tir ve
morfolojik yapi acisindan en biytk cesitliligi
sergiledikleri iliman ve kutup altt bolgelerde
gelismekteditler (Bringloe vd., 2020).

Macrocystis pyrifera (dev yosun) gibi bazi tirler, 20
m’ye kadar buyiyip su alt yosun ormanlar
olusturarak  ckosistemde  6nemli  bir  rol
oynamaktadir. Laminaria digitalata (kirek otu),
Ascophyllum nodosum (kaya otu) ve Fucus vesiculosus
(mesane otu) gibi kahverengi alg tiirleri hayvan
yemi olarak kullanilmaktadir. Bununla birlikte,
Undaria pinnatifida (wakame), Higikia fusiformis
(hijiki) ve Laminaria japonica (kombu) basta olmak
lzere insan tiketimi icin kullanilan bircok tiir de
mevcuttur (Bleakley ve Hayes, 2017).

Kahverengi makroalgler, cesitli fitokimyasallart
yitksek oranda igermektedir ve 6nemli terapotik
Ozelliklere sahip olduklart kanitlanmistr. Bu
nedenle, kahverengi makroalgler, fonksiyonel gida
pazart dahil olmak tzere bircok endistride
biyoaktif ajan olarak kullanim potansiyeline
sahiptir (Bringloe vd., 2020).

MAKROALGLERIN KIMYASAL
KOMPOZISYONU

Makroalgler, esas olarak diyet lifleri gibi nigasta
olmayan polisakkaritler ve potasyum, kalsiyum
gibi temel mineraller agisindan zenginditler
(Circuncisao vd., 2018). Makroalgal proteinler,
yiuksek miktarda icerdikleri esansiyel amino asitler
nedeniyle yiksek biyolojik degere sahiptirler.
Makroalglerin lipit icerigi genellikle dustktur,
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ancak yiiksek diizeyde fonksiyonel omega-3,
cikosapentaenoik asit (EPA), omega-6 ve
aragidonik asit yag asitlerini icermekteditler. Ek
olarak,  yenilebilir = makroalglerin  cesitli
fitokimyasallar acisindan zengin olmast insan
beslenmesi i¢in degerini ortaya koymaktadir (Xie
vd., 2024). Bu nedenle, makroalgler biyolojik

olarak aktif ve yenileyici 6zellikleri nedeniyle
nutrasotik, farmasétik, kimya, gida ve kozmetik
endustrilerinde  potansiyel uygulamalart  olan
degerli bilesiklerin uygulanabilir ve ekonomik bir
biyokiitle kaynagidir (Garcia-Vaquero vd., 2020).
Makroalglerin kimyasal kompoziyonlart Cizelge
1’de gosterilmektedir.

Cizelge 1: Makroalglerin kimyasal kompozisyonlart

Protein Yag

Karbonhidrat

Mineral

%) %) %) ) Referans

Kirmizt (Rawiwan vd.,

makroalgler 5.5-42.4 0.3-7.1 18.7-78.7 7.4-53.4 2022)

Yesil 7.0-33.0 0.2-4.1 29.8-58.1 11.0-73.0  (Salehi vd., 2019)

makroalgler

Kahverengi

makroalgler 4.3-24.0 0.3-4.5 12.2-56.4 17.0-44.0  (Meng vd., 2022)
MAKROALGAL PROTEINLER Fikobiliprotein

Makroalglerin protein igerigi olduke¢a degiskenlik
gostermektedir. Kirmizi  makroalglerin - kuru
agirhiginin %10 ile %47 arasinda degisen ve diger
makroalglere kiyasla daha yiiksek protein icerigine
sahip oldugu rapor edilmistir (Naseri vd., 2020).
Yesil makroalglerin = protein  igerigi  kuru
agirhiklarinin %9 ila %26’s1 arasinda degismektedir
(Pliego-Cortés  vd.,  2020).  Kahverengi
makroalglerin protein igerigi ise kirmizi veya
yesilden daha azdir ve genellikle kuru agirhigimin
%3 ila %151 arasinda oldugu bildirilmistir
(Praveen vd., 2019). Palmaria palmata (dulse) ve
Porphyra ~ tenera  (nori) gibi bazt  kirmizt
makroalglerde protein seviyeleri sirastyla %35 ve
%47 gibi yiuksek degerler olabilmektedir. Yesil
makroalg olan Ulva sp. %07-%33 araliginda protein
icerdigi ve cogu kahverengi makroalgin ise %15
protein icerigine sahip oldugu rapor edilmistir
(Harnedy ve FitzGerald, 2011). Ayrica,
makroalglerin bilesimi cografi kékenlerinden ve
biytme mevsiminden onemli Olctde
etkilenmektedir. ~ Sicaklik, 15tk ve suyun
tuzlulugundaki degisiklikler besin igerigini ve
nitrojen mevcudiyetini, bu da protein ve amino
asit icerigini etkileyebilmektedir (Pliego-Cortés
vd., 2020). Makroalglerde aktif olarak fonksiyonel
olan proteinler, fikobiliproteinler ve lektinler
olmak tzere iki gruba ayrimaktadir (Echave vd.,
2022).

Fikobiliproteinler, siyanobakteriler (Cyanophyta),
kirmizi  makroalgler  ve  kriptomonadlarda
(Cyptophyta) bulunan fotosentezde énemli role
sahip patlak renkli ve yiiksek derecede floresan
6zelligi olan suda ¢oziiniir proteinlerdir (Echave
vd., 2022). Fikobiliproteinler renk ve emilim
ozelliklerine gbre dort gruba ayrilmaktadir.
Bunlar; fikoeritrin, fikosiyanin, allofikosiyanin ve
fikoeritrosiyanindir (Puzorjov ve McCormick,

2020). Fikobiliproteinler, gida ve kozmetik
uygulamalarinda  dogal renklendirici  olarak
kullanilmaktadir.  Bu  uygulamalarin  disinda

fikobiliproteinler g&stermis olduklart antioksidan,
antienflamatuar, noroprotektif,
hipokolesterolemik, hepatoprotektif, antiviral,
antitimor  aktiviteleri  sayesinde  terap&tik
alanlarda da tercih edilmektedir (Ji vd., 2023).

Lektin
Lektinler disik molekiler agithga sahip,
mikroplarin, mayalarin, timoér  hicrelerinin

aglitine olmalarint  saglayan karbonhidratlara
yiksek spesifiklikle baglanmalart ile bilinen
glikoproteinlerdir (Thiviya vd., 2022). Makroalgal
lektinler tarafindan sergilenen biyoaktif 6zellikler
arasinda  antibiyotik, —mitojenik,  sitotoksik,
antinosiseptif, antienflamatuar, antiadezyon ve
antiviral aktiviteleri yer almaktadir (Pliego-Cortés
vd.,  2020). Lektinler = sahip  olduklar
antimikrobiyal, antitimér ve antiviral aktiviteleri
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nedeniyle tarimsal ve tibbi uygulamalarin yani sira
imminolojik  ve  histokimyasal  calismalar
acisindan oldukeca ilgi ¢ekmektedirler (Agrawal
vd., 2020; Ahmed vd., 2022).

MAKROALGAL PROTEINLERIN
BESINSEL KALITESI

Amino asit kompozisyonu

Algler genellikle Gida ve Tarim Orgiitinin
(FAO) gerekliliklerini karsilayan esansiyel amino
asit bilesimi ile gecerli bir protein kaynagi olarak
kabul edilmektedir (Fao, 2018). Makroalglerden
elde edilen proteinler, yliksek oranda glisin, alanin,
arjinin, prolin, glutamik ve aspartik asitler olmak
lzere tim amino asitleri icermektedir (Cotino vd.,
2019; Cotas vd., 2020). Treonin, lisin, triptofan,
kiktrt amino asitleri sistein, metiyonin ve
histidin, ¢ogu makroalg proteininde disik
seviyelerde bulunmaktadir (O’ Connor vd., 2020).
Makroalglerde bulunan treonin, lizin, triptofan,
sistein, metiyonin ve histidin gibi esansiyel amino
asitlerin  (EAA) miktar1 karasal bitkilerde
bulunanlardan daha yiksektir (Pimentel vd.,
2019). Ayrica, makroalgal amino asit profilleri,
ovalbiimin (%52.4 EAA) ve baklagil bitkilerinin
(%41.62 EAA) profillerine benzer 6zellik
gostermektedir (Paiva vd., 2014). Aspartik asit ve
glutamik asit, bircok makroalg tliriinde toplam
amino asitlerin nispeten buyitk bir kismint
olusturarak, makroalglerle iliskilendirilen ayirt
edici “umami” tada biyik Olciide katkida
bulunmaktadir. Ayrica, makroalgler bir dizi
biyoaktif amino asit ve peptit (6rnegin taurin,
karnosin ve glutatyon) icermektedir (Machado
vd., 2020).

Makroalglerin =~ sahip ~ oldugu  amino  asit
profillerinin ~ protein  seviyesindeki degisime
benzer olarak cinse ve mevsime goére degisiklik
gOsterebilecegi rapor edilmigtir. Konstantin vd.
(2023),  kahverengi makroalglerdeki EAA
iceriginin  soguk mevsimde en dustk (%33),
ilkbahar ve yaz mevsiminde ise en yiiksek (%52)
dizeyde oldugunu bildirmistir. Bu degisimin,
besin temini ve Szellikle azot bulunabilirligi gibi
cevresel faktorlerle iliskili oldugu
dustintlmektedir; bu faktorlerin  su  sicaklig,
tuzluluk, 1sik 1gmnmmi ve dalga kuvveti gibi

etmenlerden etkilenebilecegi 6ne siiriilmektedir
(Kamal vd., 2023).

Protein sindirilebilirligi

Protein sindirimi, kompleks protein
molekiillerinin daha kigiik peptit parcalarina
parcalanmast strecidir. Bu sireg, sindirim igin
cesitli enzimlerin ve hormonlarin  kullanimini
gerektirmektedir. Sindirim, gidanin yemek borusu
yoluyla  gastrointestinal — sisteme  girmesiyle
baslamaktadir ve midede pepsinojen enzimi
hidroklorik asit ile etkilesime girerek pepsine
doniigmektedir. Pepsin  enzimi  proteinlerin
polipeptitlere par¢alanmasint saglamaktadir. Gida
bagirsaga ilerledikce, enterokinaz enzimi aktive
olmakta ve tripsini salgilatarak serbest amino
asitleri ve peptit parcalarini olusturmaktadur.
Olusan  peptit parcalari, membrana bagh
peptidazlarla etkilesime girerek dipeptitlere veya
tripeptitlere parcalanmaktadir. Bu pargalanma
islemi, enterositlerin icine girerek sitozolik
peptidazlarin aktivitesiyle serbest amino asitlerin
olugmasina yol a¢gmaktadir. Olugan amino asitler
bazolateral membrandan kan dolagimina gecerek
viicutta biyoaktivitelerini gerceklestirebilir hale
gelmektedirler (O’ Brien vd., 2022).

Makroalglerin sindirilebilitligi ile iliskili olarak
yapilan pek c¢ok c¢alismada makroalglerin
yapilarinda yer alan fenolik bilesiklerin  ve
polisakkaritlerin protein sindirilebilirligini
zotlagtirdift  6ne  sirilmektedir. Kahverengi
makroalglere  (%78.7-%82.0) kiyasla  kirmuz
makroalgal proteinlerin  (%83.0-%87.0) 6nemli
Olctide daha yiiksek 7z vitro sindirilebilirligi oldugu
rapor edilmistir (Tibbetts vd., 2016). Bu sonuglar,
makroalgal proteinlerin, tahillar (%69.0-%84.0),
baklagiller (%72.0-%92.0), meyveler (%72.0-
%92.0) ve sebzeler (%68.0-%80.0) dahil olmak
tzere yaygin olarak tiketilen diger bitkilerle
karsilastirddiginda benzer ya da daha yiksek 7

vitro sindirilebilirlige sahip oldugunu
gostermektedir (Tibbetts vd., 2010).
MAKROALGAL PROTEINLERIN
EKSTRAKSIYONU

Makroalglerin kimyasal kompozisyonu tiire ve
mevsime gore degiskenlik gosterirken, sahip
oldugu hiicre duvarindan ve uygulanan
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ckstraksiyon yonteminden de etkilenmektedir
(Magpusao vd., 2021). Makroalg hiicreleri, zotlu
cevre kogullarina uyum saglayan, protein ve diger
biyoaktif bilesenlerin ekstraksiyonunu zotlastiran,
dinamik ve karmasik karbonhidratlar bakimindan
zengin hicre duvart ile ¢evrelenmektedir
(Domozych, 2019). Bu sebeple, makroalg hiicre
duvarlarinin yapisal cesitliliginin  ve sertliginin
etkisi, ekstraksiyon strecinde krittk Oneme
sahiptir (Gordalina vd., 2021). Ekstraksiyon, farklt
tirdeki biyoaktif bilesiklerin materyallerden izole
edilmesinde en 6nemli adimdir. Makroalglerden
aktif  bilesenlerin  ekstraksiyon  verimliligi,
kahverengi makroalglerdeki aljinatlar ve kirmuzi
makroalglerdeki  karragenanlar gibi  yiksek
viskoziteli ve anyonik hiicre duvart polisakkaritleri
nedeniyle azalabilmektedir. Bu nedenle, biyoaktif

bilesiklerin ekstraksiyon verimliligini en st
dizeye ¢ikarmak icin farkli  ekstraksiyon
yontemleri kullanilmaktadir (O’ Connor vd.,
2020). Ek olarak, herhangi bir bitki materyalinden
biyoaktif bilesiklerin ekstraksiyon verimliligi,
ekstraksiyon solventi, partikil boyutu, sicaklik,
zaman, pH gibi bir dizi faktérden
etkilenebilmektedir (Bhadange vd., 2024). Hticre
parcalama teknikleriyle uygulanan yontemler, sert
alg hiicre duvarinin pargalanmasina  yardimct
olarak proteinlerin kullanilabilirligini
artirmaktadir.  Yeni  protein  ekstraksiyon
yontemleri arasinda enzim destekli ekstraksiyon,
ultrases destekli ekstraksiyon, darbeli elektrik alan,
yiksek hidrostatik basing ve sub-kritik su
ckstraksiyon yontemleri yer almaktadir (Gordalina
vd., 2021) (Cizelge 2).

Cizelge 2: Farkli makroalglere uygulanan protein ekstraksiyon yoéntemleri ve protein verimleri

Flkstraksiv Protein
omrarsiyon Makroalg Proses kosullar verimi  Referans
yontemi )
Alkalaz enzimi
Palmaria palmata (Enzim/substrat %0.2 ve %0.4  80.0 (Naseri vd., 2020)
2/2)
. . Selilaz i
Enzim destekli  ATIOSHSRIIE i fsubstrat 1/10 h/a) 746 (Vasquezvd, 2019)
ekstraksiyon Chondracanthus Selilaz .
chamissoi (Enzim/substrat 1/10 h/a) 36.1 (Vasquez vd., 2019)
Shearzyme ve selilaz .
Palmaria palmata (Enzim/substrat  48.0x105 784  (1arnedy ve FizGerald,
. 2013)
birim/100 g)
Porphyra yezoensis 15 ve 20 kHz 50.0 (Qu evd,, 2013)
Ulva sp. - 70.0 (Kazir vd., 2019)
. Gracilaria sp. - 86.0 (Kazir vd., 2019)
Ul destekl >
frases desteidt Ultrases genlik dizeyi (60, 90,
ekstraksiyon 120 pm); 77.0.
Gracilara pusillum Ultrases uygulama siiresi (1, 2, 93.0 (Mittal vd., 2017)
4, 6, 8 ve 10 dk)
Sub-kritik su . o .
ekstraksiyonu Hypnea musciformis -~ 210 °C, 10 dk 80.0 (Pangestuti vd, 2019)
Darbe; 0-75, voltaj; 12 -26 kV, .
Ulva sp. alan siddeti; 1.56-7.26 kV/cm 5.4 (Polikovsky vd., 2019)
Darbeli elektrik Ulva ohio Darbe; 1 Hz, voltaj; 1 kV, akim; 14.9 (Prabhu vd., 2019)
alan 160 A.
Darbe stresi; 0.05 ms, voltaj; 4
Ulva lactula KV alan siddeti; 7.5 kV/cm 15.1 (Postma vd., 2018)
Fucus vesiculosus 600 MPa, 4 dk 23.7 (O’Connor vd., 2022)
Yiksek Alaria esculenta 600 MPa, 4 dk 15.0 (O’Connor vd., 2022)
hidrostatik basing  P. palmata 600 MPa, 4 dk 14.9 (O’Connor vd., 2022)
Chondrus crispus 600 MPa, 4 dk 16.1 (O’Connor vd., 2022)
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Enzim destekli ekstraksiyon

Enzim destekli ekstraksiyon (EDE), hticre duvart
yapisini bozmak ve gémili proteinleri/peptitleri
setbest birakmak icin enzimin hidrolitik etkisini
icermektedir (Bleakley ve Hayes, 2017). EDE
yontemlerinin protein verimini arttirdigt kadar
biyoaktif bilesenleri ve metabolitleri de korudugu
bildirilmektedir (Harnedy ve FitzGerald, 2013).
EDE’de, spesifik polimer baglarin parcalanmast
yoluyla hiicre duvarini bozan ve yaygin olarak
polisakkarit bilesenlerini parcalayan selilazlar,
ksilanazlar ve alkalazlar gibi polisakkaridaz
enzimleri kullanilmaktadir (Pliego-Cortés vd.,
2020; Vasquez vd., 2019). Yiksek ekstraksiyon
verimi elde edebilmek icin uygun hidrolitik
enzimin veya optimal enzim karisiminin secilmesi
biytk 6nem tasimaktadir. Ayrica ekstraksiyon
sirasinda  uygulanan  zaman-sicaklik  aralify,
optimum sicaklik, pH ve hidroliz sirasinda
uygulanan calkalama siddeti dahil olmak tzere
enzimlerin aktivitesini ve ekstraksiyon verimini
etkileyen ¢esitli faktorler bulunmaktadir (Bashir
vd., 2020). Enzim destekli esktraksiyon, organik
solvent kullanimini azaltarak gida siufi  bir
yaklasim sunmaktadir. EDE ile ekstrakte edilen
biyoaktif bilesenlerin antiviral, antioksidan ve
antikanser gibi ¢esitli biyolojik aktivitelerde tistin
Ozellik gosterdigi  bildirilmistir. Ancak, enzim
preparatlarinin pahali olmasi, uzun ekstraksiyon
sureleri ve enzimin c¢alisma  kosullarinin
ayarlanmasi (sicaklik, pH) yontemin
dezavantajlarindandir (Kadam vd., 2015).

Naseri vd. (2020), Palmaria palmatadan protein
ekstraksiyonunda alkalaz enzimi kullanarak %80
oraninda ckstraksiyon verimi elde etmistir.
Viasquez vd. (2019), bir karbohidraz enzim olan
seltilazin, kahverengi makroalg Macrocystis pyrifera
ve kirmizit makroalg Chondracanthus chamissor den
protein ekstraksiyon verimini enzimatik olmayan
ekstraksiyon yontemine kiyasla sirastyla 4.7 ve 1.5
kat arttigini rapor etmistir. Harnedy ve FitzGerald
(2013), Palmaria palmatddan  ticari glukanaz
kokteyllerini (Shearzyme ve seliilaz) kullanarak
yuksek verim ile protein ekstrakte etmistir.

Ultrases destekli ekstraksiyon
Ultrases ~ destekli  ekstraksiyon (UDE),
stspansiyon icindeki molekiillerin hiicre duvari

butinliginin bozulmast ve pargalanmast icin
yiksek frekansli ses dalgalart kullanimini iceren bir
ekstraksiyon  yontemidir. Ultrases  destekli
ekstraksiyonda ¢Oziici boyunca ilerleyen ve
kavitasyon kabarciklari tireten 20 kHz ila 100 kHz
araligindaki  ses  dalgalart  kullanilmaktadur.
Karmastk 6rnek matrisinin ylzeyinde kavitasyon
kabarciklart patladiginda, bir sok dalgasi 6rnek
hiicre duvarinda hasara neden olmaktadir ve
yiksek degerli biyoaktif bilesiklerin hiicresel
membranlar boyunca ¢6zeltiye kiitle transferini
artirmaktadir (Christou vd., 2021). UDE teknigi,
ekstraksiyon islemi sirasindaki sicaklik nispeten
diisiik oldugundan ve ekstrakte edilen bilegiklerin
stabilitesini etkilemediginden, soguk ekstraksiyon
teknigi olarak kabul edilmektedir. UDE, toksik
kimyasal solventlerin kullanimini azaltma veya
ortadan kaldirma potansiyeli gibi ¢esitli avantajlara
sahiptir ve daha ekonomik bir stire¢ sunmaktadir.
Ayrica, UDE kullanilarak, ekstraksiyon islemleri
yiksek tekrarlanabilitlik ile birka¢ dakika icinde
tamamlanabilmekte ve nihai driine daha yiiksek
bir saflik kazandirdabilmektedir (Pan-Utai vd.,
2022; Vazquez-Rodriguez vd., 2020). Bununla
birlikte, protein ckstraksiyon yoéntemi olarak
ultrases, ¢cok az miktarda protein geri kazanimi ile
sinirlt parcalama verimliligi gdstermektedir ve bu
nedenle siklikla diger ekstraksiyon teknikleriyle
birlikte kullanilmaktadir. Ancak, sivi ekstraksiyon
yontemine kiyasla yiksek maliyet ve kontrolsiiz
ultrasonikasyon  diger hiicresel bilesenlerin
bozulmasina yol agabilme olasilifi, ultrason
teknolojisinin  kullanim alanint  sinirlamaktadir
(Samarathunga vd., 2022).

Literattrde, makroalglerden protein
ekstraksiyonu i¢in UDE’nin kullanilldigi pek ¢ok
calisma mevcuttur. Ornegin, Porphyra yezoensis'te
15 ve 20 kH2'lik ultrases uygulanmast sonucunda
ekstraksiyon veriminde %50 artis oldugu ve
ekstraksiyon stiresinde %18 azalma oldugu rapor
edilmistit (Qu vd., 2013). Baska bir calismada,
UDE ile Uka sp. ve Graclaria  sp.
makroalglerinden protein ekstraksiyon veriminin
strastyla %70.0 ve %86.0 oldugu bildirilmistir
(Kazir vd., 2019). Benzer sekilde, Mittal vd.
(2017), UDE kullanarak kirmizi makroalglerden
fikoeritrin ve fikosiyanin gibi spesifik proteinleri
ekstrakte etmis ve Gracilara pusillun’dan elde
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edilen en yiksek fikoeritrin ve fikosiyanin
verimini  sirastyla %77.0 ve %93.0 olarak
bulmustur. Ayrica, Yucetepe vd. (2024) enzim
destegi ile bitlikte uyguladiklart ultrasonikasyon

destekli  ekstraksiyon ile  Halopteris  scoparia
makroalginden %94.5 verimle protein elde
etmistir.

Sub-kritik su ekstraksiyonu

Sub-kritik su ekstraksiyon (SKSE) teknigi, suyun
kisa bir siire (5-10 dakika) kaynama noktasinin
tzerindeki sicakliklarda (100-374 °C) yiksek
basing altinda (10-60 bar) stvi halde tutulmasint
gerektirmektedir (Cheng vd., 2021). Bu kosullar
altinda su benzersiz Gzellikler géstermektedir;
viskozitesi ve yogunlugu azalirken, ¢6ziinirlik ve
kiitle aktarim hizt artmaktadir. Ayrica, dielektrik
sabiti azalmakta ve hidrojen bag yapisi
zaytflamaktadir. Bu durum, apolar bilesenlerin
¢oziinmesini  kolaylastirmaktadir  (Zainan vd.,
2022). SKSE’de, ¢oziict olarak organik ¢oziici
yerine su kullanddigr icin ¢evre dostu bir
ckstraksiyon yontemi olarak kabul edilmektedir
(Bhadange vd., 2024). Atmosfer kosullarindaki
calismayla  karsilastirildiginda, — sub-kritik  su
ekstraksiyonu ekstraksiyon ve depolimerizasyon
icin daha hizli ve daha verimli bir yéntemdir. Sub-
kritik ekstraksiyon kimyasal ¢oziictilere ihtiyag
duymadan, kisa strede, yiksek kalitede ekstrakt
elde edilmesini saglayan bir yesil teknoloji
olmasina ragmen, biiyiik 6lcekte uygulamalarinin
sinirlt olmast ve 1s1l bozulmaya neden olabilme
olasihigindan  dolayt  makroalgal  protein
ckstraksiyonunda  kullammi  sinirhide (D
Domenico Ziero vd., 2020).

Literatirde makroalglerden protein ekstraksiyonu
icin SKSE yonteminin kullanildigi  ¢alismalar
sinirhidir.  Proteinler termal bozunmaya kars
hassas oldugundan SKSE icin 130-160 °C’lik bir
sicaklik 6nerilmektedir (Ho vd., 2007). Pangestuti
vd, (2019) kirmizi bir makroalg olan Hypnea
musciformisden  SKSE  yontemi ile  protein
ekstrakte etmis ve yaklastk 210 °C’lik sicaklikta
uygulanan islemin %80.0 oraninda protein eldesi
sagladigint rapor etmistir. Literattr
incelendiginde, SKSE uygulanan makroalgler icin
yapilan calismalarda ¢ogunlukla ekstrakte edilen

bilesiklerin biyoaktif 6zelliklerine odaklanildigt
gorilmektedir (Plaza vd., 2010).

Darbeli elektrik alan
Darbeli elektrik alan (DEA) uygulamast, hiicreden
biyoaktif bilesenlerin ekstraksiyonunu

kolaylastiran ve solvent kullanimint azaltan ¢evre
dostu bir teknolojidir (Cermefio vd., 2020; Pliego-
Cortés vd., 2020). DEA, mikro ve milisaniyeler
arasinda degisen stirelerle bir elektrik alanindan
yitksek voltajli (kV) elektrik akimlari tireterek bir
hiicre  duvarinin ~ veya  hiicre  zarnin
degredasyonunu saglamaktadir. DEA, disaridan
gelen  elektrik  darbelerinin = yogunluguna,
genligine, siiresine, sayisina ve tekrarlanma
sikligina bagl olarak hiicre zarinda geri dénisli ya
da geri donigstz elektroporasyon meydana
getirmektedir. Ancak iletkenlik ve elektrot
boslugu, bu teknolojinin dSl¢eklendirilmesini
sintrlayabilecek  faktorlerdendir  (Okolie  vd.,
2019). Dogal duriinlerin  ekstraksiyonu  icin
genellikle 0.7 ila 3 kV/cm elektrik alan kuvvet, 1
ila 20 kJ/kg spesifik enetji, birka¢ yiz darbe ve
toplam stire 1 saniyeden kisa olan islemler
kullantlmaktadir (Grosso vd., 2015). DEA, hucre
ici iceriklerin (biyoaktif bilesenlerin) salinimini
desteklemek icin hizli ve yesil bir teknoloji
olmasina ragmen iletkenlik ve elektrot boslugu, bu
teknolojinin  6lceklendirmesini  sinirlayabilecek
faktorlerdir (Corrales vd., 2008; Joannes vd.,
2015).

DEA, 6zellikle yesil makroalglerden protein
ekstraksiyonunu gelistirmek i¢in yaygin olarak
uygulanmustir. Polikovsky vd. (2019), DEA ile
birlestirilmis osmotik sok ve ardindan hidrolik
pres islemi kullanarak, Ula sp.’den protein
ekstraksiyonunu gerceklestirmis ve elde edilen
protein miktarinin %2.2’den %5.4%¢ yikseldigini
rapor etmistit. Baska bir calismada da, Uha
ohnorden  protein ekstraksiyonu icin DEA
uygulanmistir ve DEA uygulandiktan sonra elde
edilen protein verimi  %3.2’den  %14.9%a
cikarilmistir (Prabhu vd., 2019). Robin vd. (2018),
Ulva sp.’den protein ekstraksiyonu icin mekanik
presleme ile bitlestirilmis DEA kullanmistir ve
ozmotik sok kullanilarak elde edilen bir ekstrakt
ile karsilastirildiginda protein veriminde (ekstrede
~%20.0 protein) yedi kat artis meydana geldigini
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rapor etmistir. Ancak, Postma vd. (2018), U.
lactmea’dan DEA (2 darbe, 3 kV) kullanarak
yalnizca %15.1 protein verimi elde ederken,
osmotik sok kullanarak %20.0 protein elde
etmistir. Ayrica, bu calismada 3 ve 5 kV/cm
elektrik alant kuvvetlerinde ve kisa atim stiresinde
(0.05 ms), 7.5 kV/cm elektrik kuvveti alanina ve
daha uzun atim stiresine (0.5 ve 5 ms) kiyasla daha
ylksek protein verimi saglandigi rapor edilmistit.
Sonu¢  olarak, DEA  potansiyel olarak,
makroalglerden protein ekstraksiyonuna yardimet
olmaktadir, ancak optimize edilmis hicre
degradasyonunu kolaylastirmak ve ekstraksiyon
verimini  artirmak icin  farkli  operasyonel
parametrelerin optimize edilmesi gerekmektedir.
Bu nedenle DEA  biyoaktif  bilesiklerin
ekstraksiyon verimini artirmak icin bir 6n islem
olarak kullanilmaktadir (de Souza Celente vd.,
2023; Prabhu vd., 2019).

Yiiksek hidrostatik basing

Yiksek hidrostatik basing (YHB), biyolojik
dokularin  degredasyonuna neden olan sivi
basinglandirmasinin (1000 bar’a kadar) bir sonucu
olarak ekstraksiyon verimliligini artirmaktadir
(Silva  vd., 2020). YHB islemi strasinda
ekstraksiyon verimini etkileyen faktorler arasinda
stvi/¢ozict sisteminin secimi ile birlikte galisma
basinci, sicaklik ve siire sayilabilmektedir (Xi,
2017). YHB, nispeten kisa islem stiresi, ihml
calisma sicakligi ve yiiksek geri kazanim verimleri
nedeniyle etkili bir cevre dostu ekstraksiyon
teknolojisi olarak kabul edilmektedir (Echave vd.,
2021). Ancak, pahali bir yéntem olmasindan
dolayt makroalglerden protein ekstraksiyonunda
kullanimi sinirhdir (Postma vd., 2018).

Literatiirde ~YHB  destekli  ekstraksiyonun,
proteinlerde  basinca bagli  konformasyonel
degisim/denatlirasyon ~ meydana  getirmesi

nedeniyle sinirlt oldugu goriilmektedir. Ornegin,
O’ Connor vd. (2020), YHB 6n islemi (600 MPa,
4 dk) kullanilarak Fucus vesiculosus (%023.7), Alaria
esculenta (%015.0), P. palmata (%014.9) ve Chondrus

crispustan - (%16.1)  protein  ekstraksiyonu
gerceklestirmistir  ve  YHB’nin  geleneksel
yontemlere (otoklav veya osmotik

sok+sonikasyon+dondurma-+¢ozdirme+tuzlam
a) kiyasla ekstrakte edilen protein miktarint

artirmadigin rapor etmistir. Protein
ekstraksiyonunda geleneksel yontemle
karsilastirildiginda, YHB’nin ekstraksiyon

veriminin daha dusik olmasi, hiicre duvar
degradasyonunu artirmast icin daha fazla basamak
icermesine atfedilebilmektedir (Cermefio vd.,

2020).

YHB’nin diger ekstraksiyon teknikleriyle, 6zellikle
de YHB destekli enzimatik ekstraksiyon ile
kombinasyonu da arastirdlmistit. P. palmata’dan
protein ekstraksiyonnu icin tek basina YHB
uygulamast (20 dakika boyunca 400 MPa)
ekstraksiyon verimini artirmazken, seltlaz ve
hemiseliilaz ile YHB destekli ekstraksiyon 6nemli
6lgiide verim artist saglamistir (Suwal vd., 2019).

SONUC VE GELECEK TRENDLER

Makroalgler, protein, vitamin ve mineraller
acisindan zengin olmalari nedeniyle alternatif ve
surdirtilebilir  bir gida kaynagr olarak 6ne
ctkmaktadir. Ozellikle protein igerigi bakimindan,
hayvansal ve bitkisel kaynaklarla
karsilastirildiginda, kirmizi makroalgler %10 ile
%47  arasinda  yiksek  protein  oranlar
sunmaktadir.  Makroalglerin  protein  icerigi;
toplandiklari mevsim, yetistikleri cografi bélge ve
iklim  kosullarina  baglt  olarak  degisiklik
gosterebilmektedir. Bu baglamda, kirmizi bir
makroalg tiiri olan Porphyra tenera (nori), kuru
agirhik bazinda %47’ye ulagan protein igerigi ile en
yitksek protein oranina sahip makroalglerden biri
olarak kabul edilmektedir. Protein sindirilebilirligi
agistndan da kirmizi makroalglerin daha yuksek
sindirilebilirlik ~ sundugu,  Ozellikle  Hypnea
tirlerinin %88.7-88.9 oraninda sindirilebilirlige
sahip  oldugu  bilinmektedir. =~ Makroalgal
proteinlerin sindirilebilirligi bitkisel proteinlere
benzerlik gosterse de, bu proteinlerin 7z vivo
biyoyararlanimi hakkinda daha fazla arastirmaya
ihtiya¢ duyulmaktadir. Makroalgal proteinlerin
farmasotik, nutrasétik, kozmetik veya gida-yem
uygulamalarinda  kullandabilmesi igin uygun
ekstraksiyon islemlerinin  kullanilarak yiiksek
verimde elde edilmeleri gerekmektedir. Bununla
birlikte, makroalglerin polisakkarit acismndan
zengin hiicre duvarlari, protein ekstraksiyonunu
zotlastiran baslica etkenlerden biridir. Hicre
duvart pargalama tekniklerinin  kullanilmasi,
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makroalgal proteinlerin  basarillt  bir  sekilde
ekstrakte edilmesinde kritik bir rol oynamaktadir.
Geleneksel hiicre parcalama tekniklerinin yitksek
enetji ve ¢Ozucu gereksinimleri ile zaman alict
olmalari, yeni ekstraksiyon tekniklerine olan
ihtiyact artrmistir. DEA, YHB, SKSE, UDE ve
EDE gibi cesitli yontemler makroalgal protein
ekstraksiyonunda  kullanilmaktadir.  Yapilan
incelemelerde, enzim destekli ve ultrases destekli
makroalgal protein ekstraksiyonunda elde edilen
verimin, diger yontemlere gére daha yiksek
oldugu goézlemlenmistir. Bunun yan  sira,
ekstraksiyon yontemlerinde kullanilan
parametrelerin  optimizasyonu, verimi etkileyen
diger bir 6nemli fakt6r olarak 6ne ¢itkmaktadir.

Bu derleme calismasinda, makroalgal proteinlerin
gida kaynagi olarak kullanim  potansiyeli
tartistmistir. Ayrica, farkli protein ekstraksiyon
yontemlerinin  karsilastirilmast  yoluyla yitksek
verimle elde edilebilitliklerine dair 6nemli vertiler
sunulmustur. Ancak, makroalgal proteinlerin
ticari protein pazarina girebilmesi icin yasal
dizenlemeler ve titketici kabuli konularinin ele
alinmast gerekmektedir. Ek olarak, makroalgal

protein  ekstraksiyon calismalart  ¢ogunlukla
laboratuvar Slgeginde gergeklestirilmistir. Bu
nedenle, gelecekte  yapilacak  calismalarin

endustriyel Olgekte Uretim saglamak amactyla
Oleek buyltme calismalarina odaklanmast 6nem
arz etmektedir.

CIKAR CATISMASI
Yazarlar herhangi bir cikar catismasi beyan
etmemektedir.

YAZARLARIN KATKISI
Tum yazarlar makalenin hazirlanmasi, yazimi ve
yaymnlanmasina katkida bulunmusglardir.
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oz

Golevez (Colocasia Esculenta (L) Schotd), yenilebilit soganlari ve yapraklart icin yetistirilen en eski kiltiir
bitkilerinden birisidir. Golevez; kalo, kolakas, dasheen, eddoe, malanga, cocoyam, fil kulagy, taro olarak da
bilinmektedir. Sodyum, potasyum, magnezyum, kalsiyum, fosfor, demir, ¢inko, bakir minerallerine ilaveten
Bi, Ba, Bs ve C vitamininin énemli bitkisel kaynagi oldugu belirtilmektedir. Yiksek oranda nisasta iceren
tropikal bir yumru mahsul olan gélevezde bulunan nisasta granillerinin kiiciik boyutu godlevezin
sindirilebilirligini artirmaktadir. Gélevez; ayni zamanda ikincil metabolitler olan flavonoid, kampesterol,
stigmasterol, $-sitosterol gibi biyoaktif bilesenlerden de zengindir. Bu sebeple antioksidan, antitiiméral,
antimetastatik, antimutajenik, antihiperglisemik ve antihiperkolesterolemik biyoaktiviteler géstermektedir.
Golevezin makro ve mikro besin 6gesi kompozisyonu, beslenme ve saglik tizerindeki rolii bu makalede
detlenmistir.

Anahtar kelimeler: Goélevez, beslenme, saglk

TARO (COLOCASIA ESCULENTA (L.) SCHOTT): EFFECTS ON NUTRITON
AND HEALTH

ABSTRACT

Taro (Colocasia Esculenta (L.) Schoti) is one of the oldest cultivated plants grown for its edible bulbs
and leaves. Taro is also known as kalo, kolakas, dasheen, eddoe, malanga, cocoyam and elephant ear.
It is stated that it is an important herbal source of vitamins By, B2, Bs and C in addition to the minerals
sodium, potassium, magnesium, calcium, phosphorus, iron, zinc and copper. The small size of the
starch granules in taro, a tropical tuber crop containing high amounts of starch, increases digestibility.
Taro; it is also rich in bioactive components such as flavonoids, campesterol, stigmasterol and 8-
sitosterol, which are secondary metabolites. For this reason, it shows bioactivities antioxidant,
antitumor, antimetastatic, antimutagenic, antihyperglycemic and anti-hypercholesterolemic. The
nutrient composition of kelp and its role in nutrition and health are compiled in this article.
Keywords: Taro, nutrition, health
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Golevezin sagliga etkileri

GIRIS
Biyosferde  yenilebilir  oldugu  dustnilen
30.000'den fazla bitki tirii bulunmaktadir (Fufa
vd., 2022). Degisen iklim, artan diinya niifusu ve
gida tretimine ayrilan ekilebilir arazilerin azalmast,
gida giivenliginin karsi karsiya oldugu sorunlar
olarak gorilmektedir. Bolgenin iklim ve toprak
yetistitme  kosullarinda  artin  verebilecek
mahsullerin ~ gelistirilmesi, bu  sorunlarin
azaltilmasinda 6nemli bir rol oynamaktadir. Mistr,
piring, bugday gibi baslica mahsullerin kiiresel
gida Uretiminin biylk bir kismindan sorumlu
oldugu bilinmektedir. Ancak bériilce, golevez
[Colocasia  esculenta var. esculenta (L) Schott]  gibi
tzerinde yeterince calistimamis pek ¢ok mahsul
"yetim Urtn" veya "gelecegin mahsulleri" olarak
tanimlanmaktadir (Tadele, 2018). Yetim urln
tipik olarak uluslararas: ticareti yapilmayan ancak
bolgesel gida glivenliginde 6nemli rol oynayabilen
anlami tastmaktadir (Matthews ve Ghanem 2020).
Afrika Yetim Mahsulleri Konsorsiyumu (AOCC),
gblevezi yerel beslenme acisindan 6nemli kabul
edilen 101 gelencksel yetim driin arasinda
listelemektedir ~ (African ~ Orphan  Crops
Consortium, 2023). Golevezin; glutensiz yetim
gidalarin  gelistirilmesi, pazara farklt glutensiz
uriinlerin siiriilmesi, protein kaynagt ve ytksek Lif

icerigi sunmasi sebebiyle iyi bir alternatif
olabilecegi dustnilmektedit. Gelecekteki
aragtirmalar;  bitkisel — kaynaklardan  yiksek

proteinli gidalar elde edilmesini saglayacak olan
golevez unundan gidalar formiile edebilir (Cadena
vd., 2023).

Goélevez, dinyanin tropikal ve subtropikal
bélgelerinde yetisen dik, yumrulu, ¢ok yihk bir
bitkidir ve gblevezin ¢ok uzun bir ge¢misi oldugu
bilinmektedir. Cin kitaplarinda M.O. 100 gibi
erken bir tarihte gbleveze ait bilgilerin yer aldigt
tespit edilmistir (Sharma vd., 2020). Asya ve
Afrika'da  yaygin olarak yetistiriimekte olan
gblevez; kalo, kolakas, dasheen, fil kulagi, taro
olarak da bilinmektedir (Donkor vd., 2023).
Araceae tamilyasinin Colocasia cinsine ait cok yillik
bir bitki olan gélevez bircok kiictik 6lcekli ciftci
icin 6nemli bir tarim UGrinidir ve genellikle
nisastali sogant icin tlketilmektedir. Diinyanin
bazt bélgelerinde golevezin soganlart

karbonhidrat kaynagi, yapraklar ise sebze olarak
tiketilmektedir (Oladimeji vd., 2022).

Genetik evrimi hala belirsiz olan g6levezin
antioksidan, antiinflamatuar, analjezik,
antidiyabetik, antikarsinojenik, hepatoprotektif,
immin koruyucu ve antimikrobiyal etkiler
gosterdigi calismalarla ortaya konmustur (Devi
vd., 2022, Baro vd., 2023; Cahyani vd., 2023; Patel
vd., 2023). Golevezin icerdigi ikincil metabolitler
sayesinde sergiledigi antitimoral, antimetastatik,
antifungal, antioksidan ve antiinflamatuar
Ozellikler; hem gida hem de ilag endistrisi
tarafindan  tercih  edilmesini  saglamistir
(Elmosallamy vd., 2021; Baltazar-Bernal vd.,
2022). Bu detlemede, gélevezin makro ve mikro
besin 6gesi kompozisyonu, beslenme ve saghk
tizerindeki roliind degerlendirmek ve vurgulamak
amaclanmaktadir.
GOLEVEZIN  TAKSONOMISI
URETIMI

En az 100 cins ve 1500'den fazla tirden olusan
Araceae familyasinin bir dyesi olarak bilinen
golevez; Karayipler ve Bati Afrika'da taro,
dasheen, eddoe, malanga ve cocoyam olarak
bilinmektedir. ~ Diinya  capinda  Colocasia
esculenta var esculenta (Dashen  tipl) ve  Colocasia
esculenta var antignornm (Eddoe tipi) olmak tzere
iki golevez tird yetistirilmektedir (Mandal vd.,
2013). Dashen tipi vantuzlu biyik merkezi
soganlara sahipken Eddoe tipi gblevezlerin kii¢tiik
merkezi bir sogani ve ¢ok sayida kiiciik soganlart
bulunmaktadir. Gélevezin dis derisi kahverengi, i¢
kismi ise kiigiik mor lekelerden olusan beyaz
renkli tropikal bir mahsuldur. Pisirildiginde hafif
tatl bir tada sahip olup patates benzeri bir kivami1
oldugu belirtilmektedir (Otekunrin vd., 2021).
Golevez 1-2 metre yikseklige kadar buyiiyebilen
cok yillik tek cenekli bir bitkidir ancak 5-12 aylik
bluylimeden sonra hasat edilebilmektedir. Kalp
seklinde yesil yapraklar, uzun saplar, lifli kokler
icermektedir (Rashmi vd., 2018).

VE

Afrika, Amerika, Asya ve Okyanusya’da bulunan
47 bytk tlkede gblevez tretimi
gerceklesmektedir.  Nijerya’nin, 2019  yilinda
yaklastk 2.86 milyon ton ve diinyada toplam
Uretiminin %27.14'lik payt ile kiresel olarak en
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biytk goblevez dreticisi oldugu bildirilirken
Maldivler’in 8 tonla en az Uretim seviyesine sahip
oldugu belirtilmistir. Kiresel olarak, hasat edilen
toplam alan agisindan gélevez tretimi 2000'de 1.4
milyon tondan 2019'da 1.96 milyon tona ¢ikmistit.
2019 yilinda en yiksek ortalama gdlevez verimi;
Asya’da Filistin'den, Afrika'da Madagaskat'dan,
Amerika’da  St. Lucia'da, Okyanusya'da ise
Kiribati'den elde edilmistit. Gida ve Tarim
Orgiitii'niin ~ Birlesmis  Milletler =~ Kurumsal
Istatistik Veritabant (FAOSTAT) 2021 raporuna
gore ise, kiiresel golevez tiretimi 2000 yilinda 9.76
milyon ton iken 2019'da 10.54 milyon tona
ulasmis olup tretimde ilk dért sirada Nijerya,
Kamerun, Cin ve Gana yer almustir (FAOSTAT,
2021).

Diger bir¢ok kék ve yumru bitkisi gibi gélevez de
vejetatif  olarak cogaltlmaktadir (Mandal vd.,
2013; Legesse vd., 2021). Ekim, vejetatif dénem,
olgunlasma baslangici, olgunluk yoluyla hacim
kazanma gibi ana biiylime asamalarina sahiptir ve
9-10 ayhk bir siirede hasat edilebilir hale
gelmektedir. Cogunlukla ovalik bélgelerde eyliil
ayindan ocak ayima kadar, yiksek kesimlerde ise
kastm ayindan nisan aymna kadar hasat
edilmektedir (Aditika vd., 2022). Gélevez, yiksek
sicaklk ve yiksek nemli ortamlara uyum
saglamaktadir. Fakat soguga karst dayanikl
olmadigr belirtilmektedir (Zhang vd., 1990).
Cimlenme icin optimum sicakligin  12-15°C,
biyiime i¢in optimum sicakligin ise 25-30°C
oldugu bildirilmektedir. Derin bir toprak
tabakasina sahip gevsek ve verimli topraklarin
yani sira uygun sulama ve drenaj, gélevezin
blyimesine ve soganlarinin  genislemesine
yardimct olmaktadir. Gélevezin biylimesi icin
topragin optimum pH’inin 5.5-7.0 arasinda olmast
gerektigi belirtilmektedir. Fazla asidik veya alkali
topragin, gélevezin blylmesi ve gelismesi icin
elverisli olmadig bildirilmektedir (Zhang vd.,
2023).

GOLEVEZIN MAKRO VE MIKRO BESIN
OGELERI BILESIMI

ABD Tarim Bakanligt (USDA) veri tabanina gore;
¢ig ve pismis golevezin 100 gram kuru agirlik
tzerinden besin Ogesi icerigi Cizelge 1°de yer
almaktadir (USDA, 2019). Cizelge 1’de ¢ig ve

pismis golevezin 1si islem etkisiyle kalsiyum,
protein igerikleri disinda diger besin Ogesi
bilesiminin benzer oldugu gériilmektedir.

Golevezdeki kil oranmnin %3.54-7.78 arasinda
degistigi bildirilmistir (Temesgen vd., 2015).
Potasyum, sodyum, magnezyum, kalsiyum,
fosfor, demir, c¢inko, bakirin 6nemli bir bitkisel
kaynagt oldugu belirtilmektedir (Otekunrin vd.,
2021). Yapilan bir calismada; fosfor, magnezyum,
cinko, demir, manganez, bakir ve kadmiyumun
esas olarak gélevez yumrusunun ust kisminda
bulundugu, orta kisimda ise potasyum, fosfor,
magnezyum, ¢inko, demir, manganez, bakir ve
kadmiyumun konsantre oldugu ve kalsiyumun
yumrunun alt ve kenar kisimlarinda yogunlastigt
tespit edilmistir. Ust, orta ve kenar kisimlardaki
cinko konsantrasyonlart arasinda 6nemli bir
farklilik g6zlenmemistir. Besleyicilik acisindan
orta kismin her zaman en 6nemli kistm oldugu
belirtilmistir (Mergedus vd., 2015).

Golevezin yapraklar ve saplari ise sebze olarak
kullanilmaktadir. Tiamin, riboflavin, demir,
fosfor, cinko, B¢ vitamini, C vitamini, niasin,
kalsiyum, fosfor, ¢inko, potasyum, bakir ve
manganez acisindan oldukca zengin oldugu
bildirilmistir (Mandal vd., 2013; Temesgen vd.,
2015). Goélevez soganlarinin biyiik, orta ve kiiciik
ebatlarda olma durumlarina gore gélevez ununun
kompozisyon ve fonksiyonel Ozelliklerine gore
ctkisinin arastirddigi  calismada ise  gdlevez
unlarinin temel kimyasal bilesimi; demir ve ¢inko
haricinde sogan boyutundaki farkliliklardan
etkilenmemistir. Biylik gélevez soganindan elde
edilen gélevez ununun; kiiciik soganlardan 4 ve
orta soganlardan 8 kat daha fazla ¢inko igerigine
sahip oldugu bildirilmistir. Buytk ve kicik
soganlarin  demir igeriginin ise orta ebattaki
gblevez soganlarinin demir igeriginden yaklagik 3
kat fazla oldugu tespit edilmistir (Oyeyinka vd.,
2020). Guntumizde ¢inko eksikligi diinya ¢apinda
toplumlarin saglik ve refahini etkileyen 6nemli bir
halk sagligt problemi olarak bilinmektedir.
Golevezin de hayvansal olmayan ¢inkonun stnurlt
saytdaki kaynaklarindan olmast sebebiyle ¢inko
eksikliginin  hafifletilmesi  lzerindeki  rold
aragtirtlmalidir (Temesgen vd., 2015).
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Cizelge 1. Cig ve pismis golevezin makro ve mikro besin 6gesi bilesimi (100g/kuru madde)

(USDA, 2019).
Besin Ogesi Cig Golevez Pismis Go6levez
Su 70.64 g 638¢g
Enerjt 112 kalori 142 kalori
Karbonhidrat 2646 ¢ 346¢g
Protein 15¢ 052¢
Toplam Yag 020 ¢ 011¢g
Kolesterol 0 mg 0 mg
Diyet Lifi 41¢ 51¢g
Vitaminler
Folat 0.022 mg 0.019 mg
Niasin 0.6 mg 0.51 mg
Pantotenik asit 0.303 mg 0.336 mg
Pridoksin 0.283 mg 0
Riboflavin 0.025 mg 0.028 mg
Tiamin 0.095 mg 0.107 mg
A vitamini 0.004 mg 0.004 mg
C vitamini 4.5 mg 5mg
E vitamini 2.38 mg 2.93 mg
K vitamini 0.001 mg 0.0012 mg
Elektrolitler
Sodyum 11 mg 15 mg
Potasyum 591 mg 484 mg
Mineraller
Kalsiyum 43 mg 18 mg
Bakir 0.172 mg 0.201 mg
Demir 0.55 mg 0.720 mg
Magnezyum 33 mg 30 mg
Selenyum 0.0007 mg 0.0009 mg
Cinko 0.230 mg 0.270 mg
Nigasta
Toplam nigasta 188 ¢ 142 ¢
Direncli nisasta 52¢g 21g
SDS SDS+ RDS 25¢g
RDS 136 ¢ 96¢g
Glisemik Indeks Uygulanmadi Orta

RDS: Hizli Sinditilebilir Nisasta, SDS: Yavas Sindirilebilir Nisasta

Golevezdeki en 6nemli seker sakkarozdur ancak
fruktoz, maltoz, glikoz ve rafinoz da icermektedir.
Malik asit ise en 6nemli organik asittir (%60) onu
strayla sitrik asit (%25) ve oksalik asit (%15) takip
etmektedir (Rashmi vd., 2018).

Dogal nisasta grantilleri suda ¢6zlinmez, inerttir,
enzimler tarafindan kolayca hidrolize edilmez,
sinerez ile retrogradlanir ve sicaklik, pH gibi
degisikliklere dayanamaz. Bu nedenle endiistriyel

uygulamalarda sinirll kullanim  alanina  sahip
oldugu gorilmektedir. Bu durum gida treticilerini
dogal nisastalarla  rekabet edecek sekilde
gelistirilmis davranigsal 6zelliklere sahip nisastalar
aramaya yoneltmistir. Golevez nisastasindaki
distik amiloz igerigi, yitksek sisme kabiliyet, iyi su
ve yag tutma stabilitesi ve diger fonksiyonel
Ozellikleri, onu gida isleme sektériinde tavsiye
edilen poptler bir Urin haline getirmektedir
(Singla vd., 2020). Goélevez, %70-80 oraninda
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nisasta icermektedir ve nisasta graniillerinin kiiciik
boyutundan dolayr %98'lik bir oranda yiksek
sindirilebilirlige sahip oldugu tespit edilmistir
(Kaushal vd., 2015; Juang vd., 2021). Nisasta
tanelerinin boyutu ¢eside bagl olarak farklilik
gostermekle birlikte boyutu 1.5-6.6 um arasinda
degismektedir. Tanelerin ~ seklinin  ise ¢okgen
oldugu goriilmektedir (Temesgen vd., 2015).
Kicik boyutu sayesinde de Hawaii ve diger
Pasifik adalarinda bebek mamasi hazirlanmasinda
kullanilmaktadir. Ayni zamanda bu kii¢tik boyutu;
endiistriyel uygulamalarda, yiiz pudrast gibi
kozmetik formiilasyonlarda ve aerosol dagitim
sistemlerinde kullanan toz preparatlarinda da
tercih edilmesini saglamistir (Brown ve Valiere
2004; Otekunrin vd., 2021). Bu nedenle gélevez
nisastast farmasétik  arastrma  alaninda  da
dikkatleri tzerine ¢ekmektedir (Otekunrin vd,,
2021). Golevez nisastast, fonksiyonel 6zellikleri
nedeniyle de musilaj ve toz olarak gida sanayinde
kullanilmaktadir. Kivam  arttirict ve  jellestirici
madde olarak davranabilme yetenegi sayesinde
pismis gidalara, macunlara ve igeceklere dahil
edilmektedir (Calle vd., 2021).

Golevezden nigasta elde edilme agamalart; gblevez
soganlart soyulur, daha kugiik parcalara dilimlenir
ve bir karistiricida homojen hale
getirilmektedir. Olugan nisasta bulamact,
santrifiijleme veya ¢okeltme 6ncesinde yabanci
maddeleri ortadan kaldirmak icin tiilbent veya ag
ile filtrelenmektedir. Stipernatan uzaklastirildiktan
sonra ¢Okelti tekrar su igerisinde slspanse
edilmektedir. Bu yikama islemine temiz nisasta
elde edilene kadar devam edilmekte ve elde edilen
nisasta kurutulup toz haline getirilmektedir
(Nagar vd., 2021).

Goélevez nisastast, diger tirlerle karsilastirildiginda
yaklasik %50 daha az amiloz
icermektedir. Amiloz/amilopektin orant
1/7'dir. Golevez nisastast, patates nisastast gibi
berrak ve yumusak bir macun
olusturmaktadir. Nisastanin jelatinlesme sicakligy,
hasat sirasindaki gélevez cesidine ve olgunluguna
bagli olup 63-73 °C arasinda degismektedir
(Temesgen vd., 2015). Lipu’da yetisen gdlevez
nisastasinin, manyok nisastasinin ve bugday
nisastastnin fizikokimyasal Gzelliklerinin analiz

edildigi calismada gélevez nisastasinin (%15.93)
manyok nisastast (%26.62) ve bugday nisastasina
(%33.53) kiyasla 6nemli Slcide daha distk
amiloz  icerigine  sahip  oldugu  tespit
edilmistir. Golevez nisastasindan elde edilen jelin
mekanik mukavemetinin  (sertlik, yaylanma,
yapiskanlik ve ¢ignenebilirlik), manyok ve bugday
nisastasindan elde edilen nisastalara kiyasla daha
diisiik oldugu bildirilmistir (Huang vd., 2023).
Nisasta; distik maliyeti, bollugu, ¢evre dostu ve
yenilenebilir  6zelliklerinin  yani sira iyl film
olusturma kapasitesinin ylksek olmast nedeniyle
biyoplastik {iretimi igin en giigcli hammadde
adaylarindan biri olarak kabul edilmektedir.
Nisasta bazli filmler patates, piring, mistr, gélevez
ve diger kok yumru nisastalart gibi gida
malzemelerinden gelistirilmektedir ve biyolojik
olarak parcalanabilen plastiklerin yaklasik %50'si
nisastadan  Uretilmektedir.  Nisasta  bazli
biyoplastiklerin tiretimi basittir ve paketleme
uygulamalarinda gida, ilag, tekstil ve kagit gibi
bircok endistride yaygin olarak kullanilmaktadir
(Carrion vd., 2023). Bidari ve ark. tarafindan
yapilan calismada, plastik benzeri niteliklere sahip
biyolojik olarak parcalanabilen filmler dretmek
icin petrol bazli bilesenlerin yerine nisastanin
kullamlmasi gerektigi bildirilmistir. Bu ¢alisma ile,
golevez nisastasinin dokiim teknigi kullanilarak
biyofilm uretilmesindeki yenilik ilk kez rapor
edilmistir. Golevez nisastasinin potansiyel olarak
distik maliyetli ve yenilenebilir bir polimer
olabilecegi sonucuna varlmistir. Bu ¢alisma
siginda  golevez nisastasy, gida ve ambalaj
endistrilerinde daha genis uygulama alanina sahip
ambalaj Urlinleri tasarlamak ve gelistirmek icin
arastirlacaktr (Bidari vd., 2023).

Golevez yumrusu, kuru agirligina gore yaklasik
%11 protein icermektedir. Bu oranin tath
patatesin, manyogin veya patatesin protein
igeriginden daha fazla oldugu bildirilmistir (FAO,
1999). Golevezin diger kok bitkilerinden daha
yiksek protein icerigine sahip olmasinin nedeni
simbiyotik  mikroorganizmalari  daha  fazla
icermesidir dolayistyla bu bakteriler yaprak ve
sogandaki nitrojen seviyelerini ylkseltmektedir

(Zubair  vd.,, 2023). Protein fraksiyonu
incelendiginde; histidin ve lizin disindaki treonin,
16sin, arginin, valin, metiyonin, sistin ve
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fenilalanin gibi esansiyel amino asitler agisindan
zengin  oldugu  bildirilitken  yapraklarin
yumrulardan daha fazla esansiyel aminoasit
icerdigi tespit edilmigtir. Protein iceriginin de
yumrunun cevresinde merkezine gbre daha
yiksek  miktarda oldugu  gorilmustir. Bu,
yumrularin ¢ok ince soyulmast gerektigini aksi
takdirde soyma sirasinda 6nemli miktarda protein
kayb1 yasanabilecegini dustindirmekte-
dir. Golevez yapraklar ise kuru agirhigina gore
yaklasik %23 protein icermektedir (FAO, 1999;
Ferdaus vd., 2023). Protein icerigi acisindan iki
6nemli protein tipi olan G1’i (mannoz baglayict
lektin) ve G2’yi (tripsin inhibit6ril) barindirmast
sebebiyle de diger kok bitkilerinden farklt oldugu
tespit edilmistir. Cevresel faktorler (sicaklik ve
nem), yetistirme uygulamalart (giibreleme ve
sulama) ve isleme (depolama) gibi durumlar
gblevezin  protein  icerigini  etkilemektedir
(Ferdaus vd., 2023).

Golevezdeki yag icerigi cok disiktiir ve esas
olarak hiicre zart lipitlerinden olusmaktadir. Genel
olarak gélevez yumrularinin yag iceriginin %0.16-
0.36 arasinda degistigi bildirilmistir (FAO, 1999).
Farkli pisirme yontemlerinin (kaynatma, buharda
pisirme, firinda pisirme, mikrodalgada pisirme ve

kizartma)  gblevez  soganlarinin  kimyasal
bilesimleri, nisasta sindirilebilirligi ve antioksidan
aktiviteleri {tizerindeki etkilerinin  arastirildigy

calismada, ham golevez ile karsilastrildiginda
kaynatma ve kizartma; golevezin protein ve kil
icerigini azaltmustir. Kizartma islemi, golevezin
yag igerigini Onemli Olcide artirmus fakat
karbonhidrat icerigini azaltmistir (Kapcum vd.,
2022).

Golevezin nem icerigi yiksektir (%063.6-72.4) ve
bu durum raf 6mrinin kisa olmasina neden
olmaktadir. Aynt zamanda yiiksek nem icerigi kok
ve yumru bitkilerde bakteri, kiif ve mantarlarin
bliyimesi i¢in uygun kosullar yaratmaktadir
(Molla vd., 2022). Lelmen ve Makatiani tarafindan
yapilan calismada, gdlevezi en uygun depolama
yonteminin 0-2°C  sicaklikta yaklagtk 8 hafta
oldugu bildirilmistir. Golevezin oda sicakliginda
hizli bir sekilde c¢lrimeye veya filizlenmeye
baslamast sebebiyle de en ge¢ iki giin igerisinde
titketilmesi 6netilmektedir (Lelmen ve Makatiani

2023). Tatl patates, patates ve manyok gibi diger
kék ve yumrulu bitkilerle karsilastirildiginda
golevez icin hasat sonrasi teknoloji ve tekniklerin
sinirlt oldugu bilinmektedir. Geleneksel olarak,
golevez yumrulart ya hemen tiketimek tzere
hasat edilir ya da ihtiya¢ duyulana kadar bir
depolama yontemi olarak ciftlikte gdmili olarak
birakilmaktadir. Fakat tarlada gémilii olarak
depolama  yalnizca yeni  bir icin
kullanilabilecek araziyi baglamakla kalmaz aymi
zamanda  yumru  koklerin  kalitesini  de
etkilemektedir. Dolayistyla gblevez yumrularinin
korunmasina yonelik son c¢alismalar gdlevezi
kurutma teknigine yonelmistir (Ndisya vd., 2022).

urun

GOLEVEZIN BESLENME VE SAGLIK
UZERINE ETKILERI

Golevez saglik yararlari dogrulanan flavonoid,
steroid, pB-sitosterol gibi biyoaktif bilesiklerin
varligt sebebiyle; antioksidan, immuinomodilator,
antitimoral, antimetastatik, antimutajenik,
antihiperglisemik  ve  antihiperkolesterolemik
biyoaktiviteler géstermektedir (Sharma vd., 2020;
Pereira vd., 2021). Goélevezde bulunan yiiksek
diyet lifi; bagirsak metabolizmasinin
dizenlenmesi ve diski kivaminda aktif rol
oynamast nedeniyle konstipasyon tedavisinde
o6nem arz etmektedir. Golevez ayni zamanda
glutensiz olmast sebebiyle de c¢oOlyakta tercih
edilmektedir.  Nisasta  grantllerinin  kolay
sindirilebilir olmasi; peptik ilser, pankreas
hastalig1, karaciger hastaligy, inflamatuar bagirsak
hastalig1 ve safra kesesi rahatsizlig1 olan bireylerin
de golevezi kullantmini  kolaylagtirmaktadir
(Otekunrin  vd., 2021). Ayrica Okyanusya’da
bulunan bir ada tlkesi olan Fiji’de mide agrisint
tedavi etmek icin kullanilan dort sifali bitkiden
birinin gélevez oldugu bildirilmistir (Miyamoto
vd., 2021).

Tahil alerjisi olan bireyler icin 6zel bir alternatif
olarak kabul edilen ve siite karst hassasiyeti olan
cocuklar tarafindan da tiketilebilen golevezin
ayrica dis cirimesine karst etkili oldugu ve dis
etindeki akut veya subakut enfeksiyon vakalarini
azaltugl  kanitlanmustir  (Ubalua  vd., 2016).
Hawai’de 1950'lerin basinda bebeklerde aletji ve
gelisme geriligi tedavisindeki olumlu etkileri
sebebiyle bircok hastane tarafindan dizenli olarak
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gblevez soganlarindan yapilan nisastali bir macun
olan Poi kullandmustir. Poi’nin; gastroenterit,
irritabl bagirsak sendromu, inflamatuar bagirsak
hastaligl, Crohn hastaligi, dlseratif kolit, kanser,
azalmis bagisiklik fonksiyonu ve yetersiz laktaz
sindirimi ~ gibi  fermente sit drinlerinin
kullanimiyla  iyilesme kaydeden  hastaliklar
tzerinde de etkili bir role sahip oldugu
bilinmektedir. Buna ek olarak Poi kolay
sindirilebilirligi sayesinde kanser kaseksisi, AIDS,
kistik fibréz ve pankreatitte agirlik artigini tesvik
etmek icin de kullanilmaktadir (Brown ve Valiere,
2004). Poi'nin dogal fermantasyonu, golevez

bitkisinin yiizeyinde bulunan maya ve laktik asit
bakterileri stireci baslattiginda ortaya ¢tkmakta ve
keskin bir tat vermektedir (Saranraj vd., 2019).
Lactococcus lactis, Lactobacillus plantarum, 1enconostoc
lactis, Tetragenococcns halophilus ve Weissella confusa'y:
iceren laktik asit bakterileri; Urtintin tadm,
aromasini ve raf 6mrund artirarak bu sirecte
o6nemli bir rol oynamaktadir (Brown ve Valiere,
2004; Brown vd., 2005). Gélevezin beslenme ve
saglik Uzerine yapilmis calismalart Cizelge 2’de
Ozetlenmistir.

Cizelge 2. Golevezin beslenme ve saglik Gizerine yapilmis ¢alismalar

Biyoaktif etki Kaynaklar
Bebeklerde alerji ve gelisme geriligi tedavisi Brown ve Valiere, 2004
Dis ¢lurimesine karsi etkili olma, dis etindeki akut  Ubalua vd., 2016

veya subakut enfeksiyon vakalarini azaltma
Antikanserojenik

Antioksidatif ve antienflamatuar
Hipolipidemik

Immiinomodiilator
Antidiyabetik

Kisa zincitli yag asitleri (SCFA) tretiminde artss ile
mikrobiyotada olumlu etki

Pereira vd., 2015; Merida vd., 2018; Pereira vd.,
2018; Correa vd., 2019; Eleazu vd., 2021; Pereira
vd., 2021; Tusubira vd., 2023

Kaushal vd., 2015; Sharma vd., 2020; Shehata
vd., 2023

Sakano vd., 2005; Boban vd., 2006; Lad vd.,
2023

Zhang vd., 2022

Eleazu vd., 2014; Li vd., 2014; Eleazu vd., 2016;
Islam vd., 2018; Caleb vd., 2020; Pereira vd.,
2020; Sulistiani vd., 2020; Afifah vd., 2023a;
Afifah vd., 2023b

Surono ve Venema, 2020

Antitilser Miyamoto vd., 2021
Antiinflamatuar Elmosallamy vd., 2021; Baro vd., 2023; Cahyani
vd., 2023
Antifungal Baltazar-Bernal vd., 2022; Patel vd., 2023
Antikanserojenik Etki (digalaktosildiasilgliserol) —antikanserojenik etki

Kanser; dinya capinda ikinci 6nde gelen 6lim
nedeni olarak bilinmektedir (WHO, 2023).
Golevezde bulunan biyoaktif molekiller olan
tarin, taro-4-1 polisakkarit, TPS-1/TPS-2 (taro

polisakkarit 1/2), A-1/B-2 alfa-amilaz
inhibitérleri, MGDG
(monogalaktosildiasilgliserol) ve DGDG

gostermektedir (Pereira vd., 2021).

Hayvanlarda, bitkilerde, mantarlarda, likenlerde
ve mikroorganizmalarda yaygin olarak bulunan bir

protein smufi  olan lektin, spesifik olarak
karbonhidratlara baglanma yetenegiyle
bilinmektedir. Tarin kaynagt olarak bilinen

golevezin; lektin olan Galanthus nivalis agliitinden
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(GNA) zengin oldugu tespit edilmistir. Tarin %o2-
3  karbonhidrat icerigine sahip en az 10
izoformdan olusan bir glikoprotein olup yapist
stabildir, farkls sicaklik ve pH degerlerinde yapilan
islemler  sonrasinda  fonksiyonel  yapisint
korumaktadir. Tarin, mannoz ve kompleks N-
glikanlara ylksek afiniteyle baglanarak karmastk
bir karbonhidrat spesifikligi gdstermektedir
(Pereira vd., 2015). Virtslere ve boceklere karst
taninmis biyosit aktiviteleri sergiler, antitiimoral
Ozelliklere sahiptir ve imminomodilatér molekdil
adayr  olarak  bilinmektedir. Tarinin  anti-
kanserojenik  etkisi, htcre zart izerindeki
glikanlara baglanma spesifikliginin bir sonucu
olabilir; 6zellikle insan kanser dokusunda yaygin
olarak  bulunan ancak saghkh  olanlarda
bulunmayan 16semide eksprese edilen glikan
358'de mevcut olan H2 antijenine, yumurtalik
kanseri hiicrelerinde CA-125 antijenine, kanser
hiicresinde mannoz N-glikan 49'a baglanmaktadir
(Pereira  vd., 2018). Tarinin  lipozomal
nanokapstllerinin  dretildigi, immiinomodiilatér
ve antitimoral potansiyellerinin degerlendirildigi
calismada; lipozomal tarin nanokapsilleri, sagliklt
farelerin kemik iligine ve 1.929 hiicrelerine karst
hicbir  toksisite sergilememis olup meme
adenokarsinomunun (MDA-MB-231) ve
glioblastoma hiicrelerinin (U-87 MG) ¢ogalmasint
inhibe etmistir. Kapsillenmis tarinin etkinligi,
geleneksel ~ kemoterapi  ilaglarina  benzer
bulunmustur. Tarinin lipozomal nanokapsiilleri,
potansiyel bir kemoterapi adjuvant olarak serbest
tarine kiyasla Ustin farmakolojik  aktivite
sergilemistir (Correa vd., 2019).

Saflastrilmus  tarin; splenositler, kemik iligi
hiicreleri  Ozellikle de B-lenfositler tzerinde
mitojenik aktivite sergilemektedir bu durum da
tarinin belirli kanser tirlerinde
immiunosupresyonun hafifletilmesinde faydalt
olabilecegini dusundirmektedir. Grantlosit
kaybi, Ozellikle de nétrofil kaybi, kemoterapinin
neden oldugu immunosipresyonun
karakteristigidir  ve yiksek enfeksiyon
duyarliliginin ana faktérii olarak bilinmektedir.
Bagisikligt baskilanmus fareler tizerinde tarinin
immunomodilatér bir ajan olarak kullaniddigt
calismada; tarin,  granilositlerin =~ azalmasint
hafifletmis, 16kopeniyi en aza indirmis, periferik

16kositlerin daha hizl iyilesmesini tesvik etmis ve
kemik iligi hiicrelerini doza bagli bir sekilde
sitotoksisiteden korumustur (Merida vd., 2018).

Golevez ayrica bagirsak gecisini optimize eden ve
kolorektal kanser riskini azaltan 6énemli miktarda
¢bzinir ve ¢éziinmeyen diyet lifi kaynagi olarak
bilinmektedir (Pereira vd., 2018). Hawaililer'de
kolorektal kanser goriilme insidanslarinin daha
disiik olmast; diyetteki etnik farkliiklardan ve
Ozellikle de Poi tiketiminden kaynaklandigt
dustintlmektedir. Farelerde gdlevez ekstraktinin
kolon kanserine karst antiproliferatif etkisinin
degerlendirildigi calismada, %25 gélevez ikamesi
eklenen grupta kanser hiicresinin biiylimesinin
baskilandigi tespit edilmistir. Bitki ekstrakt1 2 gtin
sonra kanser hucrelerine inkitbe edildiginde

kanser hucrelerinde apoptotik  degisiklikler
meydana gelmistir. Golevez ilavesi saglikl
farelerde splenosit hiicrelerinin  ¢ogalmasini

arttirmustir, bu da golevez ekstratinin tim hiicreler
icin toksik olmadigint hatta immiin sistemini
uyarict role sahip oldugunu ortaya koymustur.
Golevez ekstratinin kolon kanseri hiicrelerinde
apoptozu  indiikleyerek, kanserli  hiicreleri
parcalayabilen  lenfositleri  aktive  ederek
antikanserojenik etki g0osterdigi  belirtilmistir
(Brown vd., 2005).

Benign prostat hiperplazisi (BPH) erkeklerde alt
driner sistem semptomlarinin en yaygin etiyolojik
faktoridir. BPH yagla bitlikte 6nemli Ol¢lde
artmakta ve 81-90 yas arast erkeklerde %90'a
ulasmaktadir  (Launer vd., 2021). BPH’ta
tamamlayict tedavi olarak umut verici potansiyeli
olan gélevez yumru  ekstratmin  kullanildigt
calismada, tedaviye ek olarak gblevez ekstratt alan
grubun kontrol grubuyla karsilastirildiginda serum
Prostat spesifik antijen (PSA) diizeyinin anlamlt
diizeyde diistik oldugu bildirilmistir. Bu ¢alisma,
golevez yumru ekstraktlarinin BPH tedavisinde
uygulandiginda  potansiyel  olarak  glivenli
nutrasétik oldugunu  goéstermektedir (Tusubira
vd., 2023). Golevez yumru ekstraktinin BPH
tedavisindeki etkisini arastiran bagska bir calismada
da tedaviye ek olarak 100, 200 ve 400 mg/kg
golevez ekstrakti alan gruplarin sadece testosteron
propiyonat alan gruba gbére PSA konsantrasyonu
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anlaml diizeyde daha distik bulunmustur (Eleazu
vd., 2021).

Antioksidan Etki

Golevezin en fazla flavonoid ¢esitliligine sahip
tropikal bitki tiirii oldugu bilinmektedir (Pereira
vd., 2020). Golevezde bulunan toplam fenolik asit
ve flavonoid igeriginin 2,2-difenil-1-pikrilhidrazil
(DPPH) yontemiyle degerlendirildigi calismada
toplam  fenolik  asit miktann  4.37%0.02-
115.2118.24 mg gallik asit esdegeri (GAE)/100 g,
flavonoid miktart 0.25+0-1.47%0.07 mg kuersetin
esdegeri (QE)/100 g olarak bulunmustur.
Sonuglar gdlevez soganlarinin iyi bir biyoaktif
bilesik  kaynagt oldugunu  dogrulamaktadir
(Quedraogo vd., 2023). Genel antioksidan
kapasitesine katkida bulunan flavonoidlere ek
olarak tanenler, saponin, B-sitosterol, alkaloit,
karotenoidler, fenoller, vitaminler ve yag asitleri
bulunmaktadir (Pereira vd., 2020; Pereira vd.,
2021).  Siyanidin-3-glukozit,  pelargonidin-3-
glukozit ve siyanidin-3-kemnosid, siyanidin-3-
ramnosid gibi antioksidatif ve antienflamatuar
Ozelliklere sahip oldugu bildirilen antosiyaninleri
de icermektedir (Kaushal vd., 2015; Sharma vd.,
2020). Golevez yapragt ayrica antrakinon,
apigenin, katesin, sinamik asit tiirevleri gibi aktif
kimyasal bilegikleri barindirmaktadir (Gupta vd.,
2019). Yakin zamanda yapilan calismada
golevezin etanol ekstraktinda biyoaktif bilesiklerin
varlig ylksek performanslt sivi kromatografisi
(HPLC) yontemiyle incelenmistir. Calismanin
sonunda 6,2 4-trimetoksiflavanon, benzoik asit,
gallik asit, luteolin-6,8-C-diglukozit, katesin,
klorojenik asit, astilbin, kuersitin, kampferol
olmak tzere 13 bilesigin varligt tespit edilmistir.
Yiksek absorbans konsantrasyonuna sahip
baslica bilesenler ise rutin, vitexin, ellagik asit ve
kafeik asit olarak bildirilmistir (Elmosallamy vd.,
2021).

Biyoaktif bilesiklerin kaynagi olarak meyveler,
meyvelerin yan urtnleri ve bunlarin ekstrakte
formlarinin laktik asit bakterileri ile bitlestirilmesi;
fonksiyonel icecek pazarini genisletmek i¢in umut
verici bir biyoteknolojik strateji olarak goze
carpmaktadir (Rodriguez vd., 2021). Fonksiyonel
yiyecek ve iceceklerin besin degerini arttirmanin
en yaygin yolu; probiyotik 6zelliklere sahip olan

bilesiklerin veya mikroorganizmalarin besinlere
eklenmesiyle gerceklesmektedir (Szydtowska vd.,
2023). Pastorize inck siitiine baslatict kiltlirlerle
(Streptococcus thermophilus ve Lactobacillus
delbruecki subsp. bulgaricus, Lactobacillus
paracasei KC39 susu) 250 mg/L ve 500 mg/L
oraninda goélevez yaprak ckstraktinin eklendigi
calismada, takviye edilen iceceklerin sindirim
stregleri ve iceceklerde artan  polifenol
konsantrasyonu sayesinde probiyotiklerin stabil
kalmastyla antioksidan potansiyeli artmustir. Aynt
zamanda duyusal degerlendirmede de ekstrat ilave
edilen fermente siit Urlininin kabul edildigi
bildirilmistir. Ozetle, fermente

iceceklerde golevez ekstratt ile probiyotiklerin
birlestirilmesi saglik acisindan bir¢ok faydast olan
ve fonksiyonel olarak gelistirilmis bir gida
trtinini ortaya ¢tkarmaktadir (Shehata vd., 2023).
Bu calisma fonksiyonel gida alanina 6énemli bir
katki saglamakta ve golevez yapraklarinin gida
triinlerine dahil edilmesinin potansiyel saglik
yararlarint vurgulamaktadir,

Hipolipidemik Etki

Hiperlipidemi; kolesterol, trigliseritler, dustk
yogunluklu lipoprotein (LDL) ve cok disik
yogunluklu lipoprotein (VLDL) gibi plazma
lipoproteinleri  dahil olmak tizere plazma
lipitlerinden en az birinde genislemenin yant sira
yiksek  yogunluklu  lipoprotein (HDL)
dizeylerinde azalma ile karakterize edilen bir
hastaliktir.  Genetik  ve cevresel faktorler,
hiperlipidemi ve kardiyovaskiiler hastaliklarin
gelisme riskine katkida bulunmaktadir (Lad ve
Kolhe, 2023). Ratlarda hiperlipidemik aktiviteyi
indtklemek icin Poloksamer-407 (P-407) ve D-
fruktoz’un kullanddigi calismada; gélevez ekstrat,
P-407 ve D-fruktozun neden oldugu yitksek LDL
ve VLDL seviyelerini anlamh diizeyde
dustirmustir (Lad vd., 2023).

Golevezdeki 6nemli aktif bilesen olan golevez
polisakkaritleri esas olarak glikoz, galaktoz,
arabinoz, mannoz vb. gibi monosakarit
birimlerinden olusmaktadir. Golevez
polisakkaritlerinin antioksidan, lipit distriicii ve
immunomodulatér etkileri bulunmaktadir (Zhang
vd., 2022). Farkli lif smuflari lipit seviyelerini
distirme  potansiyelleri  acisindan  farklilik
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https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/very-low-density-lipoprotein

Golevezin sagliga etkileri

gostermektedir. Kimyasal olarak cesitli liflerin
hipolipidemik  aktivitelerinde nasil  farklilik
gosterdigini incelemek icin gélevez, cemen otu ve
tatll patatesten izole edilen mdusilajlar deney
hayvanlarina uygulanmis ve hem lipit hem de
lipoproteinlerin =~ metabolizmast  incelenmistir.
Cemen otu tohumlarinda galaktomannan, tatlt
patates yumrularinda  glikomannan ve  gdlevez
yumrularinda  arabinogalaktan bulunmaktadir.
Misilajlarla 8 hafta boyunca beslenen ratlarin
kolesterol ve triagilgliserol seviyeleri anlamli
dizeyde dismistir. Bu miusilajlar arasinda en
fazla  hipolipidemik  etkiyi ~ glikomannan
gOstermistir, bunu galaktomannan ve
arabinogalaktan takip etmistir. Misilajla beslenen
ratlardan  izole edilen hepatositlerin  VLDL
sentezindeki azalmalar, kontrol grubuna goére
anlamli diizeydedir (Boban vd., 2006). Sakano ve
ark. tarafindan yapilan gélevez dahil 130 sebzenin
etanol  ekstraktinin kolesterol  biyosentezini
baskilayan 6rneklerini bulmak amaciyla planladig
calismada, on iki sebzede anlamli inhibisyon
gorulirken en ytksek inhibisyon 300 mg/ml'de
%55 inhibisyon ile gdlevezde bulunmustur
(Sakano vd., 2005).

Antidiyabetik Etki

Golevezin igerdigi biyoaktif bilesenler, obezite ve
tip II diyabet gibi fizyopatolojik durumlarda da
o6nemli rol oynamaktadir (Pereira vd., 2020).
Golevezin antidiyabetik etkisini arastiran  bir
calismada gdlevez unuyla beslenen diyabetik
ratlarin  aclik kan sekeri %233.42 oraninda
azalmustir. Aragtirmacilar gélevezin antidiyabetik
etkisinin, nisastanin glikoza hidrolize edilme
hizinin gecikmesinden kaynaklandigim
distinmektedir (Eleazu vd., 2014). Golevez ve
olgunlasmamis muzun kurutulup un haline
getirilerek kullanildig1 baska bir ¢alismada; golevez
ile beslenen diyabetik ratlar, olgunlasmamis muz
ile beslenen diyabetik ratlar ve bunlarin
kombinasyonuyla beslenen diyabetik ratlarin
serum glikoz seviyeleri, diyabetik ratlara kiyasla
anlamli diizeyde daha diistiktir. Fakat gblevez ile
beslenen diyabetik ratlar, olgunlasmamis muz ile
beslenen diyabetik ratlar ve diyabetik olmayan
ratlarin serum glikoz seviyeleri arasinda anlamlt
bir farklilik tespit edilmemistir (Eleazu vd., 2016).

Golevez soganlarinin  metanol  ekstraktinin
antihiperglisemik etkilerinin ratlarda oral glukoz
tolerans testi (OGTT) yoluyla belirlendigi

calismada gélevezin  metanol ekstraktinin = 50
mg/kg, 100 mg/kg, 200 mg/kg ve 400 mg
mg/kg’lk  dozlarda  ratlara  oral  olarak
uygulanmasi, kan sekeri seviyelerini doza baglt
olarak sirayla kontrol grubuna gére %15.1, %24.4,
%32.1, %35.8 oraninda azaltmistir. Standart bir
antihiperglisemik ilag olan glibenklamidin 10
mg/kg’lik  dozda uygulanmasi, kan seker
seviyesini ~ %41.8  oraninda  dustrmustir.
Dolayistyla test edilen en yiksek dozda gélevezin
metanol ekstrattnin  kan  gekerini  digirme
etkisinin glibenklamid ile neredeyse
karsilastirilabilir diizeyde oldugu tespit edilmistir
(Islam vd., 2018). Gélevezin sulu kok ekstraktinimn
antihiperglisemik etkisi Gizerine yapilan bagka bir
calismada ratlar; saglikli kontrol, diyabetik kontrol
grubu (negatif kontrol), diyabetik ve “Glucinorm-
M80” (pozitif kontrol) kullanan grup, diyabetik ve
200 mg/kg golevez ekstraktt kullanan grup,
diyabetik ve 400 mg/kg gblevez ekstrakt: kullanan
grup, diyabetik ve 600 mg/kg golevez ekstraktt
kullanan grup olmak tizere 6 gruba ayrilmustir.
Farkli konsantrasyonlarda gdlevez ekstraktt ile
beslenen ratlar ve pozitif kontrol grubunun kan
glukozu ve HbA:C seviyesi, negatif kontrol grubu
ile karsilastirildiginda anlamlt dizeyde digtktir.
Sonug olarak gblevez ekstratinin diyabetik ratlarda
kan glukozu ve HbAiC seviyesi tzerinde
iyilestirici bir etkiye sahip oldugu bildirilmistir
(Caleb vd., 2020).

Diyabet, hemoglobin retiminde eritropoetin
olusumunun bozulmasina neden olabilir ve bu
durum anemiye sebebiyet  verebilmektedir
(Sulistiani vd., 2020). Aldoz rediktaz (AR);
katarakt olusumunda, néropati, nefropati ve
retinopati  gibi  diyabetik komplikasyonlarin
patogenezinde 6nemli rol oynayan poliol
yolundaki anahtar bir enzim olarak islev
gormektedir. AR, NADPH'ye bagimli bir
oksidorediiktazdir, glikozun sorbitol'e
indirgenmesini  katalize eden ve sorbitol
dehidrojenaz tarafindan fruktoza metabolize
edilen  poliol  yolunda 6nemli  roli
bulunmaktadir. Dolayisiyla AR inhibisyonu, uzun
vadeli diyabetik komplikasyonlarin énlenmesinde
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kilit nokta olarak goriilmektedir (Li vd., 2014).
Goélevez yapraginin, aldoz reditktaz aktivitesi
tzerinde inhibisyon etkisi olan sebzelerinden biri
oldugu tespit edilmistir. Ratlarin K (kontrol
grubu), P1 (200 mg/kg golevez yapradi ekstresi)
ve P2 (400 mg/kg golevez yapragi ekstresi) olmak
tzere 3 gruba ayrildigi calismada, ratlar 4 hafta
boyunca yiiksek yaglt sitkroz diyeti ile obez
olmaya tesvik edilip ardindan 3 hafta boyunca
gblevez yapragt ekstrati verilmistir. Golevez
yapragi ekstratinin hemoglobini artirma yéntnde
anlamlt  bir etkisi bulunmustur fakat aldoz
rediktaz aktivitesini inhibe etme etkisi anlamli
diizeyde bulunmamustir. Tedavi grubunun aldoz
rediiktaz aktivitesinin ortalamasi kontrol grubuna
gore daha digiktir fakat gruplar arasinda anlaml
bir farklilik bulunmamistir (Sulistiani vd., 2020).

Golevez yapraklarnin  90-100°C’de  kaynatilip
daha sonra kurutularak beyaz ekmege %5, %10 ve
%151k oranlarda cklendigi c¢alismada; %15
gblevez yapragi eklenen beyaz ekmekte en yitksek
karbonhidrat (%52.46) orani, gdlevez yaprag
eklenmemis beyaz ekmekte en ylksek yag (%07.71)
orant, %10 golevez yapragt eklenen beyaz
ekmekte en ylksek su (%36.52) orani, gélevez
yapragl ecklenmemis beyaz ekmekte en yiksek kiil
(%1.56) orant ve %10 gdlevez yapragi eklenen
beyaz ekmekte en yitksek antioksidan aktivite
tespit edilmistir. Goélevez yapragi eklenmemis
beyaz eckmege kiyasla %10 g6levez yapragt
cklenen beyaz ckmekte kan sekeri tepkisinde
azalma oldugu gorilmistir (Afifah vd., 2023a).
Eristeye golevez unu (%0, %40 ve %100) ve
gblevez yapragt ekstratt (%0 ve %100) ilavesinin
glisemik indeks tizerine etkisini arastiran bagka bir
calismada da, gblevez unu ve yaprak
konsantrasyonlart ilavesi sirayla DO (%0:%0), D1
(%040:%0), D2 (%40:%100), D3 (%100:%0), D4
(%100:%100) ve D5 (%0:%100) olacak sekildedir.
En dusiik glisemik indeks ve yiikiin D2 grubunda,
en ytksek ise DO grubunda oldugu bildirilmistir
(Afifah vd., 2023b).

Goélevez ununun ratlarda bagirsak mikrobiyotast
tzerindeki etkisini arastirmak i¢in yapilan
calismada, misir nigastast ve golevez unu ile
beslenen ratlardan diski numuneleri baglangicta ve
4 hafta sonra toplanmis olup kisa zincirli yag

asitleri (SCFA) iyon kromatografisi kullanilarak
Olcilmustur. Golevez unu ile beslenen ratlarin
diskt konsantrasyonunda asetat, propiyonat ve
butirat seviyeleri anlamli diizeyde artmustir.
Golevez unu misir unuyla karsdastirildiginda,
SCFA  iretiminde artisla  birlikte  bagirsak
mikrobiyota bilesiminde de olumlu degisiklikler
meydana gelmistir. Bu nedenle gélevezin bugday
bazlt gida Urlnlerine iyi bir alternatif olabilecegi
belirtilmistir. SCFA'latin  obezite ve prediyabet
uzerinde olumlu etkileri, bu endemik kiiresel
sorunun daha da artmasini 6nleyecektir (Surono
ve Venema, 2020).

SONUC

Tibbi bitkiler kiiresel miraslardandir. Kiresel
miraslardan olan gdlevez flavonoid, steroller,
glikozitler gibi biyoaktif bilesenleri barindirmast
sebebiyle  antiinflamatuar, antioksidan  ve
hipolipidemik aktiviteler gostermektedir. Aynt
zamanda gélevezdeki nisasta partikiillerinin kiigitk
olmasi, direncli nisastanin daha fazla olmast,
hipoalerjenik olmast gibi 6zellikleri gélevezi
gelecekte 6nemli yerlere getirecektir. Bu bitkinin

ttbbi ve farmas6tik alanda  maksimum
potansiyelinden faydalanilmast gerekmektedir.
Mevcut  caligmalar  sonucunda  gdlevezin

antikanserojenik ve antidiyabetik etki gOsterdigi
bilinmektedir fakat streli mudahale
calismalart yetersizdir. Gelecekteki aragtirmalar
gblevezin fitokimyasina, klinik deneylerine ve
farmakokinetigine odaklanmalidir. Ozellikle tarin
icerigi ile gbze carpan golevez, koéti huylu
hticrelerin  ¢ogalmasini engellemek ig¢in kanser
htcreleriyle dogrudan etkilesime girebilmesi
sebebiyle gelecekteki kanser tedavilerinin bir
pargast olabilir.

uzun

CIKAR CATISMASI
Bu makalede vyazarlarin, bagka kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.

YAZAR KATKILARI
Tum yazarlar makalenin yazimina katkida
bulunmus, son halini okuyarak onaylamustir.
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oz

Bu ¢alismada ¢orek otu posastnun iki farklt recete ile marmelada islenmesi sonucunda toplam fenolik madde,
toplam antioksidan kapasite ve bireysel fenolik bilesenlerin biyoerisilebilirliginde meydana gelen degisimler
in vitro sindirim modeli ile incelenmistir. UPLC-ESI-MS/MS analizi, klorojenik asit, p-salisilik asit ve o-
salisilik asidin hem ¢brek otu posasinda hem de marmelatlarda ana fenolik bilesikler oldugunu ortaya
koymustur. Corek otu posasinin marmelada islenmesi toplam fenolik madde iceriginde, toplam antioksidan
kapasitede ve tim bireysel fenolik bilesiklerin konsantrasyonlarinda istatistiksel olarak énemli disiislere
neden olmustur (P<0.05). Haslama 6n isleminin uygulandigt recete ile hazirlanan marmelatlar duyusal
degerlendirmede Ustin bulunmakla bitlikte, 6n islemsiz olarak hazitlanan marmelatlarda biyoerisilebilir
fenolik bilesen seviyelerinin daha yiiksek oldugu tespit edilmistir. Sonug olarak, bu ¢alismada elde edilen
bulgular; ¢6rek otu posasinin marmelat yaptminda degerlendirilmesi ile stirdiriilebilir attk yonetimine katk:
sunulabilecegine dikkat ¢ekmistir.

Anahtar kelimeler: Nigella sativa L., gida atiklari, in vitro sindirim, UPLC-ESI-MS/MS, klorojenik asit,
salisilik asit

VALORIZATION OF BLACK CUMIN POMACE IN MARMALADE
PRODUCTION: EFFECTS ON BIOACCESSIBILITY OF PHENOLIC
COMPOUNDS AND ANTIOXIDANT CAPACITY

ABSTRACT

In this study, the changes in the bioaccessibility of total phenolics, total antioxidant capacity, and
individual phenolic compounds resulting from the use of black cumin pomace in marmalades
prepared with two different recipes were examined using an in vitro digestion model. UPLC-ESI-
MS/MS analysis revealed that chlorogenic acid, p-salicylic acid and o-salicylic acid were the main
phenolic compounds present in both the black cumin pomace and the marmalades. Processing black
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Corek otu posasinin marmelatta kullanilmasi

cumin pomace into marmalade caused statistically significant reductions in total phenolic content,
total antioxidant capacity, and levels of all individual phenolic compounds (P<0.05). While the
marmalades prepared with the recipe that included a blanching pre-treatment were found to be
superior in sensory evaluation, the marmalades prepared without pre-treatment had higher levels of
bioaccessible phenolic compounds. Overall, the findings of this study highlight that utilizing black
cumin pomace in marmalade production can contribute to sustainable waste management.

Keywords: Nigella sativa 1., food waste, in vitro digestion, UPLC-ESI-MS/MS, chlorogenic acid,

salicylic acid

GIRIS

Ranunculaceae tyesi olan ¢orek otu (Nigella sativa
L), Asya, Giney Avrupa, Kuzey Afrika ve
Akdeniz bélgelerinde yaygin olarak
bulunmaktadir. Cérek otu tohumlar; diyabet,
solunum yolu hastaliklari, felg, sindirim sistemi
sorunlari, inflamasyon ve hipertansiyon dahil
olmak tzere cesitli hastaliklarin  tedavisinde
kullanilan ttbbi  bir  bitki olmastyla
farmakoterapide kokli bir geg¢mise sahiptir
(Yimer vd., 2019). Corek otunun saghk tzerindeki
bu olumlu etkileti; antioksidan, anti-inflamatuar,
immunomodiilatér, antikarsinojen, néroprotektif,
antimikrobiyel, antihipertansif, kardiyoprotektif,
antidiyabetik, gastroprotektif, nefroprotektif ve
hepatoprotektif ézellikler de dahil olmak tizere
cok cesitli tubbi niteliklerine atfedilmektedir
(Hannan vd., 2021). Cérek otu; klorojenik asit ve
salisilik asit gibi antioksidan Ozellikteki fenolik
bilesikler acisindan da zengin bir kaynaktr
(Hameed vd., 2019; Ansary vd., 2022).

Bitlesmis Milletler tyesi tlkeler tarafindan 2030
yilt sonuna kadar ulagilmasi hedeflenen 17 kiiresel
eylemden on ikincisi; endustriler, isletmeler ve
titketiciler arasinda atiklarin azaltilmasint tesvik
etmeyi amaclamaktadir (BM, 2020). Aynt sekilde,
"Sufir Auk Projesi" uygulamalarinin
yayginlastirilmast da 12, Kalkinma Plani'nda
belitlenen hedefler arasinda yer almaktadir (On
Ikinci Kalkinma Plani, 2024). Cérek otu
tohumlarindan yag ekstraksiyonu islemi sonucu
biyoaktif bilesikler agisindan zengin bir posa a¢iga
ctkmaktadir (Hadidi vd., 2021). Bu baglamda,
¢orek otu posast gibi attk olarak gérilen yan
trtnlerin degerlendirilme potansiyelinin
arastirilmast 6nem tastmaktadir. Literatirde daha
once yapilan caligmalarda ¢brek otu posasinda
bulunan fenolik bilesikler karakterize edilmis
(Gueffai vd., 2022) ve posasinin ekmek ya da
makarna gibi gida urtinlerinde fonksiyonel katki

maddesi olarak kullanim potansiyeli
degerlendirilmistir (Rézyto vd., 2021; Krawecka
vd., 2022). Ote yandan, bilindigi kadariyla daha
once yapimis olan hicbir calismada ¢orek otu
posasinin marmelat yapiminda degerlendirilmesi
konusu arastirlmamugtir.

Fenolik bilesiklerin saglik iizerine potansiyel
faydalari, gastrointestinal sistemde salinimlarina,
yani biyoerisilebilirliklerine bagldir. Hizli ve
glivenilir olan ve in vivo yontemlerle iligkili etik
kaygilari tagimayan in vitro sindirim yontemleri,
gastrointestinal kosullarin simiilasyonu i¢in yaygin
olarak kullamlmaktadir (Wojtunik-Kulesza vd.,
2020). INFOGEST grubu tarafindan gelistirilen
in vitro sindirim modelinin (Minekus vd., 2014)
uygulanmasi, standart deneysel kosullarin ve
prosediitlerin - acikca tanimlanmast nedeniyle
buytk bir avantaj saglamaktadir. Literatiirde, gida
isleme sonucu ortaya ctkan atik posalarin cesitli
uriinlerin fonksiyonel 6zelliklerini gelistirmek icin
kullanildig1 bazi calismalarda INFOGEST in vitro
sinditfim  modeli ile fenolik  bilesiklerin
biyoerisilebilirliginde meydana gelen degisimler
arastirdmistir (Kamiloglu vd., 2017; Milin¢ié¢ vd.,
2022; Varnaité vd., 2022). Diger taraftan, ¢orek
otu posasinin fonksiyonel gida gelistirmede
kullamldig1 calismalar oldukga siurhidir ve daha
once ¢orek otu posast tizerine yapilmis olan higbir

calismada in vitro sindirim sonucu fenolik
bilesiklerde meydana  gelen degisimler
degerlendirilmemistir.

Yukaridaki bilgiler 1s1ginda bu galismada ¢orek
otunun yagl cikarildiktan sonra kalan posanin
marmelat  yapiminda  degetlendirilmesi  ile
sturdirilebilir attk yOnetimine katki sunulmasi
amaclanmistir. Corek otu posasiun marmelada
islenmesi sonucunda toplam fenolik madde
icerigi, toplam antioksidan kapasite ve fenolik
asitlerin  biyoerisilebilirliginde meydana gelen
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degisimler INFOGEST in vitro sindirim modeli
ile incelenmistir. Tlaveten, egitimli panelistler
tarafindan driinlerin duyusal analiz
degerlendirmesi de gerceklestirilmistir.

MATERYAL VE YONTEM

Materyal

Bursa Uludag Universitesi Ziraat Fakiiltesi Gida
Isletmesi’nde ¢orek otunun (Nigella sativa 1.))
soguk sikim yontemiyle yagt cikarildiktan sonra
kalan posa iki farkli regete ile marmelada
islenmistir.

Tk regetede seker ve su 2:1 (w/w) oraninda
karistirilarak bir serbet elde edilmis ve bu karisima
scker miktari kadar posa ilavesi yapilmustir. Ancak
posanin tim suyu biinyesine ¢cekmesinden dolay:
seker ve su orant 1:1 (w/w) olacak sekilde yeni bir
setbet hazitlanarak posaile 3:1 (w/w) oraninda bir
kez daha  karsturilmistir.  Formiilasyonda
toplamda 100 g posa, 300 g su ve 300 g seker
kullandmis olup, elde edilen karisim yarim saat
siresince kaynamaya birakdmistir. Daha sonra
pektin (7 g) ilavesi yapilarak kuru madde icerigi
58°Bx'e ulagana kadar 1sitilmaya devam edilmistir.
Kaynamanin bitisine yakin sitrik asit (2 g)
cklenmistir. Elde edilen karisim 5 dk sogumaya
birakilmis ve daha sonra 5 dk siiresince blender ile
homoijenize edilmistir. Marmelatlar sicakken
kavanozlara alinmstir.

Ikinci recetede su ve posa 2:1 (w/w) oraninda
karistirildiktan sonra %06’lik tuzlu suda 1 saat
stresince haglama 6n islemi uygulanmustir (Kuscu
ve Yildirim, 2018). Sonrasinda stiziilen hasglanmis
posaya 1:2 (w/w) oraninda su ilave edilmis ve bir
kez daha 1 saat stresince haslanma islemi
uygulanmustir. Bu islemden sonra elde edilen
karisim 24 saat siresince suda bekletilmistir.
Bekleme stresince su 3 kez degistirilmigtir. Elde
edilen haslama 6n islemine tabi tutulmus posa, su
ve seker ile 1:1:1 (w/w/w) oraninda
karistirdmistir. Formiilasyonda toplamda 100 g
posa, 100 g suve 100 g seker kullanilmis olup, elde
edilen karisim yarim saat slresince kaynamaya
birakilmistir. Daha sonra pektin (3 g) ilavesi
yapilarak kuru madde igerigi 58°Bx'e ulagana
kadar ssitilmaya devam edilmistir. Ilk regete de
oldugu gibi kaynamanin bitisine yakin sitrik asit (2

@) eklenmistir. Elde edilen karisim 5 dk sogumaya
birakilmis ve daha sonra 5 dk stiresince blender ile
homojenize edilmistir. Marmelatlar sicakken
kavanozlara alinmistir.

Duyusal Analiz

Marmelatlarin (i) gérintim, (i) koku, (iii) renk, (iv)
tekstiir ve agiz hissi, (v) tat ve aroma, (vi) kivam
ve (vii) genel begeni 6zelliklerini iceren duyusal
analiz degerlendirmesinde 7 egitimli panelist yer
almistir. Marmelatlar her bir panel tyesine oda
sticakliginda  plastik  tabaklarda  sunulmustur.
Panelistlerden, marmelat 6rneklerini bu 7 farkls
parametre icin 1-7 skalasinda hedonik test ile
degerlendirmeleri istenmistir.

Fenolik Bilesiklerin Ekstraksiyonu

Fenolik bilesiklerin ekstraksiyonu daha 6nce
literatiirde belirtilen yontemde bazt degisiklikler
yapilarak gerceklestirilmistir (Kamiloglu, 2019).
2.00£0.01 g posa ve farkh receteler ile hazirlanmig
marmelat 6rneklerine 5 mL %0.1 formik asitli
%75 metanol solusyonu ilave edilmistir.
Kangimlar 15 dk siiresince ultrasonik banyoda
(Elma L.C30H) tutulduktan sonra 4°C'de, 10,000
X g hizinda 10 dk suteyle santrifujlenmis (Hitachi
CF15RN, Tokyo, Japonya) ve ust fazlar temiz

tiplere aktarlmistir. Bu  islemler iki kez
uygulanarak ust faz, 10 mL'lik hacme
tamamlanmustir. Ekstraktlar analizlerde

kullanilmak tzere -20°C'de muhafaza edilmistir.

In Vitro Sindirim

Fenolik bilesiklerin biyoerisilebilirliginin  tespiti
icin INFOGEST grubu tarafindan gelistirilmis
olan in vitro sindirim modeli uygulanmistir
(Minekus vd., 2014). Gastrik ve intestinal sindirim
sonrast toplanan OSrnekler 4°C'de, 20,000 X g
hizinda 5 dk suteyle santrifiijlenmis ve tst fazlar
analizlere kadar -20°C'de muhafaza edilmistir.

Toplam Fenolik Madde Tayini

Toplam fenolik madde tayini daha dnce
literatiirde belirtilen sekilde spektrofotometre
(Agilent  Cary 60, ABD)  kullaniarak
gerceklestirilmistir (Velioglu vd., 1998). Sonugclar
mg gallik asit esdegeri (GAE)/100 g seklinde ifade
edilmistir (R?= 0.999).
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Toplam Antioksidan Kapasite Tayini

Toplam antioksidan kapasite tayini CUPRAC
(bakir iyonu indirgenme antioksidan kapasitesi)
(Apak vd., 2004) ve DPPH (2,2-difenil-1-
pikrilhidrazil) (Kumaran ve Karunakaran, 2000)
yontemleri ile daha 6nce literatiirde belirtilen
sekilde spektrofotometre kullanilarak
gerceklestirilmistir.  Sonuglar  mg  Troloks®
esdegeri (TE)/100 g seklinde ifade edilmistir (R?=
0.992-0.999).

UPLC-ESI-MS/MS ile Fenolik Bilegiklerin
Tanimlanmasi ve Kantifikasyonu

Fenolik bilesikler daha 6nce literatirde belirtilen
sekilde C18 kolonu (100 X 3 mm, 3 um; GL
Sciences, Tokyo, Japonya) ile donatilmis bir
UPLC-ESI-MS/MS = sistemi  (Shimadzu LC-
MS/MS 8060, Kyoto, Japonya) kullanilarak
tamimlanmis ve kantifiye edilmistir (Akpinar-
Bayazit vd., 2023). Ornek spektrumlart ¢oklu
reaksiyon izleme modunda (MRM) kaydedilmis
olup, veri analizi LabSolution yazilimi (Shimadzu

bilesikler klorojenik asit, p-salisilik asit ve o-salisilik
asit standartlart kullanilarak kantifiye edilmis ve
sonuclar pg/ke seklinde ifade edilmistir.

Istatistiksel Analiz

Analizler G¢ tekrarlt olarak gerceklestirilmis olup,
elde edilen sonuglar ortalamatstandart sapma
seklinde ifade edilmistir. SPSS (IBM, ABD)
yazilimt ile tek yonld varyans analizi (ANOVA)
yapilmis ve incelenen 6rnekler arasindaki farklar
Tukey testi ile beliflenmistir (P<0.05).

BULGULAR VE TARTISMA

Duyusal Degerlendirme

Uretilen marmelatlarin  duyusal analizi, yedi
panelistin katilimiyla yedi farkli parametreye gére
gerceklestirilmis  ve sonuglar  Oriimcek  agt
grafiginde gdsterilmistir (Sekil 1). Yedili hedonik
skala tzerinden yapilan degerlendirmeye gore 2.
receteye gore hazirlanan marmelatlar
parametreler agisindan daha tstiin bulunmustur.
Elde edilen bu sonuglar, ¢érek otu posasina

tum

Co.) kullanilarak gerceklestirilmistir. Fenolik uygulanan haglama 6n isleminin duyusal begeniyi
olumlu yénde etkiledigine isaret etmektedir.
Gorinim 1. regete
(Ap7pearance) (1st recipe)
2. regete
6 (2nd recipe)
Genel Begeni 5 Koku
(Overall (Odor)
Acceptability) 4
3
Kivam Renk
(Consistency) (Color)

Tat ve Aroma
(Taste and
Aroma)

Tekstlr ve Agiz
Hissi
(Texture and
Mouthfeel)

Sekil 1. Marmelatlara ait duyusal analiz sonuglarinin 6riimcek ag grafigi.
Figure 1. Spider web chart of sensory analysis results for marmalades.
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Toplam Fenolik Madde

Bu calismada ¢6rek otu posasinin toplam fenolik
madde icerigi (69.3£1.8 mg GAE/100 g) (Cizelge
1) literaturde bildirilen bulgulardan (2.93-35.6 mg
GAE/g) daha dusuk tespit edilmistir (Gueffai vd.,
2022; Krawecka vd., 2022). Gérilen bu farklilik,
tohumun cinsi ve olgunlugu ile tarimsal islemler
gibi faktOrlerden kaynaklanabiliyor olabilecegi
gibi; uygulanan yag ekstraksiyon islemi de ¢orek
otu posasinin  fenolik  bilesen  igerigini
etkileyebilmektedir. Marmelada isleme prosesi,
toplam fenolik madde iceriginde 6nemli Slgtde
disise neden olmustur (%24-94) (P<0.05).
Toplam fenolik madde icerigindeki bu azalma,
onceki ¢alismalarda bildirilen verilerle uyumludur
(Rababah vd., 2011; Kamiloglu vd., 2015).
Marmelat  isleme sirasinda  hiicre  yapist

bozulmaktadir ve hammadde enzimatik olmayan
oksidasyona yatkin hale gelmektedir. Bu durum da
toplam fenolik madde icerigindeki kaybin baslica
nedenlerinden biri olabilmektedir (Patras vd.,
2011). Diger bir bulgu 2. recete ile hazirlanan
marmelatlarin toplam fenolik madde iceriginin 1.
recete ile hazirlanan marmelatlara  kiyasla
istatistiksel olarak 6nemli 6lctide daha dusik
olmasidir (P<0.05). Bu farkliligin ¢orek otu
posasina uygulanan haslama 6n isleminden

kaynaklandig distntlmektedit. Haslama
suyunun yiksek sicakligi, hiicre duvarinin
bozunmasina ve fenolik bilesiklerin

parcalanmasina neden olarak, bu bilesiklerin
haslama suyuna gec¢mesine yol acabilmektedir
(Ozdemirli ve Kamiloglu, 2024).

Cizelge 1. In vitro sindirim sirasinda marmelatlarin toplam fenolik madde icerigi ve toplam antioksidan
kapasitelerinde meydana gelen degisimler
Table 1. Changes in total phenolic content and total antioxidant capacity of marmalades during in vitro digestion

Numune Sindirilmemis Gastrik sindirim Intestinal sindirim
Sample Undigested Gastric digestion Intestinal digestion
Toplam fenolik madde (mg GAE/100 g)
Total phenolic content (mg GAE/ 100 g)
Corek otu posast 09.3£1.8 - -
Black cumin pomace
Marmelat 1 52.9£2.9»¢ 80.1£2.048 197.6+2.684
Marmalade 1
Marmelat 2 4.0£0.4B 7.010.3>8 67.612.8b4A
Marmalade 2
Toplam antioksidan kapasite (mg TE/100 g)
Total antioxidant capacity (mg TE/ 100 g)
CUPRAC
Corek otu posast 179.3£7.22 - -
Black cumin pomace
Marmelat 1 115.1+6.0>B 94.4£2.5.¢ 173.6+3.7%4
Marmalade 1
Marmelat 2 14.9£2.4<8 11.9+0.3>B 58.0+9.3>A
Marmalade 2
DPPH
Corek otu posast 25.412.3 - -
Black cumin pomace
Marmelat 1 8.912.1bB 13.9£0.9»B 34.216.544
Marmalade 1
Marmelat 2 3.3£1.0¢A 1.3+0.3>B 3.5£0.4>4
Marmalade 2

Sonuglar ortalama * standart sapma olarak ifade edilmistir. Stitunlardaki kii¢lik harfler ve satirlardaki farkli bayuk
hatfler istatistiksel olarak anlamli farkliliklar1 temsil etmektedir (P<0.05). -: degerlendirilmedi.

Results are expressed as mean T standard deviation. Different lower-case letters within the columns and upper-case letters within the
rows represent statistically significant differences (P<0.05). -: not assessed.
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Gizelge 1’de in vitro sindirim sirasinda
marmelatlarin toplam fenolik madde igeriginde
meydana gelen degisimler gériilmektedir. Gastrik
sindirim  sonrasinda, her iki formiilasyonla
hazirlanan marmelatta da toplam fenolik madde
iceriginde sindirilmemis Orneklere kiyasla artis
gOrilmustir. Literatirde daha 6nce hurma
marmelad: ile yapilmis bir ¢alismada da benzer
sekilde gastrik sindirim sonrasinda toplam fenolik
madde iceriginde artis tespit edilmistir (Suna vd.,
2023). Toplam fenolik madde igerigindeki bu
artislar, fenolik bilesiklerin gastrik  sindirim
stresince ekstraksiyonunun stirdiigiinii ve serbest
kalan fenolik bilesiklerin ~ midenin  asidik
ortaminda  stabil  kaldigi1  gOstermektedir
(Ozdemirli ve Kamiloglu, 2022). Intestinal
sindirim sonrasinda da yine toplam fenolik madde
iceriginde  artiglar  devam  etmis  olup,
biyoerisilebilir toplam fenolik madde seviyesi 1.
recete ile hazirlanan marmelatlar icin 2. recete ile
hazirlanan marmelatlara kiyasla istatistiksel olarak
o6nemli derecede yitksek bulunmustur (P<0.05).
Intestinal sindirim sonrast toplam fenolik madde
iceriginde goriilen bu artislar, gidalarin bagirsak
stvilart ile olan temas sutesinin uzamast ve
kompleks gida matrisi Gzerindeki intestinal
sindirim enzimlerinin etkisi ile matrise bagh
fenoliklerin serbest kalmasinin kolaylasmast ile
aciklanmaktadir  (Kamiloglu  vd.,  2015).
Literatiirde daha oOnce cesitli sebze sulart ile
gerceklestirilmis  bir c¢alisgmada da intestinal
sindirim  sonrasinda toplam fenolik madde
iceriginde artiglar gorildigi rapor edilmistir
(Wootton-Beard vd., 2011). Folin-Ciocalteu
yontemi; basit, givenilir ve tekrarlanabilir olmast
gibi  avantajlar  sunmakla  birlikte  baz
dezavantajlara da sahiptir. Bu yéntemle fenolik
bilesiklerin yaninda sitrik asit ve basit sekerler gibi
indirgeyici ajanlar da 6lgiilebilmektedir. Bu durum
da elde edilen sonuglarin gercek degerinden daha
yuksek olmasina yol acabilmektedir. Ayrica, Folin-
Ciocalteu yontemi sulu ortamda uygulandig icin
lipofilik  fenolik bilesiklerin ~ Slcimi  sinirlt
kalmaktadir (Capanoglu vd., 2022). Tim bu
faktorler dikkate alinarak, bu calisma kapsaminda
spektrofotometrik toplam fenolik madde igerigi
Olcimiine ilaveten, UPLC-ESI-MS/MS ile
kromatografik olarak da bireysel fenolik
bilesiklerin tespiti gerceklestirilmistir.

Toplam Antioksidan Kapasite

Toplam antioksidan kapasite CUPRAC ve DPPH
olmak Uzere iki farkll yontem kullanilarak
belirlenmistir (Cizelge 1). Coérek otu posast icin
CUPRAC yo6ntemi ile tespit edilen toplam
antioksidan kapasite degerinin DPPH yontemi ile
tespit edilen degere kiyasla daha yiksek oldugu
gortlmektedir (sirastyla 179.3 ve 25.4 mg TE /100
2). Bu sonucun, CUPRAC vyénteminin hem
lipofilik hem de hidrofilik antioksidanlart l¢mest,
DPPH  yonteminin ise yalnizca lipofilik
antioksidanlart  tespit edebilmesi ile iliskili
olabilecegi 6ngorilmektedir (Capanoglu  vd.,
2022). Toplam fenolik madde iceriginde oldugu
gibi posanin marmelada islenmesi toplam
antioksidan kapasitede de istatistiksel olarak
6nemli disise neden olmustur (%36-92)
(P<0.05). Bu bulgu, literatiirde siyah havucun
marmelada  islendikten sonra  antioksidan
kapasitesinin 6nemli 6l¢iide azaldigim gdsteren
verilerle uyumludur (Kamiloglu vd., 2015).
Marmelada isleme sirasinda ¢orek otu posasinda
bulunan bazi fenolik bilesiklerin kayboldugu veya
zayif antioksidan 6zellikte olan formlara (kinonlar,
polimerler, glukuronoid veya siilfat konjugatlari,
kondenzasyon trtnleri vb.) donistigi tahmin
edilmektedir. Ek olarak, toplam antioksidan
kapasite sonuglari, toplam fenolik madde icerigi
sonuglart ile uyumlu olmakla birlikte; 2. recete ile
hazirlanan  marmelatlarin  toplam  antioksidan
kapasitelerinin =~ 1.  recete ile  hazirlanan
marmelatlara kiyasla istatistiksel olarak 6nemli
Olgtide disik oldugu gbrilmustir (P<0.05). Bu
dutumun  antioksidan  6zellikteki  fenolik
bilesiklerin haglama suyuna ekstrakte olmasindan
kaynaklandigi disiiniilmektedir.

In vitro sindirim sirasinda marmelatlarin toplam
antioksidan  kapasitesinde meydana  gelen
degisimler Cizelge 1’de verilmistir. Gastrik
sindirim sonrasinda elde edilen bulgular tutarh
olmamakla bitlikte, intestinal sindirim sonucunda
her iki formiilasyonla hazirlanan marmelatlarda da
toplam antioksidan kapasitede sindirilmemis
Orneklere kiyasla artis goralmistar (P<0.05).
Sindirim sonucunda sindirim Oncesine kiyasla
toplam antioksidan kapasitede goriilen bu artiglar,
literatiirde daha 6nce yapilmis olan calismalarda
elde edilmis bulgularla uyumludur (Pesi¢ vd.,
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2019). Intestinal sindirim sonrasinda toplam
antioksidan kapasitede gézlenen artis, yitksek
antioksidan aktivite sergileyen yeni oksidasyon
drinlerinin olusumu ile iliskili olabilir. Ayrica, bu
durum fenolik olmayan diger antioksidan
molekdllerin varligindan da kaynaklantyor olabilir
(Rasera vd., 2023). Toplam fenolik madde
sonugclarinda oldugu gibi 1. regete ile hazirlanan
marmelatlar icin 2. recete ile hazirlanan
marmelatlara kiyasla biyoerisilebilir
antioksidanlarin seviyesi istatistiksel olarak 6nemli
derecede yiksek bulunmustur (P<0.05). Gida
drinlerinde toplam antioksidan kapasitenin
tayininde tek bir ydnteminin uygulanmasinin
gvenilir olmadigt rapor edilmektedir. Dogru ve
givenilir  sonuglar elde etmek igin farkh
mekanizmalara sahip birden fazla toplam
antioksidan kapasite yonteminin uygulanmast

tavsiye edilmektedir (Capanoglu vd., 2022). Bu
durum dikkate alinarak, bu calismada elektron

transferi tabanli CUPRAC ve karma mod
mekanizmali  DPPH  yontemleri  birlikte
uygulanmustir.

Bireysel Fenolik Bilegikler

UPLC-ESI-MS/MS analizi, klorojenik asit, p-
salisilik asit ve o¢-salisilik asidin hem c¢6rek otu
posast hem de marmelatlarda ana fenolik bilesikler
oldugunu ortaya koymustur (Sekil 2). Ttim fenolik
bilesikler negatif modda tespit edilmis olup,
tanimlanmalart  kiitleler ve fragmantal iyonlar
dikkate alinarak gerceklestirilmistir (Cizelge 2).
Klorojenik asit ve salisilik asit literatiirde daha
6nce yapidmus olan caligmalarda da ¢brek otu
posasinda tespit edilmis olan fenolik bilesiklerdir
(Hameed vd., 2019; Ansary vd., 2022).

(x1.000.000)
Intensity
2
2,00 —
1,00
1
M |
e T 7T
0,0 2,5 5,0 7,5 10,0 12,5

Sekil 2. Corek otu posasinda tespit edilen fenolik bilesikleri gésteren UPLC-ESI-MS/MS
kromatogrami. 1: Klorojenik asit, 2: p-Salisilik asit, 3: o-Salisilik asit.
Figure 2. UPLC-ESI-MS/MS chromatogram showing the phenolic compounds identified in black cumin pomace. 1:
Chlorogenic acid, 2: p-Salicylic acid, 3: o-Salicylic acid.

Corek otu posasinin marmelada islenmesi tim
fenolik  bilesiklerin  seviyelerinde istatistiksel
olarak 6nemli distslere neden olmustur (%17—
99) (P<0.05) (Cizelge 3). Literatiirde daha 6nce
yapilmis olan calismalarda da yaban mersini ve
siyah havucun marmelada islenmesinin klorojenik
asit icerigi tzerinde olumsuz etkileri oldugu
bildirilmistir (Howard vd., 2010; Kamiloglu vd.,

2015). Tlaveten, 2. recete ile hazrlanan
marmelatlardaki fenolik bilesiklerin 1. recete ile
hazirlanan marmelatlara kiyasla 6nemli derecede
distik oldugu gorulmistir (P<0.05). Bu bulgu
spektrofotometrik Slciim sonuglart ile uyumlu
olup, bu durumun 2. recetede ¢orek otu posasina
uygulanan haslama 6n islemi ile iliskili oldugu
tahminlenmektedir.
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Cizelge 2. UPLC-ESI-MS/MS ile numunelerde tespit edilen fenolik bilesiklerin tanimlanmasi
Table 2. 1dentification of the phenolic compounds detected in samples nsing UPLC-ESI-MS/MS

Parametre Klorojenik asit p-Salisilik asit o-Salisilik asit
Parameter Chlorogenic acid p-Salicylic acid o-Salicylic acid
Alikonma zamant (dk) 2.01 2.60 5.06
Retention time (min)
lyonlasma modu ESI- ESI- ESI-
Tonization mode
Kiutle (m/z2)
Mass(m/) 353.1 137.0 137.1
Ana fragmantal iyon (m/z)
Main fragmental ion (m/3) 1911 93.0 93.0
Diger fragmantal iyonlar (m/z)
Other fragmental ions (m/3) 10.9 651 6.0
CarP1§ma enetjisi-ana iyon ) 17 15 17
Collzsion energy—main ion (1)
Carpisma enerjisi—diger iyon (V)
Collision energy—other ion (1) 40 29 29
Egim 221.01 60.27 411.50
Stope
Kesim noktasi 364.51 137.69 326.76
Intercept
R2
R? 0.996 0.996 0.995
Tespit sinirt (mg/L)
LOD (/1) 0.063 0.106 0.035
Olgiim sinirt (mg/ L)

0.189 0.319 0.107
LOQ (mg/L)

Cizelge 3. In vitro sindirim sirasinda marmelatlarin fenolik asitlerinde meydana gelen degisimler
Table 3. Changes in phenolic acids of marmalades during in vitro digestion

Numune Sindirilmemis Sindirilmis
Sample Undigested Digested

Klorojenik asit (ug/kg)
Chlorogenic acid (ug/ kg)

(Corek otu posast

+ a ~
Black cumin pomace 106.8£5.5
%22132;7 88.311.3bB 432.7+2.0a2
3442232322 4.0£0.15 191.942.9pA
p-Salisilik asit (ug/kg)
p-Salicylic acid (ug/ kg)
Corek otu posast o 0n
Black cumin pomace 2859.5£32.9 -
?\/[/[2232617 1794.21+14.0bA 1864.1+67.3aA
Marmelat 2
49.410.68 1356.3+9.7b.A

Marmalade 2
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o-Salisilik asit (ug/kg)

o-Salicylic acid (ug/ kg)
Corek otu posast 48,540, ]
Black cumin pomace
Marmelat 1
+ b,B + a,A

Marmalade 1 31.4710.8 38.710.6
Marmelat 2

+ c,B + 2,A
Marmalade 2 2.410.1 37.710.6

Sonuglar ortalama * standart sapma olarak ifade edilmistir. Stitunlardaki kii¢iik harfler ve satirlardaki farklt biyiik
harfler istatistiksel olarak anlamli farkliliklart temsil etmektedir (P<0.05). -: degetlendirilmedi.

Results are expressed as mean T standard deviation. Different lower-case letters within the colummns and upper-case letters within the
rows represent statistically significant differences (P<0.05). -: not assessed.

Cizelge 3’te in vitro sindirim sonucunda
marmelatlarin klorojenik asit, p-salisilik asit ve o-
salisilik  asit iceriklerinde meydana gelen

degisimler gérilmektedir. 1. regete ile hazirlanan
marmelatlarin p-salisilik asit icerikleri haricinde,
sindirilmis numunelerdeki tim fenolik bilesiklerin
seviyelerinin sindirilmemis numunelere kiyasla
istatistiksel olarak 6nemli derecede yiiksek oldugu
gorilmektedir (P<0.05). Ayrica, 1. regete ile
hazirlanan marmelatlatin biyoerisilebilir
klorojenik asit ve p-salisilik asit igeriklerinin 2.
recete ile hazirlanan marmelatlardan istatistiksel
olarak yiksek oldugu da tespit edilmistir (P<0.05).
Ote yandan, biyoerisilebilir o-salisilik asit seviyeleri
her iki recete ile hazirlanan marmelatlarin
sindirilmis numunelerinde birbirinden  farkli
degildir (P>0.05). Bu durum in vitro sindirim
sirasinda  fenoliklerin izomerizasyonuyla iliskili
olabilir.

SONUC
Bilindigi kadartyla bu ¢alisma, ¢6rek otu posasinin
marmelat yapiminda degerlendirilmesi

konusunun arastirildigi ilk caligmadir. Corek otu
posastun marmelada islenmesi; toplam fenolik
madde igeriginde, toplam antioksidan kapasitede
ve incelenen tim bireysel fenolik bilesiklerin
seviyelerinde istatistiksel olarak 6nemli dustislere
neden olmustur. Haslama 6n  isleminin
uygulandigi regete ile hazirlanan marmelatlar,
duyusal degerlendirmede Ustin bulunmakla
birlikte; 6n  islemsiz  olarak  hazirlanan
marmelatlarda  biyoerisilebilir  fenolik  bilesen
seviyeleri daha yiiksek olarak tespit edilmistir. Bu
arastirmada  marmelat  islemenin  etkisine
odaklanilmis olup, ileride gerceklestirilecek olan
calismalarda  depolama  sirasinda  fenolik

bilesiklerdeki degisimlerin incelenmesi de 6nem
arz etmektedir. Ek olarak, tiiketicilerin meyveletle
hazirlanan marmelatlart tercih etme egilimleri
dikkate alindiginda, c¢alismamiza konu olan

marmeladin  ticari  olarak  uygulanabilirligini
arttrmak  adina, ileride  yuritilecek  olan
calismalarda ¢Orek otu posasinin  meyvelerle
hazirlanan marmelatlara  ilave edilmesi

onerilmektedir. Sonug olarak, bu ¢alismada elde
edilen bulgular ile ¢6rek otu posasinin marmelat
yapiminda degerlendirilmesi ile siirdiiriilebilir atik

yonetimine  katki  sunulabilecegine  dikkat
cekilmistir.
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ABSTRACT

This study investigates the impact of tiger nut flour (TNF) on the rheological properties of gluten-free biscuit
dough, focusing on creep-recovery behavior. TNF is a rich source of dietary fiber and essential nutrients,
making it a promising ingredient in gluten-free products. The dough samples, with varying TNF percentages
(10%, 20%, 30%, 40%, and 50%), were analyzed for their thermal and rheological properties. Results show
that as TNF content increases, the dough becomes more deformable, reflected in higher creep compliance
and lower viscosity. However, the dough retained sufficient elastic recovery, making it suitable for
applications requiring structural integrity and extensibility. The reduction in gelatinization enthalpy suggests
that TNF enhances processing efficiency by lowering energy requirements for starch gelatinization. This
study fills a gap in the literature on TNF's role in gluten-free dough systems, offering insights for future
applications in gluten-free product development.

Keywords: Gluten-free biscuit, dynamic rheology, creep-recovery, thermal properties

YER BADEMI UNU ICEREN GLUTENSIZ BiSKUVi HAMURUNUN DIiNAMIK
SALINIM VE SUNME-IYILESME VERILERININ MODELLENMESI

oz

Bu ¢alisma, yer bademi ununun (YBU) glutensiz biskiivi hamurunun reolojik 6zelliklerine, 6zellikle
stinme-iyilesme davranigina olan etkisini arastirmaktadir. YBU, diyet lifi ve temel besinler acisindan
zengin olup, glutensiz Griinlerde umut verici bir bilesendir. Farkli YBU ytzdeleri (%10, %20, %30,
%40 ve %50) iceren hamur 6rnekleri, termal ve reolojik 6zellikler acisindan analiz edilmistir. Sonuclar,
YBU icerigi arttikga hamurun daha fazla deforme oldugunu, bunun daha yitksek sinme uyumu ve
daha dusiik viskozite ile yansitildigini géstermektedir. Ancak hamur yeterli elastik iyilesme kabiliyetini
koruyarak hem yapisal bitinlik hem de uzayabilirlik gerektiren uygulamalar icin uygun hale gelmistir.
Jelatinizasyon entalpisi azalmasi, YBU'nun nisasta jelatinizasyonu icin enetji gereksinimlerini
azaltarak islem verimliligini artrdigini gbstermektedir. Bu ¢alisma, YBU'nun glutensiz hamur
sistemlerindeki rold Gzerine literatiirdeki bir boslugu doldurarak, gelecekteki glutensiz triin gelistirme
uygulamalari i¢in 6nemli bilgiler sunmaktadir.

Anahtar kelimeler: Glutensiz biskiivi, dinamik reoloji, sinme-iyilesme, termal 6zelikler
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INTRODUCTION

Tiger nut is a herbaceous, tuberous plant grown
in Africa, Southern Europe, and America, though
its consumption is not widespread (Adejuyitan et
al., 2018; Bamishaiye and Bamishaiye, 2011). This
tuber, known by its original names chufa, tiger
nut, or earth almond, can be prepared and
consumed raw, roasted, dried, baked, or as a
vegan beverage (horchata de chufa) (Maduka and
Ire, 2018). Tiger nut tubers are rich in energy
(starch, fat, sugar, and protein), minerals (calcium,
potassium, phosphorus, magnesium), and
vitamins (C and E). Various studies have explored
the use of tiger nut flour (INF) in gluten-free
bakery products, highlichting its nutritional
benefits and its potential as a valuable ingredient
in biscuits, bread, and snacks (Aguilar et al., 2015;
Ahmed and Hussein, 2014; Gasparre et al., 2020;
Ejiofor and Deedam, 2015; Cinar et al., 2023).

In recent years, gluten-free products have gained
significant attention due to the growing number
of people with celiac disease and gluten
intolerance. However, many gluten-free products
lack the fiber and nutritional value found in
wheat-based products, which has led to efforts to
improve these attributes. Ingredients like tiger nut
flour, which are rich in dietary fiber, vitamins, and
minerals, offer a promising solution to enhance
the nutritional profile of gluten-free baked goods
(Pellegrini and Agostoni, 2015; Theethira and
Dennis, 2015; Rybicka, 2018; Niro et al., 2019).
Tiger nut flour's high fiber content contributes to
better digestive health and adds valuable
nutrients, making it an attractive alternative for
gluten-free  formulations ~ (Rybicka  and
Gliszczytiska-Swiglo, 2017).

The rheological and thermal properties of dough
are crucial for determining the final product
quality of bakery goods such as bread, cakes, and
biscuits. Understanding the dynamic rheology and
the thermal behavior of gluten-free doughs is
essential for optimizing texture, structure, and
mouthfeel (Horstmann et al., 2017; Matriotti et al.,
2009; Megusar et al., 2022). These properties,
particularly storage and loss moduli, provide
insight into the dough's elasticity and viscosity,
which are critical for achieving desirable textural

properties in the final baked product (Larrosa et
al., 2013; Ren et al., 2020).

This study focuses on the dynamic rheological
modeling of gluten-free biscuit doughs containing
tiger nut flour, specifically through creep recovery
measurements. Curtently, there are limited studies
on the rheological behavior of TNF in gluten-free
dough systems, particularly with respect to creep-
recovery behavior. This research aims to fill a
critical gap in the literature by providing insights
into how TNF impacts the design and quality
characteristics of gluten-free baked products
(Aguilar et al., 2015; Ahmed and Hussein, 2014;
Gasparre et al., 2020; Ejiofor and Deedam, 2015;
Cinar et al., 2023).

MATERIALS AND METHODS

Materials

The rice flour used in the formulation of biscuit
samples was obtained from Selva Gida San. A.S.
(Konya, Turkey). Tiger nut tubers (Cyperus
esculentus, cv. Balyumru and Sariseker) were kindly
supplied by Eastern Mediterranean Agricultural
Research Institute (Adana, Turkey) and they were
ground into flour using a laboratory mill (Foss
Tecator, 1095 Knifetec, Hoganas, Sweden). The
flour sample was sieved using 0.5 mm sieve. Table
salt, ammonium bicarbonate, sodium
bicarbonate, powdered sugar (Dr. Oetker, Izmir,
Turkey), skimmed milk powder (Pinar A.S., Tzmir,
Turkey), and vegetable margarine (Unipro,
Istanbul, Turkey) were purchased from local
markets. High-fructose corn syrup (HFCS) was
supplied by Cargill (Bursa, Turkey), and xanthan
gum by Sigma Aldrich (Steinheim, Germany).

Preparation of biscuit dough

The biscuit dough samples were prepared
following the AACC 10-54.01 method (AACC,
1990), with some modifications (Table 1). The
biscuit formulation was based on 40 g of flour,
and to investigate the effect of tiger nut flour,
mixtures of rice flour and tiger nut flour in varying
proportions (10, 20, 30, 40, and 50%) were used.
Additionally, a control dough containing 100%
rice flour was prepared (Table 1).
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Table 1. Biscuit dough formulation

Ingredients Amount
Rice flour (g) 40.0
Shortening (g) 8.0
Powdered sugar (g) 16.8
Corn syrup (g) 0.6
Skimmilk powder (g) 0.4
Water (ml) 8.8
NH4HCO:s (g) 0.2
NaHCO:s (g) 0.4
NaCl (g) 0.4
Xanthan gum (g) 0.5

In dough preparation, powdered sugar, sodium
bicarbonate, salt, skimmed milk powder, and
vegetable margarine were mixed wusing a
household mixer (Kitchen Aid, 5K45SS,
Elkgrove Village, USA) at 135 rpm for 3 minutes,
with 1-minute intervals until a creamy texture was
obtained. Subsequently, a pre-prepared mixture
of ammonium bicarbonate, water, and HFCS was
added to the dough and mixed for 1 minute, with
14-second intervals, at 135 rpm. In the final step,
the pre-prepared flour mixtures and xanthan gum
were added and mixed at 95 rpm for 30 seconds,
with 10-second intervals, until a homogeneous
dough structure was achieved.

Differential scanning calorimeter (DSC)

A differential scanning calorimeter (DSC Q20,
TA Instruments, USA) was used to analyze the
thermal properties of tiger nut flour, rice flour,
and biscuit dough samples. First, the dough
samples wete frozen at -80°C and then freeze-
dried in a lyophilizator (Christ2B, Osterode am
Harz, Germany). 4 mg flour or dried biscuit
sample was placed in hermetically sealed
aluminum pans, to which three times the amount
of pure water was added. During the
measurement of starch gelatinization enthalpy
values, the temperature was increased from 25°C
to 130°C at a rate of 10°C/min. The onset (To),
peak (Tp), and conclusion (Tc) temperatures were
obtained from the resulting thermogram. The
results were reported as the average of two
replicates.

Dynamic and
modelling

A parallel plate rheometer (AR 2000ex, Sussex,
UK) was used for rheological measurements.
Approximately 2 g of biscuit dough sample was
placed between plates with a 3 mm gap and a 20
mm diameter. The excess dough that overflowed
from the plates was scraped off with a spatula, and
the sample was allowed to rest under a protective
cover for 10 minutes. All measurements were
conducted at 25°C. Before dynamic oscillatory
measurements, the linear viscoelastic region was
determined for the control biscuit dough and the
dough samples containing various proportions of
tiger nut flour by measuring at a frequency of 1
Hz and a strain range of 0.1% to 100%. Based on
these data, a strain value of 0.5% was found to be
within the linear region for each dough
formulation, and the experiments were conducted
at this constant value.

oscillatory measurement

Dynamic oscillatory measurements were carried
out in the frequency range of 10 Hz to 0.1 Hz at
a constant strain of 0.5%. As a result, storage
modulus (G') and loss modulus (G") values were
obtained. The experiments were performed in
duplicate, and the results were averaged. The
frequency dependence (w) of these values was
modeled using the power law model. The power
law models for G' and G" are presented in the
following equations.

G=K.o" 1)
G”=K" o @)

The K' and K" values in Equations 1 and 2
represent the storage and loss modulus values at a
frequency of 1 Hz, respectively. The n' and n"
values indicate the indices of the power law
models and correspond to the slope values of the
graphs plotted on a log-log scale (Taracon et al.,
2015).

Creep and Recovery measurements and
modelling

A parallel plate theometer, which was used in
oscillatory measurements, was employed for
creep and recovery measurements.
Approximately 2 g of biscuit dough sample was
placed between plates with a 3 mm gap and a 20
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mm diameter. The excess dough that overflowed
between the plates was scraped off, and the
sample was allowed to rest under a protective
cover for 10 minutes. All measurements were
conducted at 25°C. In preliminary trials, the
measurement parameters were determined as a
total measurement time of 1200 seconds (600 s
for creep and 600 s for recovery) and a stress
application of 30 Pa, which indicated steady
viscous flow behavior in the biscuit dough. The
measurements were performed in duplicate, and
the results were reported as creep compliance
(Pa™) corresponding to unit stress. Deformation

is represented by the following equation

(Equation 3).

J@ =12 ©
Jo

The Burger model was used to model the creep
portion of the data obtained from creep and
recovery measurements (Equation 4).
JO=Jo+Ji (=exp(-t/1) +t /70 )
In this equation, Jo represents instantaneous
deformation, Ji represents retarded deformation,
t is time, A is the mean retardation time, and 7o
represents Newtonian viscosity. The Levenberg-
Marquardt algorithm, a mathematical model
(KaleidaGraph 4.0, Synergy Software), was used
for solving this non-linear equation (Laguna et al.,
2013). In this iterative and non-linear method, an
initial value was provided for each parameter. As
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the iterations continued, the model progressively
improved until a predetermined magnitude order
was achieved.

Statistical analysis

A one-way ANOVA was performed using the
MINITAB statistical analysis program (Minitab
18, State College, Pennsylvania, USA) to
determine whether the data obtained from the
analyses differed significantly from each other (P
<0.05). Tukey's multiple comparison test was also
applied when significant differences were found.

RESULTS AND DISCUSSION

Thermal properties of flour and biscuit dough
samples

In the differential scanning calorimetry (DSC)
analyses, the onset temperature (To), peak
temperature (Ip), and conclusion temperature
(T¢) of starch gelatinization, expressed in degrees
Celsius  (°C), and the starch gelatinization
enthalpy (AH) (J/g sample) based on dry sample
weight were recorded. The To and Tc values
indicate the temperatures at which gelatinization
starts and finishes, respectively, while the Tp
represents the temperature at which the starch
gelatinization  transformation  occurs.  The
enthalpy value (AH) indicates the energy required
for the completion of gelatinization. The results
of the analyses performed on TNF and RF are
presented in Figure 1.

To

T

Tc

Gelatinization Properties

Figure 1. Onset (To), peak (Tp), and conclusion (T'c¢) temperatures of TNF and RF samples
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For TNF, the To, Tp, and Tc temperatures were
higher than those of rice flour, while the enthalpy
required for gelatinization completion was
significantly lower compared to rice flour (P
<0.05). Specifically, the gelatinization enthalpy for
TNF was 2.989 J/g, wheteas for RF it was 7.986
J/g (Figure 1). In the study conducted by
Demirkesen et al. on TNF and RF-containing
bread dough samples, the To, Tp, and Tc values
were found to be higher for TNF, while the
enthalpy value was lower (Demirkesen et al.,
2013). The reason for this result is that the starch
content in TNF is lower than in rice flour, which
allows the complete gelatinization of all the starch
in the structure to be achieved with less energy. In

the previous study by Cinar et al.,, the starch
contents of TNF and RF were reported as 24.89%
and 81.99%, respectively (Cinar et al., 2023).

The gelatinization values of gluten-free biscuit
doughs containing different proportions of TNF
are presented in Table 2. It was observed that
there was no significant difference in the onset
(To), peak (Tp), and conclusion (Tc) temperatures
with increasing amounts of TNF in the dough
formulations. However, the starch gelatinization
enthalpy (J/g sample) showed a significant
difference between the control group (0% TNF)
and the formulations containing 30%, 40%, and
50% TNF (P <0.05).

Table 2. Gelatinization values of biscuit dough samples containing different proportions of tiger nut

flour
% TNF To(°C) T(°O) T.L0 Enthapy (J/ gy soid)
0 6849 + 041~ 7490 + 0.452 84.55 + 1.39: 495 + 0.00
10 68.14 + 0.04 7446 + 0.272 8650 + 1.17» 452 + 0.42
20 67.87 + 0.607 7474 + 0.352 8721 + 1.19: 431 + 0.33
30 69.10 = 0.20¢ 75.03 + 0.262 87.49 + 0.79: 3.74 £+ 0.15b¢
40 69.26 + 0.472 75.70 + 0.202 88.56 = 1.622 311 = 0.18«
50 69.38 *+ (.88 7537 + 0.632 87.72 + 2.90- 241 + 0.214d

*The results are presented as mean values and standard deviation from two replicates. Values in each column
having different letters indicate statistically significant differences (P <0.05).

As the proportion of TNF in the dough increased,
the enthalpy value per gram of dry sample
decreased. This reduction in enthalpy is attributed
to the decrease in starch content in the structure
with increasing TNF proportion, which results in
less energy required for the complete
gelatinization of all the starch in the structure
(Cinar et al., 2023). A similar finding was reported
in a study by Laguna et al. (2011), where the
performance of a resistant starch-rich ingredient
in short-dough biscuits showed that increasing
resistant starch content decreased gelatinization
enthalpy in dough formulations.

Modelling of dynamic

measurements of biscuit dough
Rheology of dough is crucial for determining the
final product quality, particularly in bakery
products such as bread, cakes, and biscuits,
making its characterization essential. In biscuit

oscillatory

doughs containing different proportions of TNF,
changes in the rheological properties of the dough
samples were observed based on varying TNF
percentages. In our previous study (Cinar et al.,
2023), graphical representations of the G' (storage
modulus) and G" (loss modulus) values obtained
from dynamic oscillatory measurements were
presented. According to these results, the G'
values were higher than the G" values, indicating
that the dough samples exhibited elastic behavior.
Similar elastic behavior has also been observed in
the literature for dough samples of biscuits and
cakes (Gao et al., 2017; Moiraghi et al., 2010;
Zannini et al., 2012). On the other hand, besides
obtaining the G' and G" values, representing these
values with different models is also important for
evaluating the data.

When observing the rheological behavior of
biscuit dough samples containing various
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proportions of TNF, the Power law model
parameters describing the dependence of storage
modulus (G") and loss modulus (G") on angular
velocity provide critical insight. According to
Table 3, the control sample exhibited the highest
K' value, indicating the greatest capacity for elastic
energy storage. As the TNF content increased, the
K' value progressively decreased, with the 50%
TNF dough sample showing the lowest K' value.
Statistical analysis using Tukey’s test indicated
that the K' value for the 50% TNF sample was
significantly lower than the control (P <0.05),
highlighting a significant reduction in the dough’s
ability to store energy as TNF content increases.
This trend is consistent with findings by Xu et al.

(2017), where the incorporation of potato
granules into wheat flour dough also led to
reduced storage moduli, as the gluten network
weakens with the inclusion of alternative
ingredients such as dietary fiber. Tiger nut flour
contains higer dietary fiber content than rice flour
and it is widely known that incorporating fiber-
rich ingredients into gluten-free dough network
generally weakens the structure, which can result
in a decrease in G’. Another study on gluten-free
dough enriched with Plantago seeds also
demonstrated that fiber-rich additives weaken the
dough structure and reduce its resistance to
deformation, further supporting the decrease in
storage modulus (Pejcz and Buresova, 2022).

Table 3. Parameters of Power law functions describing dependence of storage (G’) and loss moduli
(G”) on angular velocity

G'= K'w» G"=K"w""

Sample K' (Pa.s™) n' R2 K"(Pa.s") n" R2

control 123205.92% 0.094a 0.971 62054.002 0.2142 0.979
10% 131425.65 0.013b 0.829 63766.432 0.130b 0.951
20% 119695.89+ 0.031ab 0.937 60826.222 0.103b 0.936
30% 111378.56% 0.013b 0.958 51535.802> 0.144ab 0.956
40% 100312.612>  0.064a> 0.970 52164.192> 0.1702> 0.971
50% 79395.74b 0.065% 0.963 42150.51b 0.152ab 0.960

*The results are presented as mean values from three replicates. Values in each column having different letters

indicate statistically significant differences (P <0.05).

In terms of the loss modulus (G"), the control
dough sample showed the highest K" value,
reflecting the greatest capacity for viscous energy
dissipation. As the TNF content increased, the K"
values progressively decreased, indicating that the
dough's ability to dissipate energy was reduced
with higher TNF proportions. This trend is
consistent with the findings of Moreira et al.
(2013), who applied the Power Law model to
gluten-free doughs made from chestnut and rice
flour blends. Their study demonstrated that as the
proportion of chestnut flour increased, G" values
decreased, showing the reduction in viscous
properties seen in our TNF dough samples.
Similatly, Tsatsaragkou et al. (2014) found that in
gluten-free bread doughs containing carob flour,
higher fiber content tresulted in increased G"

values, highlighting the influence of fiber on the
viscous behavior of doughs. However, in this
study, the replacement of rice flour with TNF did
not increase fiber content enough to strengthen
the viscous properties, hence the lower G" values
with increasing TNF content. Furthermore, the
study by Rezaei et al. (2017) on soy yogurt mixes
reinforced that adding resistant starch and B-
glucan could enhance G" wvalues, signifying a
stronger viscous component in fiber-rich systems.
In contrast, the results in this work suggest that
TNF's lower starch and gluten content
contributed to reduced viscous behavior, as
indicated by the significant differences in K"
values compared to the control dough.
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Creep and recovery measurements of biscuit
dough

The creep-recovery behavior of biscuit doughs
was analyzed to assess how increasing TNF
content affects their viscoelastic properties.
Figure 2 presents the shear compliance (J(t)) over
time for various TNF-containing doughs, while
Table 4 summarizes the parameters derived from
the Burger model, including instantaneous
compliance (Jo), retarded compliance (J1),
retardation time (Aret), and zero-shear viscosity

(no) (Laguna et al., 2013).

From the creep curves in Figure 2, it is clearly seen
that as the TNF content increases, the creep

compliance values also rise, indicating that
doughs with higher TNF levels undergo greater
deformation under applied stress. The control
sample exhibited the lowest creep compliance,
showing its resistance to deformation, whereas
the 50% TNF dough showed the highest
compliance. This suggests that increasing TNEF
content weakens the dough structure, making it
more susceptible to flow under stress. These
findings are consistent with those from Moreira
et al. (2013), who observed similar trends in
gluten-free doughs containing chestnut flour,
where increasing fiber content led to greater
deformation during creep.

0,00008
—Control ——10% TNF
0,00007 - ——20% TNF 30% TNF
—40% TNF  ——50% TNF

— 0,00006
©
o
& 0,00005
o
=
= 0,00004
o
£
S 0,00003
S
@
£ 0,00002
m ’

0,00001

0 T T T T T T T
0 200 400 600 800 1000 1200 1400
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Figure 2. Shear compliance values (Pa?) of biscuit dough samples containing different proportions of
tiger nut flour

In terms of elastic and viscous properties, Table 4
reveals a significant increase in instantaneous
compliance (Jo) and retarded compliance (J1) as
the TNF content increases. For the control
dough, Jo was the lowest (2.05x10° Pa™), while the
50% TNF dough exhibited the highest value
(4.27x10% Pa™"), indicating that TNF-enriched

doughs are more deformable and less resistant to
both instantancous and delayed elastic
deformation. The tetardation time (\ret)
decreased with higher TNF levels, implying a
slower recovery from deformation, a trend also
noted by Chompoorat et al. (2018) in gluten-
based doughs. The zero-shear viscosity (vo)
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decreased significantly, from 10.41x107 Pa‘s in
the control dough to 1.42x107 Pa‘s in the 50%

TNF dough, indicating that TNF-enriched
doughs are less viscous and more prone to flow.

Table 4. Parameters of Burger model for biscuit dough samples

Sample Jox10° J1x10° Aret Nox10-7
control 2.05 1.10 68.74 10.41»
10% 1.86 0.90 54.28 13.792
20% 2.51 1.31 53.59 6.71
30% 3.78 2.17 68.03 2.48p
40% 4.03 2.74 78.97 1.83b
50% 4.27 2.19 45.04 1.42b

*The results are presented as mean values from three replicates. Values in each column having different letters

indicate statistically significant differences (P <0.05).

Statistical ~ analysis ~ confirmed  significant
differences between the control and TNF doughs
in terms of Jo and no (P <0.05), with the most
pronounced differences observed between the
control, 10%, and 50% TNF formulations. These
results are supported by similar findings in studies
by Rezaei et al. (2017) and Laguna et al. (2013),
where increased fiber and starch contents in
dough systems enhanced deformation. However,
the doughs retain some elastic recovery capacity,
making TNF-enriched dough formulations
potentially beneficial for applications requiring
extensible yet structurally stable doughs. Overall,
the creep-recovery results suggest that increasing
TNF content decreases dough resistance to
deformation, as reflected by higher creep
compliance and lower viscosity values. However,
the doughs retain some elastic recovery capacity,
making TNF-enriched dough formulations
potentially beneficial for applications requiring
extensible yet structurally stable doughs.

CONCLUSIONS

Tiger nut flour (TNF) has shown significant
potential as a valuable alternative for gluten-free
formulations, primarily due to its high nutritional
value and positive influence on dough properties.
As a rich source of dietary fiber, healthy fats, and
essential nutrients, TNF offers a promising
alternative to traditional flours, particularly for
individuals with gluten sensitivities or those
secking healthier food options. In this study, the
inclusion of TNF in biscuit doughs resulted in

doughs that were more deformable, as evidenced
by higher creep compliance and lower viscosity
values, yet the doughs retained sufficient elastic
recovery, making them suitable for products
requiring both extensibility and structural
integrity. The reduction in starch gelatinization
enthalpy with increasing TNEF content suggests
that TNF requires less energy for starch
gelatinization, enhancing processing efficiency.
Additionally, the rheological behavior observed in
dynamic oscillatory and creep-recovery tests
demonstrates TNF's ability to maintain dough
stability, despite the weakening effect typically
associated with fiber-rich ingredients in gluten-
free doughs. These findings highlight TNE's
capacity to improve dough handling and textural
properties, contributing to higher-quality gluten-
free baked goods. The potential applications of
TNF in a wide range of gluten-free products are
significant, offering manufacturers an
opportunity to create healthier, fiber-rich, and
nutritionally superior alternatives to conventional
gluten-containing products. Future research
could further optimize TNF use in various gluten-
free formulations, examining its effects on
sensory properties and shelf life, thereby
solidifying its role as a key ingredient in gluten-
free food innovation.
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ABSTRACT

Kurut is a traditional dairy product, rich in protein and minerals, made by salting and drying strained yoghurt.
This study investigates the effect of green walnut and green walnut leaf extracts on the microbiological
properties of kurut samples. Kurut samples were prepared in seven groups using traditional methods. Seven
groups of 300 g kurut samples were prepared using traditional methods. Groups GWL5, GWL10, and
GWL15 were supplemented with 5 mg, 10 mg, and 15 mg of walnut leaf extract, while groups GWFES5,
GWEF10, and GWF15 received 5 mg, 10 mg, and 15 mg of green walnut fruit extract. The seventh group
was designated as the control group. Results indicated that the GWL15 group significantly inhibited the
growth of Enterobacteriaceae spp. and Staphylococcus-Micrococcus bacteria. This suggests that incorporating walnut
leaves into kurut production could inhibit bactetial growth, potentially extending shelf life and providing
health benefits due to its bioactive components.

Keywords: Kurut, public health, walnut, walnut leaves

YESIL CEViZ MEYVELERI VE YAPRAKLARININ FLAVONOID VE TOPLAM
FENOLIK ICERIKLERI iLE EKSTRAKTLARININ KURUTUN
MIKROBIYOLOJiK OZELLIKLERINE ETKIiSi

oz
Kurut, sizme yogurdun tuzlanmasi ve kurutulmast ile tretilen protein ve mineral madde yoniinden
zengin geleneksel bir siit Grtiniidiir. Bu ¢alismada, deneysel olarak hazirlanan kurut numunelerine yesil
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ceviz i¢i ve yesil ceviz yapraklarindan hazirlanan ekstraktlarin mikrobiyolojik 6zellikler tizerindeki
etkisinin arastirilmast amaglanmistir. Kurut numuneleri geleneksel yontemlere bagh kalinarak, her biri
300 gramlik yedi grup halinde hazirlanmistir. GWL5,GWL10 ve GWL15 gruplarina sirastyla 5 mg, 10
mg ve 15 mg ceviz yapragt ekstraktt eklenirken, GWEF5, GWF10 ve GWE15 gruplarina sirastyla 5 mg,
10 mg ve 15 mg yesil ceviz ckstraktt ilave edilmistir. Yedinci grup ise kontrol grubu olarak
belirlenmistir. Arastirmada GWL 15 katilarak hazirlanan kurut numuneletinin Enterobacteriaceae spp.
ve Stafilakok-Mikrokok grubu bakterilerin Gremelerini baskilayict etkisinin oldugu gériilmistir. Sonug
olarak ceviz yapraklarinin kurut yapiminda kullanimasinin bakterilerin tiremesini baskilayarak raf
Omrind arttirabilecegi, biyoaktif bilesenleri sayesinde de insan sagligina olumlu katkilar sunabilecegi

diustntlmektedir.

Anahtar kelimeler: Ceviz, ceviz yapragi, kurut, halk sagligi

INTRODUCTION

Drying is a method of food storage and
preservation that has been used since ancient
times to remove water from food. Sun drying
stands out as a method that is cheap, easy to use
and requires less labour and equipment to
preserve (Say et al., 2015). Kurut is a dairy product
made by drying strained yoghurt, which is popular
in Anatolia and the geography of the Silk Road,
where it can be preserved for a long time without
spoiling (Mamatova and Aydin, 2022; Kiyat,
2023). Kurut can be added to dishes like pasta and
soup or consumed by mixing it with water (Anli,
2022). Kurut is generally made by adding salt to
strained yoghurt, kneading, shaping and sun
drying (Giirbtz et al., 2018). All over the world,
products similar to kurut are known by different
names in different countries. For example; in
China, Russia, Kazakhstan, and Kyrgyzstan, it is
called 'kurut'; in Mongolia, 'aaruul’; in Iran,
'kashk'; in Lebanon, 'kishk'; in Iraq, 'kushuk'; in
Turkey, 'kes or kurut'; in Lebanon, Syria, and Iraq,
'Kishk'; in Egypt, 'LebenZeet'; in Arab countties,
"Than'; in India, 'Chakka' and 'Shrikhand'; in
Greece, 'Stragisto' or 'Sakoulas'; in Iceland, 'Skyt';
and in Denmark, "Ymer' (Mollabash and Aydemir
Atasever, 2018). In the Xinjiang Uyghur
Autonomous Region, which lies within the
borders of what is now the People's Republic of
China, it is also known as the 'milk knot' (Li et al.,
2023). Although cow, goat and sheep's milk are
commonly used to make kurut, it is also reported
to be made from mare, buffalo and camel milk
(Koboyeva and Giizeler, 2020). There are reports
that it may have a beneficial effect on human
health thanks to its probiotic micro-organisms
(Tuganbay et al., 2022; Yegin et al., 2024) .

Walnuts are one of the four most consumed nuts
in the world and are therefore an economically
and ecologically important tree species (Fordos et
al., 2023). Walnut trees appear to be growing in
popularity worldwide due to their natural origin,
high phytochemical content and lack of adverse
health effects compared to modern treatments
(Sharma et al., 2022). Green walnut contains
several bioactive metabolites such as polyphenols,
flavonoids and tannins, which have antioxidant,
anti-inflammatory, antimicrobial and anticancer
properties. With the growing trend towards
natural or plant-derived therapeutics, green
walnut appears to be regaining its therapeutic
importance worldwide (Mukarram et al., 2024).

Walnut leaves and green shells, rich in bioactive
compounds (phenolics, flavonoids, organic acids,
triterpenic acids, terpenes, terpenoids, tetralone
derivatives, megastigmane derivatives and
juglone), are remarkable, inexpensive and
abundant agricultural by-products that are often
considered waste (Salik and Cakmaket, 2023).
Walnut leaves have tremendous antioxidant,
anticancer and antifungal potential, according to
in vitro research (Ara et al., 2023). Walnut leaves
are recommended as a source of active ingredients
without hepatotoxic effects for use in various
food and pharmaceutical applications (Vieira et
al., 2019).

Southern Kyrgyzstan is home to the largest
naturally grown walnut forests in the world. These
forests are located in pristine mountainous areas
where no agricultural chemicals are used and
access is difficult for producers. Approximately
1.000 to 3.000 tonnes of walnuts are harvested
from these forests each year, and the walnuts are
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in demand not only in the domestic market but
also in export markets such as the European
Union, China and the Russian Federation. (FAO
2023).

In a study conducted by Giirbiiz et al., (2018), the
microbiological  quality  characteristics ~ of
experimentally produced kurut samples were
compared with those of samples collected from
the market. While no growth of coliform bacteria
or yeast and mould was observed in the
experimentally produced kurut samples, the
market samples exhibited coliform bacteria levels
ranging from less than <1 to 3.13 log10 colony-
forming units (CFU)/g and yeast and mould
levels ranging from 2.48 to 5.06 log10 CFU/g. In
their study, Patir and Ates (2002) reported the
presence of Escherichia coli in 12% of the examined
kurut samples and Staphylococcus aureus in 16%
of the samples. In a study conducted by
Emirmustafaoglu and Coskun (2017), the changes
in certain properties of traditionally produced and
vacuum-packaged kes for frying samples were
investigated over a period of 120 days during
refrigerated storage (3 + 1°C). Significant changes
were reported in dry matter, fat, acidity, textural
properties, and yeast-mold counts during the
storage period (P <0.05). The total aerobic
mesophilic bacteria count was found to be
between 7.56 log CFU/g and 8.64 log CFU/g,
and no coliform bacteria were detected. Studies
have reported that kurut may contain pathogenic
bacteria due to poor hygiene during its
production, storage and sale, and this situation
could pose a risk to public health (Patir and Ates,
2002; Gurbiz et al., 2018; Mamatova and Aydin,
2022). Kes for frying is a traditional Turkish dairy
product that is a good source of protein. The
frying process imbues the product with a rich
aroma and flavour. It is prepared without added
oil and ready for consumption in a short time. The
production process is traditional and does not
involve industrial-scale production. The product
is stored in bags, limiting its shelf life to
approximately 10 days (Emirmustafaoglu and
Coskun, 2017).

In recent years, there have been numerous
studies using plant extracts to reduce the

microbial load in traditional foods that could
threaten shelf life, nutritional quality and public
health. In a study conducted by Keskin et al.,
(2018), raw meatballs was stored with the addition
of various plant extracts (green tea, hibiscus,
tarragon, walnut shell, lemon peel oil, and orange
peel oil) at a concentration of 0.5% and 1%,
respectively, at a temperature of +4°C for a
period of 21 days. The microbiological analysis
revealed a reduction in yeast and mould,
Psendomonas, lactic acid bacteria, and Lactococcns
counts in all samples. Conversely, there was no
growth of Staphylococcus aurens. In their study Ciftci
(2008), examined the antimicrobial activities of
thyme, mint, and rosemary essential oils against .
coli in kurut production. They observed that
thyme oil demonstrated the most potent effect,
while mint and rosemary oils displayed
comparatively weaker efficacy. Temirbekova
(2019) reported that no coliform bacteria growth
was observed during a 120-day storage period in
kurut samples produced with orange peel extract.
In addition, there is a growing interest in making
full use of waste from the agricultural industry
(Meral and Demirdéven, 2024). The aim of this
study is to investigate the effect of green walnut
extracts and green walnut leaf extracts on the
microbial load of kurut, a traditional food.

MATERIALS AND METHODS

The study material, comprising green walnut
leaves (GWL) and green walnut fruits (GWE),
were collected in the eatly morning hours of May
2021 from the botanical garden on the campus of
Manas University. The cow's milk used in the
production of kurut was 2.5% fat cow's milk
obtained from a commercial supplier.

Preparation of GWL and GWF extracts

A spectrophotometric method using a UV-Vis
spectrophotometer (SPECORD 50) was used for
the quantitative determination of polyphenols.
The methodology proposed by Singleton & Rossi
(1965) followed. The quantitative
determination of flavonoids was carried out by a
spectrophotometric method using a UV-Vis
spectrophotometer (SPECORD 50), following
the methodology proposed by Zhishen et al
(1999). Before analysis, the walnut leaves and

was
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fruits were washed in water and dried at room
temperature. The walnut leaves and fruits were
then cut into pieces and ground in a coffee grinder
for 5 minutes. The particle size of the fragmented
plant material was less than 1 mm. GWL and
GWTF (10 g each) were measured and mixed with
100 mL of 70% ethanol in glass-stoppered tubes.
The plant materials were extracted with a volume
of ethanol five times that of the plant materials
(1/5 w/v and 1/7.5 w/v) under continuous
stirring conditions (200 rpm, 25°C) for a period
of six hours. Ethanol was selected as the solvent
over water due to its ability to dissolve a broader
range of bioactive compounds, including both
polar and non-polar substances. This enhances
the efficiency of polyphenol and flavonoid
extraction. Furthermore, ethanol helps preserve
the stability of these compounds and reduces
microbial contamination during the extraction
process. Extraction was performed at 4°C in the
dark for 7 days. The homogenates were
centrifuged at 5000 rpm for 10 min (Hettich,
Micro 22R, Andteas Hettich GmbH und Co.,
Tuttlingen, Germany) and the supernatant
obtained was separated through a nylon filter and
stored at 0-4°C until use. The final extracts of
walnut leaves and green walnut fruits were
concentrated to constant weight by evaporating
the solvent under reduced pressure at 40°C using
a rotary evaporator (rotavapor).

Total Phenolic Content (TPC)

TPC of extracts was measured by Folin-Ciocalteu
(FC)  spectrophotometry according to a
previously described procedure (Baboti et al.,
2018) . Each sample (20 uL) was incubated with
FC reagent (100 pL) for 3 minutes, followed by
7.5% sodium carbonate (80 pL). The resulting
solutions were incubated in the dark at room
temperature for 30 minutes and the absorbance
was measured at 760 nm against a solvent blank.
Gallic acid was used as a reference standard and
TPC was calculated as gallic acid equivalents
(GAE) per dry weight (dw) of plant material.

Total Flavonoid Content (TFC)

The TFC of the extracts was measured in
accordance with a previously described method.
(Mocan et al.,, 2018). The crude extract (100 uL)

was mixed with 2% aluminium chloride (100 pL)
and incubated for 15 minutes in the dark at room
temperature. Absorbance was measured at 420
nm using a spectrophotometer. Quercetin (0.01-
0.2 mg/ml) was used as a standard and the results
were expressed as quercetin equivalents (QE).

Preparation of Kurut Samples

The preparation of kurut samples was performed
using a traditional method (Gurbiiz et al., 2018).
Briefly, pasteutized cow's milk was heated to 90°C
for a period of five minutes in order to increase
the total solids content. Following this, the milk
was cooled to a temperature of between 42 and
45°C. 2% homemade yogurt starter cultute was
used, and the mixture was incubated in an
incubator at 43°C for 6 hours to obtain yogurt,
then refrigerated at +4°C for 12 hours. Strained
yoghurt was prepared by straining with a cloth for
24 hours. When the consistency reached that of
dough, salt was added, with an amount equal to
2% of the strained yogurt. Following the addition
of salt, the strained yoghurt was processed until it
reached a dough-like consistency and then
divided into 300 g portions. The following extract
quantities were added to each 300 g portion: The
first, second and third groups were prepared with
5ml, 10mL and 15mL of green walnut extract
(GWF5, GWF10, GWF15), respectively. The
fourth, fifth and sixth groups were prepared with
5mlL, 10mL and 15mL of green walnut leaf extract
(GWL5, GWL10, GWL15), respectively. The
seventh group was employed as a control. The
samples were shaped into discs weighing 10-15
grams and subjected to a three-day drying process
in an open area, away from direct sunlight. The
extract-added kurut samples were prepared in
four replicates. The prepared samples were then
subjected to microbiological analysis.

Microbiological Analyzes

For microbiological analysis, dried samples were
aseptically divided, weighed to 10 grams and
transferred to stetile bags. Then 90 ml of Ringet's
solution was added and mixed in a stomacher.
Decimal dilutions (up to 10-%) were made. After
preparation of the dilutions, specific agar media
for the groups of microorganisms under
investigation were used. At the end of the
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incubation period, colonies in the range of 30 to
300 were identified and counted (Erkmen, 2015).

Total mesophilic aerobic bacteria count:

Samples were inoculated onto plate count agar
(Merck 1.05463) using the pour plate technique
and incubated at 32°C for 48-72 hours for total
mesophilic aerobic  bacteria count.  After
incubation, colonies were counted (Halkman and

Sagdas, 2011).

Lactobacillus spp: For the count of Lactobacillus
spp., samples were inoculated onto deMan,
Rogosa, and Sharpe Agar (Merck 1.10660) using
the pour plate technique. After pouring a double
layer of agar, the plates were incubated at 30°C for
72 hours, and then the colonies were counted
(Halkman and Sagdas, 2011).

Enterobacteriaceae  spp: Samples  were
inoculated onto Violet Red Bile Dextrose Agar
(Merck 1.10275) using the pour plate technique
for the enumeration of Eunterobacteriaceae spp.

Plates were incubated at 37°C for 24 hours and

colonies were counted (Halkman and Sagdas,
2011).

Yeast and mould: For yeast and mould
enumeration, samples were inoculated onto Yeast
Extract Glucose Chloramphenicol Agar (Merck
1.16000) using the pour plate technique. Plates
were incubated for 5 days at 22°C and colonies
were counted (Halkman and Sagdas, 2011).

Statistical Analysis.

IBM SPSS Statistics 20 software was used to
evaluate bacterial counts and physicochemical
analysis results using the Mann-Whitney U test for
independent samples (Ozdamar, 2013).

RESULT AND DISCUSSSION

The total flavonoid content (TFC) and total
phenolic content (TPC) of walnut leaf extracts
(GWL) and green walnut fruit extracts (GWF) are
shown in Table 1.

Table 1. Total flavonoid contents (TFC) and total phenolic contents (TPC) of Juglans regia leaf extracts
(GWL) and green walnut fruit (GWF) extracts. (n=5)

S/L Ratio . . TFC TPC
Sample Extraction Yield
P (g/ml) (mg QE/g) (mg GAE/g)
GWL Extract 1/5 25.621+0.25 1.87+0.1 4 28.56* 1.54
GWEF Extract 1/5 28.25+0.28 2.34%+ 0.12 18.11 +1.64

Table 1 shows that in the extraction using green
walnut leaves, the total flavonoid content was
determined to be 1.87 £ 0.14 mg QE/g and the
total phenolic content was 28.56 = 1.54 mg
GAE/g. When extracted from green walnut
fruits, the total flavonoid content was 2.34 + 0.12
mg QE/g and the total phenolic content was
18.11 £ 1.64 mg GAE/g. In their study, Gulsoy
et al. (2021) determined that the total phenolic
content of walnuts ranged from 7.16 to 13.95 mg
GAE/g, while the total flavonoid content ranged
from 0.73 to 1.11 mg QE/g. Cerit et al. (2017)
found that the total phenolic content of extracts
from fresh walnut kernels varied between 33 and
50.3 mg GAE/g. Vieira et al. (2019) observed that
in their study on green and yellow walnut leaves,
the total phenolic content was higher in green leaf
extracts (29.70 + 0.03 mg/g) and slightly lower in

yellow leaves (23.26 £ 0.06 mg/g). According to
their findings, yellow leaves contained a higher
flavonoid content (17.4 = 0.2 mg/g), while green
leaves had a lower content (16.7 £ 0.2 mg/g
extract). In the same study, only the green leaf
samples demonstrated anti-inflammatory
potential. Ara et al. (2023) indicated that the total
phenolic content of walnut leaf extract ranged
from 2.024 mg/g GAE to 13.23 mg/g GAE.
These studies, together with our research into the
total flavonoid content (TFC) and total phenolic
content (TPC) of walnuts and walnut leaves,
demonstrate their biological activity. The
differences observed can be attributed to the type
of walnut used, the altitude of the region where
the walnuts were grown, the climatic conditions
and the methods used in the extraction process.
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The results of microbiological analyses of dried
products supplemented with walnut and walnut

leaf extracts using traditional methods are shown
in Table 2.

Table 2. Results of microbiological analysis (logio CFU/ g). (n=4)

Microorganism Control GWF5 GWF10 GWF15 GWL5 GWL10 GWL15 p
TMAB 4452056  4.9910.34  4.81+0.34  4.25%0.29  44%0.11  3.84+0.28 3.83+0.71  0.008
Yeast-mold 4.05£0.15 4431041  4.05£0.5 3.88%0.19 4.21+0.54 3.28+0.61 4.03:0.76  0.134
Lactobacillus spp 2.84+0.17  2.8240.38  2.08+1.39  2.65+0.16 ~ 252%1.7  2.53+1.75 2.33+1.67 0.709
Enterobacteriaceae 1271147  1.3%1.51 1.33£1.54  0.64+£1.27  14+1.62  0.62%1.24 ND 0.570
Spp

Staphylococens and  2.35£1.57  2.01£1.34  1.96%1.31 0.67£1.34 135156  0.7+1.41 ND 0.158
Micrococens spp

*TMAB: Total Mesophilic Aerobic Bacteria Count. ND: Not Detected

When Table 2 is examined, Total Mesophilic
Aerobic  Bacteria (TMAB): A statistically
significant reduction (P<0.05) in the total
mesophilic aerobic bacteria (TMAB) count was
observed in the kuruts produced using green
walnut leaf extract (GWL). This finding aligns
with studies by Ara et al. (2023) and Vieira et al.
(2019), which reported the antimicrobial
properties of walnut leaves. These studies suggest
that the phenolic compounds in walnut leaf
extract can inhibit bacterial growth effectively.

No growth of Enterobacteriaceae spp. was observed
in the GWL15 group, although this result was not
statistically significant. Research by Elouafy et al.
(2023) and Vieira et al. (2019) highlighted that the
flavonoids and other bioactive components in
walnut leaves possess inhibitory effects on gram-
negative bacteria. This supports the observed
effects in kurut samples produced with GWL
extract.

No growth of Staphylococens spp. and Micrococcus
spp. was detected in the GWL15 group; however,
this finding was also not statistically significant.
Studies such as those by Vieira et al. (2019) and
Ara et al. (2023) have shown that walnut leaves
exhibit antimicrobial potential against gram-
positive bacteria. The phenolic and flavonoid
contents are known to disrupt cell wall integrity
and protein synthesis, thus inhibiting bacterial
activity.

While there was no statistical difference in the
yeast and mould counts in kuruts made with green
walnut fruit (GWF), a reduction was noted in the
GWF15 group. This finding is supported by

Elouafy et al. (2023), which reported that natural
antimicrobial compounds such as phenolic acids
and tannins in walnuts can limit fungal growth.
These results are consistent with existing
literature regarding the antimicrobial effects of
walnut leaves and fruits. Temirbekova, (2020) in
the kurut samples prepared using orange peel
extract (Citrus sinensis L.), an initial increase in
total mesophilic aerobic bacteria (TMAB) counts
was observed, followed by a decrease over the
storage period. The researcher reported that
inhibition of coliform bacteria growth was not
detected in any of the kurut samples during the
120-day storage period. Ciftci, (2008) reported
that kurut samples prepared with thyme, mint and
rosemary essential oils showed antimicrobial
effects against E. ¢/ from the 15th day. The
researcher noted that mint essential oil had a
suppressive effect on E. co/i, yeast mould and total
bacterial counts from day 15, while rosemary
essential oil showed a rapid increase in
antimicrobial activity against . co/i, total bacteria
and yeast mould from day 30. The use of various
plant extracts in kurut production, as observed in
our study, is consistent with these findings in
reducing microbial load.

Various plant extracts can be used as natural
preservatives in dairy products due to their
antimicrobial and antioxidant properties (Dupas
et al., 2020). Phenolic compounds, which are
among the chemical constituents of walnuts, are
known to play an important role in protecting
human health and preventing diseases (Ugurlu et
al., 2019).
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CONCLUSION

Based on the findings of this study, incorporating
walnut and walnut leaf extracts into kurut
production shows potential for reducing
microbial load and extending shelf life. Notably,
the GWL15 extract demonstrated a statistically
significant reduction in total mesophilic aerobic
bacteria (TMAB) counts (p=0.008), indicating its
effectiveness in controlling this group of
microorganisms. Although no growth of
Enterobacteriaceae spp. and Staphylococcus-Micrococcus
spp. was observed in the GWL15 group, these
results were not statistically significant. For yeast
and mould counts, as well as Lactobacillus spp.,
there were no significant differences among the
groups. This highlights the varied impact of
different extract doses, with GWL15 being
particulatly effective in reducing TMAB counts.
Overall, the use of GWL15 in kurut production
showed the most promising results for reducing
microbial loads, enhancing safety, and potentially
extending shelf life. The findings of this study
indicate that walnut leaf extracts may serve as a
promising  natural  source of  bioactive
compounds. The total phenolic content (TPC)
and total flavonoid content (TFC) of walnut
leaves were observed to be higher than those of
green walnut fruits. These findings suggest that
walnut leaves may possess notable antioxidant
and antimicrobial properties, which could
contribute to their potential use in food
preservation and other applications. However,
further studies are recommended to confirm
these findings and to elucidate the mechanisms
underlying their bioactive properties.
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