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ABSTRACT

Dry ground meat is a cooked meat product. It is a popular meat product in Central Anatolian Region of
Turkey. Calf plate or flank meats and intermuscular fats are used in the production of dry ground meat. In
this study, sorption isotherms were determined using nine different salt solutions (0.1-0.9 ay) having
different relative humidity values at 5, 15 and 25°C. From the experimental data obtained, it was found
that the sorption isotherms had Type-II characteristics. The obtained experimental data were applied to
Iglesias-Chirife, Oswin, BET, Harkins-Jura, Smith, Henderson, Halsey, GAB, Peleg. Iglesias-Chirife and
Peleg equations were revealed the best fitting. Isosteric heats of adsorption were evaluated by applying the
Clausius-Clapeyron equation to experimental isotherms and decreased with increasing moisture content.
Keywords: Dry ground meat, sorption isotherm, isosteric heat

KURU KIYMANIN NEM ADSORPSIYON IZOTERMLERI VE ADSORPSIYON
IZOSTERIK ISISI

oz

Kuru kiyma, pisirilmis bir et Griintdiir. Tirkiye'nin I¢ Anadolu Bélgesi'nde popiiler bir et triintdiir.
Kuru kiyma tretiminde dana kaburga, karin etleri ve kaslararasi yag kullanilmaktadir. Bu ¢alismada,
farkli nispi nem degerlerine sahip dokuz farklt tuz ¢6zeltisi kullanilarak sorpsiyon izotermleri 5, 15
ve 25°C'de belitlenmistir. Elde edilen deneysel veriler Iglesias-Chirife, Oswin, BET, Hatkins-Jura,
Smith, Henderson, Halsey, GAB, Peleg esitliklerine uygulanmis, en iyi uyumun Iglesias-Chirife ve
Peleg esitliklerinde oldugu ortaya ctkarilmistir. Elde edilen deneysel verilerden sorpsiyon
izotermlerinin Tip II 6zellige sahip oldugu bulunmustur. Clausius Clapeyron esitligi deneysel
izotermlere uygulanarak izosterik adsorpsiyon isilari belirlenmis ve artan nem icerigi ile azaldigt
tespit edilmistir.

Anahtar kelimeler: Kuru kiyma, sorpsiyon izotermi, izosterik 1st
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INTRODUCTION

Dry ground meat is a traditional meat product
produced by frying of the ground meat and fat in
open cauldrons with the addition of salt. The
block diagram of dry ground meat production is
shown in Figure 1. In the production of dry
ground meat, firstly, meat and intermuscular
meat fat are ground. For this purpose, the
ground meat and the ground meat fat are placed
in the frying cauldrons and fried at 60°C and
then 90°C for 30 minutes. Towards the end of
the frying process, the salt is added and the
frying process is continued for a while. After the
frying process, melted animal fat is drained from
the cauldrons, and it is kept for a certain period
in a draining tank to separate the water it
contains. The melted animal fat in the draining
tank is poured over the ground meat taken into
the molds, and then the cooling process is
carried out and the product is offered for sale.
The sustainability of traditional products like
this, which are produced with intensive labor
and reflect the cultural heritage of the society,
has gained even more importance in the
globalizing world. Therefore, the traditional food
sector has to weigh improvements in the safety,
health, and convenience of their products.

Ensuring food safety during the production and
storage of such products is possible by revealing
the characteristic properties of the products.
Moisture sorption properties and the conditions
associated with these properties are of great
importance in this respect.

Water activity is one of the most important
factors affecting the transfer of moisture in unit
operations such as drying, cooling, freezing,
heating, cooking and storage in foods. In
addition, the stability of foods is closely related
to water activity. Water activity varies depending
on temperature, composition and physical state
of food. At a given temperature and / or
pressure, the relationship between the food's
equilibrium moisture content and water activity
is called sorption isotherm. These isotherms
provide important information in characterizing
of sorption. This information is important in
modeling the drying process, designing and

optimizing drying equipment, determining shelf
life, calculating changes in moisture content
during storage, and selecting the most suitable
packaging material for food (Shi et al, 2016;
Trujillo et al., 2003).

Meat Fat
Grinder
Cooki Salt
00King 1.75%
30 min at 60°C  [e——"-
30 min at 90°C
\ 4
Melted fat
draining tank
at 60°C
\ 4
Molding

Thickness = 2.5 cm

v
Chilling
5°C

Dry ground meat

Figure 1. Block diagram of dry ground meat
production.

Knowledge of the heat of sorption in food
processes such as drying and cooking is
extremely important to control the heat and
mass transfer processes and moisture changes



Moisture adsorption isotherm

during storage. The heat of sorption indicates
the magnitude of the bonding energy or the
intermolecular interaction forces between the
adsorbent surface and the adsorbate molecules
(Chung and Pfost, 1967). The high values of
isosteric heat indicate that the bond energy
between the adsorbent surface and the water
vapor molecules is low or the intermolecular
forces are weak, and if it is small, these forces
and bond energies are strong (Basu et al., 2000;
Al-Muhtaseb et al., 2002; Mrad et al., 2012;
Mbarek and Mihoubi, 2019). There has been no
research report conducted on determining the
moisture sorption isotherms of dry ground meat.
Therefore, the objectives of this study were 1) to
determine the water sorption isotherms for dry
ground meat at different temperatures (5, 15 and
25°C), 2) to find mathematical models that
provide an accurate prediction of the isotherms,
3) to determine the net isosteric heat of sorption.

MATERIALS AND METHODS

Materials

Dry ground meat samples with triplicate, which
were produced on separate processing days by
the same production technique, were purchased

from a local company (Kavdirlar, Nevsehir,
Turkey).

Methods

For each dry ground meat, pH, moisture, fat,
protein and ash were determined according to
Ockerman  (1985) with three replicates.
Thiobarbituric acid reactive substances (TBARS)
analysis in dry ground meats were determined
based on Lemon (1975).

Adsorption isotherms

An isopiestic method was used to determine the
adsorption isotherms as previously described
(Gal, 1975). Briefly, adsorption isotherms were
measured with desiccators containing various
saturated salt solutions that provide a, value of
between 0.1 and 0.9 (Figure 2). The temperatures
used for the adsorption isotherms were 5, 15 and
25°C. Samples were first dried to level
containing  3.85+0.11% contents for
sorption in air-dryer at 35°C and they were
weighed into Quickfit® glass bottles of 50 mg

water

parts with 0.1 mg sensitivity. Then, they were
kept half-open to avoid any confusion in the
caps of the bottles in desiccators containing
various salt solutions providing the desired
relative humidity for 5 days to “equilibrate” until
there was no noticeable weight change in
triplicate experiment, as evidenced by constant
weight values (+ 0.01 mg). In order to prevent
the microbial spoilage of the samples, crystalline
thymol was placed in the desiccators. Thereafter,
the bottles were taken from the desiccator and
the weight gain was measured (Bel M21 4Ai, Bel
Engineering, Italy). The water content of each
sample was determined by drying at 105£1°C
until they reach to a constant weight. Water
content was expressed as kg water/kg dry
matter. The saturated salt solutions used were
prepared a week beforehand and allowed to gain
stability by mixing every day. The following
saturated salt solutions and relative humidity
media were used: LiCl 11.30%, CH3;COOK
23.11%, MgCla 33.07%, KoCO; 43.16%, Mg
(NO3)2 54.38%, NaNO2 65.40%, NaCl 75.47%,
KCl 85.11% and BaCl, 90.69% (Bell & Labuza,
2000). The relative humidities are values at 20°C.
The equilibrium relative humidity values in the
ambient inside the desiccators were measured by
electronic  relative  humidity —meter.  All
measurements were made on triplicate samples.
Fitting of adsorption data to various
isotherm equations

Although there are several mathematical models
available to depict the water sorption isotherms
of foods, none of them are able to give accurate
results for the whole range of water activities,
and for all types of foods. Moreover, it is almost
impossible to find a one model that fits all of the
cases due to the complexity of food
components; instead, various models have been
proposed and checked for fit to experimental
data. Thus, in this study, the experimental data
obtained were applied to different isotherm
equations that are as follows: Iglesias-Chirife,
Oswin, BET, Harkins-Jura, Smith, Henderson,
Halsey, GAB, Peleg, modified Chung-Pfost,
modified Oswin. The linearized forms of the
Iglesias-Chirife, Oswin, BET, Harkins-Jura,
Smith, Henderson, Halsey relationships were
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used for calculating the parameters of the
isotherm equations using a linear regression
programme (SPSS 22 for Windows). The
parameters of the GAB, Peleg, modified Chung-

Pfost, modified Oswin models were estimated
from the experimental results using the nonlinear
regression analysis (SPSS 22 for Windows).

[ Cabinet ] Control Panel ]
'/ \/ Diashboard of Temperature and Humidity - R
Values of Desiccators
o - o (on/ofl) (onioff}
a L \.I L Sy m m m
ees gl @SS o)) (Coeo)| (Greed) ! !
[ Bzt == [ RH (%)]| |[ RH (%)]| |[_RH (%)] () ©
P el ey
5 4 5 6
" ) (1) £
ssg  @esl  |@eg : = e £
= = == (RA ()| |[(RHCR)]| |(RHCR)
=% - ) L= B y QL \ (7] (8] (9]
Y —— 028 L Tea)l (Crea)| (e
 —— = &= e Uraen) [ B pe)
= e Fo¥ = o ~ [10] 1) p [12]
A T T T~ (Teo) (Creal (CTea) *
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\ ' A

Figure 2. Experimental apparatus for determination of the adsorption isotherms

The goodness of fit as applied to the
experimental data were evaluated through the
determination coefficient (R?), mean relative
percentage deviation (P) and standard error of
estimate (SEE).

Residual sum of squares

RZ=1-
Corrected sum of squares
M
_ 100¢n  [Xi—Xpil
n 1=1 Xi
@

6)

where X, predicted, Xj, experimental moisture
contents and df the number of degree of
freedom (number of data points minus number
of constants in the model). It was reported in
several previous studies that the R? and SEE
values may not be sufficient evidence fort the
goodness-of-fit (Chen and Morrey, 1989; Sun,
1999; Aviara et al, 2004; Iguaz and Virseda,
2007). For this reason, the mean relative
percentage deviation (P) gives an idea of the

mean departure of the measured data from the
predicted data and is used to describe the
goodness-of-fit of an equation. Therefore, the
smaller the P value, the better the goodness-of-
fit. A model is considered acceptable if the P
values are below 10% (Ansari, Farahnaky,
Majzoobi, & Badii, 2011; Mrad, Bonazzi,
Boudhrioua, Kechaou, & Courtois, 2012).

Isosteric heat of adsorption

The isosteric heats of adsorption were calculated
by using Eq. (4), which originates from the
Clausius—Clapeyron equation, to the adsorption
isotherms at different temperatures (Tsami,

1991).

dlna,, st

af TR @

Plotting the adsorption isotherms as In aw versus
1/T for certain values of moisture content, the
net sorption isosteric heat Q$' can be obtained
from the slope of these representations. In order

to be able to use this method, sorption isotherms
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at more than two temperatures are required as
the simplifications for Eq. (4) were made.

The isosteric heat of sorption (Q) is calculated
by including the latent heat of vaporization for
pure water (L;) to the net isosteric heat of
sorption (Eq. (5)), considering L. as the average
value for the temperatures taken into account
(2466.18 J /g for 5-25 °C).

Q= Qi+ Ly ©

RESULTS AND DISCUSSION
Physicochemical analysis

The results of physicochemical analysis were
shown in Table 1. pH values of the dry ground
meats were higher than that of the raw meat
(pH= 5.64%0.02). During the cooking, the pH of
the meat increases. The increase in the pH values
might be occurred due to exposure to
imidazolium during cooking, the basic R group
of the amino acid histidine. Moisture content of
the dry ground meat samples was 51.82%. This
value is higher than the moisture content of
kavurma (45%) (Turkish Food Codex, 2019).
This situation might be significantly affect the
storage period at 4°C. However, dry ground
meat is not a product that could be stored for a
very long time like kavurma. Generally,
productions are made for short-term purposes
(15 days) and offered for sale.

Table 1. Physicochemical characteristics of dry
ground meat samples
pH 6.2610.03

Moisture (%o) 51.82%+0.10
Protein (%o) 24.62%0.18
Fat (%) 21.52%0.48
Ash (%) 2.04%0.22
TBARS (umol MDA/ kg) 6.28+0.17

Cooking is a main process of dry ground meat
production. The cooking process of meat and fat
by grinding could be caused much more
oxidation. TBARS value of dry ground meat is
shown in Table 1. The occurrence of lipid
oxidation is an undesirable situation as it causes
changes in taste, aroma, odour, texture and color
in meat and meat products and results in quality
losses (Ockerman, 1985). A significant amount

of animal fat is used in the production of dry
ground meat. After the production, the
preservation is carried out at 4°C and during this
time the sale is made in open containers. This
situation creates important problems in terms of
lipid oxidation during storage and sale. In order
to preserve the quality characteristics of the
product, it must be packaged with suitable
packaging material.

Adsorption isotherms
Adsorption isotherms of the dry ground meat

samples  determined at three  different
temperatures are given Iin Figure 3. The
isotherms revealed a typical type-1I shape

according to the BET classification. This type is
commonly seen in food materials containing
high protein content and corresponds to
multilayer formation (Figure 3). In the range of
11% to 43% relative humidity, it can be seen that
the equilibrium moisture content was almost
constant, resulting in an almost horizontal line. A
similar situation was determined as a tesult of the
research carried out in bologna by Igbeka and
Blaisdel (1982). The researchers interpreted this
situation as an increase in environmental relative
humidity would only have a slight effect on the
stability of the product.

It has been also reported that the amount of
sorbed water in protein-rich foods mainly
depends on the number and presence of two
types of hydrophilic groups (polar side chains
and carbonyl and imido groups of peptide
bonds) that are capable of binding water through
hydrogen bond formation (Singh et al., 2001;
Aktas and Girses, 2005). Water sorption by
proteins occurs on the polar side chains at low
humidities, spreads out to peptide linkages and
then leads to multilayer adsorption at high
humidity.

The increase in temperature caused a reduction
in the equilibrium moisture content (Figure 3).
However, an increase in the temperature did not
cause the formation of any crossover or
intersection point in the curves. The differences
of equilibrium moisture contents between three
temperatures were found statistically significant
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(P<0.05). This tendency formed by the increase
in temperature could be ascribed to the
excitation states of water molecules. In addition
to an escalation in the kinetic energy of the
molecules that also leads to increases of
molecular mobility, a rise in the temperature

temperature values, water molecules having slow
molecular mobility are bound more easily to
convenient binding sites on surface and
promotes an increase in the degree of water
sorption by the product with decreasing
temperature at the given water activity. (Quirijns

causes a reduction in the attractive forces et al., 2005; Ansari et al., 2011; Mbarga et al,,
between  molecules.  Therefore, at low 2017).
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Figure 3. Moisture adsorption isotherms of dry ground meat samples at 5°C, 15°C and 25°C.

Fitting of adsorption data to various
isotherm equations

The lowest P values for the isotherm equations
at 5°C, 15°C and 25°C were obtained when
Iglesias-Chirife equation was used (Figure 4),
which was followed by Peleg. The highest P
values were determined Modified Chung Pfost
and Henderson equations, respectively (Tables
2). In this present study, Iglesias-Chirife and
Peleg equations revealed the best (fitting.
Polatoglu et al., (2011; 2013) reported that Peleg
model gave the best fit for sucuk (Turkish dry-
fermented sausage) and pastirma (Turkish dry
meat product). Peleg's model parameters (A, B,
C and D) showed a decrease with increasing
temperature. The Peleg equation can predict
both sigmoidal and non-sigmoidal isotherms.
According to Peleg (1992), this model fitted as

well as or better than the GAB model but its
constants have no physical meaning.

Compared to the water activity range of 0.1-0.9
in terms of fit to the BET equation, the
adsorption data obtained in the range of 0.1—
0.55 water activity was found to fit better the
BET model (Table 2). This agrees with report
that the model of BET is the best fit for this
water activity range (Labuza et al., 1985). The P
values for the model of BET in the water activity
range 0.1-0.55 were found to be 5.76, 5.29, 1.52
at 5, 15 and 25 °C, respectively. The high P
values obtained in the 0.1-0.9 water activity range
could be attributed to the existence of multiple
mechanisms for sorption.



Moisture adsorption isotherm

Table 2. Estimated parameters for several models for isotherms of dry ground meat samples at
different temperatures

Isotherm equation av Temperature Constant Determination P (%) SEE
(range) (°O) parameters coefficient (R?)
Iglesias and Chirife 0.1-0.9 5°C b=2.83 0.951 0.16 0.008
1 =
In (m+ (m?+ moj)i) =p+b(a,) p=1.60
15°C b= 2.77 0.938 0.43 0.022
p=1.58
25°C b= 2.57 0.939 0.29 0.021
p=1.60
Oswin 0.1-0.9 5°C n=0.56 0.939 15.44 0.638
a =
lnm:lnk+nln< = ) k=1012
1-a,
15°C n=0.55 0.926 17.00 0.689
k=9.55
25°C n=0.51 0.929 15.78 0.604
k= 8.72
BET 0.1-0.9 5°C C=46.94/60.34 0.866/0.973 12.28/5.76  0.815/0.206
a, 1 N (c-1 /0.1- mo= 4.35/4.04
ma) Q) (m Q) ™ 05
15°C C= 0.868/0.998 11.78/5.29  0.750/0.157
44.62/166.41
mo= 4.07/3.53
25°C 0.869/0.999 12.33/1.52  0.717/0.041
C=35.44/-53.75
mo= 3.24/3.32
Harkins-Jura 0.1-0.9 5°C A=16.34 0.960 13.37 0.829
00
m?2 \A) 7 \A) %8N
15°C A=15.65 0.941 14.44 0.940
B=-0.03
25°C A=14.53 0.960 13.00 0.784
B=-0.02
Smith 0.1-0.9 5°C W= 15.60 0.978 19.11 0.538
m =W, - Win(1-a,) Wp=0.28
15°C W= 14.74 0.968 21.22 0.637
h=0.31
25°C W= 12.08 0.969 18.00 0.500
Wy=0.49
Henderson 0.1-0.9 5°C n=0.78 0.880 23.33 1.121
In[-In(1- a,)]=lnk + nlnm k= 14.96
15°C n=0.77 0.861 26.11 1.160
k= 14.03
25°C n=0.71 0.804 23.55 0.996
k=12.47
Halsey 0.1-0.9 5°C n=1.28 0.969 12.11 0.657
1 1 1 c=11.87
Inm= |=Inc|- (—)ln In —
n n a,
15°C n= 130 0.961 12.44 0.582
c=11.45
25°C n=1.40 0.964 11.22 0.527
c=12.65
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Table 2. (Continued)

Isotherm equation aw (range) Temperature Constant Determination P (%) SEE
(°C) parameters coefficient (R?)
GAB 0.1-0.9 5°C mm=4.33 0.850 12.60 1.067
Q, —
_ gy c=1.01
m TP o K=28.23
1 2
[72] 15°C mm=3.94 0.856 14.58 1.260
(4ov-8) c=1.03
(L) K'=41.07
= lg-
2 25°C mm=3.69 0.891 7.13 0.414
¢=0.95
K= K'=92.02
mg, cy
Peleg 0.1-0.9 5°C A= 46.33 0.998 4.49 0.176
M=Aa,P+CaP B=3.37
C=3.72
D=-0.10
15°C A= 44.36 0.990 7.25 0.379
B=3.43
C=3.38
D=-0.14
25°C A=36.13 0.993 6.19 0.254
B=3.34
C=3.35
D=-0.12
Modified Chung-Pfost 0.1-0.9 5°C a=78.76 0.931 28.22 1.088
e by [ D) inGy) b= 34.24
M= -—In [———— _
Sl ” = 0.09
15°C a= 34.87 0.918 31.67 1089
b= 2.40
c=0.92
o a= 557.54
25°C b= 230.96 0.921 20.11 0.657
c=0.11
Modified Oswin 0.1-0.9 5°C A= -3.86x10-4 0.978 14.22 0.591
a, \C B=7.73x10
(A+Bt) (1A ) C=0.59
15°C A= -7.74x10¢ 0.971 1501 0.537
B=5.16x10°
C=0.60
. A= 1.73x10¢ .
25°C B= -690.73 0.966 14.89 0.569
C=0.56
45
05°C Experimental ]
4 = 5°C Theoretical Q =
=~ 15°C Experimental 2 =
- ~15°C Theorgtical o=
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Figure 4. Moisture adsorption isotherms of the dry ground meat plotted by using Iglesias-Chirife
model
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Moisture adsorption isotherm

The monolayer water contents (shown as m,
from the BET equation, and mn from the GAB
equation) are shown in Table 2. Above
monolayer moisture content, which is assessed
as a critical water content could result some
deteriorations in foods such as activity of
enzymes, non-enzymatic browning and lipid
oxidation. However, below monolayer moistutre
contents where water is strictly adsorbed to the
food, water is not able to serve as a solvent or
substrate in any reaction except for lipid
oxidation. ~ When  temperature  increased,
monolayer moisture content decreased (Table 2).
The decrease in the content of monolayer
moisture could result in a drop in the abundance
of active sites because of the physical and
chemical alterations caused by temperature. This
agrees with previous reports (Falade and Aworh,
2004; Vega-Galvez et al,, 2009; Ansari et al,
2011; Mrad et al., 2012; Prasantha and
Amunogoda, 2012; Badii et al., 2014; Mbarga et
al,, 2017). m, content in the BET isotherm
equation could be an indicator for the affinity of
polar sites to water vapour. Iglesias and Chirife
(1976) suggests that there is a good correlation
between the number of water molecules
calculated to exist in a B.E.T. monolayer and the
number of polar side chains. This suggests that
each polar group initially sorbs one molecule of
water followed at higher humidities by
multimolecular adsorption. Moreover, lower m,
values were calculated when BET equation was

5000
4500 e
4000

3500 ®

(kJ/kg)

3000

2500

Isosteric heat of absorption

2000

used, compared to those calculated in the GAB
at all temperatures tested. This finding is also in
an agreement with the findings reported by other
researchers (Timmermann et al., 2001; Mrad et
al., 2012; Aykin and Erbas, 2016; Aykin-Dincer
and Erbas, 2018). These differences can be
attributed that the model of BET mainly focuses
on surface adsorption in the first layer, whereas
the model of GAB also considers sorbed water
properties in the region of multilayer (Bell and
Labuza, 2000). In other words, the GAB model
takes into account both capillary saturation and
surface saturation (Aykin-Dinger and Erbas,
2016).

Isosteric heat of adsorption

The adsorption isosteric heat is shown in Figure
5. When the moisture content increased, a
decrease in sorption energy was observed. This
could be attributed to the fact that the
adsorption at first takes place in the most active
and accessible sites that involve elevated energies
of interaction. Once these sites are engaged,
adsorption to the less active sites having poorer
interaction energies starts (Iglesis and Chirife,
1976; Sanchez et al, 1997). At low water
content, binding seems to be predominantly
controlled by Van der Waals forces and
hydrogen bonding occuring between the
adsorbent surface (dry ground meat) and water
molecules.

0 5 10 15

20 25 30 35 40

Moisture content (% db)

Figure 5. Isosteric heat of adsorption
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CONCLUSION

The results obtained in this study clearly
indicates that sorption isotherms of dry ground
meat samples were type II isotherm pattern that
is commonly observed in high protein content
food products. The equilibrium moisture content
relationship of the dry ground meat samples in
the studied temperatures were best described by
the Iglesias-Chirife and Peleg models.
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ABSTRACT

The present study aimed to determine the physical, chemical, and textural properties of goatskin used in the
production of Tulum cheese and the traditional and industrial ripening conditions. Natural ripening
conditions (caves) and some parameters (temperature, humidity, oxygen, and CO» values) of the cold storage
of the dairy plants were examined between March and October. It was determined that the temperature and
moisture content of the natural cave where cheese ripening was carried out was different from that of the
dairy factory storage conditions. The oxygen and carbon dioxide ratios were similar in both ripening
conditions. The effects of skin thickness, fat, and skin structure, especially tensile strength, elongation break,
tear strength, air, water vapor, and oxygen permeability properties were statistically significant. The goatskins'
tensile strength, elongation at break and tear strength values were 9.16-36.48 daN, 22.57-81.57 N, and 35.4-
150.28 N/mm, respectively. When used as a casing material for the ripening of Tulum cheese, the effect of
the skin's properties such as Oxygen, water vapor, and air permeability on the product was found to be
significant. The present study determined that goatskin's outward air permeability was 6.6-10.95 times higher
than the inward air permeability.

Keywords: Tulum cheese, goatskin, ripening, packaging

TULUM PEYNIRI URETIMINDE KULLANILAN KECI DERILERININ
KARAKTERISTIKLERI VE OLGUNLASTIRMA ORTAMLARINDAKI
DEGISIMLER

(074

Calisma, Tulum peyniri Giretiminde kullanilan kegi derisinin fiziksel, kimyasal ve dokusal 6zelliklerini
ve gelencksel olgunlasma kosullarini belirlemeyi amaclamaktadir. Calismada, Mart ve Ekim aylart
arasinda dogal olgunlasma kosullar1 (magara) ve st isletmelerinin soguk hava depolarinin bazi
parametreleri (sicaklik, nem, oksijen ve CO» miktar1) incelenmistir. Peynir olgunlasmasinin
gerceklestirildigi dogal magara sicaklik ve nem igeriginin isletme kosullarina gére daha yiiksek oldugu
saptanmustir. Her iki olgunlagsma kosulunda oksijen ve karbondioksit orant benzer bulunmustur. Deri
kalinlig1, yag ve deri maddesi icerigi 6zellikle kopma dayanimi, uzama ve yirtilma, hava, su buhar ve
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oksijen gecirgenligi tizerine etkisi istatistiksel olarak 6nemli bulunmustur. Derilerin kopma dayanimi,
uzama ve yirtilma degetleri sirastyla 9.16-36.48 daN, 22.57-81.57 N ve 35.4-150.28 N/mm olarak
belirlenmistir. Ayrica tulum peynirinin olgunlasmasi i¢in ambalaj malzemesi olarak kullanildiginda
derinin oksijen, su buhart ve hava gecirgenligi gibi 6zelliklerinin tirtin Gzerindeki etkisi 6nemlidir. Bu
calismada kegi derisinin icten disa dogru hava gecirgenliginin, distan ice dogru hava gecirgenliginden

6.6-10.95 kat daha fazla oldugu tespit edilmistir.

Anahtar kelimeler: Tulum peyniri, kegi derisi, olgunlagsma, ambalaj

INTRODUCTION

Tulum cheese is one of the most common cheeses
consumed in Turkey and differs from other
cheese types in terms of its characteristics. Tulum
cheese had been previously produced locally on a
small scale, however, over time, due to increasing
consumer interest, it has been produced in larger
quantities and exported. It has been reported to
support regional and international development
as a branded product among traditional cheeses
(Ciftci and Durukan, 2020). Goat skin has been
used for cheese ripening and is called Tulum in
Turkish. Currently, it is replaced by semi-synthetic
salami cases, cloth, plastic, glass, cube, or pottery
due to the effect of many factors such as the
decrease in the number of small cattle, legal
obstacles brought by the forest law, regulations
established  within  the  framework  of
harmonization with the European Union laws,
and the ease of use (Duman-Aydin and Gulmez,
2008; Gin et al., 2015; Rencber, 2016; Arslaner
and Turkmen, 2020). However, many researchers
state that Tulum cheeses obtained from these
materials do not provide the desired characteristic
of Tulum cheese taste and aroma (Guven and
Konar, 1994; Kocak et al.,, 1996, Tomar et al.,
2018). On the other hand, another study
emphasized that the ripening of Tulum cheese in
glass jars and plastic packaging also positively
affected the sensory qualities (Bostan, 1991;
Taraket et al., 2005).

Goatskin has been used as a packaging material in
the production of Tulum cheese for centuries as
well as in many areas in the leather industry. It is
a unique natural product with its chemical
composition and other properties (Toptas, 1998).
The skin has many functions in the animal body.
The most important ones are protecting the body

against  external  warm/cold  conditions,
mechanical  effects, ultraviolet rays, and
microorganisms, and balancing the body

temperature. Skin is a complex organic substance
surrounding the animal body from the outside as
a sheath and consists of various tissues formed by
various cell units. It is similar in terms of
histological and chemical properties, however, it
is a unique structure that changes according to
each animal species (Orpak, 2001). The use of
goatskin as a casing/ripening material in the
production of Tulum cheese may vary among
different regions. Tulum cheese is generally
stuffed into the inner part of the skin. However,
the cheese is stuffed on the outer hairy surface
after the skin hair is shaved in the Aegean Region,
especially in and around the Manisa province. The
skin that will be used as the packaging material
must be prepared for use after shaving the hair of
the goat (Dag, 2020). Although this is not
regarded as essential in production due to the
economical circumstances, it creates setious
hygiene and economical problems during the
supply, production, and storage of the material in
industrial production. Also, goatskin is important
in terms of durability and protection and should
not pose hygienic problems. However, it has been
stated that the skin used in the standard
production of Tulum cheese should not belong to
an animal with anthrax to prevent disease
transmission to humans (Anonymous, 2016a).
Therefore, the hygienic risk of the skins to be used
in Tulum cheese and the challenges during
industrial production have focused the research
on the use of alternative packaging materials for
skin bags. However, the most significant
deficiency seen in alternative casing/packaging
materials for Tulum cheese is the absence of the
structural and permeability properties of the skin.
Especially the water vapor permeability of the
skin and the permeability of oxygen and carbon
dioxide are important criteria. Although the
permeability of many alternative materials does
not show similar properties to that of goatskin, its
permeability is prevented by being coated with
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barrier materials. For example, while hygienic
glass packaging is an advantage, its lack of
permeability is an important disadvantage in
cheese ripening. Primarily, in products in which
moisture content is not balanced, various defects
can be observed including body softening,
oversout, and bitter taste (Hayaloglu et al., 2007a).

In the ripening process of Tulum cheese, the
characteristics of the ripening environments are as
important as the characteristics of the
casing/packaging material. The importance of
natural cheese ripening environments has been
historically well-known. For example, the world-
famous French cheese, Roquefort, is ripened in
the Combalou mountain caves. Vertical faults in
these caves provide natural ventilation and a
unique ripening environment. Caves provide a
storage area that keeps a constant temperature of
9°C and humidity of 95% (Renneberg et a., 2017).
Thus, the cheese stored in the cave is propetly
ventilated. A similar case is observed in Kars
Kashar cheese ripening rooms. Producers use the
northerly winds for good ventilation and ripening
of the Kashar cheese and adjust the windows in
the direction of the wind (Demir, 2016). Similatly,
Tulum cheese is traditionally ripened in natural
caves.

The ripening of Tulum cheese in the goatskin
under natural conditions provides important
textural and flavor characteristics. The previous
studies do not provide adequate information on
the chemical, physical, and permeability
properties of goatskin used in packaging. The
present study aimed to determine: 1-Some
properties of the goatskins used in the production
of traditional Tulum cheese, 2- Conditions of
ripening environments (natural caves and storages
of cheese plants) between March and October.

MATERIAL AND METHODS

Material

Ten dried goatskins from different manufacturers
were obtained from the Burdur province and its
districts. Goatskins were preserved by salinating,

Ripening Environments
The data on the cold storage conditions of seven
companies that produce Tulum cheese, two caves

in the neighboring villages of the Barla District in
the Isparta province, and one cave in the village
of the Atabey district, where Tulum cheese is
ripened in goatskins, were determined. Among
these caves, which are 40-80 km away from
Isparta, the Kapacik village sinkhole is
approximately 25-40-meter deep and has an area
of 80-90 m2,

Preparation of Skin Samples for Test and
Analysis

The physical and chemical properties of the skins
were tested according to TS EN ISO 2418
(Anonymous 20172) and TS EN ISO 2419
(Anonymous, 2012), respectively. The samples
wete tested after being kept for 48 hours at 20°C
in a standard room with 65% relative humidity
(Anonymous, 2012; 2017a). For chemical analysis,
the skins were pre-dried at 50°C and used after
grinding in a Retsch Mihle (Haan, Germany)
cutter mill (Anonymous, 2017b).

Histopathological Method

Tissue samples were fixed in a 10% buffered
formalin solution. The tissue samples were
processed using tissue processing equipment
(Leica ASP300S, Leica Microsystem, Nussloch,
Germany) and embedded in paraffin wax. A fully
automatic rotary microtome took five-micron
thickness sections from the paraffin blocks (Leica
2155, Leica Microsystem, Nussloch, Germany).
After drying, the preparations were passed
through alcohol and xylol series, stained with
hematoxylin-eosin  (HE), mounted with a
coverslip, and examined under a light microscope

(Luna, 1968).

Physical Tests of the Samples

The samples were conditioned and prepared
following the related standards (Anonymous,
2012; 2017a). The thickness values were measured
using a digital micrometer (Satra STD 483, UK)
(Anonymous, 2016c). The morphological
structures were displayed using a scanning
electron microscope (Jeol JSM-6060LV Model,
Tokyo, Japan).
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Chemical Analysis of Skin Samples

Sample Preparation for Chemical Analysis
Skin samples were cut into 10-mm-squares
according to TS EN ISO 4044 (Anonymous,
2017b). Since raw skins deteriorate due to their
protein and fat contents, samples were taken to
the pre-drying process in an oven at 50°C. Then,
the samples were ground in a Retsch Mihle
(Haan, Germany) cutter mill with a 700-1000rpm-
rotation speed and a 4-mm-diameter perforated
sieve table. The prepared samples were mixed
thoroughly and stored in clean, dry, and airtight
plastic bags.

The pH Value of the Skins

The samples were weighed at 520.05g, 100 mL of
distilled water was added, and shaken for 6 hours
by an orbital shaker. Following the filtering, the

acidity of the filtrate was measured by a pH meter
(Metrohm 827, Sweden) (Anonymous, 2018a).

Hide Substance Analysis

After weighing 0.3-0.5 g of the prepared skin
samples, the total nitrogen content was analyzed
by the Kjeldahl method (Velp UDK 126 D, Italy).
The amount of hide substance was calculated by

multiplying the percentile nitrogen value by the
coefficient of 5.75 (Anonymous, 2018b).

Fat Analysis

Fat analysis of the skin samples was carried out
adopting the Randall Method. The samples were
weighed (4 g) and placed in a solvent extraction
device (Anonymous, 2018c).

Tensile Strength and Elongation at Break
Test

The tensile strength tests of the samples were
performed according to the related standard (TS
EN ISO 3376). The specimens were taken from
the mid-E point from the mid-point of E, E, and
AB, and the mid-point of E and CD, of the skin
(Shimadzu AG IS, Japan) (Anonymous, 2016b).
The arithmetic mean of the measurements for the
thickness of the test samples was taken.

Tear Strength Test
The curved ends of the tool to the skin sample
were attached and the device was run (Shimadzu

AG IS, Japan). The value of the force applied to
the skin sample at the time of complete tearing
was determined. (Anonymous, 2020).

Water Vapor Permeability Test

Water vapor permeability tests were performed
according to the ASTM F1249-0 standard by
Satra STM 473 (UK) (Anonymous, 2011a). The
test sample (outer diameter 34 mm) is placed in
the mouth of the bottles with freshly-dried silica
gel at the rate of 2/3. At the end of the
conditioning (16-24 hours), the bottles are
removed from the device, and freshly dried silicas
brought to a constant weight in the desiccator are
placed in the second bottle and the skin samples
are placed. The second bottle is weighed as
quickly as possible on a precision scale (initial
weighing) to record the weighing weight and time.
The bottles are placed in the carrier, and the
device is operated for 16 hours. Subsequently, the
bottles are taken and weighed (final weighing),
and the time is recorded.

Oxygen Permeability Analysis

After being conditioned in accordance with the
standard (Anonymous, 2012, 2017a ), the air
permeability values of the samples
determined in the air permeability measuring

were

device (Devotrans,  Istanbul,  Turkiye).
Measurements were carried out at 23°C, 0%
relative  humidity, and 1 bar pressure

(Anonymous, 2010).

Visual Displays of the Samples by Scanning
Electron Microscope (SEM)

The samples were taken from the skins. The
motphology of the skin's surface and cross-
section of the skins were investigated under SEM
(Jeol JSM-6060LV, Tokyo, Japan).

Ripening Conditions Analysis

Temperature and humidity measurements of the
natural ripening place and dairy factory were
measured by the USB Data Logger (Extech
Instruments, RHT10, Waltham, USA). Oxygen
and carbon dioxide values were measured using
GMI Visa (4-Gas Version, Scotland-England)
instruments.
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Statistical Analysis

The analysis of variance (ANOVA)
performed using the general linear model (GLM)
procedure to compare the different treatments at
a 95% confidence level. TUKEY’s multiple
comparison test performed pairwise comparisons
of statistically significant features. The correlation
of goatskins variables was estimated by the
Pearson correlation coefficient. Statistical analysis
of the experimental data was performed using the
SPSS 13.0 statistical software.

was

Results and Discussion

Physical properties of goatskin

In the production of Tulum cheese, goat and
sheepskins, called Tulum or Tuluk, are used as a
whole. However, there are also Tulum cheeses
that are offered for sale in smaller skins of 3-5 kg
(Ozturkoglu-Budak et al., 2015). In the study, goat
skin was purchased as a whole, which had no
scratches or tears and was used in the analysis.
The size of the skins used s used in the present
study was approximately 0.6-0.7 m?2. Gerhard
(1996) has stated that the size of goatskin is
approximately 0.5-0.9 m?, and that of suckling
lamb is 0.2-0.5 m2 There must be no
deformations such as scratches and tears on the
goatskin surface to prevent Tulum Cheese quality.
Deformations such as cuts or tears on the skin can
accelerate the deterioration of the cheese towards
the interior by bacterial contamination or contact
with air. Assefa et al. (2012) found that a scratch
was detected in 22.5%, and a scar was detected in
11.3% of 400 skin samples. These skins must be
sewn in such a way so that they don’t let air pass
through before curd pressing into the Tulum.

In the present, differences were determined
between the thickness values of the samples
(Table 1). This was mainly associated with the
animal’s age or body weight (Thiruvenkadan and
Panneerselvam, 2008). It has been reported that
the goatskin thickness of a 5-10 kg body weight
was 2.44 mm, while the goatskin thickness of a 25
kg body weight was 3.37 mm. The dermis layer,
known as the chorium or cutis, is the part of the
animal body that protects against physical
impacts/hits and injury, balances the body
temperature, and constitutes approximately 85%

of the total skin thickness (Toptas, 1998). The
dermis layer of a male goat consists of thick and
dense connective tissue. Therefore, it is indicated
that the dermis layer of the thoracal regio of males
is thicker than that of females. The epidermis
layer, which covers the upper part of the skin,
constitutes 1-2% of the total skin thickness
(Toptas, 1998). Furthermore, the papilare and
reticulare layers have a smooth collagen fiber
distributed irregularly and a solid rough collagen
layer (Suwiti et al., 2019). These structures may
affect the thickness of the skin.

Goatskins are stronger than sheepskins, and both
of them possess air and oxygen permeability
(Hayaloglu et al, 2007b). The amount of
sebaceous and sweat glands in goatskin is lower
and smaller compared to that of sheepskin.
Therefore, goatskin is more durable because it
does not have a spongy-like structure
(Harmancioglu and Dikmelik, 1993). The present
study showed that goatskin's outward air was 6.6-
10.95 times higher than inward air permeability.
The results in Table 2 show a positive correlation
between goatskins' air and oxygen permeability
but a negative correlation between water vapor
permeability. In general, the skins of female
animals are thinner but more flexible than the
skins of males. Since the structural properties of
the tissues can be different in young and old
animal skins, the rate of substance transfer such
as water and air from the skin also changes.
Therefore, the amount of water they contain, the
protein structure, and the amount and quality of
intercellular ~ substances  differ  significantly
(Anonymous, 2011b). The epidermis varies
between 1-2 and 6% of the total skin thickness in
goatskins. Collagen fiber bundles are thicker and
contain more fibers, making goat skins more
durable (Orpak, 2001). For all these reasons, it has
been thought that the permeability properties
such as air and water vapor of the goatskin
change.
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Table 1. Some chemical and physical properties of skin samples!

Skin Properties 1 2 3 4 5 6 8 9 10 Mean
q GI8E | 656 |578% |605f 580X |6.10% |6.71% |580% |585% |6.61% |6.15%
P 0.032 [001> [0.02 [002¢ |0.02¢ [001d 001 [0.03 |0.04¢ [0.03 |0.03
Fat %) 138 |1021% |428% |1456% | 224% |207% |576% |3.80% |66+ | 7.16% |5.76%
003 [003 [002f [0320 |006 011 |0.02¢ [0.095 003 |0.02 |0.15
Total nitrojen (% 1077 |1584% | 1598% | 16.85% | 1428 | 1344 | 1461 |12.81 |1481 |1648 |1501+
+0.05 [ 003|003 0200 | 0.047 | £0.05¢ | £0.02¢ | £0.02b | £0.024 | £0.020 [ 0.18
Hide Substance () | 0103 | 9LI0F 9187 [9686E 8215 [77.08 |8405 [75.70 [85.18 9478 [8632%
40220 |09 |0.20c | 058 | +0.23F | £0.28¢ | +0.11¢ | £0.128 | £0.104 | £0.120 | 1.64
Thickness (mm) 054+ | 088 |088+ |141% |0.56% |0.63 |0.68% |0.74% |0.83= |0.84% |0.80%
0014 [001> [0.020 0020|0014 [0014 [0.03d [0.01c |0.020 |0.01> |0.01
Tensile strength (daNy | -16F | 3648% [1538% [25.68% [1579 1442 [1828 [1831 [19.42 12871 [20.17%
034 [1200 0025 002 | +0.03f | £0.110 | £0.03¢ | £0.03¢ | £0.06¢ | £0.18 | 2.69
Blongation at Break (v | 2257 | 0337% | 3579% 81,57+ 12537 2490 [42.83 [4087 [6137 [57.78 [47.80%
40190 [ 008> | 0.09¢ 2200 | +0.06h | £0.23" | +0.047 | +0.03¢ | £0.06¢ | +0.044 | 7.99
Tear strengeh (N/mm) | 2520 | L1991 [110.94 115028 42,07 [44.25 [78.47 8019 |9554 (8836 [84.26%
g +3200 | £0.39> | +£0.06¢ | +4.243 | +0.042 | £0.06¢ | +0.25¢ | +0.097 | £0.244 | +0.06¢ | 11.88
Air Permeability | 560 | g3t |18t | 400+ | 8393+ | 7648+ | 6493+ | 1232+ | 1308+ | 1318+ | 3760
(fom outside to inside | 555, | yor 250|267 110|420 |260  |27¢  |12¢ |21 |+3.15
surface) (Liter/day)
Air Permeability | o359 | 4380+ | 85514 | 4544% | 45425 | 37112 | 14746 | 28964 | 17644 | 16894 | 26130
(from inside to outside | 5040 | 5300 65 [41c | 21160 | £18dc [ £300 | £2000 | 1126 | £86% | +23.78
surface) (Liter/day)
Xﬁiabmp Vapor | 53506 | 15112 | 2687+ | 12349 | 1670+ | 2263+ | 2629+ | 3128+ | 2969+ | 2870+ | 2423.3
y Mgl 4350 |76 9de +826h |23¢ | 71f  |43¢ |21 |38 |42« | £535
H,0/cm?h)
Oxygen  Permeability | 4481% | 619+2. | 574%5. | 229.1% | 2310% | 1667+ | 1603% | 1484% | 1370+ | 1089% | 1538.21
(cc/m? day) 26841 |52 876|342 |20 [145c [217¢ 1524|865 |822F | £820

! Data are the averages of triplicates
2a,b: Means within a row with different lowercase letters show significant differences between goatskin samples, P< 0.05

Table 2. Correlation of the skin properties

iabl al e Total Hide Thick Tensile |Elongation | Tear Air Air Water Vapor [ Oxygen
anables P a Nitrojen | Substance 1CKNCSS | Strength | at Break Strength | Permeability? | Permeability® | Permeability | Permability
Pearson 1 [.301] 213 213 -013 507 145 088 057 -192 -.067 -.049
Correlation
pH Sig. (2-tailed) 308 | 554 554 971 135 1690 809 875 596 855 892
N 10 | 10 10 10 10 10 10 10 10 10 10 10
Pearson 301 1 | 7500 | .750° 916* | 779% | 918~ | 898" 671" 720" -592 -700*
I Correlation
at Sig. (2-tailed) |.398 013 013 .000 008 .000 .000 034 019 071 024
N 10| 10 10 10 10 10 10 10 10 10 10 10
Pearson 2137507 | 1 1.000% | 718 | 7120 | 819% | 794 761" -.887" -531 -.883
Motal Correlation
Nitrojen ~ Sig. (2-tailed) |.554| .013 .000 019 021 004 .006 011 001 115 001
N 10| 10 10 10 10 10 10 10 10 10 10 10
) Pearson 213 .750* | 1.000* 1 718 | 7120 | 819% | 794 761 -.886™ 530 -.883~
Hide Cortrelation
Substance Sig. (2-tailed) |.554| .013 | .000 019 021 004 006 011 001 115 001
N 10 | 10 10 10 10 10 10 10 10 10 10 10
Pearson Lo13[.916| 718 | .718* 1 552 908 | 914" ST17 67T 494 ~720°
T hick Correlation
1CRNCSS Gio (2-tailed) |.971] .000 | .019 019 098 .000 .000 020 031 1146 019
N 10 | 10 10 10 10 10 10 10 10 10 10 10
Pearson 507|779 7120 | 712 552 1 732 | 688 -675" -700° -500 -670°
MTensile  Correlation
Strength ~ Sig. (2-tailed) |135[ .008 | .021 021 098 016 028 033 024 141 034
N 10| 10 10 10 10 10 10 10 10 10 10 10
_ Pearson 145|918+ | 819* | 819" 008 | 7320 1 973 857" -821* -369 793
E]ongauonCorrelauon
ht Break  Sig. (2-tailed) |.690| .000 | .004 004 .000 016 000 002 004 294 006
N 10| 10 10 10 10 10 10 10 10 10 10 10
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Table 2. Correlation of the skin properties (continue)

. . Total Hide . Tensile | Elongation | Tear Air Air Water Vapor| Oxygen
Variables pH | Far Nitrojen |Substance Thickness Strength| at Break |[Strength | Permeability? | Permeabilityb [ Permeability | Permability
S
Pearson 088 | 898 | 794 | 794" o14~ | 688 | 973 1 ~.865" 847" 413 -.832+
[Tear Correlation
Strength  Sig. (2-tailed) | .809 | .000 | 006 .006 .000 028 000 001 002 236 003
N 10 | 10 10 10 10 10 10 10 10 10 10 10
i Pearson 057 |-671% | ~761% | -761% | -717% | -673% | -857%¢ | -865%* 1 874xx 177 891%*
Air Correlation
PermeabilitysSig. (2-tailed) | .875 | .034 | 011 011 020 033 002 001 001 624 001
N 10 | 10 10 10 10 10 10 10 10 10 10 10
) Pearson 192 |-720% | -.887+F | -88G%* | 677 | -700% | -821%k | -847ex | 874 1 395 969**
|Air Correlation
PermeabilitybSig. (2-tailed) | 596 | .019 | .001 001 031 024 004 002 001 259 .000
N 10 | 10 10 10 10 10 10 10 10 10 10 10
Pearson. 067 -592 | -531 | -330 494 | -500 | -369 413 177 395 1 465
Water VaporCorrelanon
Permeability Sig. (2-tailed) | 855 | .071 | 115 115 146 141 294 236 624 259 176
N 10 | 10 10 10 10 10 10 10 10 10 10 10
Peatson 049 |-700% | -.883%% | _883%¢ | _720% | -670% | -793% | -832%x | 891k 969+ 465 1
Oxygen Correlation
Permeability Sig. (2-tailed) | .892 | .024 | .001 .001 019 034 1006 003 001 .000 176
N 10 | 10 10 10 10 10 10 10 10 10 10 10

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
aFrom outside to inside sutface (Liter/day)

bFrom inside to outside surface (Liter/day)

Similarly, tensile strength, elongation at break, and
tear strength values of the skin samples showed
differences. These three parameters provide
important information about the strong structure
of the skin. According to the findings detected in
different gender and age groups, the tensile
strength and elongation at break values of hair
goatskins were 12.3-18.0 N/mm? and 38.16-
65.92%, respectively (Gun et al., 2015). The tear
strength values of the skin samples were between
34.75 and 56.29 N/mm, and the water vapor and
air permeability values were between 0.46 and
0.82 mg/cm2h, and 9.27 and 38.90 cm3/cm?.sec,
respectively. In a study on Sudan desert goatskin,
elongation at break, tensile strength, and flexibility
degree values wete 58.3%, 194.4 kg/cm?, and 3.3
in the male goatskin, respectively. However, the
same values were 61.8%, 159.1 kg/cm?, and 2.1 in
female goats, respectively (Ebrahiem, 2016).
These physical properties were associated with
the non-homogeneous distribution of the
collagen structure in the skin (Maxwell, 2007).
This shows that it stretches better when the skin
has a higher elongation value, and there can be
more space between the fibers for moisture loss.
Therefore, it is easier to remove the water from
the cheese, and, hence, the cheese can be
preserved for a longer time. Thus, the chemical,

biochemical, and microbiological quality of the
cheese would slightly change.

A histopathological examination was carried out
to determine a possible deterioration in the skin
tissue, and the results are given in Figure 1.
Accordingly, no lesions were observed in the skin
samples. The tissue sample of an unhealthy
goatskin is shown in Figure 2. The epidermis, one
of the skin layers, consists of epithelial cells,
including hair follicles and sweat and sebaceous
glands, and is located in the skin (Figure 1). All
layers of the skin are included in Tulum cheese
however, the epidermis is removed from the
original skin layer during the tanning process in
the leather industry.

Chemical properties of goatskin

The chemical analysis results of the goatskins
used in this study are presented in Table 1. The
pH values in skin samples were between 5.78 and
6.71. Since anionic or cationic values can be
obtained according to the amino acid content of
the skin, pH values can vary (Harmancioglu and
Dikmelik, 1993). Gun et al. (2015) determined
that the pH values of the skin samples changed in
the range of 6.3-6.6. However, in the leather
industry, the pH value changes due to tanning
(Nasr et al., 2013). The fat in goatskin prepared
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for cheese pressing is affected by the fat in the
skin structure and the amount of residual fat in
the skin that has not been adequately washed.
Mainly meat and adipose tissue residues can
remain on the skin during the salting and drying
phase and change the skin properties. It was
determined that the fat and hide substance
content of the skin samples varied significantly
between 1.38 and 14.56%, and 61.95 and 96.86%,
respectively. It was observed that the fat value
varies considerably in goat samples of different
breeds. The fat value was determined to be 5%
(Dikmelik, 1978), 2.77-8.08% (Giin et al., 2015) in
hair goatskin and 11% (Eke, 1997) in angora
goatskin, and 30% (Sharphause, 1983) in
sheepskin. Lipolysis and proteolysis of fat and
hide nitrogen content in the skin structure can
take place by the microorganisms found on the

Figure 1. Textural structure of goatskin

Furthermore, an increase in the composition of
fat and hide substance in the skin significantly
affects the physical properties of the skin (Table
2). According to the correlation of the skin
variables, it was found that an increase in the fat
and hide substance ratio has positive effects on
thickness, tensile strength, elongation at break
and tear strength, and adverse effects on air
permeability, water vapor permeability, and
oxygen permeability properties of the goatskin. In
other words, the increase in skin thickness, fat,
and protein content significantly reduces air,
water vapor, and oxygen permeability.

In the present study, the hide substance value
belonging to hair goats was 86.32%. The
correlation between the hide substance and tensile
strength variables was statistically significant as

skin or the raw cheese curd. Therefore, the bitter
peptides that occur can cause the cheese to exert
a rancid aroma, especially on the inner surface of
the skin. Mainly meat and adipose tissue residues
can remain on the skin during the salting and
drying phase and can change the skin properties.
The hypodermis, the lower skin layer, consists of
connective tissue that provides the bond between
the skin and the animal's body. This layer consists
of loose connective tissues and a fat layer (Suwiti
et al., 2019). Since this layer is not removed
propetly, it is thought that the fat content, air,
oxygen, and water vapor permeability of the
goatskin to be used as cheese packaging material
will be affected. In addition, it is thought that it
will affect many parameters such as moisture loss,
texture, and aroma compounds formation during
cheese ripening.

(e * AL

Figure 2. Textural structure of ulcer-infected
goatskin

the case in tear strength and elongation at break
(P<0.05) (Table 2). Previous studies determined
that the hide substance value of hair goats was 44-
64% (Eke, 1997) and 81.72% (Dikmelik, 1978). In
two-year-old animals, this value was determined
to be 80.28% in females and 77.30% in males
(Eke, 1997). In another study on hair goatskins
properties, the hide substance ratio was 51.81-
62.89% (Gin et al,, 2015). The protein structure
of the skin is composed of collagen, which has a
fibrillar structure. During moistening of the dried
skin, the skin becomes flexible by expanding the
volume of collagen with the swelling property.
This is related to water particles entering the
collagen  fibrils  with  osmotic  pressure
(Harmancioglu and Dikmelik, 1993). Since this
structure forms the basis of the skin and provides
the skin with its physical properties, it is described
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as a hide substance (Eke, 1997). Depending on
the animal species, the changes in the collagen
value also affect the characteristics of Tulum
cheese pressed in these goatskin casings (Gun et
al., 2015). It is thought that the increase in hide
substance and fat content may also affect the
oxygen and water vapor permeability of the skin.
According to the correlation of the skin variables,
an increase in fat and hide substance ratio has a
significant positive effect on thickness, tensile
strength, elongation at break and tear strength,
whereas a negative effect on air permeability,

water  vapor  permeability, and  oxygen
permeability properties of the goatskin. In other
words, the increase in skin thickness, fat, and
protein content significantly reduces air, water
vapor, and oxygen permeability.

SEM Images of Goatskin

Visual Displays of the Samples by Scanning
Electron Microscope.

Photographs of goat skins taken using a scanning
electron microscope are shown in Figure 3.

]
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Figure 3. SEM images of the outer surface (a, 30 times magnification), the inner surface (b, 400 times
magnification), and the vertical orientation (c, 200 times magnification) of skin samples

The cubic crystal structures of the sodium
chloride molecules can be seen on the skin's
surface by SEM micrograph. The sizes of salt
crystals were between 10 and 20 micrometers.
The average pore size of the skins was found to
be 15 micrometers. It was thought that the small
size of the salt molecules facilitated its penetration
into the cross-section of the skin, and thus the
skins were preserved by salt molecules effectively.
Despite the cleaning of the skin to be used in the
production of Tulum cheese, photographs
showed that the hairs and other residues on the
outer surface remained. As seen in the scanning
electron microscope images, the fat meat residues
on the inner surfaces and the hairs on the outer
surface affect the skin's water vapor and gas
permeability, thickness, and strength (Table 2).
During cheese ripening, microorganisms,
especially yeast and mold, play an important role.
Since the whey released from the cheese curd and
the moisture absorbed from the environment
causes the skin's outer surface to remain moist, it
is thought that unwanted microorganism growth
can take place.

A Natural Cave and Cold Storage Conditions
for the Ripening of Tulum Cheese

In the present study, data were collected every 15
days during the 8-month (March-October)
ripening period in which traditional production is
carried out. Therefore, data collection was
initiated and ended simultaneously with the
ripening periods in natural cave conditions and
cold storage in dairy factories. Data on the cold
storage conditions of seven companies that
produce Tulum cheese, two caves in the
neighboring villages of the Barla District of
Isparta province, and one cave (called sinkhole) in
the village of Atabey district, where Tulum cheese
is ripened in goatskin, were collected (Tables 3
and 4). Among these caves, which are 40-80 km
away from Isparta, the Kapacik village sinkhole is
approximately 25-40 m deep and has an area of
80-90 m? (Figure 4).

The average temperature in the caves was 7.03°C,
and the relative humidity was 92.30%. The
atmospheric composition consisted of 20.91%
oxygen, however, it was determined that the
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carbon dioxide levels were below the limit value
that the device use could read. The mean storage
temperature and the relative humidities were
5.37°C and 77.65%, respectively, in the cold
storage of the Tulum cheese companies. Due to
the airflow in cheese ripening rooms and caves, it
was deemed that the environment had an
appropriate  atmospheric  composition. No
information was found in the literature regarding
such an evaluation. Similarly, caves are used in the
ripening of other international cheeses. For
example, the ripening process of Roquefort
cheese is traditionally carried out in the mountain
caves of Combalou. The natural ventilation of the
cave is due to the formation of the cave by vertical
faults providing airflow. Thus, a natural storage
area is provided in the caves, keeping the
temperature constant at 9°C and humidity at 95%.
(Renneberg et a., 2017). Taga cheese's ripening,
traditional Romanian cheese, is also carried out in
the cave with a unique microflora. This cave has a
temperature of 14-15°C and 90-95% humidity
(Criste et al, 2020). The one-year average
temperature and humidity of the Peynirini Cave
were found to be 6°C and 99.6%, respectively
(Dagli et al., 2020).

Many world-famous cheese types are ripened
either in caves or in special cellars (Tudor Kalit et
al., 2010, Kalit et al., 2016). Especially, cave
conditions should be suitable for the quality of the
cheese produced. Caves are used to ripen skin
Tulum cheese, especially in the highlands of
Eastern Anatolia, Central Anatolia, Eastern Black
Sea, and Mediterranean regions in Turkey. The
internal temperature of the Divle sinkhole is 5-
10°C, and the relative humidity is 85% (Kan et al.,
2010; Ozturkoglu-Budak et al., 2015). In the
Geographical Indication Registry Document
(CIRC), it is emphasized that the temperature of
the Divle sinkhole should be +4°C and the
humidity should be 80% (Anonymous, 2017c).
However, the temperature of many plateaus in
summer can vary in the range of 12-18°C,
depending on the altitude. Day and night
temperatures can be different in these regions
(Kirdar et al., 2015). It is stated that the unique
cellars where Erzincan Savak Tulum cheese is
ripened feature 6-8°C temperature and 75-80%

relative humidity (Akytiz, 1981). However, it has
been stated in the CIRC that Erzincan Tulum
cheese is matured for 4 months at -2 — 0°C
(Anonymous, 2001).

During this study, it was observed that Tulum
cheese is stored in plastic bags at 20-25°C for 5-7
days before the curd is produced in industrial
production and then ripened at low storage
temperatures by pressing the skin. In addition, it
was determined that the cold storage of the dairy
factory is not only used for Tulum cheese but also
for other dairy products, therefore, the
temperature of the cold storage is kept lower.
According to the data obtained in the present
study, it was determined that only 2 of 7 different
Tulum cheese plants producing Tulum cheese
kept the products at an average of 2°C. The mean
temperature of the dairy factory producing only
Tulum cheese was determined to be 7-9°C. This
temperature almost was the same as that of the
cave conditions. It was observed that, apart from
the temperature data of the ripening room
belonging to two dairy plants, the temperature
data of the other companies were similar to the
data obtained in the caves. Kurt and Oztek (1984)
determined the storage temperature of the
Erzincan Meat and Fish Institution, where Tulum
cheeses are stored, to be 2-3°C and relative
humidity to be 80-82%. The findings obtained in
the present study were compatible with the data
reported by Kurt and Oztek (1984). The high
temperature and moisture content of the natural
ripening conditions significantly affect the cheese
microflora and enzymatic activity, thus changing
the chemical, biochemical and microbiological
quality of the Tulum cheese (Tekin and Giiler,
2019). Also, the growth of yeast and mold on the
goatskin under natural ripening conditions and
the reproduction of insect species such as mites
on the skin and fecal residues of these insects can
pose a risk in terms of food safety. It has been
stated that biogenic amines formed as a result of
microbial decarboxylation from amino acids as a
result of proteolysis during ripening increase in
cheese samples. Hspecially, histamine, tyramine,
tryptamine putrescine, and cadaverine levels
increase (Durlu-Ozkaya et al., 2000). In Turkey,
there are no standards on production technology
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in the production of Tulum cheese. The ripening
conditions of cheeses produced, especially in the
highlands and for those stored in natural
environments vary. Therefore, the characteristics
of Tulum cheeses vary. Standardizing the
industrial production conditions will eliminate the
risks in the production and storage of the Tulum

cheese. Even if the production standardization of
the products that have received the CI certificate
has been achieved, there are currently no
standards regarding the skins used. In particular,
the properties of goat/sheep skins used in the
cheese ripening with CI certificates should be
examined.

Figure 4. Sinkhole of Kapactk Village

Table 3. Some characteristics of natural ripening conditions (cave and sinkhole) by months

Parameter March | April | May | June | July | August | September | October
Temperature (°C) 9.57 877 | 740 | 677 | 643 5.83 6.30 0.45
Humidity (%) 80.60 | 90.27 | 92.28 | 92.97 | 9242 | 93.08 94.20 93.73
0,
Atmosphere Siyi)goe;l (%) | 209 209 | 209 | 209 | 209 20.9 20.9 20.9
composition | [ BLV | BLV | BLV | BLV | BLV BLV BLV BLV
dioxide (%0)

BLV: Below the limit value that the device can read
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Table 4. Some characteristics of cold storage conditions in the dairy factory by months

Parameter March | April | May | June | July August | September | October
Temperature (°C) 5.49 5.74 5.72 5.33 5.08 5.26 5.27 5.19
Humidity (%) 79.90 80.76 | 76.94 | 77.56 | 76.95 | 7591 76.60 77.69
Oxygen (%) | 2091 20.96 | 20.91 | 20.9 20.9 20.9 20.9 20.9
Atmosphere Carbon
composition dioside (%) BLV BLV | BLV | BLV | BLV | BLV BLV BLV
0
BLV: Below the limit value that the device can read
CONCLUSION ACKNOWLEDGMENTS

Tulum cheese is an important type of cheese for
Turkey. It is traditionally produced in the
highlands during spring and summer. The
ripening process following the stuffing/pressing
the curd in goatskin is a crucial factor for Tulum
cheese to gain its unique taste and aroma. The use
of female or male animal skins as a packaging
material, in addition to the racial characteristics,
can change the quality of Tulum cheese.
However, examining the characteristics of
goatskin, the chemical, physical and textural
properties significantly vary. Also, the change in
temperature and humidity values of ripening
warehouses is an essential factor that would affect
the ripening level of Tulum cheese. Therefore, to
obtain a standard quality Tulum cheese, besides
the values at the production stages, optimum
casing type and storage conditions should be
determined and advised. There is no information
about the characteristics of traditional ripening
materials in products that have received a
geographical indication registration certificate.
Therefore, it is important to examine the
packaging material properties of cheese varieties
that have received this certificate and are ripened
in the skin.
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ABSTRACT

The aim of this study was to investigate the effects of 1.5, 3.0 and 4.5 k] /m? UV-C illumination doses on the
postharvest quality of fresh fig (cv. Bursa Siyahi). For this purpose, fruit were stored at 0 °C temperature
with 90-95% humidity for 21 days and some fruits were kept at 20 °C for 3 days to simulate a period of
shelf-life. UV-C treatments did not affect fruit firmness, total soluble solids, and titratable acidity content
during cold storage and shelf-life. On the other hand, UV-C doses increased total phenolic content and
antioxidant activity compared to control. In both storage conditions, 3.0 and 4.5 kJ/m2 UV-C doses were
found to be more effective to control unmarketable fruit rate. In conclusion, a 4.5 k] /m2 UV-C illumination
dose can be effective in maintaining the posthatvest quality of fresh fig fruit harvested at a 2/3 maturity
stage.

Keywords: Antioxidant activity, decay, commercial ripe stage, shelf-life, storage

FARKLI DOZLARDA UV-C ISIN UYGULAMALARININ TAZE INCIRIN HASAT
SONRASI KALITESI UZERINE ETKILERI

oz

Bu galismada, farkli UV-C 1s1n dozlarinin taze incir meyvesinin (cv. Bursa Siyahi) hasat sonrast kalitesi
Uzetine etkilerinin incelenmesi amaclanmistir. Bu amacla incir meyvelerine 1.5, 3.0 ve 4.5 k] /m2 UV-
C 1s1n dozlari uygulanmis ve sonrasinda 21 giin boyunca 0 °C sicaklikta %9015 oransal nemde
depolanmustir. Soguk depolamaya ek olarak, raf dmri performanslarini belirlemek icin meyveler 3
gin 20°C ve %7015 oransal nemde bekletilmistir. Soguk depolama ve raf émrii kosullarinda UV-C
uygulamalarin meyve sertligi, suda ¢6ziinebilir kuru madde ve titre edilebilir asit icerigi tizerine etkileri
6nemsiz bulunmustur. Buna karsiik UV-C dozlart kontrole gbre toplam fenolik madde ve
antioksidan aktiviteyi artirmistir. Her iki muhafaza kosulunda da artan pazarlanamaz tirtin miktarinin
azaltlmasinda 3.0 ve 4.5 kJ/m2 UV-C sin dozlari daha etkili bulunmustur. Calismanin sonucunda,
2/3 olgunluk déneminde hasat edilen taze incir meyveleri icin 4.5 kJ/m2 UV-C 1sin dozunun hasat
sonrasi kalitesinin korunmasinda etkili oldugu tespit edilmistir.
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INTRODUCTION

Fresh figs are highly attractive fruit due to the
delicious taste, rich biochemical and pomological
properties. The total fig production is
approximately 1.3 million tons and Tirkiye is the
main producer followed by Egypt, Morocco, Iran,
and Algeria (FAOSTAT, 2022). Fresh figs are
consumed worldwide and have huge potential to
increase export, especially in Mediterranean
countries. Unfortunately, fresh fig is perishable
fruit, and its postharvest life is generally limited to
1-2 weeks in full ripe stages and 2-4 weeks in 2/3
ripe stages depending on pre- and post-harvest
factors (Dogan and Erkan, 2022). For this reason,
most of the fig fruits are consumed in the market
close to the production areas. Developments in
transportation sectors are increased to the fresh
fig trade in the world.

Fresh fig fruit mostly suffers from fungal decay,
weight loss, and softening in both cold storage
and  shelf-life conditions (Dogan, 2022).
Numerous pathogens can cause deterioration and
high postharvest losses under unsuitable storage
conditions, especially under shelf-life. Postharvest
losses can reach up to 30-50% in shelf-life
following the 5-7 days cold storage period and
increase when the fruit is harvested in rainy
periods (Karabulut et al., 2009). The presence of
ostiole opening, delicate structure, and short
postharvest life of fig make it difficult to manage
in postharvest operations, and to control these
difficulties, alternative methods, which can be
transferred into practice, are needed. Alternative
treatments to chemicals have been gaining
popularity due to the increase in health and
environmental concerns in many countries.

Postharvest UV-C illumination is one of the
alternative methods to chemicals for preventing
the decay in many horticultural crops (Costa et al.,
20006; Gonzalez-Aguilar et al., 2010; Dogan et al.,
2018; Ustun et al., 2021). According to the results
of UV-C illuminations on different horticultural
products, in general, UV-C illumination promotes
the accumulation of antioxidant enzymes,
increases the phenolic content, and improves fruit
antioxidant capacity (Erkan et al., 2008; Pinheiro
et al., 2015). It has been revealed that UV-C

llumination also reduced weight loss, lowered
respiration rate (Cote et al., 2013; Freitas et al,,
2015), decreased the activity of cell wall
degradation enzymes and delayed the fruit
softening (Barka et al., 2000; Pombo et al., 2009).
Postharvest life and fruit quality are affected by
harvest maturity in many fruits and vegetables
(Erkan and Dogan, 2019). Harvest time is
particularly crucial in reducing postharvest losses
in products with a short post-harvest life such as
fig (Dogan et al., 2020). Fresh figs are harvested
considering the distance to the consumption
region. If the production site is close to the target
market, the fig is harvested at the full maturity
stage, while if they are far from the target market,
they are harvested earlier. There is a few research
conducted on the effects of UV-Cillumination on
fresh fig fruit. Bal (2012) reported that UV-C
treatment for 20 min from a distance of 50 cm is
effective to control decay in the ‘Bursa Siyahi’ fig
cultivar. Usberti and Ferraz (2021) reported that
0.71, 1.32, 2.64, and 4.01 kJ/m2 UV-C treatments
did not affect fig ripening, however, UV-C treated
fruits had lower decay than the control fruit. On
the other hand, 4.01 kJ/m2? UV-C treatment
resulted in undesirable epidermis stains in ‘Roxo
de Valinhos’ figs stored at 10 and 20°C. The
current study aimed to determine the effects of
different UV-C illumination doses on some
quality parameters of the fresh fig fruit harvested
at the 2/3 stage of matutity during the cold
storage and shelf-life.

MATERIAL AND METHOD

Fruit materials

The fresh fig (cv. Bursa Siyahi) fruit were
harvested at Fig Research Institute in Aydin,
Tirkiye. After harvest, the fruit were placed in
carton boxes containing viols. Fresh figs were
harvested at commercial maturity stage (2/3
colored peel) and were immediately transported
with  refrigerated truck into  postharvest
physiology  laboratory of Department of
Horticulture at Akdeniz University in Antalya,
Tirkiye. The fruit were selected according to size
and maturity stage, and any defected fruit were
excluded from the study.
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UV-C illumination

UV-C treatments were performed in a specially
designed illumination chamber. In this system,
UV-C treatment was applied to the fruit while
passing through a closed chamber. This specially
designed equipment provides fruits to be turned
as they move on the packaging line under a UV-C
lamp. Hence, UV-C illumination can reach all
fruit surfaces. UV-C dose adjustments were done
with the help of a UV meter before the
treatments. Harvested fruit were divided into four
different groups for different UV-C illumination
doses. The first group of fruit was not treated with
UV-C illumination and used as a control group.
The second, third and fourth group of fruit were
treated 1.5, 3 and 4.5 kJ/m? UV-C illumination
doses, respectively.

Storage conditions

UV-C treated, and control fruit were stored at 0
°C and 90-95% RH for 21 days. Fresh fig samples
were taken from cold storage at 7 days intervals
for different analyses. At each analysis time, the
shelf-life performance was determined by
removing the fruits from the cold storage to 20
°C and 70-75% RH conditions for 3 days.

Methods

The firmness of fruit was determined by using a
penetrometer measuring the peeled equatorial
region on 3 different sides of the fruit. Fruit
firmness was shown as average of these
measurements and results were given as Newton

MN).

For total soluble solids (T'SS) and titratable acidity
(TA) contents, fig fruits were smashed with a
blender and weighed 1 g of puree. There after 10
mL ddH>O was added and samples were
centrifuged at 6000 g for 10 min at 4 °C. Total
soluble solid (TSS) content was measured from
the supernatant. The TSS contents of the samples
were measured with a digital refractometer and
given as a percentage (%). The titratable acidity
(TA) was determined by taking 2 mL supernatant
from extraction for TSS and adding 38 mL of
distilled water. The prepared samples were
titrated with 0.1 N NaOH to an endpoint of pH
8.1. Each sample was titrated thrice, and the

means were calculated. The TA was expressed in
percent malic acid.

For total phenolic content (TPC) and total
antioxidant activity (TAA) fresh figs were
smashed with blender and weighed 1 g of puree.
There after 10 mL 80% methanol added the tube
and was centrifuged at 6000 g for 10 min at 4 °C.
The supernatant was used for total phenolic
content (TPC) and total antioxidant activity
(TAA).

TPC in fresh figs were determined according to
the Folin-Ciocalteu based method (Spanos and
Wrolstad, 1990). Briefly, 0.1 mL supernatant was
mixed with 0.9 mL of ddH,O and 5 mL of 0.2 N
Folin-Ciocalteau reagent in colored test tube for
determined the TPC. The mixtures were
incubated at the room temperature for 3 min and
then 4 mL of sodium carbonate (75 g/L) was
added. Before the measurement of absorbances,
sample tubes were incubated in the dark for 2 h.
The absorbances were measured at 765 nm by
spectrophotometer against a blank. TPC in fresh
figs were reported as mg of gallic acid equivalent
pet 100 g (mg GAE/100 g).

Total antioxidant activity (TAA) analysis was
carried out according to the method specified by
Benvenuti et al. (2004). Samples of 20, 40, 60, 80
and 100 pL of the extract prepared for total
phenol analysis were taken and added to glass
tubes in which 600 pl. of DPPH radical was
placed before. Immediately afterward, 80%
methanol was added to give a total volume of 6
mL of the glass tube. The same method was
followed by not adding a sample extract to the
control sample. The tubes were mixed by vortex
and incubated for 15 min at room temperature.
The measurements were done at 517 nm
wavelength with a spectrophotometer and the
TAA activity was expressed as % inhibition. The
concentration that gave 50% inhibition of the
radical was calculated as EC50 fw/mg.

Each fruit was evaluated individually and any
visible deterioration on the surface was rated as
unmarketable. The unmarketable fruit rate was
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found by proportioning the total number of fruit
and expressed as a percentage (%).

The statistical analyses were conducted in a totally
randomized design with three replicates and each
replicate contained fifteen figs. Parameters of
treatment, storage time and interaction between
treatment and storage time were tested using a
general linear model with using XL.STAT (version
2016.02.28451). The Tukey (HSD) test was used
to compare the means and interaction (P <0.05).

RESULTS AND DISCUSSION

Firmness is one of the most important features in
determining the storage and shelf life of
horticultural crops. Soft fig fruits are highly
perishable compared to firm fruit. For this reason,
fruit of ‘Bursa Siyahi’ fig cultivar is harvested in
the firm stage before the fully colored stage for
exportation. Fruit firmness tends to decrease
during storage and shelf life. There were no
statistical differences between UV-C illumination
doses and firmness, however, storage time
significantly affected fig firmness in both
conditions (Table 1). It is thought that structural
changes in cell wall components such as pectin,
hemicellulose, and cellulose are responsible for
firmness (Seymour et al., 1990). Barka et al. (2000)
reported that UV-C illumination reduced cell wall
degradation and preserves fruit firmness by
decreasing the activity of cell wall degrading
enzymes on tomatoes. Similarly, UV-C
illumination reduced softening at strawberries
(Cote et al., 2013). However, Perkins-Veazie et al.
(2008) reported fruit firmness was not affected by
UV-C illumination on blueberries. Hemmaty et al.
(2007) reported that fruit firmness was not
affected by UV-C irradiation at shelf-life on
apples. This study also revealed that UV-C
illuminated ‘Red Delicious’ apples were
significantly firmer, but UV-C had no effect on
the firmness of ‘Golden Delicious’ apples. It is
thought that the differences between these studies
may be due to the species, cultivar, treatment
dose, maturity stage and ripeness characteristics
of fruits.

Total soluble solids (T'SS) content increased up to
14 days of cold storage, then decreased at the end

of the storage but the concentration was still
higher than harvest value at the end of the storage
(Table 1). TSS content increased at the 7-day cold
storage plus 3-day shelf-life but did not change
remaining the shelf-life (Table 2). The increasing
trend in TSS for a certain period of time is
thought to be related to the maturity level of the
fruit. Similarly, this increasing trend was also
found by Bahar and Lichter (2018) in ‘Ottomonit’
fresh fig. On the other hand, there were no
differences between UV-C doses on TSS content
(Table 1). Similarly, UV-C illumination did not
affect TSS content in lime (Pristijono et al., 2019),
pineapple (Sari et al., 2016), apple (Hemmaty et
al., 2007), strawberry (Cote et al, 2013) and
tomato (Liu et al., 2009).

Titratable acidity (TA) content decreased during
cold storage (Table 1). Similarly, TA content
decreased until 7 days of cold storage plus 3 days
and remained unchanged in the following shelf-
life (Table 2). The reduction in TA content may
be part of the maturation process and/or may be
due to its use in the respiratory. UV-C doses did
not affect TA content in fig fruit harvested at 2/3
maturity stage. Usberti and Ferraz (2020) were
tested 0.71, 1.32, 2.64 and 4.01 kJ/m2 UV-C
llumination in ‘Roxa de Valinhos’ figs and they
reported that TA content did not significantly
change neither storage temperature (10- and
20°C) not UV-C doses after 7-days storage. On
the other hand, Bal (2012) reported that 10- and
20-min UV-C treated fig fruit had slightly higher
TA content than the control and 5 min UV-C
treated fruit after 28 days of storage while UV-C
treatment and storage time interaction was not
found significant. The application methods and
fruit maturity stages can be caused these
differences.

Total phenolic content (TPC) of figs increased
during the storage period while it decreased after
7 days cold storage plus 3-day shelf-life. The
highest TPC was determined in 4.5 kJ/m2 UV-C
treated fruit while the lowest was in control and
1.5 k] /m2UV-C treated fruit at the end of the
cold storage (Table 1). In the shelf-life condition,
TPC increased with increasing UV-C doses and
the 3.0 and 4.5 k] /m2UV-C treated fruit had more
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phenolic content then the 1.5 kJ/m2 UV-C dose
(Table 2). Similarly, UV-C treatments increased
TPC in strawberry (Erkan et al., 2008), blueberry
(Perkins-Veazie et al., 2008), tomato (Bravo et al.,
2012, Liu et al., 2012), mandarin (Shen et al., 2013)
and broccoli (Dogan et al., 2018). These findings
showed that UV-C illumination causes stress and
increases phenolic compounds because of the

activation of the phenolic synthesis process. It
was shown that UV-C treatment also increased
activity and expression of the enzyme which is
related to the phenolics (Ouhibi et al., 2014). UV-
C treated tomatoes had higher TPC and this
increment was explained phenylpropanoid
pathway and phenolic accumulation (Liu et al.,
2018).

Table 1. Effects of UV-C doses on fruit firmness, TSS, TA, TPC, TAA and unmarketable fruit rate of
‘Bursa Siyahi’ fresh figs during cold storage at 0 °C.

Storage time (days Mean
Parameter Treatment 0 7 : : 14}( ) 21
Control 12.69 10.83 9.56 8.76 10.46~
Eeuit 1.5 (k] /m?) 12.69 11.05 9.65 8.87 10.56
firmess (N) 3.0 (k] /m?) 12.69 11.23 9.67 8.77 10.59
45 (k] /m?) 12.69 11.28 10.18 9.17 10.83
Mean 12.69: 11.100 9.77be 8.89¢
Control 1517 15.33 16.50 16.50 15.88
1.5 (k] /m?) 15.17 15.33 17.17 15.67 15.83
TSS (%) 3.0 (k] /m?) 15.17 16.33 16.83 16.33 16.17
45 (k] /m?) 15.17 16.67 17.00 16.33 16.29
Mean 15.17¢ 15.92b 16.88¢ 16.21b
Control 057 0.46 0.39 0.34 0.44
A 1.5 (k] /m?) 0.57 0.42 0.35 0.34 0.42
(Citric acid) 3.0 (k] /m?) 0.57 0.39 0.35 0.35 0.41
45 (k] /m?) 0.57 0.35 0.33 0.30 0.39
Mean 0.572 0.41b 0.36be 0.33¢
Control 39.50n 42.26h G4.70<C  118.03b 66.12¢
S 1.5 (J/m?  39.50n 43.41h 71404 121.43b 68.93¢
g/ 100) 3.0 (kJ/m?)  39.50m 48.89sh 7925« 127.60b 73.81b
&/ 45 (kJ/m?)  39.50n 57.35% 85.48¢ 136.45¢ 79.70a
Mean 39,504 47.97¢ 75210 125.882
Control 6232y 59.26 56.46 49.92 56.994
1.5 (k] /m?) 62.32 57.00 54.28 42.87 54.12:b
TAA (ECs /mg) 3.0 (k] /m?) 62.32 56.68 53.57 41.19 53.44ab
4.5 (kJ/m?) 62.32 51.84 48.22 32.95 48.83b
Mean 62.32 56,204 53.13 41.73¢
Control - 0.00 6.67 20.00 8.89
1.5 (k] /m?) : 0.00 0.00 13.33 4,445
gﬁftnf:ie?ge 3.0 (k]/m?) - 0.00 0.00 6.67 2.20b
45 (k] /m?) - 0.00 0.00 0.00 0.00b
Mean : 0.00b 1.67> 10.00¢

TSS: Total soluble solid content; TA: Titratable acidity; TPC: Total phenolic content, TAA: Total antioxidant

activity

*Means in the same column are not significantly different at P <0.05 by Tukey’s multiple range test.
vInteraction between treatment and storage time is not significantly different at P <0.05 by Tukey’s multiple range

test.
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Table 2. Effects of UV-C doses on fruit firmness, TSS, TA, TPC, TAA and unmarketable fruit rate of
‘Bursa Siyahi’ fresh figs after storage at 0 °C plus 3 days at 20°C.

Parameter Storage time (days)
Treatment 0 7+3 14+3 21+3 Mean
Control 1269 732 7.10 6.21 8.33
Eeuit 1.5 (k] /m?) 12.69 7.32 7.10 6.17 8.32
firmess (N) 3.0 (k] /m?) 12.69 7.34 7.23 6.68 8.48
45 (k] /m?) 12.69 7.88 7.25 6.65 8.62
Mean 12,690 7.46> 7470 643
Control 15170 17.33 1800  16.50 16.75%
1.5 (kJ/m2) 1517 1667 1617 1550 15.88
TSS (%) 3.0 (k] /m?) 1517 1633 1733 1633 16.29
45 (k] /m?) 1517 1633 1625  16.83 16.15
Mean 1517> 16670 1694s  16.29
Control 057 0.38 0.35 0.35 0.41
A 1.5 (k] /m?) 0.57 0.37 0.35 0.31 0.40
(Citric acid) 3.0 (k] /m?) 0.57 0.35 0.33 0.31 0.39
45 (k] /m?) 0.57 0.33 0.31 0.31 0.38
Mean 057: 036 033> 032
Control 3950 11437 9215 8849 83.63
e 1.5 (k] /m?) 3950  121.86 10022 95.91 89.37bc
g/ 1009 3.0 (k] /m?) 3950 13283 10391  100.93 94,2915
&/ e 45 (k] /m?) 3950 13409 11326 110.50 99.34a
Mean 3950 12572 102.38>  98.96b
Control 62320 59.00 5397  51.85 56.78
TAA 1.5 (k] /m?) 6232 59.54 5455  51.76 57.04
(ECs /mg) 3.0 (k] /m?) 6232 5583 53.94 4781 54.98
4.5 (kJ/m?) 6232 5397 5022 4492 52.86
Mean 62320 57.08b 5317 49,09
Control - 0.00y 2000  40.00 20.002
1.5 (k] /m?) : 0.00 1333 3333 15.562
ngj:ie?}:)le 3.0 (k] /m?) - 0.00 1333 26.67 13.334
4.5 (kJ/m?) : 0.00 0.00 20.00 6.67b
Mean : 0.00¢ 11.67°  30.002

TSS: Total soluble solid content; TA: Titratable acidity; TPC: Total phenolic content, TAA: Total antioxidant

activity

¥ Means in the same column are not significantly different at P <0.05 by Tukey’s multiple range test.
vInteraction between treatment and storage time is not significantly different at P <0.05 by Tukey’s multiple range

test.

Total antioxidant activity (TAA) of figs showed
an increasing trend in both storage conditions.
During the cold storage UV-C treatment slightly
increased TAA but this increase was more evident
in 4.5 kJ/m2 UV-C treatment (Table 1). The effect
of UV-C treatment was not significant at the end
of the shelf-life (Table 2). The higher TAA means
lower EC50 wvalues. In our study, antioxidant

activity increased during the storage time due to
the UV-C illumination and similar result were also
reported by Sari et al. (2016), Vicente et al. (2004),
Erkan et al. (2008) and Jiang et al. (2010). Jiang et
al. (2010) reported that the decrease in enzyme
activity was delayed in shelf-life conditions. Liu et
al. (2012) reported that 4 and 8 kJ/m2 UV-C
lluminations improved antioxidant activity and it
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was also reported that 2 and 16 kJ/m? UV-C
doses lesser extent improved. In our study, it is
thought that TAA increased due to the increase in
phenolic content during storage. Maharaj et al.
(2014) agreed with this argument. Gonzalez-
Aguilar et al. (2007) also found a TPC correlation
with TAA.

Unmarketable product rate increased after 14-day
storage and it reached up to 30% after 21-day cold
storage plus 3 days storage at 20 °C. No UV-C
damage was detected during storage and shelf-life
condition however Usberti and Ferraz, (2020)
reported that 4.01 k] /m2 UV-C treatment showed
more wilting and stains than the lower doses. This
difference between findings can be explained by
the variety differences, maturity stages and height
of the UV-C lamp. Control fruit showed decay
symptoms after 7 days cold storage while 4.5
kJ/m? UV-C treated fruit showed no decay during
the cold storage (Table 1). At the end of the cold
storage and following shelf-life period 3.0 and 4.5
kJ/m? UV-C treated fruits had lower decay than
the other treatments (Table 2). Fresh fig fruit
suffers from many fungal decays and decay
incidence was more evident especially in shelf-life
conditions (Dogan, 2022). Bal (2012) reported
that 20 min UV-C treatment decreased decay rate
in fresh fig ‘Bursa Siyahi’ compared to the control
and 5 min UV-C treatment. Similatly, Usberti and
Ferraz (2020) reported that decay rate increased
with increasing storage temperature however this
increase was inhibited by UV-C treatment in fresh
fig cv. Roxa de Valinhos. Furthermore, many
researchers reported that UV-C illumination
reduced the decay rate or disease incidence in a
variety of products such as peach (Abdipour et al.,
2019) strawberry (Erkan et al., 2008), persimmon
(Khademi et al., 2013), red pepper (Rodoni et al.,
2015) and pineapple (Sari et al., 2016). In addition,
UV-C illuminated limes had more acceptability
index than control fruits after 28 days of storage
(Pristijono et al., 2019).

CONCLUSION

In the current study, UV-C illumination did not
significantly affect fruit firmness, TSS, and TA
while it increased TPC and TAA. Furthermore,
decay rate decreased especially in 4.5 kJ/m?2 dose

without no visible UV-C damage. UV-C
fllumination had a positive effect on reducing
postharvest loss in fresh figs. Thus, UV-C
fllumination could be an alternative tool for
improving the TPC and TAA of fresh fig
Nevertheless, future study is needed for
examining the biochemical changes caused by
UV-C in fig fruit at the molecular level and
technological ~studies that will put UV-C
llumination into practice at industrial levels.
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Bu ¢alismada, atik kestane kabugundan su ile elde edilen ekstraktin, toplam polifenol (TP) miktari, bireysel
fenolik igerigi ve antioksidan kapasitesi (AK) ile antioksidanlarin ve polifenollerin in-vitro biyoerisilebilirligi
incelenmistir. Ayrica, kestane kabugu ekstraktinin eriste Gretimindeki potansiyel kullanimt da arastirdmugtir.
Yapilan analizler sonucunda kestane kabugunda HPLC ile gallik asit ve ellajik asit tespit edilmis; gallik asit
miktart (33.55 mg/g KM), ellajik aside (12.70 mg/g KM) goére daha yiiksek bulunmustur. Kabuklarin TP
icerigi ve AK st sirastyla 172.67 mg gallik asit esdegeri/g KM ve 174319.64 mmol askorbik asit esdegeri /100
g KM olarak saptanmustir. Kabuk polifenollerinin biyoerisilebilirligi en fazla gastrik asama sonrasinda
gozlenmis, en dusik AK ise intestinal asama sonrasinda tespit edilmistir. Eriste hamuruna, kabuk
ekstraktinin %1.0 oraninda ilave edilmesi, son triinin TP ve AK’ sini, kabuk ekstrakti icermeyen eristeye
(kontrol) gére sirastyla %89.36 ve %102.66 oraninda artirmistir. Bu ¢alisma, kestane kabugunun 6nemli bir
polifenol kaynagi olarak, gidalarin zenginlestirilmesi amaciyla kullamilabilecegini gbstermistir.

Anahtar Kelimeler: Kestane kabugu, polifenol, in-vitro sindirim, eriste

BIOACCESSIBILITY OF POLYPHENOLS FROM CHESTNUT PEEL AND
THEIR USE IN NOODLE FORMULATION

ABSTRACT

In this study, total polyphenol (TP) content, individual phenolics, antioxidant capacity (AC) and in-
vitro digestion of antioxidants and polyphenols of the extract obtained from chestnut peel with water
were investigated. In addition, the potential use of chestnut peel extract in noodle production was
investigated. The results showed that gallic and ellagic acids were determined by HPLC; gallic acid
content (33.55 mg/g DM) of chestnut peel was found higher than ellagic acid (12.70 mg/g DM). TP
and AC of chestnut peel were 172.67 mg gallic acid equivalent (GAE)/g dry matter (DM) and
174319.64 mmol ascorbic acid equivalent (AAE)/100 g DM, respectively. The highest bioaccessibility
of peel polyphenols was observed after the gastric stage. The lowest AC in the peel extract was
detected after the intestinal stage. The addition of the peel extract (1.0%) to the noodle dough
increased the TP (89.36%) and AC (102.66%) of the final product compared to the noodle without
the peel extract (control). Therefore, this study showed that chestnut peel, as an important source of
polyphenols, may be useful for food enrichment.

Keywords: Chestnut peel, polyphenol, in-vitro digestion, noodle
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Kestane kabugu polifenolleri ile zenginlestirilmis eriste Gretimi

GIRIS
Gida sanayiinde hammadde olarak kullanilan
kestane meyvesinin (Castanea sativa) islenmesi
sonucunda; sert dis kabuk (agirliginin %8.9—
13.5%) ve i¢ zar (agurhiginin %06.3—10.11) olmak
tzere 6nemli miktarda attk ortaya ¢ikmakta ve bu
atiklar genellikle hayvansal glibre ve yakit olarak
degerlendirilmektedir  (Vazquez vd., 2012;
Fernandez-Agullé vd., 2014; Lee vd., 2010).
Cevresel faktotrler ve ekonomik nedenletle son
yillarda bu atiklarin  degerlendirilerek  faydalt
ciktilara doénistirilmesi yontndeki c¢alismalar
giderek artmustir. Literatiirde kestane kabugu ile
ilgili yapilan caligmalar yetersiz olmakla birlikte,
son vyillarda yapilan bazi ¢aligmalar, kestane
kabugu Ozellikle de i¢ zarmin  biyoaktif
bilesiklerden olan polifenolleri fazla miktarda
icerdigini ortaya koymustur (Obiang-Obounou ve
Ryu, 2013; Youn vd., 2016). Bununla iliskili
olarak, kestane kabugu ekstraktinin
antimikrobiyal (Fernandez-Agullé vd., 2014;
Zhan vd., 2014; Lee vd., 2016), antioksidan
(Tsujita vd., 2011; Ham vd., 2015) ve antikanser
(Jung vd.,, 2016) etkilerinin oldugu da
belirtilmektedir.

Fenolik bilesikler kuvvetli antioksidan aktiviteye
sahip  olmasina  ragmen,  biyoaktiviteleri
biyoerisilebilirlik derecelerine baglidir (Wang vd.,
2017). Bilesiklerin, sindirim sirasinda gidadan
serbest birakilmast ve ¢6ziinir hale ge¢mesi
biyoerisilebilitlik olarak adlandirlmakta ve bu
bilesiklerin  intestinal =~ absorbsiyonu  icin
biyoerisilebilirlik ~ oranimmn  yiiksek  olmast
gerekmektedir. Insan ya da hayvan viicudundaki
bir fenolik bilesigin gercek biyoyararliligint
degerlendirmek zor ve maliyetlidir. Bunun yerine,
in-vitro gastrointestinal sindirim yOntemi, gida
maddesinden  bir fenolik bilesigin  serbest
birakilmast ve sindirim sistemi kosullarindaki
stabilitesi hakkinda bilgi edinmek icin kullanidan
daha basit ve hizl bir yéntemdir. Nar kabugu unu
(Gullon vd., 2015), kakao tozu (Giltekin-Ozgiven
vd., 2016), elma (Bouayed vd., 2012) ve mirver
meyvesi (Pinto vd., 2017) gibi farkli materyallerle
daha o6nce yapilan bazi calismalarda, fenolik
bilesiklerin in-vitro gastrointestinal sindirim
yontemine gbre biyoerisilebilirligi tespit edilmis
olup, literatiirde  kestane  polifenollerinin

biyoerisilebilirligi tizerine yok denecek kadar az
calismaya rastlanmustir (Tu vd., 2021).

Fenolik bilesikler gibi biyoaktif maddeleri fazlaca
iceren bitki ya da onlarin atiklarindan elde edilen
ekstraktlarin, yapay katki maddelerine alternatif
olarak ya da zenginlestirme amaciyla cesitli
gidalarda kullanimi giderek artis géstermektedir.
Amado vd. (2014), patates kabugu atigindan elde
edilen ekstraktin, antioksidan aktivitesi nedeniyle
soya yaginda oksidasyonu oOnledigini tespit
etmistir. Rashidinejad vd. (2016), vyesil cay
katesinlerinin tam yaglt stte eklenmesiyle elde
edilen peynitlerde, toplam fenolik madde
miktarinin ve antioksidan kapasitenin arttigin
belirtmistir. Benzer sekilde enginar atif1 ekstraktt
ile zenginlestirilen taze eristenin, fenolik bilesik ve
antioksidan  aktivitesinde artis  gbzlenirken,
tekstiirel Ozellikleri ve pisirme parametreleri
ckstrakt ilavesinden etkilenmemistir (Pasqualone

vd.,, 2017). Diger taraftan kestane kabugu
ekstraktinin,  gidalara  fonksiyonel — Szellik
kazandirmak amactyla  kullanimina  yonelik
literatiirde herhangi bir calismaya
rastlandmamistir.  Yapilan ¢alismalar  kestane

kabugu ekstraktinin antimikrobiyal etkisi tizerine
yogunlasmistir (Zhan vd., 2014; Lee vd., 2010).

Eriste ve makarna gibi genellikle bugdayin
endosperm  kismu  kullantlarak dretilen basit
bilesime sahip unlu mamuller, bilesiminde
karbohidratlardan  agulikli  olarak  nisastayi
icerdikleri icin nispeten distik besin degerine
sahiptir. Dolaysiyla bu tip triinlerin kalitesini ve
fonksiyonelligini  arttirmak  giderek  Snem
kazanmaktadir. Kestane kabugundan ekstrakte
edilen polifenollerin bu acidan iyi bir alternatif
olabilecegi disintlmektedir. Bu ¢aligma ile (1)
kestane kabugundan elde edilen ekstraktn TP,
bireysel fenolik bilesikleri, AK ve polifenollerinin
biyoerisilebilirliginin  belirlenmesi  (2) kestane

kabugu ekstraktinin eriste tretiminde
zenginlestirme amactyla kullandmast ve (3)
eristenin TP, AK wve polifenolleri ile
antioksidanlarinin biyoerisilebilirliginin

saptanmast amaglanmustir.
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MATERYAL ve YONTEM

Materyal

Calismada kullanilan kestane (C. sativa) atik
kabuklari, Bursa’da kestane isleyen bir isletmeden
temin edilmistir. Kabuklar, kullanilana kadar
polietilen torbalarda 4*2 °C de muhatfaza
edilmistir. Eriste uretiminde kullanidan un ve
yumurta ise yerel marketten alinmustir. Analizlerde

kullanilan tim kimyasallar analitik saflikta veya
HPLC safliginda olup, Sigma Co. (St. Louis, MO,

USA) ve Merck (Darmstadt, Germany)
firmalarindan temin edilmistit.

Polifenol Ekstraksiyonu

Kabuk ve eriste o6rneklerinden  polifenol

ckstraksiyonu, Turkmen vd. (2005) na gore
yapilmustir. Buna gore, kahve 6gitiictsi ile toz
haline getirilen 6rnekler, saf su ile su banyosu
(Memmert WNB 22, Almanya) kullaniarak 60 °C
sicaklikta, 22 dk stre ile 1:40 (kabuk:solvent)
oraninda  ckstrakte edilmistir. Ekstraksiyon
sonrasinda karistm 10.000 rpm de 15 dk santrifij
edilmis ve Whatman No.l filtre kagidindan
stiztilmustiur. Elde edilen berrak ekstraktlar, TP,
AK, fenolik madde profili ve in-vitro
biyoerisilebilitlik (mide ve bagirsak asamast
olarak) analizleri i¢in kullanilana kadar -20 °C’de
muhafaza edilmistir. Kabuktan elde edilen berrak
ekstraktin bir kismi eriste Uretiminde kullanilmak
tzetre -80 °C’de muhafaza edilmistir.

Eriste Uretimi

Kestane  kabugu  ekstraktt  dondurularak
kurutulduktan (=50 °C ve 0.1 mbar/ 0.75 mm Hg
vakum altinda) sonra, Collins ve Pangloli (1997)
tarafindan uygulanan recete modifiye edilerek
eriste iretiminde kullanilmistir. Kabuk ekstraktt
icermeyen eristeler, kontrol grubunu
olusturmustur. Ilk asamada kuru bilesenler olan
beyaz un (%64) ve kurutulmus ekstrakt (%1) bir
kapta karistrdmistir.  Ardindan su  (%22) ve
yumurta (%13) eklenmis ve karisim, katt kivamda
bir hamur elde edilene kadar karistirict (Siemens
FQ.1) yardimiyla 5 dk boyunca yogrulmustur.
Hazirlanan hamur, 5 dk daha elle yogrulduktan
sonra, esit parcalara  boOlinerek  bezeler
hazirlanmistir. Bezeler strec film ile sarilarak, oda
sicakliginda 20 dk dinlendirilmigtir. Siirenin
sonunda hamur, merdane ve ardindan hamur

inceltme makinast (Titania, Italy) kullanilarak
inceltilmistir.  Daha  sonra, fazla nemi
uzaklastirmak,  dolayisiyla  kesim  sirasinda
olugabilecek yapismalart engellemek icin oda
sicakhiginda 20 dk dinlendirilmigtir. Strenin
bitiminde hamur, eriste kesme makinesiyle iki
asamada 0.4 x 3 cm ebatlarindaki seritler halinde
kesilmistir. Yas eristeler tepsilere ince tabaka
halinde yayilarak, oda sicakliginda, nem igerigi
%8-9a disene kadar kurutulmustur. Kuru
eristeler, -20 °C’de polietilen posetler icinde,
analiz edilene kadar muhataza edilmistir.

Folin-Ciocalteu Ayiraci ile Toplam Polifenol
(TP) Tayini

Orneklerin TP igerigi, ISO 14502-1:2005 yéntemi
kullanilarak saptanmustir. 0.5 mL ekstrakt, 2.5 mL
Folin-Ciocalteu  (%10luk, v/v) reaktfi ile
karistirdmis, 5 dk sonra tizerine 2 mL sodyum
karbonat ¢ozeltisi (%7.5) ilave edilmistir. Elde
edilen karistm, 60 dk karanlikta bekletildikten
sonra  olusan  mavi rengin  absorbansi
spektrofotometrede (Shimadzu UV-VIS 1208)
765 nm’de kore karst okunmustur. Bu analiz icin,
koér ¢ozelti olarak, ekstrakt yerine saf su
kullanilmistir. Sonuglar, stok standart gallik asit
cozeltisinin farkl konsantrasyonlart (0-50 ppm;
R?=0.99) ile elde edilmis olan kalibrasyon
egrisinin  regresyon esitliginden yararlanilarak
hesaplanmis ve mg gallik asit esdegeri (GAE)/g
kuru madde (KM) olarak ifade edilmistir.

Kabuk Ekstrakti Fenolik Bilesiklerinin
HPLC ile Belirlenmesi

Kabuk ekstrakti 6rnekleri, 0.45 pum’lik membran
filtreden stiztlmis ve filtrat HPLC (Perkin Elmer,
Flexar model) kolonuna enjekte edilmistir.
Ekstrakttaki ~ bireysel ~ fenolik  bilesiklerin
tanimlanmasi ve miktarlarinin saptanmast LC-20
AD Shimadzu pompa, CTO-10 ASVP kolon
firn1 ve SPD-M20A photo diode array (PDA)
dedektore sahip bir HPLC sistemi ile 25 °C
sicaklikta gerceklestirilmistir. Kolon olarak C18
ters faz kolonu (250 X 4.6 mm ID, 5pm)
kullantlmigtir. Pik alanlari, 270 nm dalga boyunda
hesaplanmustir. Mobil faz olarak ortofosforik asit
(%0.1) (A) ve asetonitril (B) kullandmistir.
Elusyon profili 0-6 dk, %7 B; 6-82 dk, %7-38 B;
82-90 dk, %38-60 B olarak uygulanmustir. Bir
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sonraki enjeksiyondan 6nce kolonun 5 dk i¢inde
baslangic kosullarina tekrar gelmesi saglanmustir.
Akss orant 1.0 mL/dk ve enjeksiyon hacmi 20 pL
olarak uygulanmugtir.

Orneklerdeki fenolik bilesiklerin tanimlanmast,
bilesiklerin kolondaki alikonma siitesi ve UV-
spektrumlarinin ilgili standart maddelere ait stire
ve spektrumlarla karsidastirilmasiyla yapilmistir.
Fenolik bilesiklere ait piklerin tanimlanmast ve

miktarlarinin hesaplanmasi, bilesiklerin
maksimum absorbans degeri verdigi dalga
boyunda gerceklestirilmistir. Bilesiklerin

miktarlarinin  tespit edilmesinde bilesiklere ait
HPLC kromatogramlarindan elde edilmis integre
alanlar ve standart maddelerin ara stok ¢ozeltileti
ile  hazirlanmis  kalibrasyon  egrilerinden
yararlanilmustur.

Antioksidan Kapasite (AK)

Orneklerin  AK’st, Tiirkmen Erol vd. (2009)
yontemine gore yapimistr. 50 upl ekstrakt,
metanolde hazirlanmis 1950 ul. DPPH radikali
(6x10° M) ile karistirlmistr. Kontrol drneginde,
ckstrakt yerine saf su kullandmistir. Reaksiyon
kartistmt kuvvetlice  karstirildiktan  sonra,
karanlkta 25 °C’de 60 dk bekletilmistir. Sirenin
bitiminde karigtmin  ve kontrol Grneginin
absorbansi, spektrofotometrede 517 nm’de
metanole karsi okunmustur. Antioksidan kapasite
(%, AK), asagidaki esitlikten (Esitlik 1)
yararlanilarak hesaplanmistir.

AbsKontrol — Abs6rnek %100
AK (0/0) = AbS’Kontrol

Abs kontrol : Ornek icermeyen DPPH ¢ézeltisinin absorbanst,

©)

Abs irnek : Ornek iceren DPPH ¢ozeltisinin absorbanst

Aynt kosullar altinda referans antioksidan olarak
askorbik  asit  ¢ozeltisinin - 0-150  pg/mL
araligindaki  farkli konsantrasyonlart ile bir
kalibrasyon egrisi elde edilmistir. Orneklerin
AKs1 askorbik asit esdegerine donustiirilerek g
askorbik asit esdegeri (AAE)/100 g KM olarak
belitlenmistir.

In-vitro Sindirim (Biyoerisilebilirlik) Tayini

In-vitro sindirim yontemi, ekstrakt 6rneklerinin
antioksidan ve fenolik bilesiklerinin
biyoerisilebilirligini ~ degerlendirmek  amaciyla,

Minekus vd. (2014) yontemine gore, gastrik ve
intestinal sinditim olmak Uzere 2 asamada
gerceklestirilmistir. Yontem kisaca agagidaki gibi
uygulanmistir:

Gastrik agsama:

10 mL ekstrakt, 7.5 mL mide sivisi, 1.6 mL stok
pepsin ¢ozeltisi (mide sivist ile hazirlanmis, 25000
U/mlL; pepsinin aktivitesi 3200- 4500 U/mg
protein), 5 uL. 0.3 M CaCl, 0.2 mL 1M HCI (pH’yt
3’e ayarlamak i¢in) ve 0.695 pL su ile
karistirtlmistir.  Elde edilen karistmin  enzim
aktivitesi 2000 U/ml. olmustur. Karisim daha
sonra 37 ‘C’de ¢alkalamali su banyosunda 2 saat
inkiibasyona  birakidlmistir.  Ekstrakt — disinda
solvent olarak kullanilan saf su ve ayn1 kimyasallar
kullanilarak ayni  kosullar altinda koér Ornek
hazirlanmistir.

Bagirsak asamasi:

10 mL gastrik kisim, 5.5 mL bagirsak stvist, 2.5 mL
stok tripsin bazli pankreatin ¢Ozeltisi (bagirsak
stvist ile hazirlanmus, 800 U/ml; pankreatinin
aktivitesi 100 USP U/ mg protein), 1.25 mL 160
mM safra, 20 ul 0.3 M CaCly, 0.075 mL 1M
NaOH (pH’y1 7’ye ayarlamak icin) ve 0.655 mL su
ile karstirlmistir. Elde edilen karigimin enzim
aktivitesi 100 U/mL olmustur. Karisim daha
sonra 37 ‘C’de calkalamali su banyosunda 2 saat
inklibasyona  birakidmistir.  Ekstrakt  disinda
solvent olarak kullanilan saf su ve aynt kimyasallar
aynt kosullar altinda kullanilarak kér 6rnek
hazirlanmistit.

Son olarak, gastrik ve intestinal sindirim sonrast
kanigimlar 12000 x g’de 4 “C’de 10 dk santriftj
edildikten sonra, Whatman No:1 ile filtre edilmis
ve TP ve AK analizleri icin -20 °C’de muhafaza
edilmistir.

Her iki agama i¢in (mide ve bagirsak);
antioksidanlarin ve fenolik bilesiklerin miktari
spektrofotometre  ile  belirlendikten  sonra,
bilesiklerin biyoerisilebilirligi (%) asagidaki gibi
hesaplanmistir (Esitlik 2).

Biyoerigilebilirlik (70) = (K sidiitic | K sintiitnensy) x 100
@

K sindirilmis: Mide/bagirsak asamasindan sonraki konsantrasyon (mg)

K sindirilmemis: Sindirilmemis 6rnekteki konsantrasyon (mg)
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1statistiksel Analiz
Istatistik analizleri SPSS (SPSS statistics 23,
IBM.2015) programt ile gerceklestirilmistir.

Sonuglar, 3 tekratli Olcumlerin  ortalamast =+
standart sapma olarak verilmigtir. Elde edilen
verilere, tek yonlii ANOVA kullanilarak varyans
analizleri uygulanmustir. Ortalamalar arasindaki
o6nemli farkliliklar, Duncan Coklu Karsilastirma
Testi ile belitlenmistir.

BULGULAR ve TARTISMA

In-vitro  Sinditimin  Kestane  Kabugu
Ekstraktinin TP ve AK Uzerine Etkisi
Kestane kabugu ekstraktinin baslangic¢ ve sindirim
sonrasindaki TP (43.97-172.67 mg GAE/g KM)
ve AK (29856.46-174319.64 mmol AAE/100 ¢
KM) degerleri Cizelge 1’de verilmistir. Vella vd.
(2018) ile Jung vd. (2016) kestane kabugunun TP
miktarint sirastyla 2.38-17.68 mg GAE/g KM ve
11.53-53.30 mg GAE/g KM araliginda
bulmuglardir. Diger taraftan, farkli ¢esitte
kestanelere ait kabuklarda yapilan bir ¢calismada, i¢
zarda bu calismadan daha ytksek (212.82-337.33
mg GAE/g kuru agithk-KA) dizeyde TP
saptanmistir (Vella vd., 2019). Calismalardan elde
edilen sonuclar arasindaki farkldiklarin, analiz
yontemi, ekstraksiyon kosullart ve kestane
cesidinin  farkli  olmasindan  kaynaklandigt
distnilmektedir. Kestane kabugunda, bitkisel
atiklar tizerine daha 6nce yapilan bazi ¢calismalarda
bulunan degerlerden daha fazla miktarda TP
(172.67 mg GAE/g KM) tespit edilmistir. Bu
deger, aycekirdegi kispesinde 7.51-18.51 mg
GAE/g KA (Zardo vd., 2019), findik kabugunda
en fazla 9.18 mg GAE/g kabuk (Stevigny vd.,
2007) ve patates kabugunda en fazla 1.13 mg
GAE/g KA (Amado vd., 2014) seklinde tespit
edilmistir. Bu durum, kestane kabugunun iyi bir
polifenol kaynag1 oldugunu gostermektedir.

Bu calisma ile kabuk ekstraktinda tespit edilen AK
degerinin (174319.64 mmol AAE/100 g KM)
literatiir degerleriyle karsilastirilmast muimkiin
olamamistir. Bu durum, calismalarda kullanilan
aynt antioksidan yOnteminin modifiye edilerek
uygulanmasindan ve sonuglarin farklt birimler
tzerinden ifade edilmesinden kaynaklanmaktadir.
Kestane kabugu da dahil olmak tzere bitkisel
atiklara iliskin daha 6nce yapilan calismalara gore;
kestane kabugunda 3.24 mmol Trolox esdegeri-

TE/g ekstrakt (Vazquez vd., 2012) ve 854.47-
1004.98 uM TE/g KA (Bertolino vd., 2015),
enginar atiklarinda 2077- 5214 pmol TE/kg taze
agithk (Punzi vd., 2014) ve findik zarinda 309 -
1375 umol TE/g zar (Tas ve Gokmen, 2015) AK
tespit edilmistir.

Kabuk ekstraktinin TP ve AK degerleri, sindirim
sonrasinda benzer bir egilim géstermis olup, her
ikisi de baslangic degerlerine gére 6nemli diizeyde
azalmistir (P <0.05) (Cizelge 1). TP ve AK
degerlerinde en fazla disis, intestinal asamada
tespit edilmistir. Polifenollerin biyoerisilebilirligi
gastrik ve intestinal asamada sirastyla %49.95 ve
%25.47 olarak belirlenmistir. Bu durum, intestinal
sindirim  sirasindaki alkali ortamdan dolays,
polifenollerin stabilitesinin daha disiik olmastyla
iliskilendirilmektedir (Fawole ve Opara, 2016). TP
ve dolayistyla AK’nin, gastrointestinal sindirim
sonrasinda azalmasi, daha 6nce farkli gidalarla
yapilan calismalarda da ortaya konmustur.
Bouayed vd. (2012), ortalama 44.42 mg/100 ¢
taze agirhik diizeyinde TP iceren dort farkli elma
cesidinin gastrik asama sonrast TP igeriginin 35.95
mg/100 g taze agirhiga, pankreatik asama sonrast
ise 21.84 mg/100 g taze agihiga dustigini
belirtmislerdir. Benzer sekilde, on farkli ceviz
cesidinin TP ve AK degerleri in-vitro sindirim
sonrasinda, baglangic degetlerine gbre sirastyla
ortalama %74.1 ve %77 oraninda azalmistir
(Figueroa vd., 2016). S6z konusu azalis
biyoalinabilirlik diizeylerine de yansimustir (P
<0.05). Ancak, bu sonuclardan farkli olarak,
Wang vd. (2017), in-vitro sindirimin Gzim
posasinin TP ve AK tzerine etkisini inceledikleri
calismalarinda, gastrik asama sonrasinda, TP ve
AK’nin  sindirim  6ncesi  degetlerine  gbre
degismedigini, intestinal agama sonrasinda ise
azaldigini bildirmistir. Nar trtinleri ve atiklart ile
yapilan bir ¢alismanin sonucuna gére de, baslangic
TP ve AK degerleri in-vitro sindirim sonrasinda,
materyale ve ekstraksiyonda kullanilan ¢6zeltilere
gore farkl egilimler géstermistir. Her iki asama
sonunda TP iceriklerinde, azalma veya artis
gorilirken, AK degerlerinde, gastrik asama
sonunda azalma, intestinal asama sonunda ise artis
gbzlenmistir (Fawole ve Opara, 2016). Sonuglar
arasindaki bu farkhliklarin, calisilan materyallerin
yapistnin ve in-vitro sindirim kosullarinin farkls
olmasindan kaynaklandig1 distintilmektedir.
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Cizelge 1. Kestane kabugunun TP miktar1, AK ve biyoerisilebilirligi
Table 1. TP content, AC and bioaccessibility of chestnut peel

Sindirim basamagt (Digestion stage)

Baslangic Gastrik Intestinal
(Initial) (Gastric) (Intestinal)
TP (mg GAE/g KM) 172.67 + 1.33¢ 86.25 + 1.04b 43.97 £ 0.62»

AK (mmol AAE/100 g

—+ c
KM) 174319.64 = 978.57

52385.15 £ 157.53b 29856.46 £ 445.31~

TP biyoerisilebilirligi (%o)

—+ c
TP bioaccessibility 100.00 = 0.00

49.95 £ 0.27° 2547 £ 0.33

Antioksidanlarin
biyoetisilebilirligi (%o)
AC bivaccessibility

100.00 £ 0.00¢

30.05 + 0.26° 17.13 £ 0.30#

*: Ayni satirdaki harflerle gosterilen ortalamalar arasindaki farklar istatistiksel acidan 6nemlidir (P <0.05).
*: Differences between means in letters in the same row are statistically significant (P <0.05).

Kestane kabugunun HPLC ile fenolik bilesikleri
incelenmis ve analiz sonucunda 6nemli fenolik
asitlerden sadece ellajik (12.70 * 1.23 mg/100 g
KM) ve gallik asit (33.55 £ 1.48 mg/100 g KM)
tespit edilmistir (Sekil 1). Ancak daha 6nce yapilan
bazi calismalarda (Fernandez-Agullé vd., 2014;
Sorice vd., 2016) saptanan kafeik asit, rutin,
kuersetin glukosid, luteolin, apigenin ve galangin
ise bulunamamustir. Gallik ve ellajik asitten her
ikisi de antioksidan aktivitesi yitksek fenolik
bilesikler olup, bunlardan gallik asit, viicuda
alindiginda diger polifenollere gbre daha iyi

wmAU

absorbe olmaktadir (Vella vd., 2019). Gallik asidin
kestane kabugunda ellajik aside gbre 2.64 kat daha
fazla tespit edilmesi nedeniyle vicut tarafindan
daha fazla yararlanilacagi disinilmektedir. Diger
taraftan gallik asidin bir tiirevi olan ellajik asit
antimutajenik, antiviral, antibakteriyal,
antioksidan ve antikarsinojenik 6zelliklere sahiptir
(Vekiari vd., 2008; Jung vd., 2016). Bu ¢alisma ile
uyumlu olarak, kestane kabugunda fenolik
asitlerden en fazla gallik asit tespit edildigi
bildirilmistir (Sorice vd., 2016; Cacciola vd., 2019).

5. O,J?Onm.lnm{]..{}ﬂ]

0.0 50

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

100 150 200 250 2300 30 40.0 11'*0 0.0 “0 60.0 6'-0 70.0 750 30.0

...........

550 90.0 min

Sekil 1. Kestane kabugu ekstraktina ait kromatogram (1: gallik asit; 2: ellajik asit)
Figure 1. Chromatogram of chestnut peel extract (1: gallic acid; 2: ellagic acid)
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In-vitro Sindirimin Erigtenin TP ve AK
Uzerine Etkisi

Zenginlestirilmis eriste elde etmek amaciyla,
kestane kabuk ekstraktt dondurularak kurutulmus
ve eriste hamuruna ilave edilmistit. Eristede
yapilan analiz sonucuna gore, ekstrakt ilavesi
beklenildigi gibi, eristenin TP icerigini ve AK sini,
kontrol eristeye gore belirgin sekilde (sirasiyla
%89.36 ve  %102.66) arttirmustir (Cizelge 2).
Benzer sekilde, noodle (Kazemi vd., 2017) ve taze
eristenin (Pasqualone vd., 2017) sirasiyla nar
kabugu ve enginar atig ekstraktlan ile
zenginlestirildigi  calismalardan  elde  edilen
sonuglar, bu calismanin sonucu ile uyum
saglamistir. Ancak aragtiricilar, bu ¢alismaya gore
daha az bir artis tespit etmislerdir. Bu durum, nar
kabugu (72.21 mg GAE/g; Ranjha vd., 2020) ve
enginar atiklarinin (0.77-1.45 mg GAE/g taze
agirlik; Punzi vd., 2014) kestane kabuguna gore
daha az TP  icermesi, polifenollerinin
stabilitelerinin farkli olmasi ve gidanin Uretim
kogullarinin (yogurma, inceltme ve kurutma vb.)
farklilik gOstermesi gibi sebeplerden
kaynaklanabilmektedir.

In-vitro sindirim, eriste Grneklerinin TP igerigini ve
AK’ ni 6nemli OSlgide etkilemistir (P <0.05)
(Gizelge 2). Proses kosullari, bilesenler arasindaki
kimyasal etkilesimler, gidada bulunan biyoaktif
maddeler ve ayrica analizler i¢in kullanilan

antioksidanlarin  biyoerisilebilirligini  etkileyebil-
mektedir (Parada ve Aguilera, 2007). Kontrol
eriste 6rneklerinin TP icerigi, sindirim sonrasinda
baslangic degerine gore gastrik agsamada daha az
olmak tuzere Ozellikle, ortam pH’sinin yiiksek
oldugu intestinal asamada, 6nemli oranda azalarak
(P <0.05), kabuk ekstraktinin TP miktarindaki
degisime benzer bir egilim gOstermistir. Zaten
polifenollerin, pH degisikligi, 1stk ve 1st gibi
cevresel faktorlere duyatlt olup, sindirim enzimleri
ile kolaylikla parcalandigi belirtilmektedir (Pinto
vd., 2017). Diger taraftan, eristenin yapisinda
bulunan  polifenollerin  biyoerisilebilirliginin,
kestane kabugu polifenollerinin
biyoerisilebilirligine gére daha yitksek oldugu
gozlenmistir. Bu durumun, eriste polifenollerinin,
proteinlere  baglanarak  sindirim  sirasinda
stabilitelerinin artmasindan (Xiong vd., 2020)
kaynaklandig1 distintilmektedir. Zenginlestirilmis
eriste O6rneklerinin TP icerigi ise, sindirim
sonrasinda gastrik asamada artarken, intestinal
asamada 6nemli oranda (P <0.05) azalmistir.
Dolayistyla, zenginlestirilmis eristenin
polifenollerinin biyoerisilebilirligi kontrol
eristesine gore daha yiiksek bulunmustur (Cizelge
2). Bu durum, kabuktan gelen polifenollerin
cinsinin ve stabilitesinin, eristenin  dogal
yapisindaki polifenollere gbre farkli olmasindan
kaynaklanabilmektedir.

reaktifler,

fenolik maddelerin ve dolayisiyla

Cizelge 2. In-vitro sindirim sonrast eristenin TP miktari, AK ve biyoerisilebilirligi

Table 2. TP content, AC and bioaccessibility of noodle after in-vitro digestion
Sindirim asamast (Digestion stage)
Eriste cesidi Baslangic Gastrik Intestinal
(Noodle type) (Initial) (Gastric) (Intestinal)
Kontrol (Control) | 0.94 + 0.03¢ 0.86 £ 0.03b 0.57 £ 0.01»
TP (mg GAE/g KM) Zenginlestirilmis | 1.78 £ 0.03> 2.29 £ 0.10¢ 1.27 £ 0.09
(Enriched)
T Kontrol (Control) | 100.00 £ 0.00¢ 91.07 £ 0.30P 60.74 £ 0.482
TP biyoerisilebilirligi (%) Zenginlegtirﬂmié 100.00 + 0.00b 129.11 + 7.27¢ 71.58 + 6.38"
TP bioaccessibility e
(Enriched)
AK (mmol AAE/100 g | Kontrol (Control) | 316.62 £ 7.41> 236.24 £ 6.612 -
KM) Zenginlestirilmis | 641.67 £ 13.53 653.05 £ 24.38 -
(Enriched)
Antioksidanlarin Kontrol (Control) 100.00 £ 0.00P 74.79 £ 3.862 -
biyoerisilebilitligi (%) Zenginlestirilmis | 100.00 £ 0.00 101.97 + 4.62 -
AC bivaccessibility (Enriched)

*: Ayni satirdaki farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir (P <0.05).
* : The difference between the means denoted by different letters in the same row is significant (P < 0.05).
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In-vitro sindirim sonrasinda, kontrol eristenin
AKs1, gastrik asama sonrast azalma egilimi
gosterirken, intestinal agama sonrasinda AK tespit
edilememistir. Zenginlestirilmis eristenin AK’st
ise, gastrik asama sonrast korunurken, intestinal
asama sonrasinda bulunamamistir.
Antioksidanlarin  biyoerisilebilirligi  acisindan
kontrol ve zenginlestirilmis eriste Ornekleri
arasinda Onemli bir farklilik saptanmamustir (P
<0.05).

SONUC

Kestane kabugu, TP, bireysel fenolik bilesikler,
AK ile antioksidanlarin ve polifenollerin
biyoerisilebilirligi acisindan  degerlendirilmistir.
Kestane kabugunun TP igeriginin ve AK’nin
yuksek olmast nedeniyle, kabuk ekstrakti, eriste
formulasyonunda kullanilmak tGzere dondurularak
kurutulmustur.  Kestane  kabugu  ilavesi,
zenginlestirilmis eristenin TP icerigi ve AK’sint
kontrol eristeye gére arttirmustir.  Kabuk
polifenollerinin  biyoerisilebilirligi, —gastrik ve
intestinal asama sonrasinda sirasiyla %049.95 ve

%25.47 olarak  saptanmistur. Kontrol ve
zenginlestirilmis eriste polifenollerinin
biyoerisilebilirligi ise zenginlestirilmis eriste

polifenollerinin daha fazla olmak tzere kabuk
polifenollerine gére daha ytksek bulunmustur.
Kabuk ve kontrol eristenin AK’st, sindirim
sonrasinda azalma egilimi gOstermistir. Ancak,
zenginlestirilmis eristenin AK’s1, gastrik asama

stirasinda  korunurken  intestinal = asamada
gbzlenmemistir. Bu calismadan elde edilen
sonugclar, kestane  kabugunun,  gidalarin
zenginlestirilmesi amactyla iyi bir polifenol

kaynagt olarak kullanilabilecegini gostermistir.

CIKAR CATISMASI
Yazarin bu makale ile ilgili olarak tgiinci
sahislarla bir ¢cikar catismast yoktur.
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ABSTRACT

Milk is one of the primary animal-based foods in a healthy diet which provides vitamins, fats and particularly
calcium to meet the daily requirements. Currently, there are a limited number of metabolomics studies on
milk and more studies are required to establish reliable international standards and databases for milk
metabolite profiles. In this study, metabolite analysis of three types of UHT milk which are whole-milk,
semi-skimmed and lactose-free from Tirkiye was investigated by NMR, with emphasis on the differences
in metabolite concentrations related to lactose and energy metabolism. In all, 31 different metabolites were
successfully identified and quantified with a single NMR experiment. Most of these metabolites are involved
in energy and amino acid metabolism, and these findings show that NMR can easily detect perturbations of
metabolites in these relevant pathways. In this study, the lactose levels of lactose-free labelled products also
were analysed and compared with international threshold levels.

Keywords: Milk, NMR, metabolomic, lactose

TURKIYE'DE UC BOLGEDEN TOPLANAN GELENEKSEL SUTLERIN

METABOLIK ICERIGININ NMR SPEKTROSKOPISI ILE ANALIZ1

oz

Sit, insan beslenmesinin giinlitk ihtiyacint karsilamak icin vitaminler, yaglar ve 6zellikle kalsiyum
saglayan saglikli bir diyetteki baslica hayvansal gidalardan biridir. Stitte bulunan metabolitler, stitiin
kimyasal Ozelliklerini ortaya ¢itkarmak, siitiin kalitesini veya yabanct maddelerin tespitini belirlemek
icin ¢ok 6nemlidir. Halihazirda, siit Gzerinde sinirli sayrda NMR bazli metabolit profili ¢alismasi
bulunmaktadir ve NMR bazli sit metabolit profilleri i¢in giivenilir uluslararasi standartlar ve veri
tabanlart olusturmak icin daha fazla calisgmaya ihtiya¢ vardir. Bu calismada, laktoz ve enerji
metabolizmast ile ilgili metabolit konsantrasyonlarindaki farkliliklar vurgulanarak, Tturkiye'de satilan
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konvansiyonel sttlerin metabolit analizi NMR spektroskopisi ile incelenmistir. Toplamda, 31 farkli
metabolit tek bir NMR deneyi ile tanimland: ve nicel analizleri gerceklestirilmistir. Bu metabolitlerin
¢ogu, enerjl ve amino asit metabolizmasinda yer almaktadir. Elde edilen bulgular, NMR
spektroskopinin  bu ilgili yollardaki metabolitlerin bozulmalarint  kolayca tespit edebildigini
gOstermistir. Bu ¢alismada ayrica, laktoz icermeyen etiketli Giriinlerin laktoz seviyelerinin analizi ve
uluslararast kabul gérmis seviyeler ile karsilastirilmigtir.

Anahtar kelimeler: Laktoz, sut, NMR, metabolomiks

INTRODUCTION

Milk is a chemically complex colloidal bio-fluid
secreted from the mammary glands of female
mammals for feeding their infants. Milk is also a
valuable animal-source food for humans that
provides a high level of nutrients including fats,
vitamins and minerals. Additionally, milk contains
many bioactive compounds such as glycoproteins,
antibodies, oligosaccharides, organic acids,
biogenic amines, nucleotides, immunoglobulins,
various vitamins and minerals iron, zinc, and
iodine (Dror and Allen, 2011). Consequently, milk
and milk-based products are commonly
consumed all around the wotld, in a variety of
forms such as cheese, butter, yoghurt, casein
powder and ice cream. 83 % milk of dairy
products is obtained from cows, 13% from
buffaloes, 2% goats, 1% sheep, and 0.4% camels.
(Foroutan et al., 2019).

Cow milk is rich in calcium and phosphorus, with
an average content of 85-87% water, 3.8-5.5%
fats, 2.9-3.5% protein, 4.6-5.0 % carbohydrates
(mostly lactose), vitamins (riboflavin B2), 0.69%
ash, and mineral substances (Erarslan, 2012;
Kaskous, 2020). The content of milk varies
depending on the environment, age, lactation
stage, seasonal variation, diet, breed, and genetics
thereby affecting the nutritive value and taste of
milk on account of milk metabolites. Milk
metabolites are intermediates and end products
resulting from the metabolism of mammalian
epithelial cells and peripheral blood ( Kaskous,
2020 ; Dror and Allen, 2011).

Metabolomics technology allows rapid and
efficient evaluation of metabolites in biological
samples such as serum, plasma, and milk (Gowda
et al, 2008). NMR spectroscopy, gas
chromatography-mass spectroscopy, (GC-MS),
liquid chromatography-mass spectroscopy (LC-
MS) and ultra-performance liquid

chromatography—quadrupole time of flight mass
spectrometry (UPLC-QTOF-MS) are examples
of advanced technologies used for metabolomics
(Yang et al, 2016). The detection of milk
metabolites is one of the most effective ways of
controlling the quality and safety of milk and its
products (Sen et al, 2020). Metabolomic
biomarkers are important molecules and can be
used for identifying differences between milk
varieties (Sen et al., 2020). Milk adulteration has
been detected by using metabolomic biomarkers
by Yang et al. (2016) who investigated the
metabolomics profile of Chinese Holstein, Jersey,
Buffalo, Goat, Camel, Horse, Yak (Bos mutus)
milk samples by NMR spectroscopy and liquid
chromatography-mass spectroscopy (LC-MS)
using non-targeted metabolomics approaches
(Yang et al, 20106). Sundekilde et al. (2011)
showed that several metabolites like carnitine,
choline, and citrate can be used as biomarkers for
determining the differences between Danish
Holstein cow and Jersey cow by NMR-based
metabolomics (Sundekilde et al., 2011). Ozrenk
and Selcuk Inci (2008) investigated the effects of
the seasonal variation on milk components and
yield. They have demonstrated the seasonal
variation has an effect on the milk composition
and lactation periods. Milk yield and composition
are affected depending on seasonal nighttime
length of the habitat where the dairy animal lives.
The amount of fat and protein in milk in the areas
with shorter nighttime is less than the regions
with longer nighttime. The composition and yield
of milk are so important that it also affects the
processing ability of milk (Ozrenk and Inci, 2008).

NMR is a robust analytical technique used to
investigate the biochemical properties of many
substances. There are different uses of NMR in
the dairy industry. This technology does not only
provide information about milk and the dairy
animal, but it is also used to facilitate the
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monitoring of processes during the conversion of
milk into other dairy products in the industry
(Maher and Rochfort, 2014). The quality of the
data to be analysed by NMR is directly related to
the extraction protocols used in the preparation
of milk samples to be used in metabolomics
studies. Yanibada et al. (2018) compared eight
different preparation protocols for cow milk
samples. Among the protocols used, the most
effective preparation methods have been
methanol extraction and ultrafiltration. (Yanibada
et al., 2018).

Diluting or changing the content of high unit
price or high demand products by adding low-
cost foreign substances is a common fraud
method known as adulteration in the food
industry. Milk can be adulterated by addition of
tap water, hydrogen peroxide, urea, detergents,
sugars, melamine in order to increase the
profitability of the original product (Francis et al.,
2020). In another study, Northern Italian Friesian
cows and other native breeds were fed the same
diet on the same farm and the lactation stage was
analysed by NMR (Tomassini et al., 2019).
O’Callaghan et al (2018) investigated the
metabolites contained in bovine milk by NMR
spectroscopy (O’Callaghan et al., 2018). Klein et
al (2013) used the combination of NMR and GC-
MS techniques to specify bovine milk content at
early and late lactation stages. They showed that
milk metabolite composition changes with
metabolic stress depending on lactation stages
(Klein et al., 2013). Pregnancy and calving are
preconditions for lactation. Lactation causes
certain hormonal and metabolic changes in dairy
cows, such as feeding behaviour that varies from
one stage of lactation to another. In early
lactation, which is called period 1, the dairy cows
use a large proportion of their energy to produce
milk. In this period, animal feed consumption
should be increased to prevent nutrient deficiency
(DeVries et al., 2003; Jorritsma et al., 2003).
Between lactations, the period of time dairy cows
has rested and have prepared for the next
lactation is called the dry period. Cows are taken
for a dry period 2 months before birth to preserve
their milk yield (Madsen et al., 2008).

Lactose, which is a disaccharide composed of
glucose and galactose and it's the most abundant
carbohydrate in milk. Gastrointestinal problems
are observed with milk consumption in
individuals deficient in lactase, an enzyme which
helps digest lactose. Lactose intolerance is
observed in 70% of adults at some range
wotldwide. As a result, the demand for lactose-
free dairy products is increasing as more adults
become aware of the physiological discomfort of
lactose consumption. Cunha et al. (2020)
determined the quantification of lactose in milk
samples by 1H NMR without the use of
deuterated solvent (Cunha et al, 2020).
Monakhova et al. (2012) investigated the labelling
accuracy of milk, lactose-free milk, and other milk
derivatives (soy, oat, rice) in the markets by 1H
NMR spectroscopy (Monakhova et al., 2012).
Soyler et al. (2021) investigated the advantages of
bench-top NMR spectroscopy as a quality-control
tool at different stages of milk production. First,
bench-top NMR was used to monitor lactose
hydrolysis. The artificial neural network model
has been developed to classify the different
components of milk samples by supporting
benchtop NMR spectroscopy (Soyler et al., 2021).
Laref (2020) has suggested that using the
bioinformatics software following 1H NMR is
more advantageous for metabolite identification
(Laref, 2020).

In this study, metabolite analysis of conventional
milk from Tirkiye was performed, with particular
focus on the differences in lactose levels
investigated by NMR spectroscopy.

MATERIALS AND METHODS

Sampling

In this study, all UHT milk samples were chosen
and collected from markets in Istanbul, Adana
and Mersin regions. In order to be a homogenized
sampling, samples were obtained from different
provinces. In total, 18 different milk samples
belonging to different characteristics and brands
constitute the data set in the analysis. Three
different types of UHT milk are used, which are
reduced fat, full-fat and lactose-free. After the
milk samples were brought to the laboratory in
packages, they were divided into 6 tubes of 1.5
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ml. each in a sterile environment. 5 tubes were
stored at -80°C for steps that may trequire
repetition or control.

Sample preparation

Ultrafiltration method was used to remove
proteins and fats from metabolites and thus to
extract metabolites (Yanibada et al., 2018). Since
there is no protein smaller than 3 kDa,
ultrafiltration tubes with a cut-off size of 3 kDa
were preferred. Marketed Ultrafiltration tubes are
manufactured by impregnating with glycerol to
ensure long-term durability before use. Glycerol
is a molecule that gives a high intensity peak in 1-
D NMR analysis. All ultrafiltration membranes
were centrifuged at 3000 rpm for 15 minutes by
adding 2 mlL of distilled water to the sample
chamber to remove glycerol from the membrane
before the extraction process. This process was
repeated 4 times to ensure complete removal of
glycerol. After this process, the remaining water
in the ultrafiltration tubes was removed and 1.5
mL of milk sample was added in the sample
chamber of each ultrafiltration membrane.

Membrane units, to which milk samples were
added, were centrifuged at 3000 rpm for 60
minutes at 4°C. At the end of this petiod, the
condensed milk samples remaining in the sample
chamber were mixed and homogenised with the
help of an automatic pipette. After this process,
the membranes were centrifuged again at 3000
rpm for 60 minutes. After the centrifugation
process, which was carried out for a total of 120
minutes. Ultrafiltration devices are generally used
in the concentration of proteins. Proteins are
concentrated and remain in the upper part of the
membrane. On the other hand, in metabolomics
studies, since metabolites have smaller
dimensions than the membrane size, they pass
down the membrane. Therefore, the fraction that
passes under the membrane is collected for
further steps. For each sample, 500 microliters of
the metabolite fraction were taken and transferred
to another 1.5 mL volumetric tube. On top of it,
a mixture containing 100 mM PBS and 5 mM
trimethylsilylpropanesulfonic acid DSS)
dissolved in 55 microliters of deuterium was
added. The final concentration in the NMR

samples was 10 mM PBS 0.5 mM DSS. The
sample mixture was added to a standard 5 mm
NMR tube.

Data Collection

1D 1 H NMR data acquisition was carried out at
the Ko¢ University central research infrastructure
directorate on a Bruker Avance Neo Ascend
NMR spectrometer operating at 500.13 MHz
equipped with a 5 mm BBO double-resonance
probe and a SampleXpress sample changer.
Topspin 4.0.9 (Bruker) and iconNMR were used
to automate the data collection process. WATER
pulse sequence was applied to suppress the
residual water signal (Kim et al. 2011). Each
spectrum consisted of 4096 scans of 32,768
complex data points with a spectral width of
9615.4 Hz. The 1D 1 H spectra were phased,
baseline  corrected, referenced to DSS
automatically by iconNMR.

Data Analysis

For the NMR data analysis, DSS molecule was
used both as a standard O for the calibration of
ppm values and as an internal standard for the
quantitative analysis of the metabolites. Chenomx
8.6 (Chenomx Inc, Canada) software used for all
metabolite assignments and quantitative analysis.
In all analyses, the different peaks of the
molecules appearing in the spectrum were
examined separately, and then the assignment of
the molecule was carried out. Manual corrections
were made for the assigned peaks in all spectra
after the preliminary analysis performed with the
automatic fit mode in the quantifications.

RESULTS AND DISCUSSION

NMR spectroscopy is a technique that is being
used more and more in many fields day by day,
since it has the ability to directly measure the
amounts of components using atomic properties.
90% of the approximately 60 NMR spectrometers
in Turkiye consist of 400 MHz and 500 MHz
spectrometers. Although there are studies carried
out with NMR spectrometers with different
properties in different studies, it was not known
how much success could be achieved from NMR
analyzes at the level of spectrometers, which
constitute the vast majority in Turkiye. In this
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study, 31 different metabolites in milk were
detected and quantified via a single NMR
experiment  without  additional  external
calibration. Metabolites detected and quantified
by NMR spectroscopy ate given in Table 1. 31
metabolite assignments, there were 9 metabolites
associated with amino acid metabolism and 6
metabolites from energy metabolism identified
and their concentrations were calculated.
Furthermore, 4 different types of sugar and 12

other important metabolite signals were detected
in the NMR spectrum and quantitatively assigned.
In Figure 1, the regions and peak heights of the
metabolites detected are shown on one of the
NMR spectra collected in this study. As can be
seen from the spectrum, many metabolites can be
detected with a single NMR analysis. One of the
biggest advantages is that the signals of the
metabolites are well dispersed over the spectrum.

Table 1. List of milk metabolites detected by NMR spectroscopy, calculated metabolite concentration

(mM) with standard deviation and literature values (mM) (Foroutan et al., 2019

Whole Milk Semi—l\S/[ll?lilr{nmed Lactls/[sii:kFree Li‘t;;rlit;re
Energy Metabolism
Lactate 0.0730 £0.0660  0.0910 £0.0870 0.0970 £0.084 0-0.1670
Pyruvate 0.0340 £0.0170  0.0280 £0.0190  0.0350 £0.0100 0-0.0540
Citrate 7.8160 £0.9280  7.9030 £1.4090 8.1240 £0.1720 3.6920-7.4350
Succinate 0.0860 £0.0370  0.0830 £0.0410  0.0610 £0.0440 0.0160-0.0300
Fumarate 0.0080 £0.0040  0.0120 £0.0050  0.0050 £0.0040 0.0060-0.0230
Acetate 0.3130 £0.2160  0.3560 £0.2700  0.3500 £0.2200 0.0130-0.1130

Amino acid Metabolism

0.0530 +£0.019

0.0560 £0.0030

0.0180-0.0780

0.3280 +0.1450

0.3270 £0.0180

0.1110-0.7400

0.1900 +0.1060

0.1200 £0.0540

0.0620-0.0800

0.0200 £0.0150

0.0240 +0.0120

0.0060-0.0150

0.0090 £0.0020

0.0010 £0.0009

0.0020- 0.0070

0.0042 £0.0043

0.0051 +0.0028

0.0020-0.0060

0.0710 £0.0890

0.0300 +0.0020

0.0033-0.0460

4.9820 +3.4030

2.8620 £1.7260

0.1190-7.7000

Alanine 0.0530 +0.0080
Glutamate 0.4240 +0.3000
Glycine 0.2460 +0.9600
Valine 0.0210 +£0.0140
Isoleucine 0.0010 +£0.0010
Leucine 0.0058 +£0.0035
Formate 0.0250 £0.0200
Urea 3.6740 £1.1710
Hippurate 0.0640 £0.0190

0.0820 £0.0280

0.0660 +0.0130

0.0790-0.2670

Table 1. continue
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Whole Milk

Semi-Skimmed
Milk

Lactose Free
Milk

Literature
Values

Saccharides

Lactose

138.6760 £17.8960 137.7600 +40.2910

4.5250 £4.1210

98.3570-153.2160

Glucose

1.2740 £0.8170

1.7170 £1.4680

116.6270 £19.6550

0.2460-0.4780

Fucose

0.0390 £0.0120

0.0230 £0.0110

0.0330 +0.0040

0.0060-0.0410

Galactose

1.0890 £0.4000

1.5770 £1.4120

109.1840 £12.2770

0.0860-1.9600

Other Metabolites

Creatine

0.2990 +£0.1710

0.3000 +0.1980

0.3090 +0.2670

0.3120-0.5430

Creatinine

0.1410 +£0.0770

0.1400 +0.0520

0.1170 +0.0250

0.0360-0.1250

Creatine-1-phosphate

0.0260 £0.0210

0.0340 +0.0190

0.0260 £0.0260

0-0.1020

Choline

0.3630 +£0.1570

0.7220 +0.7450

0.2660 +0.2250

0.1520-0.4790

Betaine

0.0180 £0.0110

0.0140 £0.0030

0.0230 +0.0060

0.0330-0.1150

O-phosphocholine

0.1090 £0.0800

0.1730 £0.1250

0.1590 +0.0820

0-0.9410

sn-Glycero-3-
phosphocholine

0.8170 £0.2770

0.7870 £0.2680

0.9230 £0.3060

0.2910-1.2170

Dimethylamine

0.0220 £0.0110

0.0060 +0.0070

0.0230 +0.0080

0.0070-0.0170

Isopropanol

0.0015 +0.0007

0.0011 £0.0007

0.0009 £0.0001

0.0016-0.0022

Acetone

0.0290 £0.0080

0.0290 £0.0110

0.0120 £0.0010

0.0090-0.4970

3-hydroxybutyrate

0.1060 £0.1990

0.2140 £0.4230

0.0440 £0.0100

0.0120-0.1210

Dimethyl sulfone

0.0430 £0.0140

0.0470 £0.0270

0.0370 £0.0090

0.0100-0.0590

Energy Metabolism

In all 3 different types of milk, we detected 6 main
metabolites of the energy metabolism (Table 1).
All detected metabolites were also quantitatively
analysed using Chenomx software 9.0.1. Most of
the detected metabolites were within the limits of
the literature or close to the values stated in the
literature but citrate (8.1240 mM) and acetate
(0.3500 mM) levels were noticeably different from
existing  studies.  Metabolites  that  their
concentrations were above the literature levels,
are especially associated with the lactation level.
Citrate, which takes place in the Tricarboxylic acid
(TCA) cycle in energy metabolism, has an
important place in the energy cycle (Figure 2).
However, in milk, citrate is an indicator of the

mammary gland activity (Garnsworthy et al,
2006). All the samples used within the scope of
the study consist of samples produced and
packaged in the months of April and May. The
high citrate concentration can be explained by the
fact that milk obtained from cows in these
months is milk produced at early lactation stage.

Lactose level

Lactose is a2 metabolite that shows wide variation
according to seasons and lactation period. In our
study, we determine the lactose level at
commercial milk is between 96-207 mM. These
results were in accordance with the literature
(Foroutan et al., 2019). In a study conducted with
commercial milk in the literature, the determined
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lactose level is between 98-153 mM. In another
NMR-based study, the lactose level of milk from
the USA market was found in between 110-130
mM (Foroutan et al., 2019). Wu et al. (20106)
investigated the lactose levels in the early and late

Lactose Cre,anne

Glycine Phosphocholine

Creatinine

Betaine .
el Choline
i

Dimethyl sulfone /
/
i
| /

' /

periods of lactation in their study, they
determined the lactose level as 220 mM in the
early lactation period and 246 mM in the late
lactation period (Wu et al., 2010).

Isoleucine
Valine Leucine
3Hydrowybutyrate  159Propancl | |

|
, [
Urea i | P
Fumarate ‘ \ L/ Dimethylamine I Succinate
‘ o Il
\ | A
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. . Formate Hippurate
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\ |
Ll

‘ Acetate

Figure 1. 1D 'H NMR spectrum of the milk and detailed assignment regions on spectrum

One of the biggest concerns of whole milk is its
adverse effects on lactose intolerant individuals.
In recent years, lactose-reduced milks have been
introduced to the market to make milk available
to lactose intolerant consumers. For this reason,
we also comparatively investigated the milk
products labelled as reduced lactose and/or
lactose free. The regulation of lactose-free and
lactose-reduced products differ between regions
or countries according to their food laws and
regulations. In this regard, most of the countries
consider the upper and lower limits of lactose in
milk to be respectively, 0.5% and 0.01 %, to
qualify the product as lactose free (Dekker et al.,
2019). In accordance with regulations issued by
authorities, the German dairy industry offers

<0.1% lactose content into line with EU
regulations (Motlock et al., 2014). The Spanish
Agency of Food Safety and Nutrition (AESAN)
has issued that a product labelled lactose-free is
required to contain less than 0.01% lactose (0.299
mM) (Martinez Rodriguez al., 2021). The Ministry
of Agriculture and Forestry in Tirkiye, has
declared that lactose-free labelled milk must have
a lactose content of less than 0.1% (2.99 mM)
(Guide for Turkish Food Codex Notification on
milk, 2019/12). In this study, we determined the
range of the lactose content of commercial
lactose-free labeled milk products from Tirkiye
between 2.15-9.28 mM.
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Figure 2. Ilustration of combined energy and amino acid metabolisms

Amino acid Metabolism

Milk contains important essential amino acids.
The concentration ranges of 9 amino acids have
been determined through NMR spectroscopy
among milk types such as whole, semi-skimmed
and lactose-free milk. While it is very difficult to
measure the amount of free amino acids in
measurements performed with other techniques,
another advantage of NMR spectroscopy is that it
can directly measure the free amino acids
remaining in the environment outside the
proteins, without breaking down the proteins.
The average concentration of alanine was
measured 5.6 pM and 24 uM for valine in lactose-
free milk. Concentration of amino acids 424 yuM
glutamate, 246 pM glycine and 5.8 pM leucine are

detected more than average in whole milk. On the
contrary, 9 uM isoleucine, 71 pM formate, 4.982
mM urea, 8.2 uM hippurate are detected more
than average in semi-skimmed milk. The majority
of the data obtained is consistent with the
literature values for alanine, glutamate, urea and
hippurate (Foroutan et al., 2019). However, the
literature values for glycine, wvaline, leucine,
isoleucine, and formate significantly different.
The reason for this could be the selection of
commercial milk, the nutrition of the animal from
which the milk is obtained, its age, lactation stage
or could be caused by differences in the
experiment.
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CONCLUSION

In this study single NMR experiment is used to
determine metabolic content of milk with regard
to its metabolite and lactose content for
comparative analysis with the existing literature
values. Based on our findings, concentrations of
some of the metabolites in commercially sold milk
in Turkiye, diverged from their literature values
particularly amino acids citarate and lactose. It is
concluded that the differences could be caused
due to alterations of the lactation levels depending
on seasonal nighttime/daytime length or
conditions of the dairy cows in milk producing
facilities. Lactose levels of milk labelled as lactose-
free milk are also determined and lactose level in
some lactose-free labelled products were also
above the Turkish regulations. Although the
maximum lactose levels for lactose free labeled
products vary from country to country, the
allowed level in Tirkiye is 10 times higher than
that of many countries. It is important that these
levels are determined by international regulations.

In addition to experimental findings from NMR
experiments, the utility of NMR is discovered for
quality control and metabolomics analysis of milk.
We believe that the data obtained within the scope
of the study will contribute to the expansion of
the Milk Composition Database (MCDB), thus
increasing the controllability of milk. Accordingly,
NMR-based metabolomics analyses have a very
high reproducibility rate without requiring rapid
sample preparation methods and detailed
calibrations. With this study, we have shown that
NMR is a very powerful and rapid technique for
investigating milk metabolism. We believe that
the use of NMR will be apreferred technique in
the near future, especially in the analysis of
routine lactose levels in the industry and in the
measurement of the remaining lactose amount
after lactose degradation.
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ABSTRACT

In this study, wheat breads including Spirulina platensis (SP) and protein extracts from Spirulina platensis (SPE)
at levels of 0.125%, 0.25% and 0.50% were prepared and textural, volume, color and sensory properties
were determined. Moreover, changes in total phenolic content (TPC), antioxidant activity (AOA) and in
vitro protein digestibility (PD) of breads were investigated during in vitro digestion. The sample with the
highest firmness value was control (919.4 g, p=0.05). Breads with SP and SPE had higher volume than
control (p=0.05). The L* (52.2%1.0) and b* (18.9£0.2) values were the lowest for bread with SPE-0.25
(p=0.05). The AOA of breads (SP-0.125, SP-0.5 and SPE-0.25) increased after in vitro gastric digestion
(p=0.05). The SPE-0.50 was the most preferable in terms of sensory properties. The SPE-0.125 had the
highest TPC and breads including SPE at all levels had higher AOA than control and breads with SP after
in vitro intestinal digestion (p>0.05).

Keywords: Spirulina platensis, bread, enrichment, textural characteristics, phenolic content, sensory
properties.

SPIRULINA PLATENSISVE SPIRULINA PLATENSIS PROTEIN
EKSTRAKTLARI iICEREN BUGDAY EKMEKLERININ IN VITRO SINDIiRIiM
SIRASINDA ANTIOKSIDAN AKTiVITE VE PROTEIN
SINDIRILEBILIRLIGINDEKI DEGISIMIN ARASTIRILMASI

oz

Bu calismada, %0.125, %0.25 ve %0.50 oranlarinda Spirulina platensis (SP) ve Spirulina platensis
(SPE)’den elde edilen protein ekstraktt iceren bugday ekmekleri hazirlanmis ve ekmeklerin tekstiirel,
hacim, renk ve duyusal 6zellikleri arastirilmistir. Ayrica, ekmeklerin in vitro mide-bagirsak sindirim
sirasinda  toplam  fenolik madde icerigi (TFM), antioksidan aktivite (AOA) ve protein
sindirilebilirligindeki (PS) degisim belirlenmistir. En yiiksek sikilik degerine sahip 6rnek kontrol
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Breads including Spirulina platensis and S. platensis protein extract

ornegiydi (919.4 g, p<0.05). SP ve SPE ilaveli ekmekler kontrol érneginden daha yitkksek hacim
degerlerine sahipti (p=<0.05). SPE-0.25 6rnegi en disik L* (52.2%£1.0) ve b* (18.9£0.2) degerlerine
sahipti (p=<0.05). Ekmeklerin AOA'leri (SP-0.125, SP-0.5 ve SPE-0.25) in vitro mide sindiriminden
sonra artmustir (p=0.05). SPE-0.50 duyusal 6zellikler acisindan en ¢ok tercih edilen ekmek olmustur.
Ayrica, SPE-0.125 ilaveli ekmek, en yiksek TFM icermistir ve in vitro bagirsak sindirimi sonrast, tim
oranlarda SPE iceren ekmekler kontrol ve SP ilaveli ekmeklerden daha yitksek AOA’ye sahip

olmustur (p>0.05).

Anahtar kelimeler: Spirulina platensis, ekmek, zenginlestirme, tektiirel 6zellikler, fenolik madde,

duyusal 6zellikler.

INTRODUCTION

Spirulina platensis is a multicellular, symbiotic and
filamentous blue-green microalgae belonging to
the Oscillatoriaceae family (Estrada et al., 2001).
It shows greater growth in salty waters (>30 g/L)
with high pH values (8.5-11.0) and in areas with
high solar radiation levels. In addition to being an
important natural protein source with a protein
content of 60-70% in dry weight (dw), Spirulina
platensis also contains omega-3 and omega-6
polyunsaturated fatty acids, essential amino acids,
minerals, vitamins, pigments having antioxidative
activity, and polysaccharides (Wang et al., 2007;
Bermejo et al., 2008; Chamorro-Cevallos et al.,
2008; Gad et al., 2011; El-Tantawy, 2015; Pelizer
et al, 2015; Vo et al, 20106). In addition, it
contains vitamins B1 (thiamine), B2 (riboflavin),
B3 (nicotinamide), B6 (pyridoxine), B9 (folic
acid), B12 (cyanocobalamin), C, D and E, as well
as minerals such as potassium, calcium,
chromium, copper, iron magnesium, manganese,
phosphorus, selenium, sodium and zinc (Ghaeni
and Roomiani, 20106).

Food fortification is accomplished by adding
functional food components such as protein or
micronutrients to food products in order to
improve their nutritional properties. At this point,
it is known that Spirulina platensis can be used for
the enrichment of various food products due to
its high protein content (Lee et al., 2011; Ak et al,,
2016). For instance, Lee et al. (2011) used Spirulina
Platensis to produce functional bread. In the study
of Lee et al. (2011), bread samples enriched with
0.8% Spirnlina platensis were evaluated as better
than the control group. In a study of Abd El Baky
et al. (2015), biscuit products were enriched with
purified phycocyanin obtained from Spirulina
platensis. In the work of Gilin et al. (2022),
incorporation of 4% Spirulina platensis to biscuit

resulted in an enhancement of protein.
Furthermore, the best sensory color scores
observed in biscuit containing 4% Spirulina
Pplatensis. Raczyk et al. (2022) prepared pasta by
mixing semolina flour with an addition of 3, 5, 7,
and 10% (w/w) of Spirulina platensis powder.
According to results of their study, supplemented
pastas had a significantly better amino acid profile
and higher total fiber content than the control
sample. Shahbazizadeh et al. (2015) investigated
the effect of antioxidant and organoleptic
properties of cookies fortified with Spirulina
platensis biomass at 0, 0.5, 1 and 1.5% w/w. They
found that iron, protein and y-linolenic acid
content of fortified cookies increased as a result
of  Spirulina  platensis incorporation, coupled
antioxidant ~ properties and  organoleptic
properties of the cookies containing 1-1.5% .
platensis received highest scores (Shahbazizadeh et
al., 2015).

Bread which is widely consumed all over the
world, and other bakery products are the leading
products food enrichment studies using natural
nutrients with high nutritional properties such as
Spirulina platensis (Ak et al., 2016; Niccolai et al.,
2019; Montevecchi et al., 2022). Therefore, tha
aims of the present study were to investigate the
textural, volume, color and sensory properties of
wheat bread with Spirulina platensis (SP) and
Spirulina platensis protein extracts (SPE) at levels
(0.125, 0.25 and 0.50%) and determine changes in
total phenolic content, antioxidant activity and %
protein digestibility during in vitro gastro-
intestinal digestion.

MATERIAL AND METHODS

Materials

Spirnlina platensis was obtained from Akuatik
Fisheries and Cosmetics Products Ltd. (Adana,
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Turkey). Folin Ciocalteu's reagent, hydrochloric
acid, sodium hydroxide, ethanol, acetic acid,
chloroform, #-hexane, sodium carbonate, (£)-6-
Hydroxy-2,5,7,8-tetramethylchromane-2-catboxylic
acid (Trolox), copper (II) chloride solution,
neocuprine, 2, 2-diphenyl-1-picrylhydrazyl, o-
amylase, pepsin and pancreatin were obtained
from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). In this study, Type 2 bread wheat flour
produced in accordance with the Turkish Food
Codex Wheat Flour Communiqué to be used in
bread making was obtained from Candarogullar
Derya Flour and Feed Industry Trade Limited
Company (Manisa, Turkey). The iodized table salt
was purchased from Billur Salt Industry Joint
Stock Company (Izmir, Turkey) and fresh yeast
from Pak Food Production and Marketing Joint
Stock Company (Kocaeli, Turkey).

Methods

Chemical composition

The moisture, ash, protein and lipid content of
wheat flour (control), Spirulina platensis, Spirnlina
platensis protein extracts and wheat flours with
Spirnlina platensis and Spirulina platensis protein
extracts were determined using the relevant
AOAC (Association of Official Analytical
Chemists) methods (AOAC, 1990). Carbohydrate
content of the samples was calculated by
subtracting 100 from the sum of protein, lipid, ash
and moisture values. All measurements were
performed in 3 repetitions.

Production of bread samples

Protein extracts from Spirulina platensis were
obtained in our previous study (Yimaz and
Yucetepe, 2021). The formulations of control
bread (without SP and SPE) and breads with SP
and SPE are given in Table 1. Spirulina platensis and
protein extracts obtained from Spirulina platensis
were added to wheat flour at three different levels
(0.125%, 0.25 and 0.50%) based in our previous
study (Yidmaz and Yucetepe, 2021). Based on
dough weight, SP and SPE ratios were 0.08%,
0.15% and 0.3%, when based on flour weight SP
and SPE ratios 0.125%, 0.25% and 0.50% (Table
1). A flour-based bread formulation was formed
with 59.9% water (v/w), 1.3% salt (w/w) and
2.96% yeast (w/w). According to the results of
farinograph analysis in our previous study (Y1lmaz
and Yucetepe, 2021), ideal water absorption of
the flour varied between 56.5 and 57.1% and it
was close to the value of 59.9% water used in
bread formulation. The water absorption amount
of the flour increased from the water absorption
value of the flour obtained by farinograph
analysis, which ranged from 56.5-57.1%, to 59.9%
due to salt and yeast in the bread formulations.
This value was very close to the flour-based water
ratio of 60% (v/w) in the bread formulation with
Spirnlina platensis in study conducted by 1Than et al.
(2020).

Table 1: Formulations of control bread and breads with Spirulina platensis and Spirulina platensis protein

extracts.
Breads
. Control The breads with SP and SPE

Ingradients %) SP-0.125 SP-0.25  SP-0.50 SPE-0.125 SPE-0.25 SPE-0.50

(%) (%) (%) (%) (%) (%)
Wheat flour 60.9 60.8 60.7 60.6 60.8 60.7 60.6
SpP - 0.08 0.15 0.3 - - -
SPE - - - - ~0.1 ~0.2 0.3
Water 36.5 36.5 36.5 36.5 36.5 36.5 36.5
Salt 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Yeast 1.8 1.8 1.8 1.8 1.8 1.8 1.8

SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,

respectively.
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In the present study, the bread production
method of Tlhan et al. (2020) was used with
slightly ~ modifications. The breads were
manufactured in factory of Erke Adk Industry
Trade Ltd. in Istanbul, Turkey. All ingredients
were mixed in accordance with the ratios given in
Table 1 and dough was formed. The mixture was
kneaded until it had a smooth surface. After the
kneading process, 15 min of resting was applied
for mass fermentation, and at the end of the time,
the dough was cut into 270 g pieces and rolled by
hand to obtain small pieces of dough. After the
rounded dough pieces were rested for another 15
min, covered with a damp cloth, they were shaped
in a shaping machine and fermented for 70 min at
30 °C and 80% relative humidity. The fermented
doughs were baked at 230 °C for 14 min. The
bread samples, which were cooled to room
temperature after baking, were packed with
aluminum foil and stored at -20 °C until analysis.

Determination of texture, volume and color
characteristics

Textural analysis

Textural properties including firmness
elasticity of the breads samples were investigated
using a TAXTplusC Texture Analyzer (Stable
Micro Systems Ltd., London, United Kingdom)
with 25 mm aluminum cylindrical probe
according to AACC method 74-09 (AACC, 1986).
Briefly, 2 cm thick slices from the bread samples
were compressed to 50% of their original height.
The highest compression force obtained was
expressed in gram as bread firmness.
Measurements were carried out in 3 repetitions.

and

Volume analysis

The volume of the bread samples was determined
by the Stable Micro Systems (Stable Micro
Systems Ltd., London, United Kingdom)
according to the rapeseed displacement principle
according to AACC method no:10-05 (AACC,
2008). Specific volume of the bread samples was
expressed as mlL/g.

Color analysis

The color analysis of the bread samples was
performed using a colorimeter (CR 400, Minolta,
Japan). Color parameters are described as L*

(brightness), a* (redness-greenness), b* (yellow-
blueness).

In vitro gastrointestinal digestion

In vitro gastro-intestinal digestion of the control
sample and the breads prepared with SP and SPE
was carried out according to the Infogest method
(Minekus et al., 2014). The digested samples
obtained after stomach and intestinal digestion
were stored at -80 °C until analysis. Total phenolic
content (TPC), antioxidant activity (AOA) and in
vitro protein digestibility (PD) of the samples
were determined after in vitro digestion process.

Determination of the total phenolic content
The TPC of the control sample and the bread
samples before and after in vitro digestion was
determined by the Folin-Ciocalteu method (Toor
and Savage, 2006). In a summary, 200 pl. of the
sample was mixed with 1.5 mL of 10-fold diluted
Folin-Ciocalteu reagent and 1.2 mL of 7.5%
Na,COj3 solution, and its absorbance at 765 nm
was read after 90 min of incubation. Results were
expressed as mg gallic acid equivalents
(GAE)/100 g dry weight (dw) (Toor and Savage,
20006).

Determination of antioxidant activity
Antioxidant activity of the samples were
determined by  2,2-diphenyl-1-picrylhydrazil
radical (DPPH) radical scavenging and copper (1I)
ion reduction antioxidant capacity (CUPRAC)
methods before and after in vitro digestion. In the
DPPH method, 2 mL of 0.1 mM DPPH (in
methanol) was added to 100 pL of the sample
(Kumaran et al., 20006). In the CUPRAC method,
1 mL of copper (II) chloride solution, 1 mL of
neocuprine solution (in ethanol), 1 mL of
ammonium acetate buffer solution (pH 7.0) and 1
ml. of distilled water were added on 100 plL
sample. The results obtained with the DPPH and
CUPRAC methods were expressed as mg Trolox
equivalents (TE)/100 g dw (Apak et al., 2004).

Determination of in vitro protein digestibility
%)

Protein content of the bread samples was
determined spectrophotometrically by Lowry
method (Lowry et al, 1951) after in vitro
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digestion. Bovine serum albumin was used as a
standard. The in vitro protein digestibility (%) of
the digested samples was calculated using the
following equation:
P

PD (%) = Fr x 100

t
PD: Protein digestibility, Pi: Total protein content and
P:: Protein content after in vitro digestion.

Sensory analysis

Sensory analysis of the bread samples were carried
out by 11 trained panelists at Erke Adk Industry
Trade Ltd. The samples were scored using a
hedonic scale between 1-5 (5: very good, 4: good,
3: acceptable, 2: acceptable with difficulty, and 1:
unacceptable) in terms of odor, crust color,
crumb color, crumb pore size, bread pore
homogenity, shape, volume, acceptability and
preferability. Analysis were performed in triplicate.

Statistical analysis
The experimental results were analyzed using the
Minitab Statistics Program (Minitab, Version 17,

Minitab Inc., State College, Pennsylvania, USA).
The differences between mean values were
compared using Tukey test. Differences at p<0.05
were considered to be significant.

RESULTS AND DISCUSSION

Chemical composition

Chemical compositons of wheat flour (control),
Spirulina platensis, Spirnlina platensis protein extracts
and wheat flours with Spirulina platensis and
Spirulina platensis protein extracts were given in
Table 2. Moisture, protein, lipid, ash and
carbohydrate content of wheat flour used in this
work  were  calculated as  11.60%0.0%,
11.80£0.10%, 1.29£0.0%, 0.71£0.0% and
74.60£0.10%, respectively (Table 2). Similarly,
Cansiz (2020) found moisture, ash and protein
content of wheat flour used in bread manufacture
as 13.0%, 0.92% and 11.30%, respectively. Keskin
and Evlice (2015) determined protein, ash, lipid
and carbohydrate content of wheat flour as
10.5%, 1.8%, 2.6% and 78.6%, respectively.

Table 2: Chemical compositons of wheat flour (control), Spirulina platensis, Spirulina platensis protein
extracts and wheat flours with Spzrulina platensis and Spirulina platensis protein extracts.

Sample Moisture (%)  Protein (%)  Lipid (%)  Ash (%) Carbc(’;‘ogdmte
Control 11.60£0.00  11.80£0.100  1.29%0.0°  0.71£0.0° 74.60%0.10¢
SP 895+1.15  53.10£020:  273+0.0:  0.82+0.0¢ 34.40+1.34b
SPE 17.30£0.200  53.4040.40:  0.89+0.0c  0.42%0.0¢ 27.9940.60¢
SP-0.125 123040200 12.10£0.50>  1.3020.06  0.71+0,00 73.59+0.70s
SP-0.25 11.80+£0.400 122040400 133+0.0>  0.70+0.00 73.97+0.800
SP-0.50 12.00£0.00 12.00£0.00 1.34£0.00  0.7140.0b 74.75%0.00¢
SPE-0.125 11.20%0.00 11.90%0.0b 130200 0.710.0b 74.89+0.000
SPE-0.25 11.70+0.2 12.20+0.0 1.31£0.00  0.7140.0b 74.28+0.00¢
SPE-0.50 1110204 12.004020> 1304006  0.71£0.0> 74.8940.600

Control: Wheat flour without SP or SPE. SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-
0.25 and SP-0.50: Wheat flour including 0.125%, 0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and
SPE-0.50: Wheat flour including 0.125%, 0.25% and 0.50% SPE, respectively. Each value is given as
meantstandard deviation (n=3). Different letters in the column indicate statistically (p=0.05) difference by Tukey

test.

In the present study, protein, carbohydrate, lipid
and ash content of SP were 53.10%20.20%,
34.40£1.34%, 2.7320.0% and  0.82%+0.0%,
respectively. Similarly, in the study conducted by
Kargin-Yidmaz and Duru (2011), protein,
carbohydrate, lipid, ash, and moisture content of
SP were found 55-70%, 15-25%, 6-8%, 7-13%

and 3-7%, respectively. In the present study,
protein content of SP and SPE was found to be
statistically higher than the protein content of
other samples (p=0.05). On the other hand,
moisture content of SPE was higher than those of
the other samples (17.3%, p=0.05) because of
water used as a solvent in the applied extraction
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process. The sample with the highest lipid content
(2.73%) was SP (p=0.05). The ash content of the
samples varied between 0.42% and 0.82%, and SP
had higher ash content than the other samples
(Table 2, p=0.05).

Textural properties

The firmness and elasticity properties of the bread
samples given in Table 3. The firmness values of
the samples varied between 676.2 and 919.4 g
(p=0.05). The sample with the highest firmness
value was the control sample (919.4 g, p=0.05),
while the samples with the lowest were SP-0.25
(676.2 g), SP-0.5 (696.2 g) and SPE-0.25 (714.0 g)
(p=0.05). It was observed that the bread samples
to which SP and SPE were added had a less firm
structure than the control samples (p=0.05).
Similar to these findings, Rézylo et al. (2017) also

found that as the amount of brown algae added to
the breads increased, the firmness value of the
breads decreased. On the other hand, the control
sample had the highest elasticity value
(49.6£0.0%), whereas the bread including 0.5%
SP was the sample with lowest -elasticity
(47.7£0.1%) (p>0.05). Likewise, in the study of
Sanjari et al. (2018), elasticity property decreased
significantly in samples with Spzrulina compared to
the control sample. However, in the study
conducted by Rézylo et al. (2017), compared with
the control bread (0% algae), a larger elasticity was
obtained while even using 2%, 4%, and 6% of
brown algae. In our study, the effect of SP and
SPE on the elasticity of the bread samples was not
statistically significant (p>0.05).

Table 3: The firmness, elasticity, volume and color values of the control and the bread samples with
Spirnlina platensis and Spirulina platensis protein extracts at levels of 0.125%, 0.25% and 0.50%.

Sample Firmness (2) Elasticitiy Volume Color
(%) (mL/g) L* a* b*

Control 919.4£34.7  49.6£0.0 5.2%0.1s 60.8%£0.4 4.4%0.5f 20.8%0.22
SP-0.125 836.314.6°>  48.1£0.3 53%0.0f 57514  6.2£0.7° 20.8%0.02
SP-0.25 676.2133.4>  47.9%1.5 5.7£0.1¢ 60.5%1.7b 3.9%1.5¢ 20.00.7=>
SP-0.50 696.2+1.9° 47.7%0,1» 5.5£0.0¢ 53.3£0.1b¢ 4.5%0.3¢ 19.0£0.02
SPE-0.125 78241449 47.840.2 5.8£0.0>6  55.3£3.12bc 7.1%£1.8 20.7£0.3%
SPE-0.25 714.0£51.1>  47.8+0.4 5.5%0.14 52.241.0¢ 5.2£0.4¢ 18.9+0.2v
SPE-0.50 764.6£36.7®>  48.210.12 5.9£0.1» 52.2%1.8be  51%1.2d 19.1£0.0=>

SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,
respectively. Each value is given as meantstandard deviation (n=3). Different letters in the column indicate

statistically (p=0.05) difference by Tukey test.

Volume characteristics

As seen in Table 3, volume values of control and
SP and SPE added breads samples varied between
5.2-5.9 g/mlL. The breads with SP and SPE had
higher volume values than the control samples
(Table 2, p=0.05). When the density and volume
properties of the samples were evaluated together,
it was seen that the samples with a firmer
structure had a lower volume. For example, it was
determined that the firmer control samples also
had the lowest volume value among all samples
(Table 3). Based on in our previous study (Yilmaz

and Yucetepe, 2021), it can be said that the water
holding capacity of the samples generally
increased with the addition of SP and SPE,
therefore the enriched bread samples had higher
volume values. Similarly, compared to the control
bread, a larger volume was obtained using 4% of
brown algae _Ascophyllum  nodosum powder in
gluten-free bread (Rézyto et al., 2017). Unlike our
study, Mamat et al. (2014) determined that bread
volume decreased as the amount of added
macroalgae increased in bread samples with
macroalgae.
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Color characteristics

As seen in Table 3, L* a* and b* values of the
samples differed with the addition of SP and SPE
(p=0.05). It was seen that L* values of the
samples varied between 52.2 and 60.8 (p=0.05).
"Brightness" feature expressed by the L* value
decreased with the addition of SP and SPE
(p=0.05). Similarly, Mamat et al. (2014) and
Rozyto et al. (2017) also found that the brightness
value decreased with the addition of macroalgae
to breads. The b* (yellow-blueness) value of the
samples varied between 18.9-20.8 (Table 3). The
L* (52.2+1.0) and b* (18.9£0.2) values were the
lowest for the bread with SPE-0.25 (p=<0.05). The
a* value of the samples, “redness-greenness”,
increased with the addition of SP and SPE, as
expected, except for one sample (SP-0.25), due to
the addition of green-colored SP and SPE
(p=0.05). Rézylo et al. (2017) also reported an
increase in a* value as the amount of brown algae
added to the breads increased.

In vitro gastro-intestinal digestion of the
breads

Changes in total phenolic content

The TPC of the samples before in vitro digestion
ranged from 26.06£1.29mg GAE/100 g dw

(SPE-0.50) to 31.69+0.09 mg GAE/100 g dw
(SP-0.25) (p>0.05, Table 4). The difference
between TPC values of the bread samples with SP
and SPE was insignificant (p>0.05). Conversely,
in the work of Egea et al. (2014), cookies enriched
with Spirulina platensis had an increase of 64% of
phenolic compounds in relation to the control. In
the study of Fradinho et al. (2020), . platensis
provided a significant supplementation of
phenolic compounds to the gluten-free pastas
when compared to control (without Spirulina
platensis).  Furthermore, pasta with Spirulina
exhibited high phenolic compounds content
compared to control pasta without Spirulina (De
Marco et al., 2014). In the study of Saharan and
Jood (2017), the fortified breads with Spirulina
powder at 6% had higher total phenolic contents.
In our study, the differences in TPC between the
control sample and the breads with SP and SPE
were insignificant (p>0.05) because SP and SPE
were used at lower amount (0.125%, 0.25% and
0.50%) in bread formula compared to these
studies in the literature (De Marco et al., 2014;
Saharan and Jood, 2017).

Table 4: Changes in total phenolic content and antioxidant activity during in vitro gastrointestinal
digestion of the control and the breads including Spirulina platensis and Spirulina platensis protein extracts
at levels of 0.125%, 0.25% and 0.5%.

Total phenolic content (mg GAE/100 g dw)

CUPRAC (mg TE/100 g dw)

Sample In VIO pre- Stomach phase  Intestinal phase In VIO PIE g omach phase  Intestinal phase
digestion digestion
Control 30.96£0.65bx  457.27113.98=x  480.51£10.15%x  51.78+7.952%  94.94£6.16% 110.75214.302x
SP-0.125 30.03£1.57bx  466.96%16.75%  433.47£79.11ax  41.92£6.30cx  82.20+0.00Py 110.25£3.95%x
SP-0.25 31.6920.09bx  493.95%£44.852x 44533145152 43.84+0.00bx  114.25+5.758x 73.51£7.81bx
SP-0.50 30.40£1.75bx  490.91£39.872x  449.45£27.082x  45.76+0.27bx  102.75%5.75%y 90.5312.802x
SPE-0.125  29.20£1.11bx  438.99%11.77»  551.11£71.89ax  36.17£2.19b>x  114.2520.82ax  114.47£10.822x
SPE-0.25 29.02£1.48>  409.92£53.58»  505.43+£59.932x  40.00£0.55>x  101.92%£6.58=y  128.99138.762x
SPE-0.50 26.06£1.29bx  483.02£15.37»  488.60£8.45~x  37.8140.82bx  116.72+4.802x  128.014£17.21ax

SP: Spirutina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,
respectively. Each value is given as meantstandard deviation (n=3). *: Means with the same letter within a line
(a,b,c) and column (x,y,2) are significantly different by Tukey test (p=0.05).

In the present study, TPC of all samples was
significantly higher after in vitro gastric and
intestinal digestions than pre-digestion samples
(p=0.05). Similar to our study, in a study of Chen

etal. (2014), while TPC and antioxidant activity of
some of 33 different fruits decreased after in vitro
digestion, some increased. Moreover, SPE-0.125

had the highest TPC (551.11£71.89 mg



Breads including Spirulina platensis and S. platensis protein extract

GAE/100 g dw), whereas SP-0.125 was the bread
sample including the lowest TPC (433.47179.11
mg GAE/100 g dw). Many literature data (e.g.
Abdelhamid et al., 2018, Drevelegka and Goula,
2020; Rebollo-Hernanz at al., 2021) on food
polyphenols relate only to compounds soluble in
aqueous  organic  extracts, but especially
polyphenols with a high degree of polymerization
and associated with high molecular weight
compounds can not be extracted with the
standard extraction methods and solvents used.
Therefore, this may be the reason why the total
phenolic content was low in vitro pre-digestion.
In the present study, TPC increased during in
vitro digestion because these polyphenolic
fractions may become bioactive after release from
the food matrix by digestive enzymes in the small
intestine and degradation in the large intestine
(Jenner et al., 2005).

Changes in antioxidant activity

Before in vitro digestion, AOA of the samples by
CUPRAC method changed from 36.17+2.19
TE/100 g dw (SPE-0.125) to 51.78£7.95 mg
TE/100 g dw (control) and addition of SP and
SPE to breads did not cause a significant change
in antioxidant activity of the bread samples
because of the use of SP and SPE at low
concentrations in bread formulations (p>0.05,
Table 4). On the other hand, in the work of
Zlateva et al. (2020), with an increased . platensis
concentration in wheat bread, significant changes
were noted in antioxidant activity. In the present
study, after in vitro gastric digestion, AOA of SP-
0.25 (114.25£5.75 mg TE/100 g), SPE-0.125
(114.25+0.82 mg TE/100 g) and SPE-0.50
(116.72£4.80) was higher than other samples
(p=0.05). Moreover, antioxidant activity of all
bread samples with SP and SPE, except control
sample, increased after in vitro gastric digestion
(p=0.05). The breads including SPE at all levels
had higher AOA than the control and the bread
with SP after in vitro intestinal digestion (p>0.05).
On the other hand, compared to undigested
samples, AOA of the bread samples, except bread
with SP-0.125 and the control sample, increased
after in vitro intestinal digestion (p=0.05).
Similarly, Chen et al. (2014 and 2015) also

reported an increase in the antioxidant activity of
some fruits after in vitro digestion.

In the present study, AOA of the samples by
DPPH method could not be determined because
the samples did not respond to DPPH radical.
According Apak et al. (2007) and Ceki¢ et al.
(2009), DPPH is more suitable for lipophilic
antioxidants in organic solvent media. Moreover,
in the study of Chen et al. (2015) and Puangkam
et al. (2017), DPPH value of some vegetables
decreased after in vitro gastrointestinal digestion,
and it was stated that the reason for this decrease
was the decrease in the biological reactivity of
compounds with antioxidant activity under the
intestinal digestive conditions where the pH value
is approximately 7.4.

Change in protein digestibility (%)

The amount of protein before in vitro gastro-
intestinal digestion of the samples was changed
between 1.81 mg/g dw and 2.19 mg/g dw
(p>0.05, Figure 1). After in vitro gastro-intestinal
digestion, protein amounts of the samples varied
between 11.86 mg/g dw and 12.30 mg/g dw
(p>0.05, Figure 1). Similar to the findings
obtained in the study, S'wieca et al. (2013)
revealed that in vitro pre-digestion protein
content of bread samples enriched with onion
skin was found to be 13.30 mg/g in the lowest for
control sample. In the same study, the lowest
protein content in the bread samples after in vitro
digestion was determined as 2.88 mg/g protein
(S'wieca et al, 2013). In our study, protein
digestibility (%) of the samples varied between
81.86% and 85.02% (p>0.05, Figure 1). On the
other hand, these values were higher than protein
digestibility (%) wvalues (55.00-78.35%) of the
bread samples enriched with onion skin
investigated by S'wieca et al. (2013). Conversely,
in the study of Saharan and Jood (2017), the
fortified breads with Spirulina powder at 6% had
higher in vitro protein digestibility. According to
De Marco et al. (2014), protein content of bread
wheat pasta incorporated with Spirulina resulted
increased while its protein digestibility was
reduced as microalgae content increased.
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Figure 1: Change in protein content and % protein digestibility during in vitro digestion of the breads
in which control and Spirulina platensis and Spirulina platensis protein extracts.
SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,
respectively. Each value is given as mean®tstandard deviation (n=3).

Sensory analysis

The results of sensory analysis of the control and
the bread samples including SP and SPE in terms
of odour, crust and inner color, crumb pore size
and homogenity, shape, volume, acceptability and
preferability characteristics are shown in Table 5.
Visual appearances of the bread samples are
shown in Figure 2. The SP-0.50 was scored by the
panelists with the lowest odor value (2.8%0.2) and
the difference between the odor characteristics of
the samples was statistically significant (p=0.05).
The highest odour score among the samples was
3.6 for the control sample, SPE-0.125 and 3.5 for
SPE-25 and SP-0.125. The sensory properties and
consumption of algae are restricted due to their
fishy odor. As an interesting result in this study,
all bread samples with SP and SPE, except SP-
0.50, were evaluated to have odour characteristics
close to the control sample by the panelists. While
the difference between the crumb colors of the
samples was not significant (p>0.05), SPE-0.50
had a better crust color than the other samples
(p=0.05). Pore size values of bread crumb ranged
from 2.3 to 3.8, and the highest score was given
to SPE-0.50 (p=0.05). Similarly, crumb pore

homogenity of SPE-0.50 (3.8), crumb pore
homogenity (3.6), bread shape (4.2), bread
volume-swelling (4.4) scores were statistically
significantly higher than the other bread samples
(p=0.05). The acceptability scores of the samples
were lowest for SP-0.50 with 2.7, and the highest
for SPE-0.50 with 3.9 (p=0.05). When the control
and the bread samples including SP and SPE were
evaluated together with all the sensory properties,
the most preferred bread sample by the panelists
was SPE-0.50% with a score of 3.610.1. In the
study of Ilhan et al, (2020), according to the
sensory analysis results of the bread samples with
Spirulina platensis added in the ratios of 0.1%,
0.5%, 1.0%, 3.0%, it was determined that SP-
0.1% and 0.5% added samples found to be as
acceptable.

The bread sample with SPE-0.50 had higher
scores in terms of crust color (3.9+0.1), crumb
color (3.4%0.1), crumb pore size (3.8£0.2), crumb
pore homogenity (3.6£0.0), bread shape
(4.2£0.2), bread volume (4.4£0.0), acceptibility
(3.6%0.1) and preferability (3.9%0.1) (p=0.05,
Table 5). In our study, Spirulina platensis and
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protein extracts from Spirulina platensis did not ~ Marco et al, 2014; Saharan and Jood, 2017;
cause any negative effect on sensory properties of  Sanjari et al., 2018). On the other hand, Sanjari et
the breads since SP and SPE were used at low  al. (2018) reported that samples with Spirulina
concentration compared to the literature (De  powder received the lowest sensory properties.

Table 5: Sensory analysis of control and bread samples with Spirulina platensis and Spirulina platensis
protein extracts in terms of odour, crust and crumb color, crumb pore size and homogenity, shape,
volume, acceptability and preferability.

Sample Odour Color p(;:LelTilz)e E;ngg‘; 183}1:2;3 V]Zliz?rile Acceptibility ~ Preferability
Crust Crumb
Control 3.6£0.00  25%£0.1>  3.1+0.1=  2.3%0.2° 2.4£0.1> 3.1£02>  2.3%0.2¢ 3.1£0.2 2.5%0.14
SP-0.125 3.5+0.00  2.6+0.0>  3.1%£0.2+  27%0.1b 2.60.0P 3.3£0.1>  2.6£0.1¢ 3.310.1 2.8%0.0<d
SP-0.25 33102+ 31402 32%0.3+ 29%+0.1° 2.8£0.2° 3.4£0.00>  2.8+0.1¢ 3.1£0.2 2.8%0.1¢¢
SP-0.50 2.8£0.2> 3.4%+0.1+  3.0%0.1*  2.7+0.1° 2.7£0.1> 3.1£0.1>  3.0£0.2b 2.7£0.2 2.4£0.04
SPE-0.125 3.6%0.1*  3.0%£0.2® 3.4+0.1*  2.7%0.1° 2.7£0.2> 3.3%0.1>  2.8%0.0¢ 3.2£0.0 3.1£0.1b
SPE-0.25 3.5+0.00  3.4+0.3® 34401+ 3.2%0.1% 3.140.2% 37102 3.7£0.2% 3.5+0.1 3.4%0.0°
SPE-0.50 34201 39+0.1*  3.4£0.1*  3.8%0.20 3.6%0.0 421020 4.4%0.0° 3.9%0.1¢ 3.6£0.17

SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,
respectively. Each value is given as meantstandard deviation (n=3). Different letters in the column indicate
statistically difference by Tukey test (p=0.05).

Figure 2: Visual appearances of the breads in which control and Spirulina platensis and Spirulina platensis
protein extracts.
SP: Spirulina platensis, SPE: Spirulina platensis protein extract. SP-0.125, SP-0.25 and SP-0.50: Bread with 0.125%,
0.25% and 0.50% SP, respectively. SPE-0.125, SPE-0.25 and SPE-0.50: Bread with 0.125%, 0.25% and 0.50% SPE,
respectively.
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CONCLUSION

Spirulina platensis microalgae is an important food
and food ingredients source due to its high
protein content. In this study, firstly, the textural,
volume, sensory and color properties of the bread
samples with Spirulina  platensis and ~ Spirulina
platensis protein extracts, as well as the change in
total phenolic content, antioxidant activity and %
protein digestibility during in vitro digestion were
investigated. According to the results of the
texture analysis, it was determined that the bread
samples with SP and SPE had less firm structure
and higher volume value than the control sample.
In addition, the bread samples with SPE were
found to be more preferable in terms of sensory
properties than other bread samples. The L* and
b* values were the lowest for the bread with SPE-
0.25. Moreover, SPE-0.125 had the highest TPC
and the breads including SPE at all levels had
higher AOA than the control and the bread with
SP after in vitro intestinal digestion. On the other
hand, addition of Spirulina platensis or protein
extracts obtained from Spirulina platensis to the
bread samples did not statistically cause any
change on total phenolic content, antioxidant
activity and % protein digestibility of the samples.
Therefore, in future studies, it may be aimed to
improve the rheological, techno-functional and
sensory properties of the bread samples prepared
with the addition of Spirulina platensis and Spirulina
platensis protein extracts at different rates, as well
as to increase antioxidant activity in particular.
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ABSTRACT

Mono-cultured or mixed-cultured fermentations have been preferred to spontaneous fermentation in pickle
production. Therefore, five different groups of garlic pickles were produced adopting the Turkish-style
fermentation using monocultures or mixed-cultures containing four different probiotic strains. The
inhibitory effect of garlic on those strains, the antagonistic activities, the organic acid production abilities of
the strains were examined. The chemical properties of the produced pickles, the viability of the strains, their
relationship with yeasts in this process were investigated. At the end of the fermentation, there was a
approximately 1-logarithmic-decrease in the microbial counts of all the tested strains used for the pickle
groups, of which their initial counts was an average of 6.99 Log CFU/ml. All of the strains produced nine
different organic acids. This result was associated with the hetero/homo-fermentative properties of the
strains. The results showed that the production by probiotic bacteria supported the functional properties of
the pickles.

Keywords: Gatlic pickle, starter culture fermentation, food quality, antimicrobial property, lactic acid
bacteria

DORT FARKLI POTANSIYEL PROBIYOTIK KULTUR KULLANILARAK
URETILEN TURK TiPi SARIMSAK TURSULARININ BAZI OZELLIKLERI

oz

Son zamanlarda tursu tUretiminde tek veya karigik kiltiir fermentasyonlart spontane fermantasyonlara
tercih edilmektedir. Bu nedenle calismamizda Tirk usulii fermente edilmis, tek ve karisik formda bes
farkli grup sarimsak tursusu, dort farkli probiyotik sus kullanilarak tGretilmistir. Sarimsaklarin bu suslar
tzerindeki inhibitdr etkisinin olup olmadig1, suslarin antagonistik aktiviteleri ve organik asit Gretim
yetenekleri belirlenmis, tretilen tursularin kimyasal 6zellikleri, kullanilan suslarin canliliklart ve bu
strecte mayalarla olan iligkileri arastirilmistir. Fermantasyon sonunda tursu gruplari i¢in kullanilan
probiyotik suslarin canliliklarinda yaklastk 1 logaritmik azalma olmus ve ortalama 6.99 Log CFU/ml
ile fermentasyonu tamamlamiglardir. Suslarin fermantasyon sonunda dokuz farkll organik asit
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Garlic pickle fermentation by using potentially probiotic cultures

urettikleri belitflenmis, bunun, suslarin hetero/homo-fermentatif 6zellik gostermeleri ile ilgili
olabilecegi dustintlmistir. Elde edilen sonuclar probiyotik bakteriler tarafindan iretilen tursunun
fonksiyonel 6zelliklerinin desteklendigini gostermistir.

Anahtar kelimeler: Sarimsak tursusu, starter kiltir fermantasyonu, gida kalitesi, antimikrobiyal

ozellik, laktik asit bakterileri

INTRODUCTION

Fermentation is one of the oldest methods of
food preservation and fermented foods generally
have beneficial flora for the regularity and health
of human digestive system. The flora in
fermented foods mainly consists of lactic acid
bacteria (LAB) and they produce lactic acid by the
utilization of fermentable sugars. Thanks to the
lactic acid fermentation, the ingredients of the
herbs, and the quality, taste and aroma of the
product are well preserved (Bamforth 2005; Cetin
2011; Tokatlt et al., 2015; Chaiyasut et al., 2018).
Today, food production methods are preferred in
which microorganisms such as LAB with various
extra characteristics (Hetreros et al, 2005).
Pickles are one of the main fermented foods
produced by using such microorganisms and
preserving  foodstuffs under high acid
concentration, enabling their preservation for a
long time without any need of refrigeration
(Nurul and Asmah 2012; Chaiyasut et al., 2018;
Behera et al., 2020). Especially Lactiplantibacillus
strains have been known as preferred starter
cultures for use in fermented pickles. This was
associated with the fact that some lactobacilli
species are facultative hetero-fermentative and
they are able to transform hexoses into lactic acid
and, subsequently, to acetic acid, also producing
various metabolites with desirable properties.
Also, when pickles are fermented by LAB, they
will possibly have a distinctive flavor and exert
positive health effects (Behera et al., 2020). These
positive effects can be be related to many
compounds such as antimicrobials, lactic acid,
acetic acid, hydrogen peroxide, diacetyl, ethanol,
and bacteriocins produced by LAB. Those
important propertied of LAB starter cultures also
contribute to the assurance of food safety and
technological quality of fermented products
(Herreros et al, 2005; Irkin and Songun 2012;
Chot et al,, 2018). Release of inhibitory chemical
compounds produced by LAB and high salt
concentration in fermented foods may suppress
growth of pathogenic or spoilage bacteria (Inatsu

et al,, 2005). Other than the inhibitory substances
of LAB, some vegetables contain various natural
substances that have the capacity to inhibit the
growth  of  pathogenic  and  spoilage
microorganisms.

Gatlic (Allium sativum) is a small bulbous plant
belonging to the .Alliaceae or Liliaceae family, and
has been known for many years to contribute to
various health benefits and cuisine flavor. (Sethi
et al,, 2014; Sadeghi, 2016). Gatlic is also rich in
vast amounts of nutritional compounds including
protein, calcium, magnesium, iron, potassium,
zinc, arginine, saponins, polyphenols, and
selenium and commonly contain abundant levels
of Vitamin A, Vitamin B6 and B1, and vitamin C
(Sethi et al,, 2014).

The present study mainly aimed to produce gatlic
pickles adopting the Turkish-style fermentation
using bactierial strains isolated from natural
sources, and known to have various probiotic
properties. The second aim was determine the
effects of the production made with these selected
strains on garlic pickles. For this purpose, the
study examined the inhibitory effect of garlic on
these LAB, and investigated whether this effect
was affected by temperature. In addition, the
organic acids produced by the strains at the end
of fermentation were determined and the
relationship between the organic acids produced
and the microbiological quality of the pickles was
examined.

MATERIAL AND METHODS

Material

Isolation and identification of the Ilactic acid
bacteria

The strains used in the study were isolated from
naturally fermented cheeses, pickles, and fresh
fruits obtained from farmers' markets and
identified (Alp, 2018). In addition, their various
cultural and biochemical features (fermentation of
carbohydrates, salt tolerance, growth at different
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temperatures, gas (CO2) production from glucose,
production of H»S) were determined by the
procedures described by Schillinger and Liicke
(1987), and various probiotic properties (Alp,
2018; Alp and Kuleagan 2020).

Methods

Determination of the inhibitory effect of
garlic on lactic acid bacteria

Many reserach demonstrated that garlic has
inhibitory/lethal effect on
microorganisms (Abily and Berhe 20106). For this
purpose, in our study, we determined whether it
has an inhibitory effect on LAB. Two different
groups of fresh garlic were used. The first group
was kept in boiling water for 1 minut whereas the
second group received no treatment. The aim
here was to determine whether the heat
application had an effect on this feature. The agar
well diffusion method was used to determine the
antibacterial activity of garlic on the LAB
(Andersson et al., 1988). All LAB were incubated
at 30°C for 18h. At the end of the incubation, they
were adjusted to 0.5 Mc Farland in phosphate-
buffered saline solution (PBS). After they (100 ul)
were homogeneously injected into the MRS
medium, they were poured into sterilized Petri
dishes. For the investigation of the antibacterial
activity, 10- mm-diameter wells were cut into the
media and then garlic was filled into these wells in
the agar plates directly. At the end of the
incubation period, inhibition zones formed on the
media were evaluated (Herreros et al., 2005; Strika
et al,, 2017).

various

Antagonistic activity

Spot on lawn assay method was used to determine
the antagonistic activity. The reference cultures
used in the study were Salmonella enterica
subspecies  enterica  serovar Enteritidis and
Escherichia coli type 1, Listeria monocytogenes and
Staphylococcus obtained from culture
collections of Sileyman Demirel University,
Department of Food Engineering. All
microorganisms were incubated under their
suitable conditions and media, then the optical
density of each culture was adjusted to 0.5
McFarland standard in Phosphate-Buffered
Saline (PBS). Then the pathogens were inoculated

aurens,

(1%) into 15 mL of Tryptic Soy Soft agar (Merck)
medium, and the lactic acid bacteria were
inoculated (1%) into 15 mL De Man Rogosa
Sharpe (MRS). First, MRS agar was poured into
the petri dishes, then Tryptic Soy soft agar
medium was poured on to the MRS agar medium.

After a 24-h incubation, zone diameters were
measured (Sumathi and Reetha 2012; Fijan, 2016).

Preparation of garlic pickles

First, gatlic bulbs were cleaned, and the cloves
were peeled and placed in containers in equal
grams under aseptic conditions. A total of 6
different groups of garlic pickles were prepared
using 4 different LAB, 5 different groups, and a
control group. The names of the groups and the
lactic acid bacteria they contain and isolation
source are given in Table 1. Each pickle group was
inoculated with (0.5 MacFarland) 1.5x10% Log
CFU/mL of test bacteria. Also, each pickle group
received 5% salt, 1% citric acid, and no
preservatives were used in the process.

Determination of viability in garlic pickle of
LAB and other microorganisms during
fermentation

For the microbiological analysis of garlic pickle,
samples  were taken randomly  during
fermentation, and then the number of viable cells
was determined by serial plating. For total
bacterial counts, Plate Count Agar (PCA) was
used while, for LAB counts MRS agar was used,
Eosin Methylene Blue (EMB) agar was used for
Enterobacteriaceae and Potato Dextrose (PD)
agar was used for yeasts. All microbiological
analyses were made in triplicate and the mean
values and standard deviations were calculated
(Beganovic et al,, 2011).

Determination of titratable acidity and pH
value of garlic pickles during fermentation
The titratable acidity values were determined
according to Tyl and Sadler (2017). Titratable
acidity analyses were carried out by the titration of
brines with 0.1 N NaOH and were expressed as
percentile lactic acid (% w/v). The pH was
determined by a digital pH meter (InoLab, pH
Level 1).
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Determination of organic acids produced by
LAB

Organic acids were determined at Application and
Research Center for Innovative Technologies
Center (YETEM) of Sileyman Demirel
University by Thermo Scientific Ultimate 3000
HPLC device equipped with Fortis MSMS
Dedector.

Statistical analysis

Microbial enumerations were done in triplicates
and the results are presented as meantstandard
deviation. The Minitab 18 statistical software
(Minitab, Inc, State College, PA, USA) was used.
The differences were determined by one-way
ANOVA with a significance level of p < 0.05.

RESULTS AND DISCUSSION

Isolation and identification of the lactic acid
bacteria

Fermented foods provide a healthy effect on our
gastrointestinal system they make this generally by
beneficial bacteria and their different natural
property. Besides, these beneficial bacterias will

improve the vegetable’s sour taste that is rich in
vitamins through various fermentations (Al-
Shawi et al, 2019). Therefore, these starter
cultures posess at least one strain-specific and
functional property and they are used to improve
the quality of the end product (Beganovic et al,
2011).

In the present study, pickles were produced from
garlic that is known to be beneficial for health, by
using 4 different LAB with various functional
properties (Alp, 2018; Alp and Kuleagan 2019).
All isolates were Gram-positive, catalase-negative
and non-spore-forming. In addition, various
characteristics of isolates such as development in
different pH environments, resistance to pepsin,
pancreatin enzymes and EPS production were
determined in our previous studies (Alp, 2018;
Alp and Kuleasan 2019). Gatlic pickle was
produced with these four well-known strains
(Table 1). The selection of the species to be used
in pickle production is based on a previous study
(Karovi¢ova and Kohajdova 2003).

Table 1. The names of the groups and the lactic acid bacteria and their isolation source

Group Lactic acid bacteria content Source

Name

Control Any strain wasn't added

Group 1 Lactobacillus plantarnm DA100 Pickle

Group 2 Lactobacillus fermentum DA134 White cheese
Group 3 Lactobacillus coryniformis DA256 Rosemary

Group 4 Lenconostoc lactis DA268 Eriobotrya japonica
Group 5  All of the total 4 different strains which is reside in each group were added

Inhibitory effect of Garlic on lactic acid
bacteria

Gatlic is an antibacterial agent thanks to its main
component, allicin, which is responsible for the
pungent smell, and, by this means, has
antibacterial activity against various Gram-
negative and Gram-positive bacteria (Ankri and
Mirelman 1999; Harris et al., 2001; Abiy and
Behre 2016). However, the relationship of this
effect with the heat applied to the gatlic is not
fully revealed. Therefore, the viability of the tested
strains were tested against boiled and unboiled
garlic. The purpose of this process was to
determine how efficient the garlic's known

antimicrobial effect is against the tested strains.
Garlic which was boiled for 1 minute did not
show any inhibition effect on the strains, whereas
the fresh garlic showed various inhibition effects
on LAB (Table 2).

Untreated garlic showed various inhibitory effects
on the tested strains and the difference between
the heat-treated and untreated garlic was
statistically significant. The highest inhibitory
effect was recorded for Lactobacillus fermentum
DA134 (26.66%1.15 mm). Figure 1 shows that the
results of tested strains in terms of the
antimicrobial effect of boiled and unboiled garlic.
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A study indicated that fresh garlic has  bacteriostatic activity and the results showed that
bacteriostatic activity against the Gram-positive  the fresh garlic has a stronger antimicrobial
bacteria (Strika et al., 2017). Also, the reserachers activity than that of the heat treated.

compared the fresh and heat-treated garlic

Table 2. Results of the antimicrobial effects of fresh garlic on lactic acid bacteria

Microorganisms Zone of inhibition (mm)
Lactobacillus plantarnm DA100 24.33 £ 0.57°
Lactobacillus. fermentum DA134 26.66 £ 1.15#
Lactobacillus coryniformis DA256 20.00 £ 1.004
Lenconostoc. lactis DA268 22.33 £ 0.56¢

Values are means of three independent determinations and standard errors. In the same column, the letters from
a to d represent the largest to smallest order of numetic values, respectively (p < 0.05)

Figure 1. The results of tested strains against the antimicrobial effect of boiled and unboiled garlic
Antagonistic activity The antagonism between various groups of
microorganisms like lactic acid bacteria and
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pathogens is widely known in nature and these
abilities are based on their organic acids, carbon
dioxide, and specific antibiotic substances
synthesize (Tsugkiev et al, 2018). Some
reserachers indicated that strains of the same
species of a microorganism may be widely
different from each other in terms of their
antagonistic ability (Tsugkiev et al, 2018).
Motreover, the reserachers have stated that the
antagonistic properties of combinations formed
by the correct selection of vatious strains of the
same microorganism species may be more
effective.

In the present study, antagonistic activity of
selected strains was determined by the Spot on
lawn assay method against various pathogenic
bacteria and the results are evaluated statistically
(Table 3). It was observed that the same strain
may have different antagonistic abilities against
different pathogens. These differences in the
antagonistic properties of lactic bacteria were
thought to be due to their ability to synthesize
organic acids, carbon dioxide, and certain
antimicrobial substances.

Table 3. The inhibition zone diameters of lactic acid bacteria against different pathogen bacteria (mm)

Microorganisims E. coli S. Enteritidis L. monocytogenes S. anrens

L. plantarum DA100 25.66£0.57<P 34.00£1.00<¢ 35.66£0.57<8 44.00£1.732A
L. fermentum DA134 40.33£0.57=8 34.33%1.15¢<C 44.33£0.58A 44.33%1.154
L. corynifornis DA256 35.00£1.00vP 54.66+0.57+A 35.33£0.58< 40.33%0.05b8
L. Jactis DA268 33.00£1.00vP 44.66£0.57"8 41.00£1.00v¢ 45.00£0.002A

Mean values and standard deviations of three replicates are presented.
*a Different letters in the same column give results of strains against a single pathogen, between groups significant

differences (p < 0.05)

** A in the same row indicate result of same strain against all pathogens, between groups significant differences (p

<0.05).

Our results showed that the same strain may have
different antagonistic abilities against different
pathogens. For example, L. corniformis DA 256
showed the strongest antagonistic property
against 8. enteritidis, contrary to other pathogens.
Against E. coli, the largest zone (40.33 mm) and
the smallest zone (25.66 mm) were observed in L.
Sfermentum DA134, and L. plantarum DA100,
respectively. Compared to other pathogens’ zone
diameters, 5. aurens had the largest zone among all
tested bacteria, giving the largest zone by L. /actis
DA268 (45.00 mm).

It was thought that these differences in the
antagonistic properties of lactic bacteria may be
due to their ability to synthesize various organic
acids or antibiotic-like substances. In a study,
similar to our results, four different LABs were
found to have antagonistic activity against JS.
anrens and E. coli (Datta et al, 2013). Strains
produced a zone of 14mm against E. o/, 13mm
against 8. awrens. Similar results have been
reported by numerous studies (Urapian and
Hongpattarakere, 2015; Gutiérrez-Cortés et al.,
2017; Bisht and Garg, 2019; Reuben et al., 2019).

The similar results with our study results supports
the hypothesis that the isolates may have different
antagonistic activity against various pathogens.

Viability of LAB and other microorganisms in
garlic pickle during fermentation

Some LAB are used as suitable starter cultures for
the improvement of quality of fermentation. Also,
it has been stated that the use of starter culture
help standardize the fermentation by controlling
the microbial flora (Xiong et al,, 2014). In the
present study, a total of six different pickles were
produced, a control group, four test groups
fermented by using different strains individually
and the final group fermented by mixture of all
four strains of LAB. While there were almost 1
logarithmic lactic acid bacteria in the control
group at the beginning of fermentation, each
experimental pickle group (0.5 Mac Farland) had
1.5x108 Log CFU/mL test bactetia initially.

In the control group, LAB were found below the
detection limit (<1 Log CFU/g) on days 14 and
21, and no LAB remained at the end of
fermentation. In other groups, approximately 1
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logarithmic decrease was observed in LAB
countst at the end of fermentation. Also, no
coliform group bacteria and E. /i was
determined in any of the groups during
fermentation. Group 1 and Group 4 completed
fermentation with approximately 6.15 logarithms
while other groups showed that an average of 1
logarithmic decrease at the end of fermentation,
and they completed fermentation with more than
7.00 logarithms. In the control group, the
presence of LAB was determined below 2
logarithms at the beginning, and the end of the
fermentation (Table 4).

Generally, yeasts are undesirable in fermentation
as they facililtate the activities of oxidative and
fermentative activities, COz-induced degradation
and other degradation factors. But they can help
the aroma development of the product by
producing aroma substances such as diacetyl as a
result of their metabolism. In addition, yeast and
mold count is also one of the most important
factors for the shelf life of pickle. Yeast counts of
samples were found to be below the detection
limit on day 21 (<1 Log CFU/g) except for the
control group and Group 2. In the total
microorganism  counts, they  completed
fermentation with an average of approximately 5
logarithms, although there was no mold growth in
any of the samples. All results of microorganisms
of the pickle groups are shown in Table 4.

It was thought that there might be a few
possibilities for the reason of these results. The
first is fermentable sugar remained in the
environment after the primary fermentation
ended and as a result of this condition, the yeasts
took part in the secondary fermentation stage by
using up these sugars. The second is both positive
and negative interactions between yeast and LAB
species. Some LAB can secrete galactose, which
can help lactose-negative yeasts grow. However,
this can also be the opposite. For example, they
can be inhibited by compounds such as phenyl-
lactic acid, 4-hydroxy-phenyl-lactic produced by
LAB (Alvarez-Martin et al., 2008). In a study in
which pickled cucumbers were produced usingh
starter cultures, it was determined that there was
6.65 CFU/g yeast in the samples at the end of 6

days (Nilchian et al, 2016). Another study
reported similar results (Tokatlt et al., 2019). In
addition, the total number of microorganisms
obtained in both studies is similar to those of our
study.

Titratable acidity and pH value of garlic
pickles during fermentation

It is known that when the pH value falls below 4.5
in fermented products, its provides a limiting
factor for the growth of Enterobacteriaceae (Ozer
and Yildirim, 2018). In our study, Enterobacteriaceae
were not detected during or at the end of
fermentation. We thought that this result may be
related to the development of acidity and also the
organic acid production.

The titration acidity of the samples on the first day
of fermentation was found between average
0.65%, we thought that these results were releted
to the citric acid added to the brine. Acidity
development in the control sample was slower as
was the case in pH values. In addition, acidity
development was found to be slower in Group 2.
Besides these results, pickle samples using starter
culture produced acid faster in the first days of
fermentation compared to the control sample
except for Group 2. The highest titration acidity
(0.90%) at the end of fermentation was
determined in Group 5. This was attributed to the
fact that they contained mixed culture and had
good acid producing abilities in pickle
fermentation. Also, in our previous studies (Alp,
2018), it was seen that these strains can highly
survive in acidic environments. These results we
obtained are in line with the results of the various
studies (Tokatlt et al., 2019).

Throughout fermentation, the mean pH value of
pickle  groups  fermentations  decreased
approximately from 5.50 to 3.35 (Fig 2). Pickle
group results showed a pH value drop during day
7, and the fastest decrease in pH was observed on
day 14. A significant difference (p < 0.05) was
observed in pH value decreases among pickle
groups between the fermentation days. During
fermentation, LAB decreased the pH, and this
provided a key element for a successful
fermentation process. Thanks to the rapid pH
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decrease, most Gram (-) bacteria and spore-
forming bacteria were inhibited. Figure 2 and
Table 4 shows the changes in all samples changed

in terms of pH (b) values and titratable acidity (a)
during fermentation.

Table 4. All results of microorganisms and changed titraable acidity values and pH of the pickle groups
during fermentation.

Control Group 1 Group 2 Group 3 Group 4 Group 5
o o~ 1.85£0.01  8.17£0.00+*  8.17+0.00A  8.17£0.00*4  8.17£0.00+*  8.17%0.002A
E g g 7 1.70£0.01bF  6.85£0.01PP  7.17£0.014A  7.07£0.034¢  7.13£0.03B  6.49£0.034F
§ § % 14 0.00£0.00F  6.45£0.02¢F  7.28%0.02<B  7.25+0.05"¢  7.11£0.04*D  7.7520.02b4
- = 21 0.00£0.00F  6.17£0.024>  7.90+0.02°4  7.07+£0.03<¢  6.11£0.024¢  7.73£0.02¢B
- 0 2.00%£0.0344  0.99+0.02bF  1.09£0.014F  1.19£0.02°8  1.16£0.03bP  1.17£0.03<C
% é 7 3.61x0.01"  1.01£0.012F  3.27£0.032¢  2.89%0.03:F  2.9520.03*P  3.82%+0.034
B 14 575£0.03**  0.00£0.00¢®  3.00£0.01°8  0.00£0.00¢"  0.00+0.00<F  2.09£0.01bC
2 21 3.46%0.02¢A  0.00£0.00¢¢  2.13%£0.02¢®  0.00£0.00F  0.00+0.00<®  0.00£0.004E
g % - 0  2.031£0.019  5.90%0.04>*  3.00£0.024F  4.931£0.034C  5.13+0.0248  3.47£0.02dP
§ aé 7 4.32%0.02F  5.67£0.04P  5.63+0.03°F  5.89+0.03"B  5.99+0.01:A  5.77%0.02b¢
Tg g 2 14 6.05%£0.03*F  6.77+£0.022A  5.90%£0.022¢  576£0.03F  5.67+0.03bF  5.87£0.02:P
= é < 21 5.69£0.03*®  533%0.039F  4.99£0.03F  599+0.014  5.67£0.03<¢  5.48£0.02<P
3.50+£0.01¢  3.61£0.014  3.48+0.02P  3.57+0.02  3.38+0.02F  3.46£0.03F
- 3.5710.024  3.44£0.03P  3.38%£0.02F  3.48+0.02B  3.45%£0.03¢  3.40£0.03F
- 14 3.50£0.024  3.41£0.03%  3.37+£0.04°  3.40£0.04¢  3.40£0.02¢  3.36£0.03F
21 3.45%0.024  3.37£0.02¢  3.35%0.02P  3.32+0.01F  3.38%0.02B  3.30£0.01F
e 0 0.75%0.028  0.69£0.03¢  0.59£0.02F  0.54£0.03"  0.60+0.02°  0.78+0.024
g O}/ 7 0.81+0.020  0.73%£0.02¢  0.63£0.02F  0.59+0.01F  0.66+0.01°  0.80+0.01®
I‘E ’é 14 0.84+0.02¢  0.81£0.01°  0.65+0.02F  0.80£0.02E  0.88£0.014  0.86+0.028
21 0.88£0.04®  0.85+0.03¢  0.68+0.02"%  0.8240.02°  0.90£0.014  0.90£0.014

Values are means of three independent determinations and standard errors. In the same column, the letters from
A to F represent the largest to smallest order of numeric values, respectively (p < 0.05)

Organic acids produced by Iactic acid
bacteria

Some LAB strains have antifungal or
antimicrobial properties, and what gives them
these properties are their organic acids such as
lactic, acetic, formic, caproic, propionic, butyric
and wvaleric acids (Zala'n et al, 2010),
proteinaceous compounds, fatty acids and
bacteriocin-like substances production abilities.
Most known antimicrobial activity of LAB is
production of organic acids which are associated
with the primary metabolism from carbohydrates
fermentation (Guimaraes et al., 2018). Production

of organic acids can help lower the pH of the
media and thus, they prevent the growth of
various pathogenic microorganisms in food
products or human intestinal microflora (Ammor
et al, 2006). Figure 3 shows the organic acid
production in pickle groups with lactic acid
bacteria. Various studies showed that citric acid
and its salts can inhibit the common pathogens
growth. These inhibitory mechanisms may be
accessing the microbial cell by ionization of
undissociated acid molecules and cause the
disruption of substrate transport by altering cell
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membrane permeability or reduction of proton

motive force (Shokri 2011).
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Figure 2. Changes in titratable acidity (a) and pH (b) during fermentation.
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Figure 3. Organic acid production in pickle groups of lactic acid bacteria.

In the present study, a total of 9 in different
quantity and variety organic acids were produced
in pickle groups. There was a significant
difference (p<<0.05) between the groups in terms
of organic acid production. Besides the lowest
was in Group 2, malic acid production was
observed in all pickle groups. In the control
Group, acetic acid was the maximum. Organic
acid production like lactic acid can vary between
the different LAB species, as well as between the
individual strains within a species (Peev et al,
2017). This variablity was also noteworthy in the
present study. Lactic acid production wasthe
highest in Groups 2 and 3. It was also noteworthy
that there were succinic and oxalic acid
productions in the groups. Also, these results may
be related to the activiies homo- and/or
heterofermantative LAB. When the organic acid
contents of the pickle groups were examined
separately, the most common organic acids were
found to be malic acid and succinic acid. While it
was determined that there were high levels of
lactic acid in pickle Groups 2 and 3, this value was

low in groups 1 and 4. These results suggested
that groups 1 and 4 could be heterofermantative
whereas groups 2 and 3 could be
homofermentative LAB. Besides, group 5 gave an
average result of all in terms of organics. Because
it contains both types of bacteria. Apart from
lactic acid bacteria, it is known that also some
yeasts produce various organic acids (Hesham et
al.,, 2020). Although the test strain was not added
to the control group, a low amount of lactic acid
and different amounts of organic acid were
detected.

In general, Lactobacillus strains produce acetic acid
substantially late in fermentation and their
contribution to inhibition is considered secondary
as their final amount is low compared to lactic
acid (Rossland et al., 2005). In the present study,
contrary to this generalization, high levels of
acetic acid was determined at the end of
fermentation in the groups. Therefore, it was
thought that some organic acid production
especially acetic acid may have been produced by
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yeasts, LAB, or the yeasts have produced some
ethanol and then the acetic acid bacteria may have
converted them into acetic acid. Also, it was
thought that another reason for the high levels of
lactic acid and low levels of citric acid in Groups
2 and 3 was that bactetia produced lactic and / or
acetic acid wusing citric acid. Otrganic acid
consumption and production by yeast, have been
linked mostly to central carbon metabolism
during fermentation. Mainly, organic acids are
intermediates or by-products of glycolysis but
they may also be derived from the glyoxylate
pathway (Chidi et al,, 2015). In the present study,
it was thought that some organic acids are
produced this way by yeasts. In a study of citric
acid production and optimization of various yeast
strains, the strains produced an average of 25 g/
citric acid (Hesham et al.,, 2020). In the present
study, it was observed that there was succinic acid
production in addition to citric acid.

It was thought that succinic acid might have been
produced by yeasts as well as LAB, affected by
changes in temperature and pH. Similarly, studies
have shown that both yeasts and LAB produce
succinic acid (Martinez et al., 2019). The presence
of tartaric acid in all groups, albeit in low amounts,
suggested the possibility of its natural presence.
Based on the results of the study conducted by
Ho et al,, (2018). Various studies support similar
organic acid productions (Martinez et al., 2019;
Nuryana et al, 2018; Alp and Oner 2014;
Rossland et al., 2005). The fact that no coliform
groups were encountered in the groups at the
beginning and end of fermentation it was thought
that this may be due to the fact that acetic acid is
a better preservative compared to organic acids
such as lactic acid due to its higher pKa value.

In conlcusion, the results of this research showed
that the application of the beneficial isolates
positively influenced the fermentations by
improving the beneficial properties of the final
product. Positive properties of these isolates are
considerably affecting the prevention of spoilage
and undesirable microorganism growth. The
formulated pickles have been evaluated for the
organic acids and microbiological quality.
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oz

CGalismanin amact, Trakya bolgesi ¢icek ve salgt ballarnin mineral icerigi ve bazt kalite parametrelerinin
belirlenmesidir. Bu amagla Trakya Bélgesi'nde yerel olarak tiretilen 16 adet aycicegi, 2 adet karagali, 3 adet
kanola, 3 adet mese ve 1 adet thlamur bali olmak tzere toplam 25 adet bal 6rneginde 8 farkli mineral (Ca,
Fe, K, Mg, Na, Zn, P, Se) diizeyi ve baz tipik kalite parametreleri (¢6ziniir kuru madde, pH, elektriksel
iletkenlik, serbest asitlik, HMF ve seker igerigi) analiz edilmistir. Bal rneklerinin mineral igerikleri Indiiktif
Eslesmis Plazma Optik Emisyon Spektrometresi (ICP-OES) ile analiz edilmistir. Ballarda en ¢ok bulunan
mineraller sirastyla potasyum, fosfor ve kalsiyum olup 18.91-1018.74, 244.40-429.98 ve 8.50—140.82 mg/kg
arasinda belitlenmistir. Kalite parametreleri ortalama olarak pH 4.42 (3.86-6.54), ¢6ztnir kuru madde
81.4°Bx (79.3-83.0), serbest asitlik 15.66 mEq/kg (9.00-28.00), HMF 13.00 mg/kg (0.16-33.45), elektriksel
iletkenlik 595 pS/cm (207-1376), glukoz %33.66 (25.51-38.58), fruktoz %38.17 (33.32-47.91), sakkaroz
%0.17 (0.01-0.67) olarak tespit edilmistir.

Anahtar kelimeler: Bal, mineral icerik, ICP-OES, fizikokimyasal 6zellik, HMF, pH

ASSESSMENT OF THRACE REGION HONEYS IN TERMS OF MINERAL
CONTENT AND SOME TYPICAL QUALITY PARAMETERS

ABSTRACT

The aim of the study is to determine the mineral content and some quality parameters of Thrace
region floral and honeydew honeys. Quality parameters such as soluble solid, pH, electrical
conductivity, free acidity, sugar content and mineral content (Ca, Fe, K, Mg, Na, Zn, P, Se) were
determined and evaluated in 25 honey samples including 16 sunflower, 2 gorse, 3 canola, 3 oak and
1 linden honey locally produced in Trace Region, Turkey. Mineral contents of the samples were
determined by Inductivelly Coupled Plasma Optical Emission Spectrometer (ICP-OES). The most
abundant minerals were potassium, phosphorus and calcium, ranging between 18.91-1018.74,
244.40-429.98 and 8.50-140.82mg/kg, respectively. The mean values were determined as pH 4.42
(3.86-6.54), soluble dry matter 81.4°Bx (79.3-83.0), free acidity 15.66 mEq/kg (9.00-28, 00), HMF
13.00 mg/kg (0.16-33.45), electrical conductivity 595 pS/cm (207-1376), glucose 33.66% (25.51-
38.58), fructose 38% .17 (33.32-47.91) and sucrose 0.17% (0.01-0.67).

Keywords: Honey, mineral content, ICP-OES, physicochemical property, HMF, pH
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Trakya yoresi ballarinin kalite 6zellikleri

GIRIS
Bal, tim dinyada ekonomik 6neme sahip,
besleyici degeri yitksek bir gida maddesidir (Kadri
vd., 2017) Arilar tarafindan Gretilen ve dogal bir
gida olan bal, basta fruktoz ve glukoz olmak tizere
sekerler, su, organik asitler, enzimler, amino
asitler, mineraller, vitaminler, aromatik maddeler,
pigmentler ve polen tanelerinden olusmaktadir
(Biluca vd., 2017; Marcolin vd., 2021). Balin
bilesimi, rengi, aromasi ve tad: nektar ve polen
toplamada kullanilan cicek tiirlerine (Sousa vd.,
2010), iklim, cografik orijin gibi baz1 faktorlere ve
art turlerine (Biluca vd., 2016), baghdir. Bu
Ozellikler ayrica hava kosullarindan, isleme,
paketleme ve depolama = siresinden de
etkilenebilmektedir (Escuredo vd., 2014).

Turk Gida Kodeksi Bal Tebligi'nde bal kaynagina
gore cicek balt ve salgt balt olmak tizere iki gruba
ayrilmaktadir. Cicek balt bitki nektarindan elde
edilen bali, salgt balt bitkilerin canlt kistmlarinin

salgilarindan  veya bitkilerin  canlt  kisimlart
tzerinde yasayan bitki emici bdceklerin
(Hemiptera) salgilarindan  elde edilen ballart

tanimlamaktadir (Anonymous, 2020). Tirkiye’de,
en fazla iretilen monofloral (tek ¢icek) bal
aycicegi balidir. Ulkemizde aygicegi bali, bal
ihracatinda ¢am balindan sonra ikinci sirada yer
almaktadir (Sen, 2019). Kanola bali, yiksek
verimli ve kaliteli bir yagli tohum olan kanola
bitkisinin (Brassica napus L) ¢igeklerinden tretilen
bir ¢icek balidir. Tirkiye’nin Marmara ve Trakya
bélgelerinde sinirlt olarak iiretimi yapilan karacalt
(Palinrns spina-christi Mill.) bali bir ¢icek balidir.
Latince  Palinrus  spina-christi  Miller — olarak
adlandirilan karagalt, Rbamnaceae familyasina ait bir
calt bitkisidir (Malko¢ vd., 2019). Mese agaci
(Qnercns) salgisindan elde edilen mege balt ise bir
salgt balt olup siyaha yakin koyu kahverengi
rengindedir. Mese balinin actk renkli ballara gére
daha fazla mineral ve antioksidan madde icerdigi
bilinmektedir (Sen, 2019).

Bal dretimi agisindan son derece uygun bir
konumda olan Tirkiye'de aticilik, binlerce yildir
surdirilen Onemli bir tarimsal faaliyettir
(Kahraman vd., 2010). Aricilik icin uygun ortam
saglayan tlkemizin zengin bitki 6rtiisti, cografyast
ve iklim sartlart sayesinde Tturkiye’de bal tretimi

oldukea gelismistir. 2020 yilinda diinyada tretilen
1.770.119 kg balin 104.077 kgt Turkiye’de
tretilmistir (FAOSTAT, 2020). Turkiye’nin kuzey
batisinda yer alan Trakya ise, Karadeniz, Marmara
Denizi ve Ege Denizi ile siurt olan, aricilik icin
onemli kiltir bitkilerinin yetistirildigi bir bolgedir.
Karadeniz  kiyilarindan  baslayarak  giineyde
Marmara Denizi'ne kadar ekstrem kosullarda
yetisebilen 6zellikteki cok zengin nektar ve polen
kaynaklarina sahiptir. Trakya yoresinin iklimi ve
floral  kosullart  ariciliga  elverisi ~ ortam
olusturmakta ve bolgenin kuzey kisimlar
Ulkemizin Gstlin nitelikli bal veren cografi
yorelerimizden sayilmaktadir ( Sirali ve Deveci,
2002).

Balin kalitesi genellikle fizikokimyasal, duyusal ve
mikrobiyolojik parametrelerle degerlendirilmekte-
dir. Balin kalitesini degerlendiren ve farkli bal
tirlerini ayirt etmek icin kullanilan nem, ay, seker
bilesimi, pH, asitlik, kul, elektriksel iletkenlik, 5-
hidroksimetilfurfural (HMF) ve renk gibi
fizikokimyasal parametrelerini bildiren bir¢ok
makale bulunmaktadir (Boussaid vd., 2018;
Lazarevic vd., 2012). Balin pH gibi fizikokimyasal
Ozellikleri, depolama sirasinda balin bozulma
derecesini  de  tahmin  etmeye  yardimci
olabilmektedir (Machado De-Melo vd., 2018).
Yiksek asitlik, balda bulunan sekerlerin organik
asit, 6zellikle glukonik asit ve fosfat ve kloriir gibi
inorganik  iyonlara  fermantasyonunun  bir
gostergesidir (Ouchemoukh vd., 2007). HMF,
taze ballarda bulunmadigi veya eser miktarda
bulundugu icin bal tazeliginin bir parametresidir
(Machado De-Melo vd., 2018). Bala 1sil islem
uygulamast, balin ticari seketlerle karistirilmasi ile
ya da depolama boyunca baldaki HMF
konsantrasyonu artmaktadir (Machado De-Melo
vd., 2018). Ote yandan, balin diisiik nem igerigi,
cok az sayida mikroorganizmanin hayatta
kalmasina izin verebilirken, yiiksek nem icerigi,
balda sekeri fermente eden ve tadii degistiren
maya ve diger mikroorganizmalarin gelismesine
neden olabilmektedir (Chirife vd., 2006). Balin
elektriksel iletkenligi, botanik orijinin yani sira
mineral igerigi ve inorganik iyonlarla ve bir sekilde
organik asitler, proteinler ve elektrolitler olarak
hareket edebilen sekerler, polioller ve polen
taneleri gibi diger bilesenlerle dogrudan iliskilidir
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(Machado De-Melo vd., 2018). Ayrica, Rahman
vd. (2014), balin elektrik iletkenligi ve kil
iceriginin,  mikroorganizmalarin  gelismesini
belirleyebilecek organik asitler ve makro-mineral
ve diger bazi temel eser elementlerin varligint
isaret ettigini bildirmigtir. Balin fizikokimyasal
Ozellikleri, balin besin degeri tzerinde de etkili
olan bitkinin polen ve nektar cesitlerinden de
etkilenmektedir (El Sohaimy vd., 2015).

Farkli bal tirlerinin mineral igerigi, botanik
kékenini ve bitki ve nektarin bulundugu topragin
tirind yansitmaktadir (Alqarni vd., 2014). Balin
mineral icerigi %0.04-0.2 (P. M. da Silva vd., 2010)
araliginda degismekte olup, Alqarni vd. (2014)
yaptigl calismasinda bazt bal gesitlerinin %1’den
fazla oldugunu bildirmistir. Potasyum, bitkisel
kaynaklt bir gida maddesi olan balda en fazla
bulunan element olup, toplam mineral igeriginin
yaklastk ticte birini olusturmaktadir (P. M. da Silva
vd., 2016; Saka¢ vd., 2019). Potasyumdan sonra
balda en fazla bulunan makro elementler
kalsiyum, sodyum, fosfor ve magnezyum olup, iz
miktarda bulunan manganez ve demir de kritik
o6neme sahiptir (Alqarni vd., 2014; Sakac¢ vd.,
2019; Machado De-Melo vd., 2018). Son
zamanlarda, balin metal iceriginin analizi, balin
orijinini ayirt etmenin alternatif ve kolay bir
yontemi haline gelmistir. Balin tagsisi kalite
parametreleri kullanilarak belirlenebilmekte olup
balin mineral iceriginin analizine dayanarak
karakterizasyonun yapilmast tagsisin 6nlenmesi
actsindan da oldukea 6nemlidir (da Silva vd., 2016;
Alda-Garcilope vd., 2012).

Calismamizin amaci, Trakya’nin farkls
kesimlerinde tretilen farkli cesitlerdeki ballarin
kalite 6zelliklerinin (pH, serbest asitlik, elektriksel
letkenlik, HMF, seker icerigi), mineral
iceriklerinin (Ca, Fe, K, Mg, Na, Zn, P, Se) ortaya
konmasi, standartlara  uygunluk  dizeyinin
belirlenmesidir. Bu kapsamda hem Trakya yoresi
ballarinin kalite standard: igin referans niteligi
saglayarak ballarin orijinallik tanimlamasina ve
izlenebilitligine katkida bulunulmast hem de elde
edilen bilgilerle dreticiye fayda saglanmast
hedeflenmektedir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda Trakya’nin Kirklareli (41° 38'
37.159" N 27° 26' 26.004" E), Edirne (41° 37'
55.064" N 26° 45' 16.027" E) ve Tekirdag (41°
2' 5.729" N 27° 9" 42.359" E) illerindeki
aricllardan  temin edilen 25 adet bal O6rnegi
kullanilmustir.  Aycicegi  (Helianthus — annuns)
bitkisinden Uretilen aycicegi bali, kanola (Brassica
napus) bitkisinden tretilen kanola bali, karacal
bitkisinin (Paliurus spina-christi Miller) gigeklerinden
uretilen karacall baly, thlamur (Tiia Cordata)
bitkisinden dretilen thlamur bali, mese agact
(Quercus)  salgisindan  elde edilen mese balt
ornekleri analizlerde kullandmistir. Bu kapsamda
2020 ve 2021 tretim yillarina ait 16 adet aygigek,
2 adet karacali, 3 adet kanola, 3 adet mese, 1 adet
thlamur bali analiz edilmistir. Bal 6rneklerine ait
detayli bilgiler Cizelge 1°de yer almaktadir.
Numuneler analize kadar karanlikta, agz1 kapalt
cam sigselerde ve oda sicakhiginda muhafaza
edilmislerdir. Calismada kullanidan kimyasallarin
hepsi analitik saflikta olup Merck (Darmstad,
Almanya) ve Sigma (St. Louis, MO, ABD)
firmalarindan temin edilmistir.

Yoéntem

Fizikokimyasal analizler

Ballarin fizikokimyasal analizleri (¢6ztintr kuru
madde, serbest asitlik, pH ve elektriksel iletkenlik)
Harmonised Methods of the International Honey
Comission  (Anonymous, 2009) tarafindan
aciklanan yontemlere gore yapilmistir. Coziniir
kuru madde degeri (Brix) 20°C’de el tipi bal
refraktometresi ile Olcilmustir (Isolab, 0-90
Brix). Refraktometre prizmasinin iizerine birkag¢
damla bal konulmus ve dogrudan &lcekten bir
okuma yapimustir. Serbest asitlik, sulu bir bal
cOzeltisi (10g/75 mL ultra saf su) kullanilarak
titrimetrik yontemle belitlenmistir, sulu bal
¢ozeltisi, 0.1 M NaOH ile pH 8.3’e titre edilmistir.
pH, bir pH metre (Inspected, Tayvan) ile %20
(w/v) sulu  bal c¢ozeltisinde  Olctilmustur.
Elektriksel iletkenlik, %20 (w/v; kuru madde

bazinda) sulu bal c¢ozeltisi kullanilarak bir
iletkenlik  Slger  (Inspected, Tayvan) ile
Olculmustir.
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Cizelge 1. Bal 6rnekleri ait bilgiler
Table 1. Information about honey samples

Bal Ornekleri Ornek ismi Lokasyon Yil

Honey Samples Sample name Location/ Collected area Year
Mese bali M1 Kirklareli Kiyiky 2021
Mese bali M2 Kirklareli Cukurpinar 2020
Mese bali M3 Kirklareli Demirkoy 2020
Karacali Balt K1 Tekirdag 2020
Karacali Bali K2 Edirne Havsa 2020
Ihlamur bali I Tekirdag 2021
Kanola balt K3 Edirne Havsa 2021
Kanola balt K4 Edirne Havsa 2021
Kanola balt K5 Edirne Havsa 2021
Aygicek bali Al Edirne Havsa 2020
Aycicek bali A2 Edirne Necatiye 2020
Aygigek bali A3 Edirne Uzunk&pri 2020
Aycicek bali A4 Tekirdag 2020
Aycicek bali A5 Kirklareli 2020
Aygicek bali A6 Kirklareli Pinarhisar 2020
Aycicek bali A7 Tekirdag Karacakilavuz 2020
Aygigek bali A8 Tekirdag Saray 2020
Aycicek bali A9 Tekirdag Stileymanpaga 2020
Aygicek bali A10 Tekirdag 2021
Aycicek bali All Tekirdag 2021
Aygicek bali Al12 Tekirdag 2021
Aygicek bali Al13 Tekirdag 2021
Aycicek bali Al4 Edirne 2021
Aycicek bali Al5 Tekirdag 2021
Aycicek bali Al6 Tekirdag 2021

Seker profili kromatogramdaki ilgili seker tiirtine karsilik gelen

Balin seker profili, yiksek oranlardaki seker
iceriginden dolayt bal tirlerinin  ayriminda
kullanilan uygun kalite kriterlerinden biridir. Bu
kapsamda, bu ¢alismada baldaki seker iceriginin
(fruktoz, glukoz ve sakkaroz) ve oranlarimin tespiti
TS 13359 (2008) standardinda belirletildigi sekilde
yuksek performanslt sivi kromatografisi (HPLC,
Thermo Scientific)(ERC Detector ile ve kolonu)
(GL Sciences 4.6 x 250 mm 5 pm intertsil NH»
kolon, Japonya) kullamilarak yapilmistir. Buna
gore; seyreltilmis bal ¢ozeltileri 0.45 um’lik
filtrelerden gecirilerek akis hizt 1.3 mI./dak, kolon
sicakligi 30°C, enjeksiyon hacmi 25 pL ve
asetonitril/su orant 75mL:25ml. olan hareketli
fazdaki HPLC cihazina enjekte edilmistir.
Standart olarak fruktoz, glukoz ve sakkaroz
kullandmustir. Sekerleri nicel olarak tayin etmek
icin,  standart  ¢ozeliden  elde  edilen

piklerin alanlart standart konsantrasyonuna gore
ayrt  ayr1  grafige  gegirilmistic.  Numune
kromatogramlarindaki pik alanlart her bir seker
icin ayr1 ayrt hesaplanmistir. Buna bagl olarak elde
edilen  degerler, standart  grafikleri ile
karsilastirtlarak ~ 6rneklerin seker  icerikleri
hesaplanmustir.

HMTF tayini

HMF  (hidroksimetilfurfural) miktart analizi,
International Honey Commission tarafindan
belirtilen metoda gore yitksek performanslt sivi
kromatografisi (HPLC, Thermo Scientific)
(DIONEX  UltiMate 3000,  Fluorescence
Detector ile) ve kolonu ( ODS HYPERSIL 4,6 x
250 mm 5 pm kolon) kullanilarak yapilmistir
(Anonymous, 2009). Buna gére; seyreltilmis bal
cozeltileri 0.45 um’lik filtrelerden gecirilerek akis
hizt 1.0 mL/dak, kolon sicakligt 30°C, enjeksiyon
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hacmi 25 ul. ve metanol/su orant 10 mI.:90 mL
olan hareketli fazdaki HPLC cihazina enjekte
edilmistir. Sonuglar mg/kg olarak ifade edilmistit.

Mineral analizi

0.01 g hassasiyette 0.3 g bal 6rnegi, 50 mLlik
erlene tartidmis, ardindan 2 mL %30’luk hidrojen
peroksit (Merck, Almanya) ve 5 mL %065’lik nitrik
asit (SigmaAldrich, ABD) ilave edilmistir. Erlen
ultrasonik su banyosuna konarak 1 dk boyunca
¢ozindirme islemi gerceklestirilmistir. Daha
sonra erlendeki karisim, 100 mL'lik Teflon kaba
aktarilmis ve kapag kapatilmustir. Teflon kaplar
mikrodalga yakma Unitesine (Berghof
Instruments, Speedwave, Almanya) konmus ve
kademeli bir sekilde yakma islemi
gerceklestirilmistir. Yakma isleminin bitmesinin
ardindan soguyan renkli ¢ozeltiler polipropilen
tiplere transfer edilerek analize hazir hale
getirilmistir.

Mineral analizi Es Zamanli Indiktif Eslesmis
Plazma - Optik Emisyon Spektrometresi (ICP-
OES) cihazi (Thermo Scientific iCap 6000 Dual
view, Cambridge, Ingiltere) ile gerceklestirilmistir
(Zawawi vd., 2022). Potasyum (K), Kalsiyum
(Ca), Demir (Fe), Cinko (Zn), Magnezyum (Mg),
Sodyum (Na), Fosfor (P), Selenyum (Se) ‘nin
toplam konsantrasyonlart mg element / kg bal
birimi ile ifade edilmistir (Vanhanen vd., 2011).

Istatistiksel Analizler

Bu calismadaki tim fizikokimyasal ve bilesimsel
verilerin istatistiksel olarak degerlendirilmelerinde
ve IBM SPSS (versiyon 22.0) programi
kullanilmistir. Bal orneklerinin cesitli
tizikokimyasal Ozellikleri arasindaki iligkiler ise
Pearson korelasyon katsayilar1 ile yine IBM SPSS

(versiyon 22.0) programi kullaniarak
belirlenmistir.
SONUC VE TARTISMA

Bal kalite analizleri

Trakya’nin farkli bolgelerinden elde edilen farklt
cesitlerdeki ballarin suda ¢oziintr kuru madde,
pH, HMF, elektriksel iletkenlik, serbest asitlik
degerlerine ait elde edilen sonuglar Cizelge 2’de
verilmektedir. Bal 6rneklerindeki suda coziinar
kuru madde igerikleri 79.3-83.0°Bx araliginda
degismekte olup, ortalama 81.4°Bx olarak tespit

edilmistir. Cesitli arastirmalara ait literatiir
calismalart incelendiginde da benzer sonuglarin
(76.2-84.1°Bx)  rapor edildigi gOriilmektedir
(Glizel ve Bahgeci, 2020). Nem icerigi balin
botanik kékenine, kovanda ulagilan olgunluk
dizeyine, isleme tekniklerine ve saklama
kosullarina baghdir (Yucel, 2013). Nem icerigi
balin viskozitesini, rengini, tadini, kristallesmesini,
tadint, ¢Ozunirliging, oOzgul agihigini  ve
muhafazasint  etkilemektedir  (Escuredo vd.,
2013). Balin uygun olgunlukta hasat edilmesi
onemlidir, ¢linkii bal higroskopiktir ve proses
sirasinda atmosferdeki nemi emebilir (Karabagias
vd.,, 2014).

Balin pH'st genel olarak 3.2 ile 4.5 arasinda kabul
edilmekte (P. M. da Silva vd., 2016) ve bu pH
aralig1 patojenlerin gelisiminin dnlenmesi icin bir
ortam yaratarak antimikrobiyal aktiviteye katkida
bulunmaktadir (Lund vd., 2020). Analiz edilen
aycicek balt Orneklerinde pH degeri 3.95-4.58
araliginda, kanola balt 6rneklerinde bu deger 3.86-
4.65 araliginda, mese bali 6rneklerinde 4.28-4.31
araliginda tespit edilirken ve thlamur balinda pH
4.15 olarak  olculmustir.  Karagcali  bali
orneklerinde ise pH 6.53 ve 06.54 olarak
Olgilmustir (Cizelge 2). Yasal mevzuatta balin
pH’st ile ilgili bir simurlandirma  olmamasina
ragmen bu  sonuclar, literatiirdeki  farklt
otijinlerden elde edilen bal 6rneklerinden elde
edilen degerletle uyum icerisindedir. Sen (2019)
yaptigt calisgmada, Trakya yOresi karacali bali
orneklerinin pH degerlerini 5.27-5.94 arasinda
tespit etmistir. Glizel ve Bahgeci (2020) Corum
yoresi ballarimin  pH  degerlerinin = 3.55-4.20
(ortalama 3.83) arahginda oldugunu
bildirmiglerdir. Akdeniz vd., (2012) yaptiklar
arastirmada karacali ballarinin  ortalama pH
degerini 5.9, aygicek ballarinin ortalama pH
degerini ise 4.29 olarak tespit etmislerdir. Hepsag
(2019) Anzer Yaylasr'nin endemik ciceklerinden
tretilen anzer ballarinda yaptigt ¢alismada ballarin
pH degerini 3.74 ile 4.08 arasinda tespit etmistir.
Bu parametre, balin ekstraksiyonu ve depolanmast
sirasinda 6nemlidir, ctinkd stabiliteyi, tekstirt ve
raf 6mrind etkilemektedir (Terrab vd., 2002). Bu
parametredeki (pH) degisiklik, cografi kéken ve
botanik ve mineral iceriklerinden etkilenebilmek-
tedir (Vanhanen vd., 2011).
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Cizelge 2. Bal 6rneklerinin suda ¢6ztntr kuru madde, pH, serbest asitlik, elektriksel iletkenlik, HMF
degerleri
Table 2. Solible solid, pH, free acidity, electrical conductivity, HME of honey samples

Cozuntr Elektriksel

; kuru Serbest iletkenlik

Ornek ismi Asitlik . HMF

Sample name madde pH Free acidity Edectrical (mg/kg)

Soluble solid (mEq /kg) conductivity
(°Bx) 7 @S/cm)

Mese balt M1 81.210.3 42910.01  11.52%0.12 85915 4.10£0.70
M2 81.0£0.0 431+0.01  23.001£0.33  1318%1 1.7210.22
M3 81.0+0.0 4.28+10.01  19.25+0.75 846*1 1.65%0.31

Karacali Balt K1 80.5£0.0 6.5310.03 9.03%0.15 1376%1 0.30£0.00
K2 79.520.0 6.54£0.02 9.00£0.50 1375%1 0.16+0.00

Thlamut balt 1 81.0£0.0 4.1510.04 9.7310.18 69514 33.4510.81

Kanola balt K3 82.0£0.0 3.86+0.02  13.20+0.18 27412 10.13£0.33
K4 82.0£0.0 3.9610.01 13.9+0.62 26613 5.03+0.26
K5 80.0£0.0 4.65+0.05  15.40£0.80 20713 17.21£0.73

Aycicek balt Al 83.0+0.0 4.5210.07  24.50%0.50 504+1 7.5410.41
A2 81.0£0.0 4.35+0.01  12.00£0.50 387+1 13.19£0.09
A3 81.5+0.0 4.1410.01  10.00+0.50 398+1 1.45%+0.13
A4 83.0£0.0 4.42+0.07  24.50%+0.50 502%1 10.2740.30
A5 83.0£0.0 3.9810.02  19.00+0.50 47515 20.5010.24
A6 81.5+0.0 4.09£0.01  10.00+0.50 388+1 14.7810.19
A7 81.0£0.0 431+0.01  11.70£0.50 377+1 23.2240.36
A8 81.5+0.0 4.04£0.00  28.00+0.50 615%1 30.31£0.66
A9 81.5£0.0 4.14+0.01  10.00£0.50 393+1 25.131+2.08
A10 79.310.3 4.4610.03  11.50+0.12 45343 9.6610.28
All 82.710.6 4.5810.02 11.40£0.12 40014 15.71£0.61
Al12 80.810.3 4.40+0.02  19.80%0.12 56612 29.061+1.02
Al3 81.5+0.0 4.4810.02  13.50%+0.12 506£3 7.3710.47
Al4 80.5%0.0 3.95+0.01  14.601+0.24 53315 31.50£0.52
Al5 83.0+0.0 3.9820.02  19.00%+0.50 48515 5.38£0.65
A6 81.5+0.0 4.04+0.00  28.00£0.50 675%1 6.13£0.10

Fin déisiik 79.3 9.00 207 0.16

Min.

En yliksek 83.0 28.00 1376 33.45

Max.

Ortalama 81.4 15.66 595 13.00

Mean

Ballarda serbest asitlik parametresi, cografi isaretlerden olup 50 mEq/kg uzerinde tespit

kokene, cigek tiiriine ve art tlrline bagl olarak
organik asit dengesi nedeniyle degiskenlik
gostermektedir. Mevsimlerin ve ¢icek tlrlerinin
etkisi ile bal asitliginde Onemli farkliliklar
gorilebilmektedir. Apis  mellifera balinda  izin
verilen maksimum asitlik 50 mEq/kg’dir (Codex
Alimentarius, 1981). Serbest asitlik degeri baldaki
bozulmanin degerlendirilmesi agisindan da 6nemli

edilen degerler, potansiyel olarak fermantasyona
bagli sekerlerin organik asitlere dontsmis
olabileceginin bir gdstergesidir. (Sousa vd., 2016).
En 6nemli kalite kriterlerinden biri olan serbest
asitlik degeri bal 6rneklerinde 9.00 mEq /kg (K2)
ile 28.00 mEq/kg (A16) arasinda tespit edilmistir.
Analiz edilen tim bal Grnekleri serbest asitlik
acisindan degerlendirildiginde, tim O&rneklerin
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serbest asitlik degerinin Turk Gida Kodeksi Bal
Tebligi’nde (Anonymous, 2020) limit deger olarak
belirtilen 50 mEq/kg degerinin altinda oldugu
gorilmektedir (Cizelge 2). Benzer sekilde
Giiltekin-Ozgiiven vd. (2020) ilkemizin cesitli
yorelerinde tretilen cicek ballarinin fizikokimyasal
Ozelliklerini arastirdiklart calisgmalarinda serbest
asitlik degerini 18.1-39.6 mEq/kg arasinda tespit
etmislerdir. ~ Hepsag (2019) Anzer Yaylast
cgigeklerinden iiretilen anzer ballarinda yaptigi
calismada ballarin serbest asitlik degerini 9.65 ile
27.96 mEq/kg arasinda tespit etmigtir. Kahraman
vd. (2010), Turkiyenin farklt bélgelerinde tretilen
ballarin  fizikokimyasal — Gzellikleri — Gzerine
yaptiklart calismada ballarin serbest asitlik degerini
0.94 ile 29.6 mEq/kg arasinda tespit etmislerdir,
Ayni zamanda c¢alismamizda bulunan veriler,
karacali balt asitlik degerinin aycicek balt asitlik
degerine gbre daha dustk tespit edildigi Akdeniz
vd. (2012) galismast ile uyum igerisindedir.

Elektriksel iletkenlik, bir malzemenin bir elektrik
akimt iletme yetenegini ifade etmektedir. Balin
elektriksel iletkenligi, bal kili icerigi ve kuilin
alkaliligi ile iligkili olup inorganik iyonlarin,
organik asitlerin ve proteinlerin  varlig ile
baglantlidir.  Cicek bali ve salgt ballarinin
ayriminda bal kalite gOstergesi olarak siklikla
kullanilmaktadir. Balin  elde edildigi  bitki
kaynaginin  belitlenmesinde  kullanilmaktadir.
Balin asitligi ve kil icerigi artikca elektriksel
letkenligi de artmaktadir (Conti vd., 2018;
Machado De-Melo vd., 2018). Tturk Gida Kodeksi
Bal Tebligi'nde ¢icek balinin elektriksel iletkenligi
en fazla 0.8 mS/cm (800 pS/cm), salgt balt ve
kestane balinin ise en az 0.8 mS/cm (800 uS/cm)
olmalidir seklinde ifade edilmistir (Anonymous,
2020). Galisma kapsaminda analizi gerceklestirilen
aycicegi ballarinin elektriksel iletkenlik degeri 377
ps ile 675 ps arasinda tespit edilmistir. Analiz
edilen kanola ballarinin elektriksel iletkenlik
degerlerinin aycicek ballarinin elektriksel iletkenlik
degerlerinden daha diisiik oldugu tespit edilmistir.
3 adet kanola balinin elektriksel iletkenligi 274,
266 ve 207 uS/cm olarak, 1 adet thlamur balinin
elektriksel iletkenligi ise 695 uS/cm olarak
Olctlmustur.  Ayeicegi, kanola ve ihlamur
ballarinin  elektriksel iletkenlik degerleri 800
uS/cm’nin altinda olup arastirma kapsaminda elde

edilen veriler s6z konusu limit degerlerin
icerisindedir. Benzer sekilde Hepsag (2019)
yaptigt calismada 21 anzer bali Orneginin

elektriksel iletkenlik degerini 0.26 ile 0.79 mS/cm
arasinda tespit etmistir. Analizi gerceklestirilen 2
adet karacali balinin elektriksel iletkenlik degeri
1375 ve 1376 pS/cm olarak tespit edilmis olup bu
deger s6z konusu limit degerin tizerinde olmasina
ragmen karacali balinin calisildigr literatiir ile
uyum igerisindedir. Tletkenlik degeri aynt zamanda
renk ile de iligkilidir. Literatur calismalart
incelendiginde genel olarak daha acik renge sahip
ballarin iletkenlik degerlerinin daha dusiik oldugu,
daha koyu renkteki ballarin da iletkenlik
degerlerinin daha yiksek oldugu ifade edilmistir
(Gtizel ve Bahgeci, 2020). Benzer sekilde Akdeniz
vd. (2012) yaptiklart calismada karacalt ballarinin
ortalama elektriksel iletkenlik degerini 0.718
mS/cm, aycicek ballarinin ortalama elektriksel
iletkenlik degerini ise 0.429 mS/cm olarak tespit
etmislerdir. Analiz edilen ballarda karacali balt
genel gorinim itibari ile aycicek balindan daha
koyu renkli olup iletkenlik degeri de bunu
dogrulamistir. Analiz edilen salgt ballarindan 3
adet mese balinin elektriksel iletkenlik degerleri
sirastyla 859, 846, 1318 uS/cm  olarak
Olctlmistir.  Analizi  gerceklestirilen — salgt
ballarinin tamaminin elektriksel iletkenlik degeri
800 uS/cm’nin  tzerinde olup Tirk Gida
Kodeksi’ne uygundur.

HMF olusumu, termal islemler veya depolama
sirasinda meydana gelen Maillard reaksiyonu
sirasinda baldaki seker molekilinin
dehidrasyonundan kaynaklanmaktadir (Pasias vd.,
2017). Balda HMF varlgi, bal kalitesinin
azalmasinin ve genel kaybinin bir gostergesi olup
(Oniir vd., 2018) in vitro olarak potansiyel olarak
kanserojen oldugu tespit edilmistir (Capuano &
Fogliano, 2011). Bu nedenle, bu bilesigin kontrol
atina alinarak siurlandirlmasi elzemdir ve 40
mg/kg't gecmemelidir. Analiz edilen tim bal
ornekleri HMF acisindan degerlendirildiginde,
tim Orneklerinin  Turk Gida Kodeksi Bal
Tebligi’nde (Anonymous, 2020) limit deger olarak
belirtilen 40 mg/kg’n alunda HMF icerdigi
gorilmektedir. En 6nemli kalite kriterlerinden biri
olan HMF degeri bal 6rneklerinde 0.16 mg/kg
(K2) ile 33.45 mg/kg (I) arasinda tespit edilmistir.
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Aycicek ballarinin HMF icerigi 1.45 mg/kg (A3) -
31.5 mg/kg (A14) arasinda, mese ballarinin HMF
icerigi 1.65-4.1 mg/kg arasinda, kanola ballarinin
HMF igerigi 5.03-17.21 mg/kg arasinda, karagall
ballarinin HMF igerigi 0.16 ve 0.3 mg/kg ve
thlamur balinin  33.45 mg/kg olarak tespit
edilmistir. Caligmamizda tespit edilen HMF
degetleri, literattirde belirtilen cesitli ¢alismalarda
ortaya konan verilerle uyum igerisindedir. Nemo
& Bacha (2021) Anfilo bélgesi ballarinda 19.67-
22.93 mg/kg HMF tespit etmislerdir. Gultekin-
Ozgiiven vd. (2020) iilkemizin farklt yorelerinde
tretilen ¢icek ballarinin HMF degetlerini 1.22
mg/kg ve altinda tespit etmiglerdir. Akdeniz vd.
(2012) yaptiklari calismada karacalt ballarinin
HMF degerini ortalama 6.3 mg/kg, aycicegi
ballarinin HMF degerini ise ortalama 11.34 mg/kg
tespit etmislerdir.

Cizelge 3’te Trakya yoresinden elde edilen ballarin
fruktoz, glukoz ve sakkaroz igerikleri ile
fruktoz/glukoz (F/G) orant ve glukoz+fruktoz
(G+F) toplamt  verilmektedir. Analizi
gerceklestirilen aycicegi bali 6rneklerinin fruktoz
miktar1 %37.06-47.91 (ortalama %39.41), glukoz
miktart  %28.04-38.58  (ortalama  %35.07),
sakkaroz miktart ise %00.01-0.67 (ortalama %00.20)
arasinda degisim gostermektedir. Kanola bali
orneklerinin  fruktoz miktart  %36.71-37.48
(ortalama %37.03), glukoz miktart %36.61-38.06
(ortalama %37.51), sakkaroz miktart ise %00.01-
0.12  (ortalama  %0.06) arasinda  degisim
gostermektedir. Karagalt balt 6rneklerinin fruktoz
miktar1 %34.29 ve %34.80, glukoz miktart %25.51
ve %25.86, sakkaroz miktari ise %0.01 ve %0.03
olarak tespit edilmistir. Ihlamur balinin fruktoz,
glukoz, sakkaroz miktart sirasiyla  %035.07,
%28.44, °00.08 olarak tespit edilmistir. Yasal

mevzuatta bu sekerlerin bireysel
degerlendirmeleri yerine toplam ve oransal
degerlendirmelerinin yapilmast gerektigi

belirtilmistir. Bu anlamda Turk Gida Kodeksi Bal
Tebligi’nde (Anonymous, 2020) glukoz ve fruktoz
iceriklerinin toplami ¢igek ballatt icin en az %60
ve fruktoz /glukoz oraninin ise kestane, akasya ve
kekik gibi bazi ballar hari¢ 0.90-1.40 arasinda
olmast gerektigi belirtilmistir.

Analiz edilen tim cicek ballarinda fruktoz ve
glukozun toplam degeri %0601  {izerinde,
fruktoz/glukoz oraninin ise 0.90-1.40 arasinda
oldugu belirlenmistir. Tirk Gida Kodeksi Bal
Tebligi'nde (Anonymous, 2020) ballardaki
sakkaroz oranmnin yalanct akasya, adi yonca, tath
yonca, lavanta ¢igegi balt gibi ballar disinda en
fazla %5.00 oldugu ifade edilmistir. Analiz edilen
tim cicek ballarinin  sakkaroz oraninin  yasal
mevzuata uygun oldugu tespit edilmistir. Salgt balt
olan mese ballarindaki fruktoz miktart %33.32,
36.36 ve %38.75, glukoz miktart %27.8, %29.03
ve %31.35, sakkaroz miktari ise %0.07, %0.18 ve
%0.54 olarak tespit edilmistir. Tirk Gida Kodeksi
Bal Tebliginde (Anonymous, 2020) salgt
ballarinin glukoz ve fruktoz icerikleri toplaminin
en az %45.00 ve fruktoz /glukoz oraninin 1.00-
1.40 arasinda, sakkaroz oraninin en fazla %>5.00
olmast gerektigi bildirilmis olup mese ballarr ilgili
mevzuata uygundur. Ballarin seker kompozisyonu
ile ilgili literatiirde gok sayida calisma bulunmakta
olup balin seker icerigi tiretildigi bolge ve nektar
kaynaklarina gore biyik Slgiide
degisebilmektedir.

Cizelge 4'te 25 adet balda bulunan her bir
mineralin ortalama icerigi mg/kg agirlik olarak

verilmektedir. Bazt elementler c¢ok kiglk
miktarlarda  bulunurken  digerleri  tespit
edilememistir. Genel olarak, bu calismada

incelenen ballarda en ¢ok bulunan elementler
strastyla K, P, Ca ve Na’dir. Ballarda en ¢ok
bulunan mineraller sirastyla potasyum, fosfor ve
kalsiyum olup 18.91-1018.74, 244.40—429.98 ve
8.50-140.82 mg/kg arasinda belitlenmistir.
Calismamiz, balda en fazla bulunan elementlerin
K, P, Ca oldugu calismalar ile uyum igerisindedir
(Gonzalez-Miret vd., 2005; Vanhanen vd., 2011).
Saka¢ vd. (2019) Vojvodina ballarinda yaptigt
calismada ballarda en fazla tespit ettigi elementin
K oldugunu ve bunu sirasiyla Ca, Mg, Zn ve
Fe’nin izledigini bildirmistir. Yaptiklar: calismada
aycicegi balinda K miktarii 217.00-1192.00
mg/kg arasinda tespit etmislerdir. Hepsag (2019)
Anzer Yaylast c¢iceklerinden retilen anzer
ballartyla yapugi calismada ballarda en fazla
bulunan minerallerin sirasiyla 1265.87-5887.65,
299.56-854.36, 289.41-591.45 ve 41.54-90.54
mg/kg arasinda degisen K, Ca, Na ve Mg
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oldugunu bildirmistir. Gonzalez-Miret vd. (2005)
Ispanya Kanarya Adalari balinda yaptiklari
calismada bu ic¢ elementi balda en bol bulunan
mineraller olarak tespit etmislerdir. Ayrica yapilan
birgok calismada potasyumun, Ispanya, Polonya,
Slovenya, Portekiz ve Italya'daki ballarda en bol
bulunan element oldugu bildirilmistir (Conti,
2000;  Golob  vd., 2005, Madejezyk &
Baralkiewicz, 2008; L. R. Silva vd., 2009; Terrab

vd., 2005). Bu ¢alismalarda kalsiyumun da diger
minerallerle karsilagtirildiginda yiiksek seviyelerde
oldugu bildirilmistir. Balin mineral icerigi, bitkinin
topraktan ve c¢evreden mineralleri emmesine
baglidir (Gonzalez-Miret vd., 2005). Balin mineral
icerigi olumlu bir besinsel 6zelligi olup koyu bal
turleri genellikle daha yiiksek dlzeyde mineral
icermektedir (Vanhanen vd., 2011).

Cizelge 3. Bal 6rneklerinin seker icerikleri

Table 3. Sugar contents of honey samples

ek ismi ?{;ﬁ‘ Fruktoz, F Glukoz, G Sakkaroz Cap
Sample name Sample Fructose Glucose Sucrose F/G %)
- (%) (%) (%)
Mese balt M1 36.39£0.76  29.03+0.81  0.07£0.01 125001  65.42%1.57
M2 33324071 27.80£0.55  0.54+0.08  1.20+0.00  61.12%1.26
M3  3875+0.30 31.35+0.60  0.18+0.03  1.24+0.01  70.10£0.90
Karacalt Balt K1 34801053 2551+0.16  0.03£0.00  1.36£0.01  60.31+0.69
K2 34294096 25.86+0.48  0.01+0.00  1.33+0.01  60.15+1.44
Thlamur balt I 3507£0.88 28.44+091  0.08%0.01  1.23%0.01  63.51+1.79
Kanola balr K3 36.89£0.57 38.06£0.71  0.12£0.02  0.97£0.00  74.95%1.28
K4  3748+0.67 36.6140.29  0.04+0.00  1.02+0.01  74.0940.96
K5 36.71£1.11  37.8740.37  0.01£0.00  097£0.02  74.59+1.48
Aycicek balt Al 3755050 32.73%148  0.32%0.03  1.15%0.04  70.28+1.98
A2 37.06£1.10  34.2040.92  0.20+0.04  1.08£0.00  71.26%+2.02
A3 38.1240.52  38.07+0.47 0274001  1.00£0.00  76.19+0.99
A4 30.874£0.28  35.5940.62  0.14£0.01  1.1240.01  75.46£0.90
A5 38.50£0.66  35.60+0.55  0.53%£0.02  1.08£0.04  74.10%0.11
A6 38404147  35.65%0.31  0.67£0.04  1.08+0.03  74.05+1.78
A7 39.85+0.29  38.58+0.73  0.22+0.00  1.03£0.01  78.42+1.02
A8 38914142 35861078  0.18+0.02  1.0940.02  74.77+2.20
A9 37.40£0.74  35.89+1.05  0.20+0.00  1.04£0.02  73.30+1.79
A10  40.13+0.76  3520£0.93  0.05+0.00  1.14£0.01  75.34%1.69
A1l 47914031  28.04+0.60  0.03+0.00  1.71£0.03  75.95+0.91
A12 38694036  33.55+0.76  0.01£0.00  1.1520.02  72.24%+1.12
Al13 38194035 37.24£027  0.08+0.00  1.03£0.00  75.43%+0.62
Al4d  41.76+048 31.96+0.10  0.06£0.00  1.3120.01  73.72%+0.58
A15  40.3620.60  37.31#0.63  0.01£0.00  1.08£0.00  77.67+1.23
A16  37.86+0.46 35574037  02240.02  1.0620.00  73.43+0.83
En disik 33.32 25.51 0.01 0.97 60.15
Min.
En yiiksek 4791 38.58 0.67 1.71 78.42
Ma.
Ortalama 38.17 33.66 0.17 1.15 71.83
Mean
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Cizelge 4. Bal 6rneklerinin mineral icerikleri (mg/kg; taze agitlik)
Table 4.Mineral contents of honey samples (mg/ kg; fresh weight)

Ornek
Ornek ismi  kodu
Sample name  Sample K P Mg Ca Na Fe Se Zn
code
Mese balt M1 752.51  412.68  83.81 65.42 68.63 154 ND 0.51
M2 891.15 42998 14244 7412 73.09 2.68 ND 0.54
M3 589.57  373.72  79.55 44.86 66.94 144 ND 0.38
Karacali K1 1018.74  262.68  13.94 30.88 91.36 1.04 ND 1.53
Bali K2 1015.19 35327  32.87 3798 101.27 191 ND 2.10
Thlamut balt 1 539.20  403.84  84.98 65.86 69.76  21.00 ND 3.75
Kanola balt K3 105.12  327.92  30.47 30.60 17.48 2.08 ND 0.57
K4 116.56  338.92  31.60 28.08 18.76 2.16 ND 0.61
K5 140.78  282.68  38.95 30.12 33.39 3.39 ND 1.27
Aycicek balt | Al 36456  399.82  20.69 54.35 90.62 7.97 ND 0.71
A2 282.80 337.97 18.83 41.28 70.12 0.41 ND 0.55
A3 296.58  368.44  34.09 71.76 73.23 2.25 ND 0.56
A4 201.70 377.25 22.85 52.87 68.37 1.06 ND 1.17
A5 24598 29209  38.28 83.84 67.78 1.09 ND 0.85
A6 196.36  343.35  31.01 64.17 56.03 4.99 ND 3.17
A7 74.72 244.40 8.14 25.62 41.92 0.72 ND 0.56
A8 142.64  277.69  20.54  140.82  55.38 284 ND 0.81
A9 18.91 275.26 3.99 8.50 65.23 0.4 ND 0.20
A10 378.52 28425  64.29 90.38 47.93 3.25 ND 1.89
All 260.44 263.55 80.22 108.25 37.45 5.52 ND 1.70
Al12 376.71  291.63  81.44 81.14 29.44 284 ND 1.34
Al3 293.95 271.35 66.62 73.20 31.91 5.67 ND  20.35
Al4 200.11 298.46 33.82 41.46 35.30 3.26 ND 3.12
Al5 268.94  304.14  41.48 96.58 74.06 1.71 ND 2.03
Al6 508.97 294.55 52.71 102.80 76.30 1.20 ND 0.64
f/[?nc'luwk 18.91 244.40 3.99 8.50 17.48 0.41 ND 0.20
fﬁxy‘lksek 101874  429.98 14244 14082 101.27 21.00 ND  20.35
Ortalama 37123 32440 4630  61.80 5847 331 ND 204
Mean
Cizelge 5te bal Orneklerinin gesitli  kalite korelasyon matrisi icerisinde 6ne ¢tkan Gnemli
parametreleri arasindaki Pearson korelasyon  iligkilerden biri de toplam mineral deger ve

matrisi verilmektedir. Yapilan calisma korelasyon
matrisine gére pH ile iletkenlik degeri arasinda
gicli pozitif bir iliski oldugunu kanitlamigtir
(r=0.685). Bu sonu¢ pH ile iletkenlik arasinda
giiclii iliski (r=0.399) tespit eden Giizel ve Bahceci
(2020)’nin yaptigt calisma ile uyum icerisindedir.
Gizelge 5 ayrica K ve iletkenlik arasinda oldukca
gicli pozitif bir iligki oldugunu gostermektedir
(korelasyon katsayist, r=0.941). Ayni sekilde

iletkenlik arasindadir. Toplam mineral deger ve
iletkenlik arasinda glicli bir iligki tespit edilmistir
(r=0.902). Chua vd. (2012) ballarda multielement
analizi ve fizikokimyasal Ozellikleri Uzerine
yaptiklart calismada toplam mineral deger ve
iletkenlik arasinda gliclii (korelasyon katsayisi, r =
0.963) bir lineer iliski tespit etmislerdir. Balin
elektriksel iletkenligi, bal kilii icerigi ve toplam
mineral icerigi ile iligkili olup inorganik iyonlarin,
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organik asitlerin ve proteinlerin  varlig ile artikca elektriksel iletkenligi de artmaktadir (Conti
baglantiidir. Balin mineral icerigi ve kil igerigi  vd., 2018; Machado De-Melo vd., 2018).

Cizelge 5. Bal 6rneklerinin cesitli kalite parametreleri arasindaki Pearson korelasyon matrisi
Table 5. Pearson correlation matrix between varions quality parameters of honey samples

g 3
= F T Sy N3
IR =S <5 £E
2 =S N ns A 0 25 8,
r s & 5 £§5 g8 ¢ 0L g §
e =8 2 2% 4§ 23 §t Ny 2%
35 T 53 £2 00 2§ 2§ F°
2 8 g s < 45
= 3 S BE EBE
0
pH 1 685% -377 -446° -317 6217 -631% 433  -301
Blektriksel fletkenlik | (oo 1 -393  -366 -5127 -809* -875% .452° 005
Electrical conductivity
Ll 377 -393 1 2022 275 174 275  -015  -.030
Cozinirkurumadde | o 300 on 357 285 400 -060 284
Soluble solid
;’Zi;j’: -317  -512% 275 357 1 208 680" 392 -179
g};j;f; 6217 -809% 174 285 208 1 8597  _812% 123
Fruktoz+Glukoz S631% -875% 275 400" .680*  .859* 1 403 -.002
Fructose+Glucose
Fruktoz/Glukoz 433 452°  _015 -060 392  -812% -403" 1 -239
Fructose+ Glucose
SYZE;?ZOZ 2301 005  -030 284 -179 123 -002  -239 1
K 6897 941% 514" 403" -518* -827% -891°  461° -.059
Mg h
2125 363 -140 -142  -071 -431*  -360 330  .059
Na 482° 636%™ -382 003 -404° -486° -576% 208 238
Fe 2092 -023 371 004 -081 -262 -238 183  -046
Zn 050  -038 -022 -031 .033 .108  .098 -073 -128
P ~089 315 -343 106 -461°  -344  -499° 007  .290
Ca 2252 015 107 236 369 002 195 182 101
Toplam mineral 552 902% -502° -308 -500° -810™ -869% .444° 024
Total mineral

** korelasyon 0.01 duzeyinde anlamlidir (correlation is significant at the 0.01 level)
* korelasyon 0.05 diizeyinde anlamlidir (correlation is significant at the 0.05 level)
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Cizelge 5. (Devam). Bal 6rneklerinin cesitli kalite parametreleri arasindaki Pearson korelasyon matrisi
Table 5. (Cont.)Pearson correlation matrix between various gquality parameters of honey samples

Toplam mineral
Total mineral

¥ = % & N o S
pH 689 -125 482° 092 .050 ~089  -252 552
Flektriksel
iletkenlik 941 363 636™  -023  -038 315 015 902
Electrical
conductivity
HMF 514 140 2382 371 022 2343 107 -.502F
Cozunur kuru
madde -403* 142 003 004 -031 106 236 -308
Soluble solid
Fruktoz -518*  -.071 ~404*  -081 033 -461" 369  -500°
Fructose
Glukoz 827 431 -486°  -262 108 344 002 -810"
Glucose
Fruktoz+Glukoz . . X .
FructosotClucose -.891 -360 -.576 -238 098 -.499 195  -.869
Fruktoz/Glukoz ) .
Fonotosnt Clnoe 461 330 208 183  -073 007 182 444
Sakkaroz -.059 059 238  -.046  -.128 290 101 024
Sucrose
K 1 456" 633* 062 -.031 404 020 975"
Mg 456 1 ~058 305 151 4200 376 571
Na 633 -.058 1 018 -236 399 051 64T
Fe 062 305 018 1 265 309 141 156
Zn -.031 151 -236 265 1 -.201 103 -.035
P 404 420¢ 399 309  -201 1 -082 548"
Ca 020 376 051 141 103 082 1 136
Toplam mineral 975 571  647* 156  -.035 548  .136 1
Total mineral

** korelasyon 0.01 duzeyinde anlamlidir (correlation is significant at the 0.01 level)
* korelasyon 0.05 diizeyinde anlamlidir (correlation is significant at the 0.05 level)

SONUC

Bal bilesimindeki degiskenlik cograti koken,
mevsimler, ¢icek tlrleri ve ari tirlerine gére
degiskenlik gosterebilmektedir. Incelenen Trakya
yoresi bal cesitlerinde sekiz mineral element tespit
edilmis ve seviyeler diinyanin bagka yerlerinde

analiz edilen diger bal tirleriyle karsilastirilabilir
dizeyde oldugu belirlenmistir. Bu c¢alismada
ortalama toplam mineral icerik, pH ve iletkenlik
arasinda giicli bir iliski gézlemlenmistir. Yapilan
calisma;  yasal mevzuatta  herhangi  bir
sintrlandirma bulunmayan, fakat balin stabilitesini,
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tekstlirini ve raf 6mriini etkileyen pH degerinin

balin ¢esitlerine gbre mevzuata eklenmesi
hususunda katkida bulunarak bir referans
saglayabilir. Yapilan c¢alisgma, Trakya yoresi

ballarinin  kalite standardi icin bir referans
olusturarak ballarin orijinallik tanimlamasina ve
izlenebilitligine katkida bulunabilir. Ancak farkl
cesitlerdeki Trakya ballarinin besin degeri ve
biyoaktif islevleri hakkinda daha fazla bilgi
edinmek icin 6nemli sayida 6rnek iceren daha
genis calismalar  yapilmalidir. Bu anlamda
gerceklestirilen arastirmanin, Trakya yoresinde
tretilen ballarin  farkhi kalite parametrelerinin
ortaya konmast noktasinda bundan sonra
gerceklestirilecek  calismalara  da  alt  yapt
olusturabilecegi dustintilmektedir.

TESEKKUR

Calismayr  HUBTUAM19001.20.001 numaralt
proje ile destekleyen Hitit Universitesi Bilimsel
Arastirma Projeleri Birimi’ne, bal numunelerin
toplanmast ve teminine katkilarindan dolay1
Tekirdag Aricilar Birligi Eski Bagkani, Gida
Miihendisi Sayin Sakir Ada’ya tesekkiir ederim.

CIKAR CATISMASI BEYANI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile cikar catismast bulunmamaktadir.
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Bu calismada, farkli markalara ait 1sinlanmis ¢6rek otu ve haghas 6rneklerinin hizh, kolay ve ucuz tespiti icin
OSL (Optik Uyarmali Liminesans) okuyucunun kullamim potansiyeli mavi 1sik uyarimt altinda aragtirildi.
Yerel marketlerden her bir gida icin ti¢ farklt marka secildi ve her marka gida 1 kGy, 3 kGy, 5 kGy ve 7 kGy
dozlarinda Co-60 gama radyasyonu ile 1sinlandi. Her bir doz icin OSL sinyal siddetleri hem isinlamadan
hemen sonra hem de 1sinlamadan bir yil sonra dl¢tldu. Isinlanmayan 6rneklerin hicbitinde OSL sinyali
gbzlenmezken, 1sinlamadan sonra tim 6rneklerin OSL sinyal siddetlerinde 6nemli bir artis gbzlendi. Ayrica
bazt haghas ve ¢orek otu markalarindan elde edilen OSL sinyal siddetlerinin, 1stnlamadan bir yil sonra dahi
stnlamanin belirlenmesine imkan verecek kadar yiiksek oldugu belitlendi.

Anahtar kelimeler: OSL, 1sinlanmis gida, ¢orekotu, hashas, gama isinlama

DETECTION OF IRRADIATED BLACK SEED AND POPPY SAMPLES BY OSL
TECHNIQUE

ABSTRACT

In this study, the potential of using OSL (Optically Stimulated Luminescence) reader for fast, easy
and inexpensive detection of irradiated black cumin and poppy samples of different brands was
investigated under blue light excitation. Three different brands were selected for each food from local
markets and each brand of food was irradiated with Co-60 gamma radiation at doses of 1 kGy, 3
kGy, 5 kGy and 7 kGy. OSL signal intensities for each dose were measured both immediately after
irradiation and one year after irradiation. While no OSL signal was observed in any of the non-
irradiated samples, a significant increase in OSL signal intensities was observed in all samples after
irradiation. In addition, it was determined that the OSL signal intensities obtained from some poppy
and black seed brands were high enough to allow the determination of irradiation even one year after
irradiation.

Keywords: OSL, irradiated food, black cumin, poppy, gamma irradiation
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OSL teknigi ile 1sinlanmig gidalarin tespiti

GIRIS
Ingilizce adi “black cumin/ seed” olan ¢orekotu,
botanik biliminde “Nagilla sativa’, Ingilizce adi
poppy olan hashas ise “Papaver somniferum 1.”.
adiyla stnuflandirilir. Bu gidalar tim dinyada gerek
hastaliklarin  tedavisinde gerekse mutfaklarda

stklikla kullanilan ve raf 6mrii olduke¢a uzun olan
gidalardir (Isik vd.,2017; Ipek ve Arslan ,2012).

Kimyasal ve 1si yontemlere alternatif olarak
gelistirilen  iyonize  radyasyonla  gidalarin
sinlanmast islemi, gidalarda insan sagligina zararl
olabilecek patojenleri /mikroplari azaltmak icin 1
kGy ile 10 kGy doz arahiginda, sadece sterilizasyon
yapmak icin 10 kGy Uzerindeki dozlarda
gerceklestirilir. Ulkemizde i1sinlanmasina  izin
verilen gida gruplar ve uygulanabilecek 1sinlama
dozlart gida 1sinlama yonetmeligi 2019 Ek-1 ‘de
belirtilmektedir. Bu yénetmelige gbre ¢6rek otu ve
hashas gibi gidalar en fazla 5 kGy'e kadar
sinlanabilmektedir. Ayni yénetmelikte 1sinlanan
gidalarin radura semboli ile belirtilmesi gerektigi
bildirilmigtir. Tiketiciyi bilgilendiren bu isaret

sinlanmis  gidalarda  zorunludur ancak baz
firmalar radura sembolini gida paketine
basmakta ama 1ginlamanin  maliyetinden ve

zahmetinden kacinmak icin 1sinlama yapmadan
yapmis gibi gOstermektedir. Bu gibi siipheli
durumlarin Sniine gegilmesi icin TENMAK —
Nikleer Enerji Arastirma Enstitisti, Dozimetri
Laboratuvarlari  tarafindan  bazt i  tarim
midirliklerine  Termoliminesans (TL) ve
Elektron Spin Rezonans (ESR) teknikleri ile
isinlanmus gidalarin tespiti konularinda egitim ve
danismanlik  hizmeti verilmis ve bu sayede
isinlanmis  gidalarin  denetimleri ilke ¢apinda
yapilmaya baglanmistir.

TL ve gaz kromatografisi teknikleri gidalarin
sinlanip 1sinlanmadigin belirlemek icin kullanilan
en kesin yontemlerdir ( EN1788, 2007, TS EN
1784,2005). ESR ve Foton Uyarmali Liiminesans
(PSL) ise olduk¢a sik kullandan ve sadece
1sinlamayt belirleyebilen diger fiziksel
yontemlerdir (EN 1787, 2005; EN 13751, 2009).
ESR ve PSL teknikleri sadece 1sinlamay:
belirleyebilen teknikler olduklari icin 1sinlamanin
gozlenememesi durumunda TL yontemi ile
desteklenmesi  gerekmektedir.  Ancak  TL

tekniginde EN1788 standardina gore silikat
minerallerinin ayirma islemi ¢ok zahmetli, pahali
ve zaman aladir. Ayni zamanda bu teknigin
uygulanmast bu konuda lisanstistli egitim almuis
donanimli laboratuvar personeli ve bir 1sinlama
kaynagt gerektirir. ESR ve PSL de 1sinlamanin
tespiti TL teknigine gbre nispeten daha kolay hizlt
ve wucuzdur. Ancak ESR tekniginde de
spektrumlarin  ¢6zimlenmesi islemi yine bu
konuda  deneyimli  laboratuvar  personeli
tarafindan yapilabilit. Bu yontyle PSL her iki
teknige de alternatif bir yontem olarak siklikla
kullanilmaktadir. Literatiirde bu  yOntemlerin
uygulamalarim ve detaylarint ayrintii aciklayan
bircok calisma vardir (Bayram ve Delince,2004;
Engin, 2007; Cam vd., 2012; Paksu vd., 2013,
Yice ve Aydin, 2021; Bortolin vd., 2007,
Bortolin vd.,2019, Marcazzo vd. ,2015).

Isinlamanin tespiti icin laboratuvara gelen bir
numuneyi eger mimkinse énce ESR veya PSL ile
analiz etmek sadece isinlamanin gézlenemedigi
durumlarda TL teknigini kullanmak hem zaman
kaybinin azalmasi hem de daha az zahmet ve
maliyetle deney yapimast acisindan  daha
avantajlidir. Ancak bazi gidalarda hem ESR hem
de TL yontemlerinde hemen her gida tizerinde
isinlamanin  belirlenmesi  her zaman kolay
olmamakta hatta bazt durumlarda mimkin
olmamaktadir.  Baharatlardan  daha  dusik
dozlarda 1sinlanan ve gbrece olarak baharatlardan
daha az silikat minerali barindiran ¢érekotu ve
hashas gibi gida Orneklerinde yeterince silikat
minerali toplamak mumkin olmamakta veya
silikat mineralleri toplansa bile bazi durumlarda
elde edilen TL 1stma egrilerinin  oranlarina
bakilarak bu gida isinlanmustir diyebilmek gli¢
olabilmektedir. Bu durumlar TL teknigi ile
EN1788’¢ gore teshisi oldukea zorlastirmaktadir.
Buna benzer olarak ESR tekniginde de seltiléz
iceren bazt 6rneklerde 1sinlamayi karakterize eden
seliloz piklerinin gézlenememesi nedeniyle EN
1787 standardr uygulanamamaktadir. Isinlamanin
belirlenmesini son derece zorlu bir gérev haline
getirebilen boyle durumlarda, ESR tekniginde
sinlanmis ve 1sinlanmamis numunelerin mikro
dalga (MW) doyma egrilerindeki farklilik,
1sinlamanin bir tanumlayicist olarak
kullanilabilmektedir. Ancak c¢6rekotu, anason,
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karabiber, kakule, karanfil, rezene, yesil cay,
hashas, kekik, zerdecal gibi bazt gidalarda
isinlanmis ve sinlanmamis  olanlarin  doyma
davraniglart arasinda 6nemli bir fark olmamasi
nedeniyle 1sinlamanin tespiti ESR teknigi ile her
zaman mumkin olamamaktadir (Aydas ve
Cam,2017; Aleksieva ve Yordanov, 2018; Bortolin
vd., 2020).

PSL tekniginde 6rnekler herhangi bir 6n isleme
tabi tutulmadan 50 mm capinda petri kaplarina
konularak PSL okuyucu ile pulslu kizil Stesi (IR)
stk kaynag kullanidarak uyariir. Bir  gidayt
siniflandirmak icin, kaydedilen PSL sinyal siddeti
laboratuvarlar arast testlerin sonuglarindan elde
edilmis alt ve st esik seviyeleri olarak adlandirilan
sinyal siddet degerleri ile karsilastirilir. Eger gida
isinlanmigsa, sinyal siddeti Gst seviyenin tizerinde
olacaktir. Gida 1sinlanmamugsa, sinyal siddeti alt
esigin altinda olacaktir. Sinyal siddeti iki esik
arasinda ise numune 1ginlanmis ve isinlanmamis
gidalarin  karisimindan olugabilir veya silikatin
miktart/ tiird nedeniyle liminesans hassasiyeti cok
dustik olabilir. PSL 6l¢timi sonuglart iki esik deger
arasinda veya alt esigin altinda ise sonuglar sadece
isinlamanin degil 1sinlanmamanin da net bir
sckilde belirlenebildigi TL teknigi kullanarak
dogrulanmalidur. (Bortolin  vd., 2007; TS
EN13751, 2009; Marcazzo vd.,2015; Bortolin
vd., 2019).

Bu calismada ESR ve TL teknikleti ile 1stnlamanin
belirlenmesinde sikintilar olan ¢6rek otu ve hashas
ornekleri puls modunda kizilStesi uyarma yapan
bir PSL okuyucuya sahip olmadigimiz i¢in stirekli
dalga modunda (Countinious Wave- CW) mavi
1sikla uyarma yapan bir OSL okuyucu kullanilarak
arastirdmustir. Gidalar 1sinlandiginda, iyonlastirict
radyasyon gidalara bagh silikat minerallerinin
kristal yapisinda serbest elektronlarin ve desiklerin
olusmasina neden olur. Bu serbest elektron ve
desik ciftleri, daha 6nce kristal yapida var olan
"tuzak" adi verilen kusurlarda  depolanir.
Mineraller  1sikla  uyarldiginda  tuzaklarda
depolanan elektronlar uyarilir ve desik tuzaklari ile
birlestikce liminesans yayinlanir. Bu olaya OSL
denir. OSL tekniginde, tuzaklar sabit bir dalga
boyu ve sabit bir aydinlatma yogunlugu
kullanilarak bogaltildiginda, kaydedilen 1sildama

strekli dalga OSL (CW-OSL) olarak adlandurilir.
CW-OSL' de, sabit bir yogunluga ve dalga boyuna
sahip mavi, yesil veya kizil6tesi 1tk kaynag
kullanilarak kusurlarda tuzaklanan elektronlar
uyarilir ve yaymnlanan luminesans yogunlugu,
uyarim siresinin bir fonksiyonu olarak izlenir
(bozunma egrisi) (Jensen vd., 2003).

Literatiirde, gidalart 1sinlanmis veya isinlanmamis
olarak siniflandirmak icin mavi 1stkla uyarma
altnda OSL okuyucusunun kullanildigt sadece
birka¢ calisma wvardir. Catherine vd. (2013)
sinlama dozunu belirlemek icin 100Gy ile 35 kGy
arasinda gama 1sinlanmis beyaz biber, karabiber,
kekik ve kimyon Orneklerinin  CW-OSL
Ozelliklerini mavi 1stkla uyarma altinda arastirmig
sadece kimyon ve kekik Orneklerinde isinlama
saptayabilmis ve 1sinlama dozunun
belirlenemedigini belirtmistir. 10 kGy gama
stnlanmis farkli markalardan bir dizi kirmizibiber,
kimyon ve kekik Ornegini pulslu mavi 1sikla
uyararak POSL  6zelliklerinin  arastirildigt  bir
calismada ise altt aylk bir sirenin ardindan
orneklerin cogunda POSL sinyalinin
gozlenmedigini belirtilmistir (Aygin vd.,2016).
Nikolaos ve Tsitliganis (2019) acil bir durumda,
adli up ve/veya sterilizasyon sonrast dozimetri
icin taze tavuk kemiklerinin nasil
kullanilabilecegini mavi 151k uyarimi altinda CW-
OSL  kullanarak  aragtirmiglar  ve  kemik
orneklerinin OSL duyarliliginin diistik oldugunu,
saptanabilir minimum dozun yaklasitk 18 Gy
oldugunu belitlemislerdir. CW-OSL teknigi ile
mavi 1sikla uyarma yapian bir diger calismada 5
kGy, 10 kGy ve 20 kGy gama 1sinlanmis kekik,
nane ve karanfil 6rnekleri arastirilmis ve bu
ornekler tizerinde 1sinlamadan bir yil sonra bile
isinlamanin tespitini yapmaya olanak saglayacak
kadar yeterli OSL sinyallerinin varlig1 gézlenmistir
(Ytce, 2021). Mavi 1s1kla uyarma altinda CW-OSL
tekniginin 1sinlamis gidalarin tespitine yonelik
kullanildig1 son calisma da ise 10Gy-5 kGy doz
araliginda gama 1silanmis Meksika ve Peru
kokenli act  kirmizibibetler — arastirilmustir.
Orneklerden sadece hidrojen peroksit kimyasali
kullanilarak izole edilmis polimineraller, 10-
5000Gy arasinda 1sinlanmis ve bu minerallerde 40
giin icerisinde 1sinlanmanin tespitinin mimkiin
oldugu belirtilmistir (Roman Lopez vd., 2022).
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Bu calismada tzetlerinde yeterli silikat minerali
olmadigt icin TL teknigi ile EN 1788 standartinin
uygulanmasinin  zor oldugu, ESR tekniginde
seliloz pikleri gézlenemedigi icin EN 1785
standartinin kullanilamadigt ve yine ESR de mikro
dalga doyum c¢alismalarinda bile 1smnlamanin
belirlenemedigi, c¢orekotu ve hashas Ornekleri
CW- OSL teknigi kullanilarak incelenmistir.
Herhangi bir 6n isleme tabi tutulmayan 1sinlanmis
¢orekotu ve hashas Orneklerinde 1sinlamanin
tespit edilip edilemeyecegi 1sinlamadan hemen
sonra ve tsinlamadan bir yil sonra arastirilmistir.

MATERYAL VE YONTEM

CGalismada kullanilan  gidalar  yerel ‘Turkiye
pazarlarindan ve marketlerinden alindi.  Farkls
kokenden gelen gidalarin tzerine yapigan silikat
minerallerinin ~ miktarlart  ve  tipleri  farkli
olmaktadir. Bu nedenle her gida icin t¢ farklt
marka secildi. Corekotu icin ¢1, ¢2, ¢3 ve haghas
icin h1, h2, h3 olarak kodlanan 6rnekler tartilsalar
bile icerisindeki silikat miktarlart degisiklik
gostereceginden tartilmadan i¢ ¢api yaklasik 10
mm olan paslanmaz celik kaplara yerlestirildi.

Olgiimlere baslamadan énce 6lgiim kaplart ve
OSL okuyucusunun filtresi alkolle temizlendi.
Olgiim kaplarinda herhangi bir kirlilik olup
olmadigint gérmek icin her Jlcimden bos
kaplarin  OSL  6lgiimleri  yapildi.  Olgiimleri
olumsuz etkileyebilecek hi¢cbir OSL  sinyali
gozlenmedi. Numuneler, Slgiimler yapilmadan
once herhangi bir 6n isleme tabi tutulmadi.

Ik olarak, isnlanmamis numunelerin  OSL
Olgimleri alindi. Her marka gidanin her dozda
Slgimi Ug ayrt celik kap kullanilarak tekrarlandi.
Ismnlanmamis ve i1sinlanmis  6rneklerin OSL
sinyalleri 100 saniyelik mavi uyarma ile
gerceklestirildi ve 1sinlanmamis her marka icin
OSL 6lcimt o marka icin taban seviye olarak
kabul edildi. Daha sonra 1 kGy, 3 kGy, 5 kGy ve
7 kGy gama 1sinlart ile 1sinlanmis her marka 6rnek
icin OSL sinyalleri 1sinlamadan hemen sonra
kaydedildi. Isinlanmis gidalar, 1sinlamadan sonra
bir ydl boyunca oda sicakliginda normal
laboratuvar kosullarinda seffaf naylon kilitli
torbalarda saklandi. Ornekleri 1siktan korumak
icin 6zel bir caba gosterilmedi. Olgiim igin

kullanilan Grnekler naylon posetlerin daha ¢ok
silikatli olabilen dip kisimlardan alinarak c¢elik
kaplara yerlestirildi. Isinlamalar icin TENMAK-
Nikleer Enerji Arastirma Enstitiisi biinyesinde
bulunan 1018 kGy/saat doz hizinda °Co gama
kaynagt kullanidi.

OSL ol¢tmleri, 280-380 nm dalga boylarin
gecirebilen 7,5 mm kalinliginda Hoya U-340
filtreye sahip bir Rise TL/OSL-DA-20 okuyucu
ile yapildi. Liminesans 15181, 300-400 nm dalga
boyunda maksimum algilama verimliligine sahip
bialkali EMI 9235QA foto ¢ogaltict tiip ile tespit
edildi. Mavi 1sikla uyarma, 470 = 20 nm dalga
boyunda mavi 151k yayan 24 adet diyot kiimesinin
kullanildigi bir mavi 151k kaynagi ile yapildi. CW-
OSL' in gii¢ yogunlugu 30 mW/cm2 idi.

SONUCLAR VE TARTISMA

Isinlanmamis Srnekler icin herhangi bir OSL
sinyali gbézlenmezken, 1sinlamadan sonra iki farkl
Ornegin  her markast icin OSL sinyallerinin
yogunlugunda 6nemli bir artis g6zlendi. (Sekil 1, 2
a, b, ©). Sekil 1 ve 2 ilgili dozlarda 6l¢tiim alinan ¢
ornekten hangisi en yiksek siddette OSL sinyali
vermisse o Ornege ait OSL bozunum egrisi
kullamilarak cizilmistir. Sekillerden de gorildigi
gibi 1 kGy, 3 kGy, 5 kGy ve 7 kGy gama
isinlamasindan sonra, tim numuneler cok yitksek
bir OSL duyarliligina sahiptir. Isinlama dozu ile
sinyal siddeti artisinin  orantil  olmamasinin
nedeni, her 6lgiimde numunelere yapismus silikat
minerallerinin  miktarlarinin  ve/veya tiplerinin
farkli olmasindan kaynaklanmaktadir. Isinlanmis
numunelerin yitksek OSL yogunluklarina sahip

olmasinin  nedeni, numuneye baglt silikat
minerallerinde bulunan elektron tuzaklarinin
fazlahgindan kaynaklanmaktadir (Aygin vd,,

2016; Ytce, 2021).

1 kGy, 3 kGy, 5 kGy ve 7 kGy 1sinlamadan bir yil
sonra c¢orekotu ve hashas o6rneklerinin  farklt
markalar1  Gizerinde yapilan OSL  6lgiimleri
sonucunda elde edilen OSL bozunum egrileri,
Sekil 1 (d) ve 2 (d ve e)’ de gbrildigi gibidir. Bu
sekillerden de goriildiigi gibi, bir yilin sonundaki
OSL sinyalleri, incelenen tim 1sinlanmamis
gidalarin OSL sinyallerinden daha yogundur. Bazi
orneklerde daha yiiksek 1sinlama dozuna ragmen
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Olgiilen OSL sinyallerinin nedeni ilgili kapta
bulunan numunelerdeki dusuk/ytksek mineral
ve/veya luiminesans  duyarliligindan

gozlenen azalmanin nedeni, bu &rneklerin bir
yilik  depolama  siiresince  daha  fazla
gunes/laboratuvar 1s18ina maruz kalmis olmalart  igerigi
olabilir. Ayni zamanda 1sinlama dozu ile orantisiz

kaynaklanabilmektedir.
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Sekil 1. Farklt markalarda ¢érekotu 6rneklerine ait 1sinlamadan hemen sonra ve bir yil sonra alinan OSL
bozunum egrileri (a¢1, b¢2, c¢3 sirastyla ti¢ farklt cérekotu markasinin 1sinlamadan hemen sonra alinan
OSL sinyallerini, d¢3 ticlincii markanin 1sinlamadan bir yil sonra alinan OSL sinyalini gdstermektedir)
Figurel. OSL decay curves of black cumin samples of different brands immediately after irradiation and one year later
(agl, be2, ¢c3 show the OSL signals of three different black cumin brands immediately after irradiation, d¢3 shows the
OSL signal of the third brand one year after irradiation)
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Sekil 2. Farklt markalarda hashas 6rneklerine ait 1sinlamadan hemen sonra ve bir yil sonra alinan OSL
bozunum egrileri (ah1, bh2, ch3 sirastyla ti¢ farklt hagshas markasinin 1sinlamadan hemen sonra alinan
OSL sinyallerini, dh1 ve eh3 birinci ve tiglincti markanin isinlamadan bir yil sonra alinan OSL sinyalini
gostermektedir)
Figure 2. OSL decay curves of poppy samples of different brands immediately after irradiation and one year later (ah1,
bb2, ch3 show the OSL signals of three different poppy brands immediately after irradiation, dh1 and eh3 show the
OSL signals of the first and third brands one year after irradiation)

Corek otu orneklerinin iki tanesinde (¢1 ve ¢2)
bir yil sonra hicbir dozda anlamli OSL sinyalleri
gozlenemezken diger markada (¢3) bir yil sonra
her dozda oldukea yitksek OSL sinyalleri gézlendi
(Sekil 1, d). Ug ayrt hashas 6rneginde 1 kGy, 3
kGy, 5 kGy ve 7 kGy dozlarda 1sinlamadan hemen
sonra oldukea yitksek OSL sinyalleri gézlenirken
bir yil sonra her ¢ markanin 1 kGy ve 5kGy
sinlanmis 6rneginde hig sinyal gbzlenmedi. Sekil
2 e ve d’ den goriilecegi lzere iki farkll haghas
markasinda 3 kGy ve 7 kGy 1sinlamalardan bir yil
sonra 1sinlamanin  varhgini  destekleyen OSL
sinyalleri gézlendi. Haghas 6rneginde bir yilin
sonundaki sinyal siddetleri disik olmasina
ragmen taban seviyenin (isinlanmamis gidanin
OSL sinyali) olduk¢a tizerindedir. Yice (2021)
nane ve kekik Orneklerinde tek marka tizerinde
yaptig1 ¢alismada 1sinlamadan bir yil sonra oldukea
yiksek OSL sinyalleri kaydetmisti. Ancak aynt

calismada incelen karanfil Ornegi yine bu
calismada gdézlenen hashas 6rnekleri gibi her ne
kadar 1sinlamanin tespitine imkan verse de nane
ve kekik Orneklerinin bir yil sonraki OSL
sinyallerine kiyasla olduk¢a dusiik seviyedeydi.
(Corekotu, haghas ve karanfil gibi gidalar silikat
bakimindan olduk¢a fakir olduklarindan bu
beklenen bir durumdur. Ancak bu gibi 6rneklerde
tekrar sayist U¢ yerine daha fazla yapildiginda
silikatin daha yogun oldugu bir kaptan yiiksek
siddetli OSL sinyali alma ihtimali artacaktir.

Isinlanmis  gidalarda  bir  OSL  sinyalinin
gozlenmesi, 6rnegin 1sinlandiginin veya 1sinlanmis

ve sinlanmamis  Orneklerin - karistmindan
olustugunun gostergesidir. Bununla  birlikte,
sinyalin gbzlenememesi, numunenin

wsinlanmadiginin bir gostergesi degildir. Ciinki
numunedeki OSL sinyalleri saklama stresi
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boyunca giin 15181 ve/veya yapay 1sik kaynaklarinin
etkisiyle sifirlanmis olabilir. Buna ek olarak,
numunede yeterli silikat minerali yoksa 20 kGy
gibi yiiksek bir dozda bile 1sitnlamayi tespit etmek
¢ok zor olabilir. Daha 6nce yapilan benzer bir
calismada (Aygtn vd., 2016) 1stnlanmis 6rnekler 6
ay sonra Ol¢llmis ve bazi markalarda sinyal
gozlenirken bazilarinda gézlenememistir. Sonug
olarak OSL tekniginde de PSL de oldugu gibi
gidanin Gzerindeki silikat miktart ne kadar fazla ise
sinyal alma ihtimali o kadar artmaktadir. PSL
okuyucunun olmadigl, TL teknigi icin silikat
ayristrmanin . mumkin - olmadig,  silikat
mineralleri ayristirlsa bile TL 1sima egrilerinin
yorumlanamadigi, ESR tekniginde 1sinlamayt
karakterize eden seliilz piklerinin gézlenmedigi,
mikrodalga doyum grafiklerinde de 1sinlanmanin
kesinlestirilemedigi durumlar i¢in mavi 1stkla
uyarma alttnda CW-OSL iyi bir alternatif gibi
durmaktadir. Bu ve benzeti calismalar
yayginlastiginda ve laboratuvarlar arasi testler ile
gelistirildiginde mevcut PSL okuyucularin farkls
uyarma kaynaklari iceren modellerinin ve/veya
ornekler market raflarindayken 6rneklerdeki
sinlamayt tespit edebilecek tasinabilir
modellerinin yapimi konusunda bir fikir olabilir.
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Bu calisma “yenilebilir mantar” igerikli akademik alanindaki yaymlarin Web of Science veri tabanindaki
etkinligini ve bilimsel egilimi analiz etmek amactyla gerceklestirilmistir. Calismada elde edilen veriler
bibliyometrik analiz yontemi kullanilarak incelenmistir. Calismada Web of Science veri tabaninda yil
sinirlamast ve dokiiman sinirlamast yapilmadan arastirilan konu ile ilgili 1970-2021 yillart arasinda toplam
6250 veri elde edilmistir. Veriler indeks tiirt, yillara gbre dagilim, iilkelere gére dagihim, tlkelerin isbitlik ag,
atf oranlari, yazarlar, anahtar kelimeler, trend konular gibi cesitli bibliyometrik gostergeler agisindan
incelenmistir. Yenilebilir mantarlarin; besinsel iceriginin zenginligi, tikketim tirtind, tibbi Griin, alternatif besin
triin gibi alanlarda kullanilmast ile son yillarda yapilan konuyla ilgili calismalarda artis gézlenmistir.
Anahtar kelimeler: Yenilebilir mantar, bibliyometrik analiz, mantar

BIBLIOMETRIC ANALYSIS OF ARTICLES ON EDIBLE MUSHROOM

ABSTRACT

This study was carried out to analyze the effectiveness and scientific trend of publications in the
academic field with content of “edible mushroom” in the Web of Science database. The data obtained
in the study were analyzed using bibliometric techniques. In the study, a total of 6250 data were
obtained between 1970-2021 on the investigated subject in Web of Science database without year or
document limitation. The data were analyzed in terms of various bibliometric indicators such as index
type, distribution by years, distribution by country and cooperation network, citation rates, authors,
keywords, trending topics. The studies on edible mushrooms were increased because of their high
nutritional value, and of those mushrooms consumption as an alternative food, in medicine.
Keywords: Edible mushroom, bibliometric analysis, mushroom
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GIRIS

Mantar tirleri, dinya capinda 6zellikle egsiz
lezzetleri ve besin igerigi bakimindan gida
alaninda  degetlendirilmistit. Dogada 2000'den
fazla mantar tiirii vardir, ancak yaklagik 25' yaygin
olarak gida olarak kabul edilmekte ve ¢cok azi ticari
olarak yetistirilmektedir (Chang ve Mile, 2008;
Ergonil vd., 2013). Gercek mantarlar; (1)
yenilebilir (yemeklik); (2) tibbi ve (3) zehirli tiirler
olarak kategorilestirmek miimkiin olmaktadir
(Hawksworth, 2001; Peksen, 2013). Yenilebilir
mantarlarin karpofor (yenilebilir kismzy; sap, sapka
yapilart) kisimlart tiketilebilmektedir (Wasser,
2010). Mantar titleri arasinda 5020 yenilebilir
1250 yenilmez, 1010 zehirli, 1820 tibbi 6zellik
gOsteren olmak tizere toplamda 10 bin civarinda
makro mantar bulunmaktadir (Hawksworth,
2001; Peksen, 2013). Bununla bitlikte, yenilebilir
ve tibbi mantarlar arasinda kolay bir ayrim yoktur,
cinkd yaygin olarak yenilebilir tlrlerin cogu tedavi
edici 6zelliklere sahip olmaktadir (Guillamon vd.,
2010).

Diinya mantar (mantarlar ve trif) tretimi 2019
yilinda ~12 milyon ton olmustur. Diinyadaki
mantar tretim miktarinda 6ncti olarak Asya Kitast
%069 payla, ilke olarak da Cin ilk sirada yer
almaktadir (FAO, 2021).

Mantar, besinsel ve fonksiyonel degeri ylksek bir
besin olarak kabul edilmekte ve ayni zamanda
besleyici bir gida trlint olarak kabul edilmektedir
(Ergoniil vd., 2013; Guillaman vd. 2010). Genel
olarak mantarlar %90 su ve %10 kuru madde
icermektedir (Morais vd., 2000; Sanchez 2004).
Mantarlar besinsel icerik bakimindan; yiksek
oranda protein (Hung ve Nhi, 2012), iyi bir lif
kaynagi, mineral, vitamin (kalsiyum, magnezyum,
fosfor, potasyum, demir, ¢inko, bakir ve
manganez), esansiyel aminoasitler, monosakkarit-
ler, disakkaritler ve kitin oranlarinca zengin bir
kaynak olmaktadir. Ayrica mantarlardaki lipit ve
seker oraninin az olmasi distik kalori olusturdugu
icin diyet drtind olarak kullanimina olanak
saglamaktadir (Park ve Kwang, 2001; Selvi vd.,
2007). Yenilebilir mantar parcalarinin tedavi edici
Ozelliklere sahip oldugu ve bir¢cok hastaligin
(6rnegin kanser, hipertansiyon, hiperkolesterole-
mi, insomnia, alerji, stres, astim, diyabet gibi)

tedavisinde Onemli bir etkiye sahip olduklar

yapilan  calismalarla  ortaya  konulmustur
(Guillamén  vd., 2010). Diinyada en fazla
yetistiriciligi yapilan yenilebilir mantar tard

yaklastk %32’lik oranla beyaz sapkali kultir
mantart (Agaricus bisporus (J. Lge) Imbach)” dir.
(Ozbayram ve Savaskan, 1983; Chang, 1999). Bu
mantart kayin veya istiridye mantarlart ( Plearotus
spp.), mese mantari (Lentinus edodes), enoki mantart
(Flamminula  velutipes), aga¢ kulagt mantar
(Auricnlaria spp.), saman mantart (Volvariella
volyacea) tirleri takip etmektedir (Beelman vd.,
2004).

Bibliyometrik  analiz; ~ dokiimanlarin  veya
yayinlarin bircok yonden Ornegin yazar sayisi,
yayinlandigr dergi, konu, anahtar kelime, tlke,
makale basligt gibi belirli 6zelliklerinin niceliksel
olarak analiz edilmesi olarak tanimlanmaktadir (Al
ve Tonta, 2004; Yalgin, 2010; Ulu ve Akdag,
2015).

Bibliyometrik arastirmalar, akademik ¢alismalarin
degerlendirilmesine, analiz edilmesine ve segilen
konu ile bulgularin objektif kriterlere gore
degerlendirilmesine imkan vermektedir (Martinez
vd., 2015). Bibliyometrik yéntem kullanilarak
yapilan ¢alismalar ilk 1917 yiinda baglamistir
(Cole ve Eales, 1917). Bu siirecten sonra
akademik alandaki dergilere iliskin, alan secilerek,
belirli konu basliklar secilerek yapilan ¢ok sayida
bibliyometrik ¢alisma ortaya cikartilmistir (Gross
ve Gross, 1927; Donohue, 1972; Smith, 1977,
Levine, 1986; Kaminer ve Braunstein, 1998;
Critchfield, 2002; Al ve Costur 2007; Birinci 2008;
Fu vd., 2010; Yal¢in 2010; Zyoud vd., 2014; Ulu
ve Akdag 2015; Polat ve Alkan 2015; Yu vd.,
2016; Hancioglu ve Tekin, 2017; Velasco-Mufioz
vd., 2018; Gao vd., 2018; Zhu vd., 2019; Zhang
vd., 2018; Sun ve Yuan, 2020; Erturgut ve Giitler,
2020; Donthu vd., 2021).

Mantarlart konu alarak yapilmis bibliyometrik

analizlerde;  Swistowski  vd. 2020  yilinda
mantatlarin secilen bazt clementlerle
kontaminasyonu hakkinda 2001-2016  yillart

arasinda yayinlanan 200 Avrupa yayininin
bibliyometrik analizini yapmislardir. Guo vd. 2016
yilinda; 1991-2014  yillart  arasinda  istiridye
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mantartyla ilgili arastirmalar Uzerine kiresel
bilimsel tiretimi degerlendirmek i¢in bibliyometrik
bir analiz yapmuslar ve analizde, Science Citation
Index Expanded veri dizini kullanmislardir.
Yeung vd. 2018 vyilinda nutrasétikler ve
fonksiyonel gidalar konusunda en c¢ok alintt
yapilan 100 makaleyi belirleyerek analiz etmisler
ve veriler Scopus veri tabanindan elde edilmistir.
Cao vd. 2018 vyilinda; Ganoderma'nin kanser
imminoterapisinde kullanimi ile ilgili 1987-2017
yillart  arasinda  yayimnlanmis  makalelerin
bibliyometrik analizini yapmislardir. Yagan vd.
2020 yilinda; 1975-2019 yillart arasindaki mantar
zehirlenmelerinin ~ bibliyometrik  ve  bilimetri
analizlerini yapmuslar ve veriler Web of Science
Core Collection, Russian Science Citation Index,
SciELO Citation baslikli Web of Science veri
tabanlart kullanidmistir. Xu ve Yu 2021 yilinda;
poptiler mantar olan Ganoderma lucidum tirtyle
ilgili 1936'dan 2019'a kadar yapilmus bilimsel

aragtirmalarin bibliyometrik analizini
yapmuislardur.
Bibliyometrik  analiz  kullanilarak  yapilan

calismalar bilim dali, bilimsel arastirmalar ve
gelistirilen yontemler gibi bir¢ok arastirma
konusunun nicelik ve nitelik acisindan gelisimi ile
ilgili matematiksel performans degerlendirilmesi-
ne katki saglamaktadir (Law ve Cheung, 2008). Bu
acilardan bakildiginda bibliyometrik calismalarin
bilim diinyasindaki arastirmalarin eksik alanlarinin
belirlenmesi, ¢alismalara katki saglamasi, yeni
yontemlerin  gelistirilmesi gibi bir¢ok yonden
degerlendirilmesine olanak saglayarak ¢alismalarin
performanslarint artirabilecegi dustinilmektedir
(Sakar ve Cerit, 2013; Ulu ve Akdag, 2015). Bu
calisma ile yenilebilir mantarlara genel bir bakis
yapilarak yil ve dokiiman smirlamast yapilmadan
genis kapsamli bir performans analizi yapilmast
amaclanmistir. Bu dogrultuda bu konu ile ilgili
yakin bir calismanin olmamast ve yenilebilir
mantar tirlerine yonelik calismalarin  hangi
boyutta oldugunun beliflenmesi ile 1971-2021
yillart arasinda Web of Science veri tabaninda yer
alan doktimanlar indeks tiirii, yillara gére dagilim,
tlkelere gére dagilim ve isbirlik ag1, atif oranlari,
yazarlar, anahtar kelimeler, trend konular gibi
cesitli  bibliyometrik  g6stergeler  agisindan
incelenmistir

MATERYAL VE YONTEM

Bu calismada, R programi iizerinden yiritilen
bibliyometrik analiz sistemi ile uyumlu olmasi
nedeniyle veri toplama icin Web of Science Core
Collection veritabant secilmistir. Bu dogrultuda
veri tabaninda tarama yapmak icin temel arama
alanina “edible mushroom (yenilebilir mantar)”
sOzcik grubu girilmis ve Web of Science atf
indekslerinin timi (Journals, Books, etc) secilerek
17.11.2021 tarihinde arama yapilmistir. Bu arama
sonucunda 6250  dokimana  ulasilmigtir
(http:/ /apps.webofknowledge.com, 2021). Disa
aktarma ile tim ulastlan dokiimanlar bir havuzda
toplanmis ve boylelikle dokiimanin iki kez
degerlendirilmesinin 6niine gegilmistir.

Elde edilen verileri analiz etmek icin R-Studio
programi kullanilmistir. Bu program resmi web
sitesinde https://cran.r project.org/ adresinde
sunulmaktadir. Bibliyometrik analizlerde
kullanilan bu paket program nicel arastirmalar icin
olduke¢a faydalidir (Aria ve Cuccurullo, 2017).
Bibliyometrik analizler icin R programinin
kullanilmasi, daha fazla bulguya ve ayrintilt
gOsterime  olanak sagladigt icin  secilmistir.
Arastirma verileri indirildikten sonra, R-Studio
programi  uzerinden  “bibliyometrix”  paket
indirilerek aktif edilmistir. R-Studio tzerinde
“bibliyometrik paketi” ve “biblioshiny” s6z dizimi
secilmis  ve R-Studio programi bir adres
aractigiyla  bibliyometrik  analiz ~ sayfasina
yonlendirilmistir. Bir sonraki adinda veri
bolimiine “diz metin” dosyast yiklenmis ve
analizler bu dosyaya gbre yapilmigtir.

Calismada belgeler, dokiimanlar veya yayinlar ile
ilgili elde edilen bulgular zaman araliklarinda yer
alan calismalarin; indeks kategorisi, yillara gore
dagilimlara, tlkelere gore etkinlik seviyesi, anahtar
kelimeler, atif oranlari, trend konular vb. bircok
analiz gizelgeler ve grafikler ile
actklanmistir.  Calismada  ayrica  bibliyometrik
caligmalara bakis acist elde etmek icinde Web of
Science veri tabaninda (2022-ocak) “Bibliometric
Analysis” konulu tarama yapdmis ve 14243
dokiiman tespit edilmistir.

sonucu
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BULGULAR

Verilerin degerlendirmesi

Calismada kullanilan kaynaklarin indeks trlerine
gore genel dagilimma Cizelge 1’de verilmistir.

SCI-Expanded olusturmaktadir Ikinci siradaki
indeks tiirtine bakildiginda %4.183 orant ve 62
kayit ile CPCI-S indeks tirt gelmektedir. Birinci
ve ikinci siradaki sayisal oranlara bakildiginda SCI-

Web of Science veri tabaninin incelenmesinde  Expanded yenilebilir mantarlar  konusunda

(2022-ocak) 10 farklt indeks tiriinde kategorize oldukea kayit icermektedir.

edilmistir. Bu dokiimanlarin en ¢ok bulundugu

indeks tird %92.257 orant ve 5779 kayit ile ile

Cizelge 1. Web of Science indeks kategorileri (Web of Science 2022)
Table 1. Web of Science index categories (Web of Science 2022)

Web of Science Indeks Kayit Sayist % Orani
Science Citation Index Expanded (SCI-EXPANDED) 5779 92.257
Conference Proceedings Citation Index — Science (CPCI-S) 262 4.183
Emerging Sources Citation Index (ESCI) 240 3.831
Index Chemicus (IC) 85 1.357
Book Citation Index — Science (BKCI-S) 80 1.277
Social Sciences Citation Index (SSCI) 71 1.133
Current Chemical Reactions (CCR-EXPANDED) 7 0.112
Book Citation Index — Social Sciences & Humanities (BKCI-SSH) 5 0.080
Conference Proceedings Citation Index — Social Science & Humanities 3 0.048

(CPCI-SSH)
Arts & Humanities Citation Index (A&HCI)

Cizelge 2’de “Yenilebilit mantar”  anahtar
kelimesi kullanidlarak Web of Science veri
tabaninda arastirma  yapilmustir. Arastirma
analizinde 6250 veri 1970-2021 yillari arasinda
yapilmus 6250 veriye ulasidmistir. Analiz sonucu
elde edilen verilerde; 1494 farkll kaynakta
(dergiler, kitaplar vb.) yayinlandigi, makale
sayistnin 5338, yazar sayisinin toplamda 16656,
285 belgenin tek yazarli ve yillik ortalama yayin
sayisinin -~ 8.61  oldugu  analiz  sonucunda
gbzlenmistir. Ayrica sonuglarin degerlendirmesin-
de son 5 yilin verilerine bakildiginda 2017-2021
yillart arasindaki dokiiman sayist 2352 ve makale
saytsinin 2008 oldugu belirlenmistir.

Bibliyometrik analiz sonuglarinda trend konularda
yenilebilir mantar igerikli calismalarin yillara gore
dagiimlarinda  2010-2019  yillart  arasinda
poptlaritesinin  artti§t  gézlenmistir.  Tirler
icerisinde _Agaricus bisporus mantar tirinin ise
2010-2019 yulart arasindaki c¢alismalarda konu
olarak popiiler oldugu gbzlenmistir.

Ayrica yapilan “Bibliometric Analysis” konulu
taramada elde edilen 14243 dokiimanda 2021-

2017 yillar1 arasindaki calismalarinin  oraninin
%064.255 gibi buylk paya sahip olmast son

yillardaki ~ bibliyometrik  analiz ~ galismalarin
etkinliginin arttiging gostermektedir.
Dokiimanlarin = %069.346’nun  makale oldugu;

indeks kategorisinde de %51.190 orantyla SCI-
Expanded kategorisinin yer aldig1 ve tilke olarak
da ilk sirada 2666 kayitla Cin’in yer aldig
gbzlenmistir.

Yillik bilimsel iiretim

Sekil 1°de 1970-2021 yillari arasinda “yenilebilir
mantar” ile ilgili ¢caligmalarin yillara gbre dagilimi
grafiksel olarak verilmistir. Buna gére 1970-1990
yillart arasinda az sayida calisma ile genellikle inisli
ctkish bir dalgalanma mevcut olmustur. 1991
yillinda arastirma alaninda bir artis gbzlenmistit.
2000’li yullarin basinda yapilan caligmalar dizenli
artts gOstermistir. En ¢ok calisma yapilan yilar
2016 ile 2021°dir. 2020 yilinda 514 ve 2021 yilinda
493 calisma yapilmustir. Son 5 yilin ortalama yayin
sayist ise 470 olarak elde edilmistir.
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Cizelge 2. Analiz verileri ile ilgili ana bilgiler
Table 2. Main information about analysis data

Zaman Arahig 1970-2021
Kaynaklar (Dergiler, Kitaplar Vb.) 1494
Dokiiman 6250
Makale 5338
Makale; Kitap Bélimii 67
Kitap 1
Toplantt Ozeti 79
Yillik Ortalama Yayin 8.61
Makale Basina Ortalama Auf 19.87
Yazar 16656
Anahtar Sézciikler (Id) 8898
Yazarin Anahtar Sézctkleri (De) 11564
Tek Yazarli Makale 285
Yazar Bagina Disen Makale 0.375
Makale Basina Disen Yazar 2.66
Makale Bagina Diusen Ortak

Yazatlar 5.01
i§birhgi Indeksi 2.76

Yillik ortalama atiflar
Sekil 2’de yillara gére alinti sayilarinin grafiksel
dagilimi verilmigtir. Grafik incelemesine gore

Articles
500~
400~
300~

200~

100~

D

1970  yiinda  ortalama  alinti  sayisin
oranlandiginda ortalama 10.5 oldugu, bunu takip
eden sonraki yillarda ise ortalama alinti sayisinin O
seviyelerine kadar distigh goézlenmistir. 2000’1
yillarda calisma sayisiyla birlikte orantili bir sekilde
artty  gOstermistir. Guniimuze yaklastikca da
konuyu iceren makale sayist hizli bir sekilde artiga
devam etmis ve bu artis alanin ilgi gbrdiigiine
yorumlanmustir. 2000  yilinda ortalama atf
oraninin 2 oldugu ve artarak 2020 yilinda ortalama
3.9 oldugu tespit edilmistir.

Kaynaklarin degerlendirilmesi

Sekil 3’te calismalarin yayinlandigt ilk 20 kaynak
listelenmistir. 11k sirada 248 yayinla “International
Journal of Medicinal Mushrooms” ilk sirada yer
almaktadir. Tkinci sirada ise 243 yayin ile “Food
Chemistry” gelmektedir. Kaynaklar igerisinde
yaklasik %33’lik gibi buyiik bir pay bu iki dergiye
ait oldugu belirlenmistir. Kaynak dinamiklerine
bakildiginda 1981 yiinda “Food Chemistry”
dergisinde konu ile ilgili yayinlarin oldugu ve
sonrasinda da diizenli bir gekilde yayin sayisinin
artud1 gbzlemlenmistir. “International Journal of
Medicinal Mushrooms” de ise kaynak dinamigine
bakildiginda duragan bir grafik olusmus ve 2006
yilindan sonra ¢ok hizli bir artis gbzlenmistir.

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Year

Sekil 1. Yillara gore galismalarin dagilimi
Figure 1. Distribution of studies by years
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Sekil 2. Yillara gore ortalama atiflarin dagilimi
Figure 2. Distribution of average citations by years

Most Relevant Sources

INTERNATIONAL JOURNAL OF MEDICINAL MUSHROOMS

FOOD CHEMISTRY

JOURNAL OF AGRICULTURAL AND FOOD CHEMISTRY
INTERNATIONAL JOURNAL OF BIOLOGICAL MACROMOLECULES
CARBOHYDRATE POLYMERS
MOLECULES
CARBOHYDRATE RESEARCH
FOOD & FUNCTION
LWT-FOOD SCIENCE AND TECHNOLOGY
PLOS ONE
WORLD JOURNAL OF MICROBIOLOGY & BIOTECHNOLOGY
ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH
APPLIED MICROBIOLOGY AND BIOTECHNOLOGY
MYCOSCIENCE
FOOD AND CHEMICAL TOXICOLOGY
FOOD RESEARCH INTERNATIONAL
BIOSCIENCE BIOTECHNOLOGY AND BIOCHEMISTRY
JOURNAL OF FOOD COMPOSITION AND ANALYSIS
SCIENTIFIC REPORTS
JOURNAL OF THE SCIENCE OF FOOD AND AGRICULTURE

Sources

50 100 150 200 250
N. of Documents

Sekil 3. Kaynaklarin dagilimi
Figure 3. Distribution of resources

Ayrica kaynaklarin yazarlarin yayin ve alinti
sayilarina gore swralamast yapidarak Sekil 4’te
kaynaklarin etkisine bakilmustir. 11k 10 kaynak H-
index siralamasina gore listelenmis ve ilk sirada 69
H-index orantyla “Food Chemistry” dergisi yer
almaktadir.

Yazarlarin dinamikleri

Yazarlarin  ilgisine  gére  yapilan  grafik
degerlendirmesinde ilk 20 yazar siralanmis ve
Sekil 5’te belirtilmistir. Yazar ve belge sayisina
gore sekillenen grafikte ilk sirada 129 belge ile
%2.1 oranla yazar Falandysz J. gelmektedir. Tkinci
sirada ise 108 belge ile %1.7 oranla yazar NG TB
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gelmistir. Yillara gore yazarlarin etkinliklerine
bakiddiginda yine ilk swada Falandysz J.
gelmektedir.  Grafikte  belirtilen  noktalarin
caplarinin  genisligi Uretim sayisinin  fazlaligini
gostermektedir. 2021 yili 14 calisma ile en fazla

yayinin yapildigi yil olmustur. Yazarlarin h-index
oranlarina bakildiginda Falandysz J. 43 puanla ilk
sirada yer almaktadir.

Source Local Impact by H index

FOOD CHEMISTRY

JOURNAL OF AGRICULTURAL AND FOOD CHEMISTRY

CARBOHYDRATE POLYMERS

CARBOHYDRATE RESEARCH

Authors

INTERNATIONAL JOURNAL OF BIOLOGICAL MACROMOLECULES

FOOD AND CHEMICAL TOXICOLOGY —e

APPLIED MICROBIOLOGY AND BIOTECHNOLOGY —e

MOLECULES

PLOS ONE

FOOD & FUNCTION

4@
4@
—O

0

20 40 60

Impact Measure: H

Sekil 4. Kaynaklarin H-index oranlari
Figure 4. H-index ratios of resources

Ulkeletin bilimsel iiretimi

Yenilebilir mantarlart iceren calismalarin tlkelere
gore dagilimina bakildiginda frekans oranlarina
gbre Sekil 6’da renksel dinamiklerle verilerin
dagilimi gosterilmistir. Gri renkli alanlarda veriler
0 olarak verilmistir. Mavinin tonlari koyulastikca
tretim miktar1 frekans degeri artmaktadir. 4055 ile
il sirada Cin gelmektedir. Ilk beste ise Cin’den
sonra sirastyla Japonya (1172), Hindistan (1056),
Polonya (732) ve Tirkiye (715) gelmektedir. Cin
aynt zamanda 26805 ile en ¢ok atif alan tilke olarak
da birinci sirada gelmektedir. Atif siralamasinda da
Cin’den sonra ilke siralamasiyla es siralama
Japonya (8470), Hindistan (8184), Polonya (7885)
ve Ttrkiye (6027) gbzlenmistir.

Makale atiflar1

“Yenilebilir mantarlar” ile ilgili Web of Science
taramast sonucu elde edilen verilere gore yapilan
analiz sonucunda en ¢ok atif alan ilk 10 yayina ait
makale bilgisi, yazar bilgisi, dergi bilgisi ve atif
sayilari ile Cizelge 3°de verilmistir. Tlk sirada yer

alan makale 655 atufla 2006 yilinda yapilan
“Antitumor polysaccharides from mushrooms: a
review on their isolation process, structural
characteristics ~ and  antitumor  activity”
calismasidir.

Anahtar kelimeler ve kiimeleme gruplari
Yenilebilir mantarlarla ilgili yapilan ¢alismalar
incelendiginde 8898 anahtar kelime kullanidmigtir.
Bu kelimelere ait ilk siralarda yer alan kelimeler
geometrik modelleme ile Sekil 7’ de verilmistir.
Modellemede  geometrik  seklin  ebatlarinin
buytkligine gére kullanim orani yiikselmektedir.
En cok kullanilan anahtar kelimelerde ilk siralarda
“edible mushrooms ve edible mushroom”
toplamda 1490 kez kullanildigi tespit edilmistir.
En fazla kullanilan bir diger anahtar kelime grubu
ise “fruiting bodies” ise 532 kez kullanilmistir.
Mantar thrleri olarak bakildiginda  “Agaricus
bisporus” 326 kez, “Pleurotus ostreatus” 266 kez ve
“Ganoderma Ilncidun?” ise 163 kez anahtar kelime
olarak kullanilmistir.
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Figure 5. Author dynamics related to the topic
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Sekil 6. Ulkelerin bilimsel iiretim dagilim1
Figure 6. Scientific production distribution of countries
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Cizelge 3. En ¢ok atf alan ilk 10 makale
Table 3. Top 10 most cited articles

Yazar Dergi Yil  Yayin Auf
Zhang M., et Trends in  Food Antitumor polysaccharides from mushrooms: a
al ? Science and 2006 review on their isolation process, structural 655
' Technology characteristics and antitumor activity
Cheung LM, Food Chemistry 2003 Antioxidant activity and total phenolics of edible 500
et al. mushroom extracts
Lindequist U. Evidence-based . _
ctal > Complementary and 2005 The Pharmacological Potential of Mushrooms 581
) Alternative Medicine
Seo S8.Y., et al. Journal of Agr e ttural 2003 Mushroom Tyrosinase: Recent Prospects 575
and Food Chemistry.
Fractionation = and  purification  of  the
. olysaccharides with marked antitumor activity,
Chihara G., Cancer Research 1970 16.;’sp}f7:cially lentinan, from Lentinus edodes (Berltz) 533
Sing.(an edible mushroom)
Philip D., et al. Spectrochimica  Acta 2009 SPectrochimica Acta Part A: Molecular and 490
Part Biomolecular Spectroscopy
Cutrent views on fungal chitin/chitosan, human
Muzzarelli Carbohydrate .chit%nases, food preservaFion, glucans, pectins and
RAA. etal Pol 2012 inulin: A tribute to Henri Braconnot, precursor of 484
AA. . ymers . .
the carbohydrate polymers science, on the chitin
bicentennial
Eﬁléz;co oL Food Chemistry 2000 i 5:}\;2\;7 H?Sf trace element concentrations in edible 454
Chemical composition and nutritional value of
Kalac P., Food Chemistry 2009  European species of wild growing mushrooms: A 442
review
Ferreira . Free—radjcal‘ scav.enging capacity and reducing
LCER. etal. Food Chemistry 2007 power of wild edible mushrooms from northeast 423

Portugal: Individual cap and stipe activity

edible mushrooms

950
9%

fruiting bodies
532
5%

chemical-composition

agaricus-bisporus

growth
297
3%

identification

antitumor
164
2%

antioxidant
220
2%

Sekil 7. Anahtar kelimeler

Figure 7. Keywords
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Sekil 8. Birlikte kullanilan kelimeler
Figure 8. Words used together

Anahtar kelimelerin birlikte kullanilma oranlarinin
incelenmesi sonucu ¢ grup kiimeleme olustugu
gozlenmis ve Sekil 8’de verilmistir. Sekildeki
daitlerin boyutlart kullanilan anahtar kelimenin
sayica miktarini ve renklerde olusan ana kiime
gruplarini gostermektedir. Birinci grup kiimede
(mavi renkli) “edible muhrooms” anahtar kelimesi
le birlikte; “fruting bodies, heavy metals,
cadmium” anahtar kelimelerinin 6ne ¢tktigs; ikinci
grup kiimede (yesil renkli) “edible mushroom”
anahtar kelimesi ile birlikte; “fungi, groth,
polysaccharides” anahtar kelimelerinin 6ne ¢tktig
ve tctnci kiimede (kirmizi renkli) ise “chemical-
composition” merkez anahtar kelimesi ile bitlikte;
“Agaricus bisporus, Plenrotus ostreatus, nutritional
value, antioxidant activity, extract” kelimelerinin
one ¢iktig1 gorilmektedir.

Basliklar1 olusturan kelime gruplarinin olusum agt
analizi baglikta gecen 3 kelimeye gére yapilarak
sematik veri olusturulmus ve Sekil 9°da verilmistir.
Bu semaya gére 13 kiime olustugu gozlenmistir.
Kimeleri olugturan merkez kelime gruplarina

bakildiginda mantar tiirlerinin 6n planda oldugu
gbzlenmistir.  Kumelerde bulunan  mantar
tirlerine bakildiginda en ¢ok gecen tiitler; Pleurotus
Spp., Agaricus bisporus, Fammulina velutipes, Lentinula
edodes, Agrocybe aegerita, 1 olvariella volvacea, Grifola
frondosa oldugu gbzlenmistir.

Trend konularin etkinligine de bakimis ve Sekil
10’da  grafiksel olarak verilmistir. Grafikte
gbriinen mavi noktalarin buyikligh kullanim
frekansinin degerini géstermektedir. Trend konu
grafiginde 50-778 frekanslar1 arasindaki konu
basliklart verilmistir. Grafikte en biiyiik ¢apa sahip
olan noktalardaki konular “edible mushroom ve
edible mushrooms” gézlenmis ve yillara gore de
yogunlugu 2011-2013  yillarinda  olmustur.
Grafikte konulara bakildiginda; mantar tiirleri,
medikal mantarlar, doga mantatlari, antioksidant
Ozellikleri, meyve yapist konulart 6ne c¢ikmis
oldugu gorilmektedir. Agirlikli olarak etkinlik
2011-2017 ydlar1 arasinda olmustur.
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Ulkeler aras1 igbirligi ag1

Ulkeler diizeyinde isbirligi aginda dért kiimeleme
grubu olustugu gézlenmistir. En ¢ok isbirligi
icinde olan ilke Cin’dir. Cin-ABD isbirligi ile 100
frekans yogunlugu ile ilk sirada yer almaktadur.
Turkiye’'nin isbirligi icinde oldugu ilkeler ise
yogunluk sirastyla; Pakistan, Suudi Arabistan,
Italya, Sirbistan, Ispanya, Iran, Kirgizistan, ABD,
Avustralya, Cek Cumbhuriyeti, Misir, Almanya,
Irak, Kazakistan, Kenya, Malezya, Fas, Portekiz,
Rusya, Tayland, Arap Emirlikleri ve Ukrayna’dur.

SONUC VE ONERILER

Bibliyometrik analiz, bilimsel alanlardaki yapilan
calismalara yonelik verileri arastirmak ve analiz
etmek i¢in 6zellikle son yillarda popiilerligi artan
bir yontemdir. Arastirilmak istenen belirli bir
alanin veya konunun gelisimsel siirecini ortaya
koymamizt saglamaktadir (Donthu vd., 2021).
Bibliyometrik calismalara bakildiginda daha cok
s6zel alanlarda daha etkin kullanildigt fen bilimleri
alanlarinda ¢ok etkin olmadigt gorilmistiir.
Mantarcilik alaninda bakildiginda; mantarlarin
secilen bazi elementlerle kontaminasyonu ile ilgili
(Swistowski vd. 2020), istiridye mantariyla ilgili
arastirmalar Uzerine kiiresel bilimsel Uretimi
degerlendirmek icin (Guo vd. 2016), nutrasétikler
ve fonksiyonel gidalar konusunda en ¢ok alinti

yaptlan 100 makaleyi (Yeung vd. 2018),
Ganoderma'nin kanser imminoterapisinde
kullanimi  ile ilgili (Cao vd. 2018) mantar
zehirlenmeleriyle ilgili  (Yagan vd. 2020),

Ganoderma Incidum tirtyle ilgili (Xu ve Yu 2021)
bibliyometrik analizleri iceren cok az sayida
calisma yapildigi gézlenmistir. Bu ¢alisma ile bu
alanlarda da bibliyometrik calismalarin etkinligi
artirilabilecegi diistinilmektedir.

Bu amagla besinsel igerigi yitksek olan ve bircok
acidan  tiiketimde degerlendirilen  yenilebilir
mantar icerikli bilimsel ¢alismalarin bibliyometrik
bulgular: ortaya ¢ikanlmistir. Bu  dogrultuda
“yenilebilir ~ mantar”  icerikli  ¢aligmalarin;
dokiimanlarin tirleri, yillara gére dagilimy, tGlkelere
gore dagilimi, yazarlar ve yazarlarin etkinlikleri,
dergi dinamikleri, atif sayilari, anahtar kelimeler ve
tilkelerin etkinlikleri bibliyometrik analiz ile elde
edilmis ve cizelgeler, grafikler ile sunulmustur. Bu
bibliyometrik calismada, Web of Science veri

tabaninda yenilebilir mantar igerikli 1970-2021
yillart arasinda tarama yapilarak 6250 veri elde
edilmistir. Bu 6250 veride 5338 ile makale
kategorisi biylik oranla ilk sirada yer almaktadur.
Yillara gore bilimsel tiretimde ise buytk payt 2016
ile 2021 wyillar1 arasinda yapian calismalarin
kapsadigt gézlenmistir. Atf sayilarinin da yillara
gore  daglimina  bakiddiginda  calismalarin
tarihlendigi 1970 yilinda en yiksek pik olustugu ve
daha sonraki stireclerde hizli bir disutsle inisli-
ctkislt dalgalanma ve son yillarda yiikselen bir
grafiksel pik olusumu gézlenmistir. Ulkelere gére
calisma oranlarina ve auf saydarina bakildiginda
birinci sirada Cin yer aldigt gbzlenmistir. Ttrkiye
ise her ikisinde de besinci sirada yer almistir.
Ayrica tlkeler arasinda en ¢ok igbirligi icinde olan
tlke olarak da Cin ilk sirada yer almistir. En ¢cok
atif alan makale ise 655 atifla Zhang vd. 2006
yilinda yaptiklart “Trends in Food Science and
Technology” dergisinde yayinlanan ¢alisma
oldugu gozlenmistir. Anahtar kelimeler olarak
calismalar incelendiginde ise 8898 anahtar kelime
tespit edilmis ve 1490 kez kullanilan “edible
mushrooms ve edible mushroom” olmustur. Ayn
zamanda mantar tirleri olarak da Agaricus bisporus,
Pleurotus ostreatus, Ganoderma lucidum mantarlarida
siralamada 6nlerde yer almistir. Ayrica Wos veri
tabaninin  kategorize ettigi indekslerin analiz
sonucuna gore %92.257 orant ile birinci sirada
SCI-EXPANDED indeks yer almistir. Elde
edilen tim analiz bulgularina bakiddiginda ilk
calismanin 1970 yilinda  gergeklesmis  ve
giiniimiize kadar inisli-cikish bir grafik olustugu ve
artislarin da son bes yilda daha etkin oldugu
gbzlenmistir.

Calisma  sonuglart  dogrultusunda  yenilebilir
mantarlarla  ilgili  c¢alismalarda  daha  ¢ok
mantarlarin  besinsel icerikli ve tbbi icerikli
calismalarin daha 6n planda oldugu ve en ¢ok
tuketilen belli basl birka¢ mantar tirtinin G6ne
ciktigt gorilmistir. Yenilebilir mantar konusunda
aragtirmactlarin =~ hangi  alanlarda  calisma
yapilabilecegi hususunda bibliyometrik
calismadan fikir elde edebilecek ve bu ¢ercevede
calismalarini sekillendirip tasarlayabilecektir. Bu
anlamda yenilebilir mantar tirlerinin cesitliliginin
fazla olmast acisindan diger mantar tiirleriyle ilgili
calismalarin arttirilmast, tilkeler diizeyinde mantar
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tiirleriyle ilgili calismalarin daha 6n plana ¢ikmast
ve besinsel degerinin ayrica tibbr icerikleriyle ilgili
farkll mantar tirlerinin de daha ¢ok vurgulanip
arastirilacagt calismalarin arttirilmast hususunda
destekleyici 6n bilgi sunan bir calisma oldugu
duistintilmektedir. Aynt zamanda daha ¢ok sosyal
alanlarda  uygulanmis  bibliyometrik  analiz
calismalarinin diger alanlara da kullanilabilmesi ve
yapilacak calismalart destekleyici 6n istatistiki bilgi

sunmast actsindan katk: saglayacagl
dusuniilmektedit.
CIKAR CATISMASI BEYANI

Yazarin makale ile ilgili baska kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.
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ABSTRACT

This study aimed to investigate the effect of salt and phosphate on the functional properties of myofibrillar
proteins (MPs) at pH 2, 4, 6, 8, and 10. The highest emulsion activity index (EAI) value (8.51 m?/g protein)
was obtained with the use of NaCl, and phosphate at pH 10. The highest emulsion stability index (ESI)
result was determined (230.8 minutes) with the use of salt at pH 8. The addition of salt and phosphate
significantly (p<<0.05) improved the emulsifying properties of proteins. Considering the water absorption
capacity (WAC), the highest value was obtained as 1.9 mL watet/g protein at pH 6 and pH 8. The highest
fat absorption capacity (FAC) value of 8.3 mL fat/g protein was found with the addition of phosphate at
pH 6. The highest foam capacity (FC) and foam stability (FS) were obtained at pH 10 and 4, respectively.
Keywords: Myofibrillar proteins, functional properties, emulsion, foam

DANA ETi MiYOFiBRiLER PROTEINLERININ FONKSiYONEL
OZELLIKLERI UZERINE TUZ, FOSFAT ve PH’NIN ETKILERININ
ARASTIRILMASI

oz

Bu ¢alismada, tuzun ve fosfatin miyofibriler proteinlerin fonksiyonel 6zellikleri Gizerindeki etkisinin
pH 2,4, 6, 8, 10 degerlerinde aragtirilmast amaglanmistir. Emulsiyon aktivite indeksi (EAI), emilsiyon
stabilite indeksi (ESI), képiik kapasitesi (FC), kopiik stabilitesi (FS), su absorpsiyon kapasitesi (WAC)
ve yag tutma kapasitesi (FAC) incelenmistir. pH 10'da tuz ve fosfat kullanimiyla, en yiksek EAI degeri
(8,51 m?/g protein) elde edilmistir. pH 8'de, tuz kullanimiyla en yitksek ESI sonucu (230,8 dakika)
belirlenmis; tuz ve fosfat ilavesinin, proteinlerin emilsifiye edici Ozelliklerini Snemli OSlciide
tyilestirdigi (p<<0.05) tespit edilmistir. Fosfat ilavesiyle, pH 6 ve pH 8'de en yitksek WAC degeri (1,9
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mL su/g protein) elde edilmistit. En yiksek FAC degeri (8.3 mL yag/g protein) pH 6'da fosfat
ilavesiyle elde edilmistir. Képturme 6zelliklerine bakildiginda, en yitksek FC degeri pH 10'da (% 90)
elde edilmistir. Fosfat ve tuz kombinasyonunda, pH 4'te, en yiksek FS sonucu %100 olarak

belirlenmistir.

Anahtar kelimeler: Miyofibriler proteinler, fonksiyonel 6zellikler, emtlsiyon, k6piik

INTRODUCTION

Meat, which has high-quality proteins and is an
ideal protein source, possesses a fundamental role
as an essential food product for human
consumption. Meat protein encompasses a great
deal of essential amino acid residues and has a
high digestibility (Pereira and Vicente, 2013).
Although approximately 40% of the total protein
consumption of humans is explained by animal
protein sources, it is estimated that there will be a
significant increase until 2050. The total meat

consumption was predicted to increase as much
as 102% between 2000 and 2050 (FAO, 2006).

The functional properties of proteins play a major
role in the increase in the need for meat protein.
In particular, the need for meat proteins is
increasing in order to reduce the cost of meat
products, improve the quality of existing products
and produce different products (Jayasooriya et al.,
2004). Myofibrillar proteins (MPs) such as myosin
and actin have a significant role in terms of
functional properties in meat. They are the biggest
portion of proteins from muscle tissue and are
partly soluble relative to stroma and sarcoplasmic
proteins (Ramirez-Suarez and Xiong, 2003). Also,
among muscle proteins, MPs are responsible for
97% of the water holding capacity and 75% of the
emulsifying capacity of meat (Chang et al., 2012;
Forrest et al., 2001; Zhang and Barbut, 2005).
Thus, MPs have a significant influence on meat
quality (Smith, 1988).

Functional characteristics of meat proteins
include all physicochemical features that influence
the behaviour of the proteins during meat
products production process (Colmenero and
Borderias, 1983). These properties, which also
include solubility, viscosity, and gelation are
needed to guarantee satisfying shape, texture,
mouthfeel, and good cutting properties (Kinsella
and Phillips, 1989). These characteristics are
influenced by intrinsic factors such as molecular
structure and composition, and extrinsic factors

including temperature, pH, and non-meat
ingredients (e.g. phosphate and salt) (Damodaran,
1996; Santhi et al., 2017).

There have been some studies about the factors
affecting the functional characteristics of MPs
from different sources. Accordingly, Hong et al.
(2014) showed that the pH-shifting process and
microbial transglutaminase together resulted in
the highest gel strength of porcine MPs whereas
the use of microbial transglutaminase could
improve their emulsion stability (Hong et al,
2014). Also, the long-term exposure of dielectric
barrier discharge plasma to MPs from the
longissimus dorsi muscle significantly improved
their water-holding capacity (Sharifian et al.,
2019). In addition, the water holding capacity and
gel strength of beef MPs were improved by
increasing pH, which was enhanced by ultrasound
duration and power (Amiri et al., 2018). Omana et
al. (2010) showed that foam characteristics of
MPs from chicken thigh meat are substantially
enhanced using alkaline pH extraction (Omana et
al., 2010). However, there has been no study to
determine the combined effects of pH, salt, and
phosphate on isolated MPs from beef 7 vitro so
far. In this study, MPs were isolated from beef
and were used for the investigation of the effects
of salt and phosphate at various pH on their
functional  characteristics  including  water
absorption capacity, fat absorption capacity,
emulsifying properties, and foaming properties.

MATERIALS AND METHODS

Materials

In this study, minced beef meat from beef brisket
was obtained from a local business in Tekirdag,
stored at -20°C, and then used as a source of MPs.
Different amounts of salt and phosphate were

used to investigate the functional properties of
MPs.
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Methods

Protein isolation

Proteins were isolated as previously described
method by Malva et al. (2018) with some
modifications. Briefly, 150 mL of ice-cold dH2O
and 10 g of ground beef were transferred to the
blender, homogenized for 1 min, and transferred
into 15 mL tubes. Then, they were centrifuged at
2500 rpm for 10 min. The pellets were transferred
into the blender, using ice-cold 150 mL of 0.6 M
KCI. After homogenization for 1 min, the mixture
was transferred into 15 mL tubes and centrifuged
at 2500 rpm for 10 min. Then, the supernatants
were collected and passed through 0.45 um filters
(Millex filter). Soluble extract including MPs was
dried at 30°C. Then, the dried powders were
washed three times, each of which was followed
by centrifugation. The powder form of purified
proteins was obtained upon incubation at 30°C
for 2 h. 10% SDS-PAGE gel electrophoresis was
also performed to qualitatively evaluate the
proteins after isolation (Laemmli, 1970).
Optimization of quantities of sodium
chloride and phosphate

Optimization of quantities of sodium chloride
and phosphate was performed using a range of
0.01-0.05 g of sodium chloride and 0.004-0.012 g
of phosphate for 0.1 g of MPs in the concept of
experimental research design. These ranges of
sodium chloride and phosphate quantities were
determined based on the calculations of their
quantities used in the production of meat
products. In these calculations, some assumptions
were used. The assumptions used in this study are
given as follows: Practically, in sausage
production, 60 kg lean meat is used for 100 kg
sausage dough. Since beef meat contains 20%
protein, the amount of meat protein in this recipe
is 12 kg. Approximately 50% of meat proteins are
myofibrillar proteins and the amount of them in
the recipe is about 6 kg. In 100 kg sausage
production, 2 kg NaCl and 0.5 kg phosphate are
used as additives. It can be assumed that this
amount of additives interact with 6 kg MPs. For
convenience in experimental studies, the average
amount of additives used for each 0.1 g of MP
was calculated. The results showed that 0.03 g of
NaCl and 0.008 g of phosphate are used for each

0.1 g of MP. These values were accepted as
average values and the range of sodium chloride
(0.01-0.05 g) and phosphate (0.004-0.012 g) was
used for the optimization of their quantities based
on the functional properties of the proteins. Five
different levels were used for NaCl (0.01, 0.02,
0.03, 0.04 and 0.05 g) and phosphate (0.004,
0.006, 0.008, 0.010 and 0.012 g) in preliminary
experiments and only the best combination was
used in further studies.

The investigation of the influence of salt,
phosphate, and pH on the functional
properties of MPs

Water absorption capacity (WAC) and fat absorption
capacity (FAC)

The analyses of WAC and FAC were performed
as the previously described method by Segura-
Campos et al. (2013) and Lili et al. (2015) with
some modifications. For this purpose, 0.1 g (W)
sample and 5 mL of distilled water for WAC or
corn oil for FAC were weighed and transferred
into 15 mL centrifuge tubes. They were adjusted
to pH 2, 4, 6, 8, and 10, using 0.1 M HCl or 0.1 M
NaOH, and vortexed at room temperature for 1
min. These mixtutes were incubated at 30°C for
30 min. The initial volume of the mixtures was
recorded as V1. The tubes were centrifuged at
2500 RPM for 20 min and the supernatant
volumes were recorded as V2. Equation 1 was
used for the calculation of WAC and FAC. The
results were given as sample g per mL water and
as sample g per mL fat.

WAC _vi-v2
IFac="w M
Emulsifying properties

The emulsion activity index (EAI) and emulsion
stability index (ESI) of the samples were
determined as the previously described method
by Kudre et al. (2018) with some modification.
Corn oil (4 mL) and 1% myofibrillar protein
solution (10 ml) were homogenized with a
homogenizer (T25 Ultra-Turrax, IKA-Werke
GmbH, Staufen, Germany) for 2 minutes. 1 mL
emulsion was diluted by 99 mL of 0.1% SDS. The
samples were adjusted to pH 2, 4, 6, 8, and 10.
The mixtures were vortexed for 20 s and then the
initial absorption (A0) of the mixtures and
absorption of mixtures at minute 10 (A10) were
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measured at 500 nm by spectrophotometer
(Optizen POP UVVis, Mecasys Co. Ltd.,
Daejeon, Kore). Those values were used for the
calculation of EAI and ESI:

(2%2,303XAXDF)
EAL (M g) = o — @
. A0
ESI (min) = TA0—a10) X At 3)

where DF is the dilution factor of the emulsion
(100), 1 is the length of the spectrophotometer
cuvette (m), ® is a fraction of oil volume, and C
is the protein concentration in the aqueous phase
(g/m’) and At is 10 minutes.

Foaming properties

Foaming capacity (FC) and foaming stability (FS)
were determined as the previously described
method by Segura-Campos et al. (2013) and
Kudre et al. (2018) with some modifications. 20
mlL solution containing 1% sample and distilled
water was mixed at 10000 rpm for 2 minutes by
the homogenizer. The pH value of the solutions
was adjusted to pH 2, 4, 6, 8, and 10 and the
analysis was performed for every pH value. FC
was calculated using foaming volume in 30 s. FS
values were calculated using foaming volumes at

kDa M 1

250

(titin, nebulin,

- filamin)
—(myosin heavy
130 L — chain1and 7)
100 -
70 -
S5 -
(actin)
(tropomyosin
35 Ipha and beta
25

30 min. Equations 4 and 5 were used for
calculation:

FC (%) = Z—’; x 100 @
vt

FS (%) = 7o X 100 5)

Statistical analysis

All analyses were performed in duplicate, and the
mean values were presented. Analysis of variance
(One-way-ANOVA) was applied to determine
whether there was a significant difference among
the means. The significance of the differences
among the means was tested at the p<<0.05 level.
Significant sources of variation were subjected to
the Duncan test, which is a multiple comparison
test. Statistical analyses were performed using

SPSS 22.0 (SPSS Inc., IL, USA).

RESULTS AND DISCUSSION

Isolation of MPs

Proteins were isolated from minced beef meat and
qualitatively checked by 10% SDS-PAGE gel
electrophoresis analysis. The results confirmed
that soluble extract and the powder form of the

final product including MPs with several protein
bands distributed in a range of 25-250 kDa

(Figure 1).

(enolase)
—— (CK/PGAK)

—

myoglobin) myosine)

Figure 1. SDS-PAGE display of the purified MPs (1), sarcoplasmic (2) and myosine (3) proteins. M
indicates protein marker bands. Abbreviations are shown in brackets; (PGAK: phosphoglycerate
kinase, CK: creatine kinase, GAPDH: glyceraldehyde phosphate dehydrogenase, LDH: lactate
dehydrogenase).
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Influence of salt, phosphate, and pH on WAC
and FAC of MPs

Water Absorption Capacity (W.AC) Results

WAC is explained as the capability of fresh meat
to hold its water (Pearce et al., 2011). Poor WAC
may influence the processed meat yield and
quality (Savage et al., 1990). It is considered that
water is held by about 85% through largely actin
and myosin filaments of MPs in meat (Huftf-
Lonergan and Lonergan, 2005; Zeng et al., 2017).
In this study, the WAC of beef MPs was
determined using different quantities of sodium
chloride and/or phosphate. The highest WAC
value was determined in 0.1 g MP-0.04 g sodium
chloride-0.004 g phosphate combination (data
not shown). WAC of 0.1 g MP was then analyzed
by the addition of 0.04 g sodium chloride and/or
0.004 g phosphate at different pH points (pH 2,
4,6, 8, and 10), as well as the control sample using
water. WAC analysis results showed that MPs
with the addition of phosphate and/or salt
generally had a higher WAC value than the
control sample (0.8 g mL water/g protein) (Figure
2). Many studies have reported that salt and
phosphate increase water absorption of meat

2.0
1.8
1.6+
1.4+
1.24
1.0+
0.8
0.6
0.4+
0.2
0.0

products by adjusting their ionic strength (Choi et
al., 2014; Cheng and Sun, 2008; Xiong et al., 2000;
Whiting, 1984; Puolanne et al., 2001) and it has
been shown that ionic strength influences the
swelling degree of the MPs (Wilding et al., 1980).
Besides, WAC analysis results revealed that the
addition of phosphate or phosphate-salt caused
the highest WAC value at relatively higher pH
points (pH 6 - 10) compared to other tested pH
points, and also gradually increased the WAC
value of MPs towards alkaline pH conditions. Itis
clear that phosphate resulted in high WAC at
basic pH conditions (Figure 2). Phosphate has a
basic character and its addition to meat results in
an increase in pH, which causes improvement in
water absorption of beef and porcine muscle MPs
as shown in some reports (Amiri et al., 2018;
Bertram et al., 2004). Also, phosphate forms some
complexes with magnesium- and calcium-bound
protein, causing the improved solubilization of
actin and myosin of MPs (Fernandez-Martin et al.,
2002). Thus, it was suggested that phosphate may
improve the solubility of MPs, and cause an
increase in pH, resulting in an increase in WAC.

-@- salt-phosphate
-& phosphate
—&— salt

water absorption capacity (mL/g)

pH

8 10

Figure 2. Water absorption capacity of combinations of 0.04 g NaCl-0.1 g protein, 0.004 g phosphate-
0.1 g protein, and 0.04 ¢ NaCl-0.004 ¢ phosphate-0.1 g protein at different pH points.
a, b, ¢, d, e: Mean values corresponding to the usage of salt with proteins at different pH values not followed by a common letter differ

significantly (P < 0.05).

A, B, C, D, E: Mean values corresponding to the usage of phosphate with proteins at different pH values not followed by a common

letter differ significantly (P < 0.05).

P, O, R, 8: Mean values corresponding to the combined usage of salt and phosphate with proteins at different pH values not followed

by a common letter differ significantly (P < 0.05).
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Fat Absorption Capacity (FEAC) Results

FAC is defined as the holding ability of fat by
non-polar amino acid residues in proteins
(Yongsawatdigul and Hemung, 2010). FAC is
important for improving the flavor of
comminuted meats (De Kanterewicz et al., 1987).
In this study, the FAC of MPs was evaluated using
different quantities of sodium chloride and/or
phosphate. FAC analysis results indicated that the
highest FAC value was obtained for 0.1 g MP
combined with 0.04 g sodium chloride and 0.004
g phosphate, as in the WAC analysis result (data
not shown). The FAC value of the control sample
was determined as 5.4 mL fat/g protein.

FAC of 0.1 g MP was then investigated at
different pH points (pH 2, 4, 6, 8, and 10) in the

presence of 0.04 g sodium chloride and 0.004 g
phosphate. A higher FAC value than the control
sample was obtained at each experimental point
except two (0.1 g MP-0.04 g sodium chloride at
pH 2 and 4) (Figure 3). It has been reported that
there is an association between the function and
the structure of meat proteins and emphasized the
significance of solubility, hydrophobicity, and SH-
group content of salt-soluble meat proteins,
regarding fat binding and emulsifying properties
(Li-Chan et al., 1985). A positive correlation was
also reported between surface hydrophobicity and
the fat absorption capacity of rockfish protein by
Voutsinas et al. (1983). This study suggested that
salt and/or phosphate may have increased the
surface hydrophobicity of MPs.

-@- salt-phosphate
- phosphate
—&— salt

B 9
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Figure 3. The fat absorption capacity of combinations of 0.04 g NaCl-0.1 g protein, 0.004 g phosphate-
0.1 g protein, and 0.04 g NaCl-0.004 g phosphate -0.1 g protein at different pH points.
a, b, ¢, d, e: Mean values corvesponding to the usage of salt with proteins at different pH values not followed by a common letter differ

significantly (P < 0.05).

A, B, C, D, E: Mean values corresponding to the usage of phosphate with proteins at different pH values not followed by a common

letter differ significantly (P < 0.05).

P, O, R, 8: Mean values corresponding to the combined usage of salt and phosphate with proteins at different pH values not followed

by a common letter differ significantly (P < 0.05).

The use of MPs is suitable for food products
needed for fat retention (Chen et al, 2017).
Accordingly, Elizalde et al. (1988) have
investigated the FAC value of different proteins
including MPs. They have shown that the FAC of
MPs has the highest value among other protein

sources (WPC, BSA, BPI, SC, and SPI) as 5.25
mL fat/g protein (Elizalde et al., 1988). The FAC
value of the control sample (5.4 mL fat/g protein)
is compatible with the results of the study by
Elizalde et al. (1988). Also, watet-soluble MPs
have higher fat absorption, relative to SPI and
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WPI. It is ascribed that MPs may physically and
structurally have bigger porosity which favors
more fat entrapment and higher hydrophobic
properties (Chen et al., 2017).

Emulsifying properties of MPs

Salt-soluble proteins including largely MPs are the
major promotors of the emulsifying properties in
comminuted meat (Hamm, 1986; Xiong, 1997).
Emulsifying properties, ze, EAL and ESI, were
investigated for MPs used together with different
amounts of sodium chloride and/or phosphate.
The highest EAI and ESI values were obtained by
the addition of 0.05 g sodium chloride and 0.008
g phosphate on 0.1 g MPs (data not shown). EAI
and ESI values were then investigated for 0.1 g
MPs by supplementation of 0.05 g sodium
chloride and/or 0.008 g phosphate, at different
pH points (pH 2, 4, 6, 8, and 10), as well as the
control group using water. The EAI of the control
sample was determined as 4.98 m2/g protein. The
EALI values of the sample groups were given in
Figure 4a. These results showed that the addition
of salt and/or phosphate on MPs resulted in
various EAI patterns at different pH points. Salt
and salt-phosphate supplementation gradually
increased EAI towards high pH values (Figure
42). In line with this, high pH provided favorable
emulsifying properties, as well as gel-forming
properties (Chan et al., 2011).

Emulsifying property analysis results showed that
the MPs had the highest ESI value with the
addition of salt at pH 8 among the other pH
points (Figure 4a). This result is consistent with
the studies reporting that the high pH values
support the emulsion stability in meat
combinations (Richardson and Jones, 1987;
Young et al., 2005). Accordingly, Romero et al.
(2011) have shown that crayfish proteins had
more favorable emulsion stability at pH 8, relative
to pH 2 (Romero et al., 2011). On the other hand,
liver proteins from turkey included favorable
emulsion stability at low and high pH values
(Zouati et al., 2011), whereas salt soluble proteins
obtained from meat having pH 6.5 included
greater emulsifying properties (Kijowski and
Niewiarowicz, 1978).

Emulsifying property analysis results showed MP-
salt-phosphate had the highest EAI value at pH
10 and it was found as 8.51 m2/g protein, whereas
the MP-salt combination had the maximum value
of ESI at pH 8 as 230.8 min (Figure 4a, 4b).
Similarly, Ramachandran et al. (2009) reported
that the EAI index of emulsifying properties of
proteins isolated from various fishes was found
between 2.193 m?/g and 7.247 m2/g whereas ESI
values were determined between 53.33-128.33
min (Ramachandran et al, 2009). In addition,
Mohan et al. (2006) showed that EAI values of
MPs isolated from Rohu fish (ILabeo robita) wete
found as 6,25 m?/g for 5 mg/mL protein and
11,09 m?/g for 2.5 mg/mlL protein. ESI results
were found as 364 min for 5 mg/mL protein and
87 min for 2.5 mg/mL protein.

Foaming capacity (FC) and foaming stability
(FS) results

FC and FS were investigated for MPs with the
addition of different amounts of sodium chloride
and/or phosphate. The highest FC and FS values
were found in a combination of 0.1 ¢ MP-0.03 ¢
sodium chloride-0.01 g phosphate (data not
shown). FC and FS with each combination of 0.03
g sodium chloride and 0.01 g phosphate at
different pH points (pH 2, 4, 6, 8, and 10) were
given in Fig 4a and 4b.

The FC of the control sample was determined as
40%. The addition of salt and/or phosphate to
MP resulted in the greatest FC at alkaline pH,
especially pH 10 (Figure 5a). Accordingly, Rocha-
Estrada et al. (2010) have shown that myosin
heavy chain (MHC) and paramyosin (PM) of
mantle and fin of the jumbo squid Dosidicus gigas
had great solubility and high foaming capacity at
basic pH wvalues. In line with this, foaming
capacity was proportional to solubility. Also,
Thawornchinsombut and Park (2005) showed
that soluble fish proteins including MHC from
pacific whiting mince had higher solubility at pH
7 and 10, relative to pH 4, when increasing the salt
concentration. Thus, the present study suggested
that MP solubility may be increased at alkaline pH
conditions in line with the FC.


https://www.sciencedirect.com/science/article/pii/S0023643804003020#bib17
https://www.sciencedirect.com/science/article/pii/S0023643804003020#bib67
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Figure 4. Emulsion activity index (EAI) (a) and emulsion stability index (ESI) (b) of combinations of
0.05 g NaCl-0.1 g protein, 0,008 g phosphate-0.1 g protein, and 0.05 g NaCl-0,008 g phosphate-0.1 g
protein against different pH points
a, b, ¢, d, e: Mean values corvesponding to the usage of salt with proteins at different pH values not followed by a common letter differ

significantly (P < 0.05).
A, B, C, D, E: Mean values corresponding to the usage of phosphate with proteins at different pH values not followed by a common

letter differ significantly (P < 0.05).
P, O, R, S, T: Mean values corresponding to the combined usage of salt and phosphate with proteins at different pH values not

Sfollowed by a common letter differ significantly (P < 0.05).
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Figure 5. Foaming capacity (FC) (a) and foaming stability (FS) (b) of combinations of 0.03 g salt-0.1 g
MP, 0.01 g phosphate-0.1 g MP, and 0.01 g phosphate-0.03 g salt-0.1 g MP against different pH points.
a, b, ¢, d, e: Mean values corresponding to the usage of phosphate with proteins at different pH values not followed by a common letter
differ significantly (P < 0.05).

A, B, C, D, E: Mean values corresponding to the usage of salt with proteins at different pH values not followed by a common letter
differ significantly (P < 0.05).

P, O, R, S, T: Mean values corresponding to the combined usage of salt and phosphate with proteins at different pH values not
Jollowed by a common letter differ significantly (P < 0.03).
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The FS of the control sample was determined as
20 % and the FS results were given in Figure 5b.
Foaming property analysis results showed that
MP-salt had the lowest IS at pH 6, compared to
the other pH points; however, it was also
decreased at pH 10. Similarly, IS of jumbo squid
D. gigas was also minimum at pH 6 and it was
decreased at extreme basic pH conditions (pH 12)
in the presence of salt (Rocha-Estrada et al,
2010). The highest FC result was found to be 90%
at pH 10 in the sample prepared with the addition
of protein (0.1 g), NaCl (0.03 g), and phosphate
(0.01 g), and the highest FS result was determined
as 100% at pH 4 with the addition of NaCl or
phosphate. The present study indicated that NaCl
and phosphate addition to the proteins improved
the foaming properties of the proteins. It is seen
that both the foaming capacity and stability values
were increased when compared with the control
sample.

CONCLUSIONS

Due to various cultures and nutrition types in the
wortld, research has been carried out on different
products in different regions and studies are also
carried out on improving the sensory properties
of the products. In terms of both taste and health,
the potential best recipe for the production stages
of the products is sought. Studies on proteins,
which are one of the most important components
that contribute to the various properties of meat
products, are also important in this respect. In this
study, the effects of salt and phosphate used in
almost every meat product on myofibrillar
proteins were investigated. The amounts used in
the study positively affected the functional
propetties of the proteins and higher results were
obtained compared to the results obtained in the
control sample.

There are various studies on myofibrillar proteins
in the literature, but they are generally on white
meat proteins, mostly fish and other marine
animal proteins. Studies investigating the effect of
the use of different food additives on the
functional properties of red meat proteins in more
detail will contribute to the meat products
industry.
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Bu calismada; vakumlu emdirim teknigi ile renklendirildikten sonra kurutulan tavuk eti kiiplerinin bazi kalite
Ozelliklerinin belirlenmesi amaglanmistir. Bu amaca yonelik olarak; tavuk gégiis eti kiipleri 25°C’de 2 saat
stireyle farklh konsantrasyonlardaki (1, 2 ve 4°Bx) hibiskus ekstraktlari emdirilerek renklendirilmis ve 60°C’de
konveksiyonel kurutucuda kurutulmustur. Calismada kullamilan hibiskus ekstraktlarinin pH degerleri 2.07-
2.27 arahginda belirlenmistir. Hibiskus ekstrakti kullanilarak elde edilen renkli kiiplerin nem igerigi %633.77-
35.18 ve pH degeri 4.42-5.06 araliklarinda belirlenmistir. Yiiksek hibiskus konsantrasyonunda (4°Bx), et
kiplerinin daha koyu renkli ve toplam monomerik antosiyanin miktarinin ise daha yiksek (50.75 mg/kg)
oldugu tespit edilmistir. Ayrica, konsantrasyon arttikca, Grneklerin toplam fenolik madde miktar1 ve
antioksidan aktivitesinin de yiikseldigi beliflenmistir. Calisma sonuglari, tavuk etinin hem renklendirilmesi
hem de fonksiyonel bilesikler ile zenginlestiriimesinde vakumlu emdirim tekniginin basartyla
kullanilabilecegini gdstermektedir. Bununla bitlikte arzu edilen son iriin Szelliklerine gére uygulama
sartlarnin optimize edilmesi 6nem arz etmektedir.

Anahtar kelimeler: Hibiskus, kalite, tavuk eti, vakumlu emdirim

PRODUCTION OF COLORED FUNCTIONAL CHICKEN MEAT CUBES BY
VACUUM IMPREGNATION

ABSTRACT

In this study, it was aimed to determine some quality characteristics of dried chicken cubes after
coloring with vacuum impregnation. For this purpose, hibiscus extracts of different concentrations
(1, 2 and 4°Bx) were impregnated into chicken breast cubes for 2 hours at 25°C, and then colored
cubes were dried in a convection dryer at 60°C. pH values of hibiscus extracts wete between 2.07-
2.27. Moisture content of colored cubes by using hibiscus extract was between 33.77-35.18% and,
pH value was between 4.42-5.06. At high hibiscus concentration (4°Bx), cubes were darker colored,
and total amount of monomeric anthocyanin was higher (50.75 mg/kg). In addition, as concentration
increased, total phenolic content and antioxidant activity of samples also increased. The results show
that vacuum impregnation can be used successfully in both coloring and enrichment of chicken meat
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Fonksiyonel tavuk eti kipleri

with functional compounds. However, it is important to optimize application conditions according

to desired final product properties.

Keywords: Chicken meat, hibiscus, quality, vacuum impregnation

GIRIS

Turkiye'de 2021 yilinda tavuk eti Uretiminin 2.2
milyon tona ulastgl ve kisi basina tavuk eti
tiiketiminin yaklastk 21 kg oldugu bilinmektedir
(Anonymous, 2022). Tavuk eti, dtsiik maliyetli bir
protein kaynagt olmasi, diisiik yag icerigi ve cok
yonluligh nedeniyle kirmizi ete sagliklt bir
alternatif olarak kabul edilmektedir (Ramirez vd.,
2021). Tavuk eti biitiin gévde ya da gogus, but,
kanat gibi parcalar halinde ¢ig olarak satidabildigi
gibi son zamanlarda hem lezzetli hem de kolay
hazitlanabilir salam, sosis, doéner gibi cesitli
trtinlere islenebilmektedir (Hii vd., 2014; Choi
vd., 2016). Bununla birlikte tavuk enddstrisi
tiketim talebine katki saglamak amaciyla farkl
yontemler kullanilarak gelistirilmis tavuk eti
triinlerinin dretimi ile ilgili calismalara da hiz
vermistir (Kavusan vd., 2021).

Antosiyaninler, meyve ve sebzelere pembe,
kirmiz1, viole, mavi ve mor tonlarindaki cesitli
renkleri veren, C¢C3Cs karbon iskeleti ile
karakterize edilen, suda ¢ozlnebilir 6zellikteki
dogal renk maddeleridir. Antosiyaninler, glikozit
formunda bulunan flavanoid olarak bilinen
fenolik maddeler olup, antioksidan 6zellikleriyle
de dikkat c¢ekmekteditler (Castafieda-Ovando,
2009). Malvaceae familyasindan tek yillik bir bitki
olan  hibiskus  (Hibiscus  sabdariffa  L.),
antosiyaninlerce zengin etli c¢anak yapraklar
(kaliksleri) ile ticari olarak 6neme sahiptir ve gida
endiistrisinde bitki ¢ayi, sicak ve soguk icecekler,
recel,  sekerlemeler, dondurma, cikolata,
tatlandiricilar, puding ve pasta gibi iriinlerin
hazirlanmasinda kullanilmaktadir (Dinger, 2021).
Tiketicilerin sagliklt ve besleyici trtinlere daha
fazla ilgi gbstermesi, antosiyaninler gibi biyoaktif
bilesiklerce zengin bu dogal gidalara yonelik pazar
talebini de glin gectikce arttirmaktadir. Bu egilim
aynt zamanda dogal gidalarin diger trinlerde
kullanimini da yayginlastirmaktadir (Gok ve Bor,
2016; Mazaheri Kalahrodi vd., 2021). Piyasada
satilan gida Urlnlerinin  rengi yaygin olarak

sentetik  boyalarla  saglanmaktadir.  Ancak,
tiketicilerin =~ sentetik  boyalarin  kullanimit
konusundaki endiseleri nedeniyle hibiskus,

domates, biber, Monascus mantari ve kirmizi

pancar  ekstraktt  gibi  alternatif = dogal
renklendiricilerin et  Urlnlerinde  kullanimi
yayginlasmustir.  Bu  gidalarin - renklendirici

Ozelliklerinin yani sira antioksidan Ozellikleri de

kullanimlarint  arttrmustir (Aykin-Dinger  vd.,
2021). Et uranlerinin - biyoaktif  bilesikler
bakimindan  zenginlestirilmesinin  en  yaygin

yollarindan biri, marinasyon teknigidir. Ttrk Gida
Kodeksi Et, Hazitlanmis Et Karisimlart ve Et
Uriinleri Tebligi’ne gdre marinasyon “cig etin tuz,
bitkisel yag gibi cesitli gida maddeleri ve lezzet
vericiler ile teknolojisine uygun olarak muamele
edilmesi  iglemi”  olarak  tanimlanmaktadir
(Anonymous,  2019).  Latince  “marine”
kelimesinden tlretilmis olan marinasyon islemi,
eskiden raf dmriini uzatmak amaciyla etin tuzlu
su c¢ozeltisinde yani salamurada bekletilmesi
olarak ifade edilirken, giniimiizde etin duyusal ve
fonksiyonel Ozelliklerini  gelistirmek amactyla
meyve ve sebze sulart gibi ¢esitli stvilarla muamele
edilmesini de kapsamaktadir (Yddirim, 2020).
Etin fonksiyonel ozellik kazanmasi amaciyla
kullanilan meyve sulart, ayn1 zamanda marinasyon
ortamin pH’sin1  duasiirdiigiinden raf omrini
artirmak icin de tercih edilmektedir (Akyiiz vd.,
2020). Etin marinasyonunda kullanilan baglica
yontemler; daldirma, enjeksiyon ve
tamburlamadir  (Ergezer ve Gokge, 2004).
Daldirma en temel yéntem olup, etin marinasyon
stvist icerisinde buzdolab: sicakliginda (=4°C)
bekletilmesi islemidir. Enjeksiyon yontemi tekli
veya coklu igneler yardimiyla ve tamburlama
yontemi ise belirli bir actyla dénen pedalli bir
kazan icinde hizli ve siirekli bir marinasyon iglemi
saglayarak retim verimini arttirmakta ve iscilik
maliyetlerini diisirmektedir. Ancak, bu hizlt
yontemler et yiizeyinde bazi igne deliklerinin
olusmasina ve kazanda diisme, carpma ve
strtinmeye bagli olarak doku bitunliginin
bozulmasina neden olabilmektedir (Aykin-Dinger
ve  Erbas, 2018). Bu sorunlar, etin
marinasyonunda  dokuya  zarar  vermeden
marinasyon siiresini kisaltan yeni teknolojilerin
kullanimint glindeme getirmistir.
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Fonksiyonel et trtini gelistirmek icin kullanilan
umut verici yontemlerden biri vakumlu emdirim
(VE) teknigidir. VE teknigi, basing degisiklikleri
tarafindan desteklenen hidrodinamik
mekanizmalarin etkisi ile gtidanin gézeneklerinde
bulunan gazlarin ve stvilarin emdirim ¢ozeltisi ile
yer degistirmesi islemidir (Aykin-Dinger ve Erbas,
2018). Vakum uygulamasi ve ardindan atmosfer
basincinin restorasyonu islemi, gidanin gézenekli
yapisina  kontrolli ~ miktarlarda  biyoaktif
bilesiklerin dahil edilmesini desteklemektedir.
Guda ile emdirim ¢6zeltisi arasindaki bu iki yonli
kiitle transferinin hizi; gidanin yapisi, vakum
basinct ve suresi, vakum sontrast bekleme
(gevseme)  stresi, dongh  sayisy,  ¢Ozelti
konsantrasyonu, viskozitesi ve sicakligy, karistirma
islemi ve gida/c¢ozeltd orani gibi faktotlerden
ctkilenebilmektedir (Yilmaz ve Bilek, 2018;
Aykin-Dincer, 2021). Meyve ve sebzelerin
vitaminler, mineraller, fenolikler, aromalar ve
organik asitler ile VE teknigi kullanilarak
zenginlestirilmesini konu olan 6nemli ¢alismalar
yuratilmistir (Guiamba vd., 2016; Lima vd.,
2016; Moreno vd., 2017; Rascéon vd., 2018;
Yilmaz ve Bilek, 2018; de Medeiros vd., 2019; Luo
vd., 2019). Et drinlerinde VE tekniginin
kullanddigi  6zellikle tuzlama, marinasyon ve
kiirleme (Deumier vd., 2003; Bampi vd., 2016;
Serio vd., 2017; Aykin-Dinger, 2021) ile ilgili bazt
calismalar mevcut olup et urinlerinin Gzellikle
biyoaktif bilesiklerce zenginlestirilmesini konu
alan c¢aligmalar oldukca sinirlt sayidadir (Demir
vd., 2021; Shiekh vd., 2021; Zhao vd., 2021).
Diger taraftan bilingli tiiketicilerin antosiyaninler
gibi  biyoaktif bilesiklerce zengin ve/veya
zenginlestirilmis Urlnlere ilgi géstermesi, tiketim
talebini arttirmak icin arayista bulunan tavuk
endustrisinin de bu calismalara verdigi 6nemi
arttirmigtir.

Bu c¢alismada, vakumlu emdirim  teknigi
kullanilarak tavuk etinin hibiskus ekstraktlart ile
renklendirilmesi ve béylece yeni bir fonksiyonel
tavuk eti Uriinin gelistirilmesi amaglanmistir. Bu
amaca yonelik olarak, tavuk gogis etleri 2 saat
streyle farkli konsantrasyonlardaki (1, 2 ve 4°Bx)

hibiskus ekstraktlart emdirilerek
renklendirildikten sonra 60°C’de konveksiyonel
kurutucuda kurutulmustur. Ardindan  tavuk

etlerinde nem, ay, VE sonrast agirlik kazanimi,

pH, L* a% b* renk degerleri, toplam monomerik
antosiyanin icerigi, toplam fenolik madde icerigi
ve antioksidan aktivite gibi analiz ve Sl¢tiimler
gerceklestirilmistir.

MATERYAL VE YONTEM

Calisma materyali olarak kullanilan tavuk g6gis
etleri Antalya’da taninmig bir kasaptan (Veli
Cengiz Et Uriinleri Ltd.) temin edilmistir. GOgis
etleri yag ve bag dokusu alindiktan sonra bicak
yardimiyla kiplere (= 1.5 X 1.5 X 1.5 cm)
bolinmustir  (Aykin-Dinger, 2021). Calisma
kapsaminda 4 farkli emdirim ¢Ozeltisi (tuz
cOzeltisi, hibiskus ekstraktt 1, 2 ve 4°Bx) ve bir
dogrudan kurutuma uygulandigindan, et kiipleri 5
gruba ayrilmistir. Her bir grupta yaklastk 60 g
tavuk eti bulunmaktadir. Bir tekerriir icin 300 g et
kipt (60 g X 5 grup) kullanilmistir. Calisma 2
tekerrtirli olarak yuritildiginden toplam 600 g
et kiipti (300 g X 2 tekrar) analiz edilmistir.

Hibiskus ekstraktlarinin  hazirlanmast  (Dinger,
2022) igin, aktardan temin edilen hibiskus
(Hibiscus  sabdariffa  L.) Dbitkisinin  kurutulmus
yapraklart kullandmistir. Hibiskus numuneleri
blenderda (Beko BKK-2155 Maxi El Blendir,
Turkiye) oOgutildikten sonra, ekstrasksiyon
islemi, 6rnek su orant 1/10 olacak sekilde 75°C
deki su banyosunda (Heidolph Hei VAP
Precision, Almanya) 750 devir/dakika karistirma
hizindaki pervaneli karistirict (IMTOPS MS3040D
Lab. Stirrer Kore) yardimyla 15 dk. streyle
gerceklestirilmistir. Daha sonra filtre (106 pm)
edilen hibiskus ekstraktlart (4.7-5.0°Bx) saf su ile
1, 2 ve 4°Bx seviyelerine seyreltilmis ve Uzerine
%4 tuz (NaCl, Merck) icerecek sekilde tuz ilavesi
yapimistir. Aymi giin igerisinde gergeklestirilen
uygulamalara  kadar, emdirim  ¢6zeltileri
buzdolabinda (=4°C) muhafaza edilmistir. Her
uygulama icin 600 mL c¢6zelti kullanilmistir.
Tavuk eti kiplerinin emdirim ¢6zeltisine orani,
daha o6nceki calismalar dikkate alinarak kutlece
1/10 olarak belitlenmistir (Aykin-Dinger, 2021).
Boylece, tavuk eti kiipleri emdirim ¢Ozeltisi
icerisine tamamen daldirilmis  ve vakumlu
emdirim islemi i¢in rotary evaporatére (Hei-VAP
Precision, Schwabach, Almanya) baglanmistir.
Tim uygulamalarda, 10 dk. vakum (250 mbar
mutlak basing) ve ardindan 10 dk. atmosfer
basinct dénglsii 2 saat boyunca tekrarlanmistir.
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Calismada iki farkli kontrol grubu kullanilmigtir.
Birinci kontrol grubundaki tavuk gogls etleri
dogrudan kurutulurken, ikinci kontrol grubu tuzlu
su ¢Ozeltisi icerisinde diger 6rneklerde oldugu gibi
vakumlu emdirim islemine tabi tutulmustur.
Tuzlu su ¢ozeltisi, 40 g tuzun (NaCl, Merck)
toplam hacmi 1 L olan saf su i¢inde ¢6ztlmesiyle
hazirlanmugtir. Uygulamalar sonrasi tim 6rnekler
6011°C sicaklikta firinda (Memmert, Almanya)
sabit tartima gelene kadar yaklastk 16 saat
kurutulmustur.

Analizler

Nem icerigi

Orneklerin % nem icerigi, etiivde (Memmert,
Almanya) 10521°C’de sabit tartima gelinceye
kadar kurutulmast sonucunda gravimetrik olarak
belirlenmistir (AOAC, 2000).

Suda ¢oziiniir kuru madde tayini

Orneklerin suda ¢éziinebilir kuru madde miktar
refraktometre (PAL-ae ATAGO, Tokyo, Japonya)
ile oda sicakliginda Slgiilmiistir.

pH ol¢imii

Orneklerin pH degerleri oda sicakliginda dijital
pH metre (Orion 4-Star pH meter, Thermo
Scientific, ABD) kullanidarak o6lctilmistir. Her
calisma Oncesinde pH-metre, pH 4 ve pH 7
tamponlari kullamlarak kalibre edilmistir (AOAC,
2000).

Su aktivitesi (aw) ol¢iimii

Orneklerin su aktivitesi, su aktivitesi leme cihaz
(Aqualab 4TE, ABD) kullanilarak oda sicakliginda
belirlenmistir.

Vakumlu
kazanimi
VE sonrast agirlik kazanimi, tavuk etlerinin
vakumlu emdirim isleminden 6nceki ve sonraki
agirliklarr  arasindaki  farkin, tavuk  etlerinin
vakumlu emdirim isleminden 6nceki agihgina
orant (%) olarak hesaplanmistir.

Emdirim (VE) sonrasi agithik

Renk 6lgiimii

Renk degerleri (L% 2% 4%), CR-400 Chromameter
(Konica Minolta, Japonya) cthaz kullanilarak CIE
renk sistemine gore, 4 farkli 6rnek yiizeyindeki 2
farkli noktadan toplamda 8 Ol¢lim alinarak

gerceklestirilmistir. I* degeri Orneklerin siyah-
beyazligini, a* degeri kirmizi-yesil renk degetlerini
ve b* degeri ise sari-mavi renk degerlerini ifade
etmektedir. Renk cihazi analizlerden 6nce cihaza
ait kalibrasyon plakast ile kalibre edilmistir.

Toplam fenolik madde

Calismada toplam fenolik madde, monomerik
antosiyanin  tayini ve antioksidan aktivite
analizlerinde kullanilmak tizere ckstraktlarin
hazirlanmast  Liu  vd.  (2016)’ne  gdre
gerceklestirilmistir.  Buna  gbre  blenderda

homojenize edilen o6rneklerden 4 ¢ alinarak
santrifiij tliplerine aktarilmis ve lizerine 20 mL
%80’lik metanol ilave edilmistir. Ardindan tiipler
ultrasonik banyoya (Caligkan Ultrasonik clenar
180 W, 40 kHz, Tturkiye) yerlestirilerek 40 kHz
sabit frekansta, 40°C’de 30 dk. boyunca ekstrakte
edilmistir. Daha sonra numuneler 10 dk. boyunca
4000 rpm’de  santrifijlenmis  (Eppendorf
Centrifuge 5810, Almanya) ve st katman
alinmistir.  Ekstraksiyon  islemi  yukarida
bahsedilen adimlara gére 2 defa tekrar ettirilmis ve
toplanan  filtratlar analizlere kadar 4°C’de
muhafaza edilmistir.

Toplam fenolik madde miktari spektrofotometrik
yontemle belirlenmistir. Bu amagcla, 0.5 mL 6rnek
tzerine sirastyla 2.5 mL Folin-Ciocalteu ¢ozeltisi
(Merck, Almanya) (saf suile 10 kat seyreltilmis) ve
2 mL %7.5lik Na,CO3 (Merck, Almanya) ¢cOzeltisi
eklenmistir. Elde edilen karigim  vorteksle
karisturildiktan sonra 50°C’deki su banyosunda 5
dk. bekletilmistir. Daha sonra oda sicakligina
sogutularak  spektrofotometrede (Thermo
Scientific Evoluation 160 UV-Vis, ABD) 760 nm
dalga boyunda absorbans okunmugtur. Elde
edilen absorbans degerleri gallik asit ¢6zeltileri ile
olusturulan kurve yardimuyla mg gallik asit
esdegeri (GAE)/kg ornek cinsinden ifade
edilmistir (Skerget vd., 2005).

Antosiyanin icerigi

Orneklerde toplam monomerik antosiyanin tayini
pH diferansiyel metodu ile spektrofotometrik
(Thermo Scientific Evoluation 160 UV-Vis,
ABD) olarak belitlenmistir. Bu kapsamda
ornekler pH 1 (0,025 M potasyum kloriir) ve pH
4.5 (0,4 M sodyum asetat)’a ayarh 2 farkli tampon
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¢ozelti kullanilarak deney baslangicinda saptanmus
olan seyreltme faktériine uygun olarak seyreltilmis
ve yaklasik 20 dk. oda sicakliginda bekletilmistir.
Bu siire sonunda her iki seyreltigin Avis-max (514
nm) ve 700 nm dalga boyundaki absorbanslatt saf
suya karst Olcilmustir. Toplam monomerik
antosiyanin miktart agagidaki esitlik yardimiyla
siyanidin-3-glukozit cinsinden mg/L ve g/kg
olarak hesaplanmistir (Wang ve Xu, 2007).

A= (Alvis-max ve A700)pH 1.0 - (AAvis-max ve
A700)pH 4.5

(A)(MW)(SF)1000
(e)¢

Monomerik antosiyanin (mg/L) =

A: Diizeltilerek hesaplanmis absorbans farki,
MW: Baz alinacak antosiyanin molekul agirlig:
Sf= Seyreltme faktori,

E€=Molar absorptivite (absorpsiyon katsayisi)
{=Spektrofotometrede kuvvet katman kalinlg:.

Antioksidan aktivite tayini

DPPH (1,1-Difenil-2-pikrilhidrazil) radikalinin
inhibisyonuna  dayali antioksidan  aktivite
Fernandez-Leén vd. (2013) tarafindan uygulanan
yonteme gore belirlenmistir. Bu amagla uygun
oranda seyreltilmis 6rnek ekstraktindan 50 uL ve
tzerine taze hazirlanmis 950 plL 6.10> M DPPH
¢ozeltisi ilave edilmistir. Karisim oda sicakliginda
30 dk. bekletildikten sonra 516 nm dalga boyunda
okunmugstur. Elde edilen deger ile DPPH
¢ozeltisinin - bekleme  siiresinin - baginda  saf
metanole karst 516 nm dalga boyunda yapilan
okumasina goére farklari alinmustir. Orneklerin
antioksidan aktivitesi bu absorbans farklart
kullanilarak, farkls konsantrasyonlarda
hazirlanmus troloks ile elde edilen egri yardimiyla
mg troloks esdeger (TE)/kg ornek cinsinden
hesaplanmustir.

BULGULAR VE TARTISMA

Hibiskus ekstraktlarinin pH ve renk degerleri
Emdirim ¢Ozeltisi olarak kullamilan  hibiskus
ekstraktlarinin ortalama pH degetleri 2.17 olarak
belirlenmistir. Hibiskus ekstraktlarinin  asidik
karakterde oldugu ve pH  degetlerinin
konsantrasyon artistna bagh olarak 6nemli (P
<0.01) diizeyde azaldig1 tespit edilmistir (Cizelge
1). Hibiskus  ekstraktinin  asitligi,  sitrik,
hidroksisitrik, malik, oksalik, askorbik ve tartarik
asitten olusan organik asit fraksiyonlarina baghidir

(Pérez-Béaez vd., 2020). Hibiskus ekstraktlarinin
renk degerleri izerine konsantrasyon faktérintn
6nemli (P >0.05) bir etkisinin olmadigl tespit
edilmistir  (Cizelge 1). Calisma sonuglari ile
uyumlu olarak, Dinger (2021) farkli yontemlerle
ckstrakte ettigi 2°Bx hibiskus 6rneklerinin pH
degerinin 2.28-2.41 araliginda ve L*, a*ve b* renk
degerlerinin ise sirastyla 17.18-17.62, 0.77-1.17,
2.12-2.32  araliklarinda degistigini  bildirmistir.
Dincer vd. (2020) tarafindan farkli yontemler ile
hibiskus 6rneklerinin 1.1°Bx  seviyesine kadar
ekstrakte edildigi baska bir calismada, pH
degetlerinin 2.41-2.42, I, a ve b renk degerlerinin
ise strastyla 16.15-16.17, 0.66-0.84, 1.13-1.16
araliklarinda degistigi bildirilmistir. Chumsti vd.
(2008) tarafindan kurutulmus hibiskus ¢anak
yapraklarinin farklh sicaklik (50 ve 60°C), siire (30
ve 60 dk.) ve katt/coziict orant (1/5 ve 1/10)
dikkate alinarak suda eckstrakte edildigi bir
calismada ise, ekstraktlarin pH degetlerinin 2.79
ile 2.95 arasinda oldugu bildirilmigtir. Ramirez-
Rodrigues vd. (2011)’nin  kati/¢6zlich  orant
sunulan calismada oldugu gibi 1/40 ve 25°C’de
30, 60, 120 ve 240 dk. ile 90°C’de 2, 4, 8, 16 dk.

olmak {lzere farkli sicaklik ve sirelerde
gerceklestirdikleri calismada; uygulanan
ckstraksiyon yontemine gbre I, a4, & renk

degerlerinde istatistiki acidan Snemli farkliliklar
tespit edildigi ve L degerinin 35.26-54.18, «
degerinin 63.93-67.65 ve b degerinin 45.39-68.76
arasinda degistigi bildirilmistir. Ayni calismada pH
degerleri 2.31-2.37 arasinda rapor edilmistir.
Ramirez-Rodrigues vd. (2011) ile Chumsti vd.
(2008)’nin  calismalarinda  bulunan  sonuglar
sunulan  calisma  sonuglarindan  farkhilik
gostermektedir.  Bu  durumun  hammadde
ozelliklerinin ~ farkliiginin  yan1  sira  Gzellikle
ekstraksiyon  yontemi, 6rnek-¢bzliici  orani,
ckstraksiyon sicaklik ve siiresi gibi ekstraksiyon
sartlarinin farkliligindan kaynaklandig
distuntlmektedir.

Tavuk gogiis eti kiiplerinin VE sonrasi agitlik
kazanim

Tavuk gogus eti kiplerinin VE sonrast agirlik
kazanimi tzerine, emdirim ¢6zeltisinin P <0.01
diizeyinde etkili oldugu beliflenmistir (Cizelge 2).
Et kiplerinin agirlk kazanimi %1.46 ile %6.55
arasinda  belirlenmistir. En  yitksek agirhk
kazanimi, tuz c¢Ozeltisi emdirilmis 6rneklerde
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tespit edilmis ve bu durum et kiiplerindeki protein
yapinin su tutma kapasitesinin artmasindan
kaynaklanmis olabilirt. Tuz ¢Ozeltisine gore,
hibiskus emdirilmis 6rneklerde daha distk agirlik
kazanimi tespit edilmigtir. Farkli emdirim
cozeltilerinde et kiplerinin farklt agithk kazanim
oranlarina sahip olmast, emdirim ¢6zeltilerinin pH
degerlerinin  farklt olmasindan  kaynaklanmis
olabilir. Malelak vd. (2017) tarafindan hibiskus

uzaklagsmasini kolaylastirdigr bildirilmistir. Benzer
bir ¢aligmada, tavuk eti marinasyonunda %0.75 ve
%1 oranlarinda ardi¢ ekstraktinin kullanilmasinin
hem marinasyon verimini hem de suyu tutma
kabiliyetini azalttig1 bildirilmistir (Kavusan vd.,
2021). Farkhh uygulama sartlarinda vakum
emdirim ile dana et kiplerinin tuz ¢ozeltisinde
(%o4) 180 dk. stire ile muamele edildigi ¢alismada
ise oOrneklerin nem igeriginin %2.89 ile %3.79

ekstraktinda  bulunan organik asitlerin, et  araliginda yikseldigi rapor edilmistir (Aykin-
dokusunu zayiflatarak suyun yapidan  Dinger 2021).

Cizelge 1. Hibiskus ekstraktlarinin pH ve renk degerleri
Table 1. Hibiscus extracts of pH and color values

pH L* a* b
Emdirim Cozeltisi
Impregnation Solution
1"Bx Hibiskus ckstraku 2274+ 0.01 12.89 + 0.03 0.74 + 0.02 251+ 0.01
1°Bx Hibiscus extract
2°Bx Hibiskus ckstrakn 2.16> £ 0.01 12.93 + 0.11 0.80 * 0.41 2.61 £ 0.11
2°Bxc Hibiscus extract
4°Bx Hibiskus ckstrakt 2.07¢ + 0.01 12,95 + 0.02 1.30 + 0.12 2.69 + 0.03
4°Bsc Hibiscus extract
Onem seviyesi sor NS NS NS

Significance

abe Siitun icindeki farklt harfletle gosterilen ortalama degerler, farkliliklar: gostermektedi.
“b¢ Means with different letters within the column indicate differences.

NS Onemli bir farklilik bulunmamaktadir (P >0.05); * P <0.05; ** P <0.01

NS Not Significant (P >0.05); * P <0.05; ** P <0.01

Gizelge 2. Tavuk gbgis eti kiiplerinin vakumlu emdirim sonrast agirlik kazanimi
Table 2. Weight gain of chicken breast meat cubes after vacunm impregnation
Agirlik kazanimi (%)
Weight gain (%)

Emdirim Cozeltisi
Impregnation Solution
Kontrol

Control

Tuz ¢ozeltisi

Salt solution

1°Bx Hibiskus ekstraktt
1°Boc Hibiscus extract
2°Bx Hibiskus ekstraktt
2°Bx Hibiscus extract
4°Bx Hibiskus ekstraktt
4°Bx Hibiscus extract
Onem seviyesi
Significance

b Sttun igindeki farkli harflerle gosterilen ortalama degerler, farkliliklart gostermektedir.
@ Means with different letters within the column indicate differences.

NS Onemli bir farklilik bulunmamaktadir (P >0.05); * P <0.05; ** P <0.01

NS Not Significant (P >0.05); * P <0.05; ** P <0.01

6.55* £ 1.40

1.46> £ 0.60

1.78> £ 0.35

1.68> £ 0.86

*
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VE uygulanmis ve kurutulmus tavuk go6giis
eti kiiplerinin nem, a,, ve pH degerleri

Kurutulmug et kiiplerinin nem ve a, degeri
tzerine, emdirim ¢6zeltisinin 6nemli (P <0.05;

P<0.01) diizeyde etkili oldugu ve hibiskus
emdirilmis 6rneklerin daha yiiksek nem ve ay
degerine sahip oldugu belirlenmistir (Cizelge 3).

Cizelge 3. Vakumlu emdirim uygulanmis ve kurutulmus tavuk kiiplerinin nem, ay, pH degerleri
Table 3. Moisture, ay, pH values of vacunm impregnated and dried chicken cubes

Nem (%) ay pH

Moisture (%) ay pH
Emdirim Cozeltisi
Impregnation Solution
Kontrol 23.620 +0.21 0.788> + 0.013 5972 % 0.10
Control
Tuz gozeldsi 28.43% + 1.34 0.777> + 0.003 6.08: % 0.04
Salt solution
1"Bx Hibiskus ckstraku 33772 + 2.42 0.8642 + 0.002 5.06> + 0.01
1°Bxc Hibiscus extract
2 B Hibiskus kstrakn 3515+ 149 0.882: + 0.007 4726+ 0.04
2°Bx Hibiscus extract
4B Hibiskus ckstraku 3518t + 243 0.857+ £ 0.009 4424 £ 0,01
4°Bx Hibiscus extract
Onem seviyesi M . $ox

Significance

abed Siitun icindeki farklt harflerle gdsterilen ortalama degetler, farkliliklart gbstermektedir.
@bed Means with different letters within the colummn indicate differences.
NS Onemli bir farklilik bulunmamaktadir (P >0.05); * P <0.05; ** P <0.01

NS Not Significant (P >0.05); * P <0.05; ** P <0.01

Kurutulmus et kiiplerinin ortalama nem igerigi
%31.23£1.63 ve ay, degeri 0.8310.01 olarak
belitlenmis ve orta nemli gida sinifinda oldugu
(%20-50 nem igerigi ve 0.70-0.90 araliginda su
aktivitesi, Huang ve Nip, 2001) tespit edilmistir.
Daha diigik nem degerlerine kurutma islemi son
drinin  duyusal kalitesini  olumsuz yonde
etkileyeceginden (Modi vd., 2007), literatiirle
uyumlu olarak kiplerin orta nemli olmast
hedeflenmistir (Aykin Dinger, 2020; Jiang vd.,
2016).

Bununla birlikte kontrol grubu ve tuz ¢ozeltisi
emdirildikten sonra kurutulan et kiiplerinin nem
iceriklerinin hibiskus ekstrakti emdirildikten sonra
kurutulan  6rneklerden daha dusik oldugu
belitlenmistir. Hibiskus cozeltisindeki
partikiillerin tavuk et kiplerindeki gozenekleri
doldurarak kurutmayt zorlastirmis olabilecegi ve
bu 6rneklerin nem iceriginin bu nedenle daha
yuksek oldugu degerlendirilmistir.

Kurutulmus et kiplerinin pH degeri iizerine,
emdirim ¢ozeltisinin 6nemli (P <0.01) duzeyde
etkili oldugu tespit edilmistir (Cizelge 3). Kontrol
grubu ve tuz ¢ozeltisi emdirilmis kiplerin pH
degerinin en yiksek oldugu ve bunu hibiskus
ekstrakti  emdirilmis Orneklerin  takip  ettigi
belitflenmistir.  Emdirim  ¢bzeltilerinin =~ pH
degerinin farkli olmasi, son tUrtinin pH degerini
etkilemistir ve daha asidik (pH 2.17) olan hibiskus
ckstraktinin emdirildigi et kiiplerinde daha dusiik
pH degeri tespit edilmistir. Ayrica, konsantrasyon
arttkca  hibuskus ekstraktnin  pH  degerinin
azalmasina benzer olarak, bu ekstraktlarla
muamele edilmis ve kurutulmus et kiiplerinin pH
degeri de 5.06’dan 4.42°ye azalmustir. Hibiskus
ekstraktinin  eklenmesi,  ekstraktin = asidik
karakterinden dolay1 irinde pH’y1 distirmistiir.
Benzer olarak, kofte 6rneklerinde hibiskus miktar
(0.1-1.3%) arttukca, pH degerinin azaldig
bildirilmistir (Jung ve Joo, 2013). Bozkurt ve
Belibaglt (2009) hibiskus ilave edilmis kavurma
orneklerinde pH degerini daha distik (<6.0) tespit
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etmisler ve bunu hibiskusun yitksek miktarda
asidik bilesikler icermesiyle iligkilendirmislerdir.
Benzer sckilde, Gok ve Bor (2016) sebze suyu
karisimi (havug, domates, kabak, siyah havug,
salatalik ve marul) ile 48 saat marine edilmis hindi
gbgls etinin pH degerlerinde azalma tespit
etmislerdir. Erge vd. (2018) ise, elma ve erik
konsantreleri ile yapilan tavuk eti marinasyonunda
pH degerinin  dustigini bildirmigtir. Diger
taraftan, sucuk Grneklerinin pH degeri tizerine,
hibiskus ilavesinin 6nemli bir etkisinin olmadigt
bildirilmistir (Karabacak ve Bozkurt, 2008). Farkl
oranlarda (%0, %0.5, %1) hibiskus ekstrakt1 ilave
edilen probiyotik kegi stti 6rneklerinin  pH

degerinde de Onemli bir farklilik
edilememistir (Nuraeni vd., 2014).

tespit

VE uygulanmis ve kurutulmug tavuk goégiis
eti kiiplerinin renk degerleri

L* a* ve b* degerleri izerine, emdirim
cozeltisinin  6nemli (P <0.01) dizeyde etkili
oldugu tespit edilmistir (Cizelge 4). Tuz ¢Ozeltisi
emdirilmis Srnekler, kontrol 6rnegine gore daha
yitksek I.* degeri ve daha diisiik #* degerine sahip
olmustur. Tavuk etindeki renk pigmentlerinin
tuzlu suda ¢6zlinmesine bagl olarak renk kaybi
meydana gelmis olabilir.

Cizelge 4. Vakumlu emdirim uygulanmis ve kurutulmus tavuk kiiplerinin renk degerleri
Table 4. Color values of vacuum impregnated and dried chicken cubes

L * b
Emdirim Cozeltisi
Impregnation Solution
Kontrol 37.520 + 0.27 10.122 + 0.08 18.06> £ 0.01
Control
Tuz cozeltisi 38972 £ 0.15 8.16b + 0.04 18.68 + 0.07
Salt solution
I Dx Hibiskus ekstrakn 23.50: % 030 10,47+ + 0.3 10,32 % 0.19
1°Boxc Hibiscus exctract
2°Bx Hibiskus ekstrakti

d + a+ d +
P 21.05¢ + 0.09 9.712 % 0.15 5.774 + 0.07
4"Bx Hibiskus ckstraku 19.35¢ + 0.33 417¢ + 029 2.08¢ + 0.01
4°Bx Hibiscus extract
Onem seviyesi - ok .

Significance

abede Sutun icindeki farkl harfletle gosterilen ortalama degerler, farkliliklar: gbstermektedit.
wbodeMeans with different letters within the colummn indicate differences.
NS Onemli bir farklilik bulunmamaktadir (P >0.05); * P <0.05; ** P <0.01

NS Not Significant (P >0.05); * P <0.05; ** P <0.01
Hibiskus  ekstraktlart ile muamele edilen
orneklerde konsantrasyon artttkca L* a* ve b*
degetlerinin azaldig: tespit edilmistir (Cizelge 4,
Sekil 1). Orneklerin renk degerlerindeki bu
azalma, hibiskus konsantrasyonu artttkca koyu

renkli  ekstraktin  antosiyanin  igeriginin
artmasindan  kaynaklanmis  olabilir.  Tum
konsantrasyon  dlzeylerinde  yakin  renk

degerlerine sahip olan hibiskus ekstraktlarinin
renk farki, tavuk etine emdirildiginde ortaya
ctkmis ve konsantrasyon arttikca et kiipleri daha
koyu bir mor renge sahip olmustur. Calisma
sonuclart ile uyumlu olarak, kontrol grubuna

kiyasla %3 hibiskus ekstrakti ile marine edilen
orneklerde daha disik L¥ a* ve b* degeri tespit
etmistir (Malelak vd. 2017). Marquez-Rodriguez
vd. (2020) tarafindan hibiskus eckstrakti ile
muamele edilen sigir etlerinin L* a* ve b*
degerlerinin, ekstraktla muamele edilmeyen
kontrol grubuna gbre daha dusik oldugu
bildirilmistir. Hibiskus ekstraktinin %1 oraninda
kofte formilasyonuna dahil edildigi baska bir
calismada da, tim renk parametrelerinde azalma
tespit edilmistir (Pérez-Baez vd., 2020). Jung ve
Joo (2013) kofte 6rneklerinde hibiskus miktatt
(0.1-1.3%) artttkca, L* ve b* degetlerinin
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azaldigini, * degerinin ise arttigint bildirmislerdir.
Bozkurt ve Belibaglt (2009) hibiskus ilavesinin
pismis kavurma 6rneklerinde L* degeri tizerinde

etkili olmadigini, ancak a* ve b* degerlerini
azalttigint bildirmistir.

Emdirim
cozeltileri:

Kontrol 1 q

Kontrol 2

Renklendirilmis ve kurutulmus
tavuk eti kiipleri

Sekil 1. Emdirim ¢6zeltileri ve renklendirilmis tavuk eti kiiplerinin gérintimi
Figure 1. Appearance of impregnation solutions and colored chicken meat cubes

Hibiskus ekstrakt: emdirilmig ve kurutulmusg
tavuk  gdgiis eti kiiplerinin  toplam
monomerik antosiyanin, toplam fenolik
madde ve antioksidan aktivite degerleri

Toplam monomerik antosiyanin miktar {izerine,
emdirim ¢ozeltisinin 6nemli (P <0.01) dizeyde
etkili oldugu tespit edilmistir (Cizelge 5). Kontrol
grubu ve tuz ¢6zeltisi emdirilmis kiplerde toplam
monomerik antosiyanin tespit edilememistir.
Hibiskus ekstraktinin konsantrasyonu 1°Bx’den
4°Bx’e  yikseldiginde, kurutulmus kiiplerin
toplam monomerik antosiyanin miktart 35.37
mg/kg’dan  50.75 mg/kg’e yukselmistit. Bu
durum, et kiiplerinin daha yogun bir sekilde mor
renkli olmasint saglamustir. Christian ve Jackson

(2009), Hibiscus sabdariffamin ¢ varyetesi ile
gerceklestirdikleri ¢alismada toplam monomerik
antosiyanin icerigini 0.02 ile 3.45 mg/g araliginda
bildirmislerdir. Sindi vd. (2014) ise Hibiskus
sabdariffa icin toplam monomerik antosiyanin
miktarint 0 ile 6 mg/g arasinda bildirmigtir. Bu
sonuglara  gbre, et kiplerine emdirilen
antosiyaninlerin ~ (0.04-0.05 mg/g) kurutma
strasinda sicaklik ve oksijenin etkisiyle bir miktar
pargalanmis olabilecegi degerlendirilmistir.

Toplam fenolik madde miktarlart {zerine,
emdirim ¢ozeltisinin 6nemli (P <0.01) duzeyde
etkili oldugu tespit edilmistir (Cizelge 5). Kontrol
grubu ve tuz ¢6zeltisi emdirilmis kiiplerde toplam
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fenolik madde tespit edilememistir. Hibiskus
ekstraktinin konsantrasyonu arttik¢a, kurutulmus
kiiplerin toplam fenolik madde miktart artmustir.
Benzer olarak, %71 oraninda hibiskus ekstrakti
iceren sigir koftesi Orneklerinin toplam fenolik
madde miktart 211.7 mg GAE/kg olarak
belitflenmistir (Pérez-Baez vd., 2020). Dinya
capinda yetistirilmis 25 farkli Hibiskus sabdariffa
tiriine ait yaprak Orneklerinin toplam fenolik
icerigi ortalama 2292 mg GAE/g olarak

bildirilmistir (Zhen vd., 2016). Dinger (2021)
hibiskus ekstraktlarinin  (2°Bx) toplam fenolik
madde icerigini 800 - 840 mg/kg GAE araliginda
tespit etmistir. GOk ve Bor (2016) 14°Bx’lik sebze
suyu karisimi ile marine edilen hindi gbgls etinin
toplam fenolik madde icerigini 210.56 mg/kg
GAE olarak bildirmislerdir. Dolayistyla, vakumlu
emdirim teknigi sayesinde et drtnlerinin daha
yiksek miktarlarda fenolik madde icerebilecegi
degerlendirilmistir.

Cizelge 5. Vakumlu emdirim uygulanmis ve kurutulmus tavuk kiiplerinin toplam monomerik
antosiyanin, toplam fenolik ve antioksidan aktivite degerleri
Table 5. Total monomeric anthocyanin, total phenolic and antioxidant activity values of vacuum impregnated and dried
chicken cubes

Toplam monomerik Toplam fenolik Antioksidan aktivite
antosiyanin (mg/kg) (mg/kg GAE) (mg/kg TE)
Total monomeric  Total phenolic Antioxidant activity
anthocyanin (mg/ kg) (mg/ kg GAE) (mg/ kg TE)
Emdirim Cozeltisi
Impregnation Solution
Kontrol
Control ) ) )
Tuz ¢ozeltisi
Salt solution ) ) )
o o
1"Bx Hibiskus ckstrakt 55 50 1 4 643.06¢ + 42.36 2573.54 + 103.85
1°Boc Hibiscus exctract
2°Bx Hibiskus ekstrakt
2B Elibiscuts exctract 45.54> £ 0.65 845.83> + 11.81 2769.69> + 115.39
4°Bx Hibiskus estraktt 55 75, 4 5 46 1251.39+ + 31.25 4454.317 + 323.08
4°Bx Hibiscus extract
Onem seviyesi - - “

Significance

GAE: gallik asit esdegeri, TE: troloks esdegeri
GAE: Gallic acid equivalent, TE: Trolox equivalent

abe Siitun icindeki farklt hatfletle gosterilen ortalama degerler, farkliliklart géstermektedir.
b Means with different letters within the column indicate differences.
NS Onemli bir farklilik bulunmamaktadir (P >0.05); * P <0.05; ** P <0.01

NS Not Significant (P >0.05); * P <0.05; ** P <0.01

Emdirim ¢ozeltisi olarak 1 ve 2°Bx’lik hibiskus
ekstrakts kullanildiginda, et kiiplerinin antioksidan
aktivite degerleri arasinda istatistiksel olarak bir
farkldik olmadigy tespit edilmistir (P >0.05).
Tavuk eti kiiplerinde en yiksek (P <0.05)
antioksidan aktivite 4°Bx hibiskus ekstrakti
emdirildiginde tespit edilmistir  (Cizelge 5).
Hibiskus ekstraktt polifenoller, organik asitler,
antosiyaninler ve flavonoidler gibi biyoaktif
bilesikler acisindan zengindir. Bu biyoaktif

bilesiklerden antosiyaninler ve flavonoidler ise,
ekstraktin antioksidan aktivitesinden sorumludur
(Pérez-Baez vd., 2020). Unal vd. (2020) karadut,
tizim ve nar sulart ile marine edilmis tavuk ggis
etlerinin  antioksidan  aktivitelerinin  arttigint
bildirmislerdir. Rupasinghe vd. (2022) mango,
ananas ve altin elma sulari ile marine edilmis tavuk
kanatlarinin  antioksidan  aktivitesini marine
edilmemis Orneklere gore, yaklagik 2 kat daha
yiksek tespit etmislerdir. Delfinidin-3-sambiosit
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ve siyanidin-3-sambiosit’in hibiskusun
antioksidan aktivitesinden de sorumlu baslica iki
antosiyanin oldugu bildirilmistir (Christian vd.,
2006). Bununla birlikte, Zhen vd. (2016)
tarafindan  hibiskus Orneklerinin  antioksidan
aktiviteleri, polifenollerin in vitro ve in vivo olarak
radikalleri azaltmastyla iliskilendirmistir. Bagka bir
calismada, Naji vd. (2021) hibiskus ekstraktlt
soguk caylarin antioksidan aktivitelerini DPPH
yontemi ile 323-505 mg/L TE araliginda tespit
etmisler ve 6rneklerin farkli miktarlarda hibiskus
icermesinin  antioksidan aktivite degetlerine
yanstmadigint bildirilmislerdir.

SONUC

Calisma kapsaminda 1, 2 ve 4°Bx olmak {izere
farkli konsantrasyonlarda hazirlanan hibiskus sulu
ekstraktlar1 tavuk eti kiplerinin VE  teknigi
kullanilarak biyoaktif bilesenlerce
zenginlestirilmesinde kullanilmistir. Gida
endistrisinde bitki ¢ayi, sicak ve soguk icecekler,
recel,  sekerlemeler, dondurma,  cikolata,
tatlandiricilar, puding ve pasta gibi trtanlerin
hazirlanmasinda yaygin olarak kullanilan hibiskus
ekstraktlarinin biyoaktif bilesenlerinin yant sira,
cezbedici rengi tiketici tercihleri tizerinde en
o6nemli etkenlerden biri olan driin rengine de
6nemli katki saglamaktadir. Bu kapsamda
calismada emdirim c¢6zeltisi olarak kullanilan
hibiskus ekstraktinin konsantrasyonu arttikea,
kiiplerin daha yogun bir mor renge sahip oldugu
ve toplam monomerik antosiyanin, toplam
fenolik madde ve antioksidan aktivite degetlerinin
daha yiksek oldugu tespit edilmistir. Ayrica
hazirlanan ekstraktlarin asidik karakterde oldugu
(pH=2.28-2.41) dikkate alindiginda uygulama
streci ve son triinde mikrobiyal yik ve Griinin
yapisal Ozelliklerindeki etkileri de 6nem arz
etmektedit. Sonug olarak, hibiskus ekstraktlat ile
muamele  edilen  tavuk eti  kiplerinin
kurutulduktan sonra da 6nemli diizeyde biyoaktif
bilesen icermesi, zenginlestirme isleminde vakum
emdirim isleminin etkili oldugunu gdéstermistir.
Bununla bitlikte 6zellikle emdirim ¢6zeltisinin
konsantrasyonu basta olmak tzere, calisilan
sartlarinin optimize edilmesi nihai Giriintin kalitesi
lzerine 6nemli diizeyde katk: saglayacaktir.
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oz

Bu ¢alismada balkabagmin (Cucurbita moschata) kurutma kinetigi ve bazi fonksiyonel 6zellikleri tizerine ultrases
destekli ozmotik dehidrasyon (US-OD) 6n isleminin etkisi arastirilmistir. Ornekler 3 farkli konsantrasyonda
(%12.5, %25 ve %50) seker ¢ozeltisi iceren ultrasonik banyo icerisinde kavitasyon islemi ile (45 kHz, 90
dakika) dehidre edilmis ve ardindan sicak havada kurutma yontemi kullanilarak 60°C sicaklikta
kurutulmustur. US-OD islemi ile birlikte en yliksek su kayb1 ve katt madde kazanimit %50’lik ozmotik ¢cozelti
kullanilarak dehidre edilen 6rnekte tespit edilmistir. US-OD islemi seker ¢6zeltisi konsantrasyonuna baglt
olarak kurutma siiresini kontrol ornegine gore yaklasik 180 dakika kisaltmistir. Bununla birlikte ozmotik
¢ozeltinin seker konsantrasyonuna bagli olarak rehidrasyon oraninda azalma gozlenmistir. En yiiksek toplam
fenolik madde miktar1 (120.08 mg GAE/100 g kuru agirlik) ve antioksidan kapasite (%38.21) %50’lik
ozmotik ¢ozeltide dehidre edilen ve kurutulan 6rnekte belitlenmistir. Elde edilen ¢iktilar matematiksel
modellere uyarlandiginda US-OD 6n islemi uygulanmis balkabaginin kurutulmasini en iyi tanimlayan
modelin Page modeli oldugu sonucuna varilmistir.

Anahtar kelimeler: Balkabagi, kurutma, ultrases, ozmotik dehidrasyon

EFFECT OF ULTRASOUND ASSISTED OSMOTIC DEHYDRATION PRE-
TREATMENT ON DRYING KINETICS AND SOME FUNCTIONAL
PROPERTIES OF PUMPKIN (Cucurbita moschata)

ABSTRACT

In this study, the effect of ultrasound assisted osmotic dehydration (US-OD) pretreatment on drying
kinetics and some functional properties of pumpkin (Cucurbita moschata) were investigated. The
samples were dehydrated by cavitation (45 kHz, 90 minutes) in an ultrasonic bath containing sugar
solution with three different concentrations (12.5%, 25% and 50%) and then dried with oven at 60°C.
With the US-OD process, the highest water loss and solid gain were detected in the sample
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Balkabaginin kurutulmasi tGzerine ultrases destekli ozmotik dehidrasyonun etkisi

dehydrated using osmotic solution with 50% concentration. Depending on the sugar solution
concentration of the US-OD process, the drying time was shortened by approximately 180 min
compared to the control sample. However, a decrease in the rehydration rate was observed depending
on the sugar concentration of osmotic solution. The highest total phenolic content (120.08 mg
GAE/100 g dry weight) and antioxidant capacity (38.21%) were determined in the sample dehydrated
in osmotic solution with 50% concentration and dried. When the outputs obtained from the study
were adapted to the mathematical models, it was concluded that the best describing model drying of
the US-OD pre-treated pumpkin was the Page model.

Keywords: Pumpkin, drying, ultrasound, osmotic dehydration

GIRIS

Balkabagy, antioksidan, amino asit, polisakkarit, lif
ve beta-karoten, vitamin C, E ve B¢ gibi vitaminler
ve ayni zamanda potasyum, fosfor, magnezyum,
demir ve selenyum gibi mineralleri yiiksek oranda
bulunduran  Cucnrbitaceae  familyasina ait  bir
meyvedir (Jansrimanee ve Lertworasirikul, 2020;
Gliemmo vd., 2009; Nawirska vd., 2009). Taze
balkabagi toplam kitlesindeki 2-10 mg/100 g
arasi karetenoid, 9-10 mg/100 g arast vitamin C
ve 1.03-1.06 mg/100 g arasi vitamin E yiiksek
besinsel icerigini etkileyen Onemli faktordir
(Nawirska vd., 2009). Kurutma, az miktarda su
icerigi ile kararli urinler elde etmek icin; gida
muhafaza yontemi olarak endustriyel boyutta
yaygin sekilde kullanilan 6nemli, temel bir islemdir
(Carvalho  vd., 2020). Gidadan  suyun
uzaklastirilmastyla  enzimatik  aktivite  ve
mikrobiyal gelisim inhibe edilmekte, Urlinin
agithg dismekte ve ayni zamanda depolama ve
nakliye problemleri azalmaktadir (Ahmad ve
Zaidi, 2020). Balkabag dilimleri genellikle
konvektif kurutma yoluyla kurutulmaktadir
(Nawirska vd., 2009). Konvektif kurutmanin
zaman ve enetji tiketen (Carvalho vd., 2020)
ayrica nihai Urinde kimyasal (besinsel deger),
fiziksel (¢Oziinebilir katt icerigi) ve duyusal
(tekstlir, renk, tat, aroma) gibi bazi kalite
parametrelerini olumsuz sekilde etkileyen bir
islem olmasi sebebiyle bu olumsuz taraflar
elemine edici alternatif 6n islemlerin gelistirilmesi
gerekmektedir (Bozkir ve Erglin, 2020). Kurutma
isleminin =~ ve  kurutulmus nihai
Ozelliklerinin iyilestirilmesi icin yeni alternatif
teknikler gelistirmeye dayali cesitli ¢alismalar
literatirde mevcuttur (Ahmad ve Zaidi, 2020;
Carvalho vd., 2020). Ultrases (US) ve ozmotik
dehidrasyon  (OD)  uygulamalart  bu  6n
islemlerdendir (Nowacka vd., 2021; Bozkir ve
Ergiin, 2020) ve kurutma Oncesi meyve ve

urunun

sebzelerin  besinsel 6gelerinin  tutulumu  icin
uygulanan modern tekniklerdir (Tayyab Rashid
vd., 2020). US ve OD uygulamalar1 distk
maliyetli ve komplike olmayan islem olmalarindan
dolayt diger islemlere gbre daha fazla dikkat
cekmektedir (Ahmad ve Zaidi, 2020; Bozkir ve
Ergiin, 2020).

OD, gidanin uygun konsantre bir ¢cozelti ile direkt
temast dokulardan kismi suyun
uzaklastirilmast islemidir (Hosseinzadeh Samani
vd., 2021; Jansrimanee ve Lertworasirikul, 2020).
Bu islemde meyve veya sebze hiper-tonik bir
cozelti icine daldirilarak hiicre duvatlarinin yart
gecirgen zar gibi davranmast saglanmaktadir
(Hashemi ve Jafarpour, 2021; Mokhtarian vd.,
2014). Hiper-tonik c¢6zelti 1ile intraseliler
akiskanlar arasinda konsantrasyon farki olmast
sebebiyle dokulardan ozmotik ¢ozelti igerisine
suyun difizyon hareketi olusturulmaktadir. Sonug
olarak hucre suyu ve bazt ¢ézinen bilesenler
ozmotik ¢Ozelti icerisine sizmakta ve ayni
zamanda ¢ozgen de hiicreler arasina sizmaktadir
(Hashemi ve Jafarpour, 2021; Hosseinzadeh
Samani vd., 2021; Nowacka vd., 2021). OD
sonrast yapilan kurutma islemiyle gida Grintinin
kalitesinin arttigr kanitlanmugtir  (Rahaman vd.,
2019). Ancak O6nemle bahsetmek gerekir ki
ozmotik uygulama esnasinda kiitle transferi
genellikle yavas gerceklesmektedir (Azarpazhooh
vd., 2020; Shekar ve Javadi, 2019). Bu yiizden
uygulama stiresince veya 6ncesinde kiitle transfer
hizint arttirmak icin vurgulu vakum, vurgulu
elektrik alan, yitksek hidrostatik basing, radyasyon,
merkezkag kuvveti, ultrases gibi OD ile kombine
bir dizi teknik gelistirilmistir (Nowacka vd., 2021;
Azarpazhooh vd., 2020; Prithani ve Dash, 2020).

sonucunda

Ultrases (US), insan kulaginin isitme esiginden
daha yiksek bir frekansa sahip (18 kHz-100
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MHz) ses dalgalar1 tarafindan dretilen enerji
seklidir. Ses dalgalar1 belitli frekans, uzunluk ve
genlik ile karakterize edilmektedir (Nowacka vd.,
2021). Gida islemede genellikle fiziksel ve
kimyasal etkisine baglt olarak 20 kHz ile 1 MHz
dalga boyu araliginda degisen US uygulamalart
gerceklestirilmektedir. US destekli OD islemi
(US-OD) gida materyali yiizeyindeki ultrasonik
etkiyi ve ozmotik basing etkisini kombine ederek
dehidrasyon  esnasinda  kiitle  aktarimin
hizlandirmaktadir (Bchir vd., 2020). US-OD ile
sivi fazda kaviteler olusmakta ve meydana gelen
mikro ajitasyon ile kiitle transferinin hiz1 artmakta
ve zar yuzeyinde katt difizyon kalinhg:
azalmaktadir. Katt fazda, alternatif stkismalar ve
genislemeler  stinger benzeri bir etki ile
sonuclanmakta; bodylece katt ortamdan suyun
akisint kolaylagtiran mikrokanallar olusmaktadir
(Sakooei-Vayghan vd., 2020). Ayrica
gozeneklerde sikisan gazin genlesmesi ile ozmotik
¢Ozelti tarafindan doldurulacak bos gozeneklerin
olugmasina yol agmaktadir (Pantelidou vd., 2021).

Metabolitler ve antioksidanlar gibi biyoaktif
bilesiklerin ve bazi diger fitokimyasallarin tiiketimi
insan saghgt icin ¢ok Onemlidir (Rahaman vd.,
2019). US-OD islemi dusiik enerji maliyeti,
trtindeki biyoaktif bilesenlerin muhafazasi, proses
zamaninl ve maliyetini azaltmasi avantajlarina
bagli olarak gida muhafazast ve islenmesinde
mitkemmel bir yaklagim olabilmektedir (Bchir vd.,
2020). Literatiirde cesitli meyve ve sebzelerin
kurutulmasindan 6nce 6n islem olarak US-
OD’nun su ve kuru madde kaybiun kinetigi
lzerine etkisinin arastirildigt ¢cok sayida calisma
mevcuttur ( Rahaman vd., 2019; Goula vd., 2017;
Corréa vd., 2015). Ancak bunlar arasinda US-OD
uygulamast ile kurutma sonrast tGriinde besinsel
kalite ve fonksiyonel 6zelliklerin incelendigi sinirlt
sayidda arastirma mevcuttur  (Hashemi ve
Jafarpour, 2021; Rahaman vd., 2019). Dolayisiyla
bu calismada kurutma 6ncesi balkabaginda US-
OD uygulamasinin ozmotik diftizyon
parametreleri (su kaybt ve seker kazanimi),
kurutma kinetigi ve biyoaktif bilesiklerin tutulumu
lizerine olan etkilerinin arastirtlmast
amaclanmistir.

MATERYAL VE YONTEM

Kimyasallar

Bu aragtirmada kullanilan Folin—Ciocalteu (FC)
ayract, Gallik asit, 2,2-defenil-1-pikrilhidrazil
(DPPH) ve diger tim kimyasallar ve ¢6zgenler

Sigma-Aldrich  (St. Louis, MO) ve Merck
(Darmstadt, Germany) firmalarindan temin
edilmistir.

Balkabag 6rneklerinin hazirlanmasi

Taze balkabagi Kastamonu ilinde hasat

zamanindan hemen sonra (Ekim, 2021) yerel
marketten temin edilmistir. Dikkatlice kontrol
edildikten  sonra  yikanmus, tohumlarindan
ayitklanmis  ve dilimlere ayrilarak kabuklart
soyulmustur. Kabuk kismina yakin yerler ise
dilimlerden ayirilmustir. Balkabagr dilimleri 0.5
mm kalinliginda ve 30 mm capinda silindirik
dilimler  seklinde  analize  hazirlanmustir.
Orneklerde renk degisimlerinin éniine gegebilmek
icin agzt kapalt bir kavanoz icerisinde +4°C’de
saklanmustir.

US-OD 6n igleminin uygulanmasi

OD islemi i¢in kullanilacak ¢6zelti, gida olarak
tiketilebilir stikroz ve destile su kullanilarak
%12.5, %25 ve %50 (a/h) konsantrasyonlarinda
hazirlanmistir. Calisilan bu konsantrasyonlara 6n
denemeler sonucu karar verilmistir. Hazirlanan
balkabag: dilimleri, sicakhigt 30°C’ye ayarlanmug
belirlenen konsantrasyonlarda ozmotik ¢ozelti
iceren behetlere ¢ozeltitkatt orant 4:1 (h/a) olacak
sekilde aktarilmistir (Bozkir vd., 2019). Kontrol
ornegi olarak sadece destile su kullandmustir.
Sonikasyon islemi 45 kHz frekansinda 90 dakika
streyle ultrasonik banyo (Isolab) kullanilarak
gerceklestirilmistir. US islemi stiresince sicaklik
termometre ile kontrol edilmistir. Ozmotik ¢6zelti
homojen sekilde dehidrasyon islemi olmast
amaciyla her 2 dakikada bir karstrilmistir.
Dehidrasyon stiresince her 15 dakikada bir ve

dehidrasyon  sonunda  balkabag:  dilimleri
cozeltiden cikardmis ve ozmotik ¢ozeltinin
orneklerin  lUzerinden  uzaklastirilmast  icin

absorbant bir kagit ile nazik¢e kurulanmis ve
tarulmustir (Sakooei-Vayghan vd., 2020).

OD esnasinda O6rnekler ve sikroz c¢ozeltisi
arasindaki kiitle transferi hesaplamalari su kayb1



Balkabaginin kurutulmasi tizerine ultrases destekli ozmotik dehidrasyonun etkisi

(SK), kuru madde kazanimi (KK) ve agirlik kayb:
(AK) parametreleri kullanilarak gerceklestiril-
mistir. SK’nin hesaplanabilmesi i¢in 6n islemden
sonra Ornekler tartilmistir. KK ve AKnin
belitlenebilmesi icin de 6rnekler US-OD sonrast
105 °C’de sabit agihiga gelene kadar kurutulmus
ve ardindan agirlik Slcimi yapilmigtir. Balkabagt

ornekleri arasindaki kiitle transferini

degerlendirmek icin SK, KK ve AK sirastyla (1), (2)

ve (3) numarali  esitlikler  kullanidarak

hesaplanmistir (Bozkir ve Ergtin, 2020):

SK = MET™2Zr L 100 )
m;

KK =TT 100 ©
mi

AK =" 4100 3)

mi

Burada ; 6rneklerin baslangic agirligr iken
islem sonu agirliklar (g), Z; yas agirlik tGzerinden
orneklerin baslangic nem miktarlart iken Zyislem
sonundaki agithklart (g su/g), S; o6rneklerin
baslangictaki toplam kuru madde tizerinden kiitle
fraksiyonunu, Sy  ise dehidrasyon islemi
sonrasindaki toplam kuru madde tizerinden kiitle
fraksiyonunu (g kuru madde/g) ifade etmektedir.

Sicak havada kurutma

US-OD uygulanan balkabagt 6rneklerinin nem
icerikleri  %10’un  altna  disene  kadar
laboratuvarda  etiv.  (Memmert, Almanya)
kullanilarak 60 “C’de (Bozkir ve Ergtin, 2020) 600
dakika siresince kurutulmustur. Kurutma islemi
boyunca 6rneklerin agirliklart sabit agirhiga gelene
kadar belitli araliklarla tartilmustir. Kurutma
tamamlandiktan sonra Orneklerin sahip oldugu
nem igerikleri belirlenmistir.

Kurutma kinetigi
Kurutma kinetigi Orneklerin  agirhk  kaybt
tzerinden hesaplanmistir. Her bir 6rnegin kuru

madde miktari son nem igeriginden ve
agirliklarindan  yola  cikidarak  hesaplanmis;

kurutma sirasinda 6rneklerden elde edilen nem
verileri (4) numarall esitlik kullanilarak kurutma
oranina (MR) donustirilmistir (Li vd., 2020;
Elhussein ve Sahin, 2018):

- Mt_Me
T Mo-M,

MR “)
Burada M, # anindaki nem miktarint ve M, denge
nem miktarint ifade etmektedir. My baslangictaki
nem miktarint ifade etmektedir.

Balkabag:  dilimlerinin ~ kurutma  kinetigini
actklamak icin verilerden elde edilen kurutma
egrileri, Urlnlerin kurutulmasinda yaygin olarak
kullanilan yedi adet ince-tabaka kurutma kinetik
modeline uygulanmistir. Bunlar Newton (5), Page
(6), Modiye Page (7), Logaritmik (8), Henderson
ve Pabis (9), Wang ve Singh (10) ve Tki terimli (11)
modeller olarak agagida ifade edilmektedir:

MR = exp(—kt) (5)
MR = exp(—kt") (6)
MR = exp(—(kt)") ™
MR = aexp(—kt) +b ©)
MR = aexp(—kt) )
MR =1+ at + bt? (10)
MR = a; exp(—kqt) + a, exp(—k;,t) (11)

Bu modellerin parametrelerini belirlemek icin
lineer olmayan bir regresyon islemi kullanilmuistir.
Balkabagi  Orneklerinin = kurutma  egrilerine
uygulanan modellerin  uyumlulugu belirleme
katsaysi (R?), indirgenmis ki-kare (y?) ve hatalarin
ortalama karekokt (RMSE) ile degerlendirilmistir.

Bu parametreler asagida verilen esitlikler
kullanilarak hesaplanmistir:
x2 — Zéil(MRexp'i_MRpre:i)z (12)

N-z

1/2
RMSE = [~ Z1, (MR, = MReyp )| (13)

Burada MR..,, test icin deneysel olarak boyutsuz
nem oranini; MRy, tahmini boyutsuz nem
oranint; N, gozlem sayisint ve z model sabitini
ifade etmektedir. En disik y? ve RMSE degeri ile
en yiksek R? degerlerine sahip olan model,
calismada ince tabaka kurutma karakteristigini en
iyi tanimlayan model olarak secilmistir.

Rehidrasyon
Rehidrasyon analizi Santos vd. (2021) tarafindan
verilen yontem kullanilarak gerceklestirilmistir.
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US-OD uygulanmis ve kurutulmus balkabagt
Orneklerinin  rehidrasyon  kinetikleri, tartimi
yapilan 6rnegin 25°¢'de 6rnekten 40 kat daha fazla
destile  suya  daldirilmasiyla  belirlenmistir.
Rehidrasyon kinetigi icin numuneler sudan
cikarlmig, stziilmis ve filtre kagid: ile yiizeysel
olarak kurulanmig, tartilmis ve tekrar suya
daldirilmistir. Bu islem ilk 30 dakika boyunca 15
dakikada bir, daha sonra sabit agitliga ulasana
kadar her 30 dakikada bir tekrarlanmistir.
Rehidrasyon islemine sabit agithga gelene kadar
devam edilmistir. Rehidrasyon orani (KR), (14)
numarali esitlik kullanilarak hesaplanmistir (Wang
vd., 2019):

14

Burada W (g), t aninda rehidre edilen 6rneklerin
agirhiging W) (g) se kuru 6rneklerin agirligin ifade
etmektedir.

Kuru 6rneklerin  rehidrasyon kinetikleri Peleg
modeli (15) tzerine uyarlanmistir (Peleg, 1988):

t
k1+k2*t

Bu denklemde M(#) rehidrasyon esnasinda belirli
bir zamanda kuru madde tizerinden nem miktarini
ifade edetken (g su/g kuru madde); My
baslangictaki nem miktarin;; ki ve kp ise
suyu absorbe etme orami ve miktart ile ilgili
parametreleri ifade etmektedir.

Toplam fenolik madde miktar1

US-OD uygulanmis kuru balkabagt 6rneklerinin
toplam fenolik madde miktarini belirlemek igin
Tekin ve Baslar (2018) tarafindan verilen
ekstraksiyon yontemi kullandmistur. Taze ve
rehidre edilen kurutulmus &rnekler (5 g) 1:10
oraninda metanollii su (80:10, h/h) ¢ozeltisi ile
karistirlmis ve ultra-Turrax (IKA, T18 Basic,
Almanya) ile 5 dakika siireyle 1500 rpm hizinda
homojenize edilmistir. Takiben Ornekler oda
sicakliginda 2 saat siire calkalayict yardimi ile
calkalanmustir. Ardindan karisim 4000 rpm’de 10
dakika stireyle santrifiij edilmis (Nive NF 800,
Turkiye) ve stpernatant toplanarak filtre
edilmistir. Elde edilen ekstrakt hem toplam
fenolik madde miktart hem de antioksidan
kapasitesinin belirlenmesinde kullandmigtir.

Ekstraklarin toplam fenolik madde miktar Folin-
Cioceltau metodu ile tespit edilmistir. Bunun i¢in
5 mL ekstrakt 2.5 mL 0.2 N Folin-Ciocelteau
fenol ayract ve 2 mL sulu NaxCOj3 (%35) ¢ozeltisi
ile karistirdlmis ve 30 sn siire ile vortekslenmistir.
Karisim oda sicakhiginda karanlikta 30 dakika siire
ile bekletilmis ve ardindan 760 nm dalga boyunda
spektrofotometrede (Shimadzu  UV-1800,
Japonya) absorbans 6lcimi gerceklestirilmistir.
Toplam fenolik madde miktar, 5-50 mg/L
standart  gallik  asit ¢Ozeltisi  kullanilarak
olusturulan kalibrasyon egrisi ile (R?=0.998)
hesaplanmis ve kuru agihk tzerinden (mg
GAE/100 g kuru agirlik) gallik asit esdegeri
cinsinden ifade edilmistit.

Antioksidan aktivite kapasitesi

US-OD  uygulanmis  kurutulmus  balkabag:
Orneklerinin antioksidan aktivitesi, 2,2-difenil-1-
pikrilhidrazil radikal-stpiirme aktivite (DPPH)
yontemi ile belirlenmistir. DPPH radikal stipiirme
aktivitesinin belirlenebilmesiicin 0.1 mL ekstrakte
edilmis 6rnek 4.9 mIL DPPH ¢6zeltisi (0.1 mM
metanol) ile karistirilmis; elde edilen karisim oda
sicakliginda 30 dakika stireyle bekletilmis ve
ardindan 517 nm dalga boyunda absorbans
Olcimi  gerceklestirilmistir (Singh vd., 2002).
Sonuglar “% inhibisyon” olarak verilmistir.

Istatistiksel analiz

US-OD islemi ve analizler 2 tekerriitli ve 2
paralelli olacak sckilde gerceklestirilmistir. Tim
veriler ortalama + standart sapma olarak
verilmistir. Sonuclar SPSS  istatistiksel paket
programi (21.0 Versiyonu, SPSS Inc., Chicago)
kullamlarak ANOVA ile degelendirilmis ve
Ornekler arasindaki farkliliklar Duncan testi ile %5
given araliginda tespit edilmistir. Sigma Plot
programi  (versiyon 10.0) lineer olmayan
regresyon analizi yoluyla matematiksel modelleri
deneysel verilere uyarlamak icin kullanidmustir.

BULGULAR VE TARTISMA

US-OD 6n igleminin balkabaginin kiitle
transferi tizerine etkisi

Ozmotik dehidrasyon esnasinda ¢6ztinebilir kuru
maddenin ¢6zeltiden gidaya diflizyonu ve gidadan
¢ozeltiye suyun diftizyonu olacak sekilde iki tip
kitle transferi gerceklesmektedir. Ozmotik basing
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farki, kiitle transferini etkileyen ilk kuvvet olup
ikincisi ise konsantrasyon farkidir. US uygulamasi
hiicre yikimt i¢in yaygin olarak kullanilmakta ve
kuru  madde kazanimi ile  su  kaybiu
hizlandirmaktadir. US  uygulamasindan  sonra
mikroskopik kanallar meydana gelmekte ve bu da
suyun diftizyonunu kolaylastirmaktadir (Bozkir ve
Ergiin, 2020). Kiitle transferinin tiriin ve ozmotik
ajanin tipi, ozmotik ¢6zeltinin konsantrasyonu,
dehidrasyon stiresi ve dehidrasyon esnasinda
ozmotik  ¢bzeltinin  sicaklign  gibi  bazi
parametrelerden  etkilendigi =~ bilinmektedir
(Atiqure Rahman vd., 2015; Abraido vd., 2013).
Balkabagi dilimlerinde US-OD isleminin kiitle
tranferi tzerine etkisi su kaybi (5K), kurumadde
kazanimi (KK) ve agithik kaybi (AK) parametreleri

hesaplanarak belirlenmis olup sonuglar Cizelge

1’de verilmistir. Literatiir verileri ile uyumlu olacak
sekilde cizelge tzerinden US-OD isleminin bu
parametreler lizerinde artisga neden oldugu
belirlenmistir. Beklenildigi gibi yiksek stkroz
konsantrasyonu US-OD siiresince SK degerinde
artisa neden olmustur (P <0.05). En yiksek SK
degeri en yiiksek stikroz konsantrasyonuna sahip
hiper-tonik ¢6zeltinin  kullamildigt  dehidrasyon
isleminde; en disik su kaybinin ise kontrol
orneginde oldugu gozlemlenmistir. Benzer bir
calismada 6rneklerde artan su kaybi degerinin,
ozmotik c¢oOzelti igerisinde ¢6zlinebilir toplam
kuru madde konsantrasyonunun artigina bagl
olarak gerceklesen yiiksek ozmotik basing ile
iliskili oldugu ifade edilmistir (Rodrigues vd.,
2009).

Gizelge 1. US-OD uygulamasinin su kaybt (5§K), katt madde kazanimi (KK) ve agirlik kayb: (AK)
parametreleri Gizerine etkisi
Table 1. The effect of US-OD application on water loss (WL), solid gain (§G) and weight loss (WL)

parameters
Ozmotik dehidrasyon
ortam SK (%) KK (%) AK (%)
Kontrol (Saf su) 2.502%0.5524 -4.262%0.0074 6.76410.546b
%12.5 7.397%0.714¢ 0.791%+0.026¢ 6.606x0.688b
%25 10.91920.300p 2.5921+0.112b 8.3281+0.188»
%50 13.420%0.5432 5.115%0.504a 8.305%0.039a

»d Aymi stitundaki farklt harfler istatistikel olarak 6nemlidir (P < 0.05).
“d Different letters in the same column are statistically significant (P < 0.05).

Kuru madde kazamimlari su kaybt ile uyumlu
olacak sekilde gerceklesmistir. Benzer sekilde
Garcia-Noguera vd. (2010) tarafindan yapilan
calismada, kutu madde kazanimindaki artisin
uygulamada kullanidlan 6zeltinin  konsantrasyo-
nundaki artisa bagh oldugu ifade edilmistir.
Ozmotik  ¢Ozeltinin  kullanilmadigi  kontrol
orneginde kuru madde kazaniminin -4.262£0.007
olarak tespit edildigi; yani kuru madde kaybt
oldugu dikkate ¢carpmaktadir. Calismamiza benzer
sekilde Corréa vd. (2015) calismalarinda destile su
kullanarak US uyguladiklari 6rneklerinin timutnde
kurumadde kazanimini negatif degerlerde tespit
etmislerdir.

En yiksek su kaybt ve kati madde kazanimi
%50°lik  ozmotik  ¢bzel  kullanildiginda
saglanmustir. Bu durum yiiksek ozmotik basinctan

ve islem strasinda meyve dokusunda meydana
gelen degisikliklerden kaynaklanmaktadur.
Ultrason islemi ile birlikte mikrokanallarin
meydana gelmesi doku boyunca su ve sekerin
kitle transferini  kolaylastirmaktadir.  US-OD
islemi ile birlikte mikrokanallarin olusumu ve
hticrelerin parcalanmastyla seker molekiilleri gibi
buyitk molekullerin hiicreye diftizyonuna karst
direncin azalmasina neden olmakta ve kat1 madde
kazanimi artmaktadir (Fernandes vd., 2008).

Agirlik kaybt sonuclart incelendiginde en fazla
agithk kaybiun %251k stkroz ¢ézeltisinde, en
dustik agirlik kaybinin ise %12.5 konsantrasyonda
hazirlanan stikroz ¢ozeltisinde oldugu tespit
edilmistir. Calisgmada elde ettigimiz veriletle
uyumlu olarak; yapilan Onceki ¢alismalarda US
uygulamast ile ozmotik dehidrasyon

879



880

0. Giil, N. Acikgoz, L.B. Gl

uygulamasinin agiellk  kaybint artirdigt
belitflenmistir (Bozkir vd., 2019; Fernandes ve
Rodrigues, 2008).

Balkabag1  o6rneklerinin  sicak  havada
kurutulmasi

US-OD uygulanmis balkabagi 6rneklerinin nem
ve kurutma orant Sekil 1°de verilmistir. Grafik
incelendiginde  beklenildigi  gibi  ozmotik
dehidrasyon isleminin kurutmayt hizlandirdigt
gorilmektedir. Kurutmanin ilk agsamalarinda

(t<160 dakika), tim ultrason destekli ozmotik
dehidrasyon islemleri icin kurutma egrileri
birbirine benzer egilim gostermistir. Ancak bu
streden sonra, kontrol 6rneginin kuruma hizinda
sabit bir azalma egilimi gézlenirken, US-OD 6n
islemine tabi tutulmus 6rnekler ise 240 dakikaya
kadar yiksek kuruma hizlarini korumuglardir.
Bununla  birlikte, 240  dakikadan  sonra
dehidrasyon ortami icin  kullanilan  seker
konsantrasyonuna baglt olarak kurutma hizinda
farkliliklar g6zlenmistir.
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0,6 4
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0,4 4

0,2 4
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%12.5
%25
%50

——
—o—
——
—A—
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Kurutma siiresi (dakika)

Sekil 1. Balkabagi 6rneklerinin kurutma siiresince nem orant
Figure 1. Moisture rate of pumpkin samples during drying

Yalnizca su ile US uygulanan 6rnekte hedef nem
icerigine 540 dakikada ulagildigt tepit edilmis; bu
strenin ozmotik dehidrasyon islemi uygulanan
orneklerde azaldigl ve aynt zamanda artan seker
konsantrasyonuna bagli olarak da kurutma
isleminin  daha kisa sirede sonuglandig
saptanmistir. Dehidrasyon ortami olarak seker
¢ozeltisi kullanlldiginda kurutma siiresi %12.5 ve
%25 oranlari icin 420 dakika, %50 orant icin 360
dakika olarak tespit edilmis olup kontrol 6rnegine
kiyasla kurutma siresinde %22.22 ile %33.33
araliginda azalma gozlenmistir. Benzer sekilde
farkli arastirmactar tarafindan sicak havada
kurutma 6ncesi US-OD 6n isleminin; 6n islem

uygulanmayan Orneklere gére kurutma stresini
kisalttig1 saptanmustir (Bozkir ve Ergiin, 2020; Liu
vd., 2014; Garcia-Noguera vd., 2010). Kek vd.
(2013), guava meyvesinin  sicak  havada
kurutulmasindan 6nce meyveye uygulanan US
destekli ozmotik dehidrasyon 6n isleminin toplam
kurutma siresini %33 oraninda kisalttigint rapor
etmislerdir. Bir diger ¢alisgmada, Garcia-Noguera
vd. (2010) cileklerin 60°©de kurutma isleminden
once 50 °Brix siikroz c¢ozeltisinde 30 dakika
streyle US-OD uygulanmasi sonucu 6rneklerin
kuruma  hizinin @ en  yiksek  oldugunu
saptamiglardir. US-OD 6n isleminin kurutma
stresinde azalmaya neden olmasi sicak hava ile
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kurutma esnasinda uzaklastirilacak disik su
miktar1 ile agiklanabilmektedir. Ayrica meyvede
US-OD ugulamasi esnasinda meydana gelen
yapisal degisiklikler de kurutma siiresini etkileyen
onemli etkenlerdir. Bazi arastirmacilar US-OD
esnasinda meydana gelen mikro kanallarin
kurutma strasinda su difiizyonunu hizlandirdigin
ve buna bagll olarak da kurutma siiresinin
kisaldigini rapor etmislerdir (Bozkir vd., 2019).

Kurutma kinetigi

Balkabagi 6rneklerinin - kurutma — davranisint
tamimlamak icin elde edilen deneysel veriler yedi
farkli modele uyarlanmis ve sonuglar Cizelge 2’de
verilmistir. Belirleme katsayist (R?), indirgenmis
ki-kare (y?) ve hatalarin ortalama karekoki
(RMSE) degerleri hesaplanmis ve olusturulan

modellerinin performansint degerlendirmek icin
kullantlmusgtir. Balkabagt Orneklerinin
kurutulmasinin tahmininde, modellerin yiiksek
belirleme katsaysi (>0.95), dusiik indirgenmis ki-
kare degetleri (4.06x103) ve hatalarin ortalama
karekokt (<0.07) degerleri uygulanan bitin
kurutma modellerinin balkabagt Orneklerinin
kurutma davranist icin  uyumlu oldugunu
gostermektedir. Bununla birlikte R2, 32 ve RMSE
dikkate alindiginda Page modelinin bitin
orneklerin kurutma davranisini temsil eden en iyi
model oldugu soylenebilir. Benzer sekilde nar
taneleri (Horuz ve Maskan, 2013), seftali dilimleri
(Zhu ve Shen, 2014) ve sarimsak piiresinin (Tlter
vd., 2018) kurutulmasinda page modelin en uygun
sonuglart verdigi rapor edlmistir.

Gizelge 2. Secilmis kurutma modelleri, model sabitleri ve istatistiksel degerler (R?, RMSE ve »?)
Table 2. Selected drying models, model constants and statistical values (R?, RMSE and y°)

Ozmotik
dehidrasyon Model R2 RMSE  »2(103)  Model sabitleri
ortami
Newton 0.9691 0.05 2.545 £=0.005
Page 0.9979  0.014 0.192 £=0.0005; n=1.355
Modifiye Page 0.9979  0.014 0.202 £=0.0051; »=1.353
Kontrol Logaritmik ' 0.9802  0.043 1.854 £=0.0054; 2=1.0688; h=1.82x10
Henderson ve Pabis  0.9882  0.049 1.719 £=0.0054; a=1.0688
Wang ve Singh 0.9975  0.015 0.238 a=-0.0036; b=3.69x10-6
Iki terimli 0.9802  0.043 1.854 £:=0.0054; £,=0.0054; 2;=0.5558;
a=0.513
Newton 0.9692  0.051 2.586 k=0.0054
Page 0.9963  0.017 0.21 £=0.0008; »=1.3735
12,5 Modif"lye 'Page 0.996 0.018 0.031 £=0.0055; n=1.3741
konsantrasyonda Logaritmik . 0.9762  0.048 2.355 £=0.0059; 2=1.0661; b=4.56x10-12
US-OD Henderson ve Pabis  0.9762  0.041 2.209 £=0.0059; 2=1.0661
Wang ve Singh 0.9967  0.016 0.273 a=-0.0041; b=4.13x10-6
iki terimli 0.9762  0.048 2.355 £:=0.0059; £,=0.0058; 2,=0.6532;
a,=0.4129
Newton 0.9545  0.063 4.068 k=0.0056
Page 0.9921  0.026 0.408 £=0.0009; »=1.4773
425 Modiﬁye APage 0.9929  0.029 0.718 £=0.0057; n=1.4712
konsantrasyonda Logaritmik ' 0.9626  0.061 3.716 £=0.0061; 2=1.0718; b=6.97x10-12
US-OD Hendersog ve Pabis  0.9626 0.06 3.7 £=0.0061; a=1.0722
Wang ve Singh 0.9954  0.032 0.412 a=-0.004; b=3.98x10-6
1ki terimli 0.9623  0.061 3.716 £:=0.0061; £,=0.006; 2;=0.62406;
a;=0.4477
Newton 0.9655  0.0559 3.131 k=0.0062
Page 0.9955 0.0145 0.21 £=0.001; #»=1.3658
%50 Modifiye Page 0.9952 0.02 0.405 £=0.0062; n=1.4202
konsantrasyonda Logaritmik 0.9729  0.049 2.46 £=0.0067; 2=1.0718; b=1.98x10-
US-OD Henderson ve Pabis  0.9729  0.045 2.419 £=0.0067; a=1.0718
Wang ve Singh 0.9908  0.013 0.178 a=-0.0046; /=5.28x10-6
iki terimli 0.9732  0.049 2.46 £:=0.0067; £,=0.007; 2,=0.073; 2,=0.007
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Page modeldeki kinetik parametrelerden biri olan
ve kitle transferi ile iligkili olan £ degeri 0.001 ile
0.0008 arasinda bulunmustur ve ozmotik
dehidrasyonda seker konsantrasyonunun artisina
bagli olarak arttgr gézlenmistir. Kurutma
esnasindaki  kitle transferi ile iligkili olan
parametrelerden bir digeri olan n degeri (Simpson
vd., 2017), kontrol o6rnegi icin 1.355 olarak
hesaplanirken; US-OD uygulanmis olan 6rnekler
icin 1.3658 ile 1.4773 araliginda saptanmistir.
Genel olarak hesaplanan n degerleri 1’den buytik
olup, seker ¢Ozeltisinde dehidre olan 6rneklerin n
degerleri kontrol 6rnegine gbre daha yiksek
bulunmustur. Simpson vd. (2017) n degerinin
1°den biiyiik olmasi durumunda stiper difiize olma
karakterine isaret etmektedit.

Rehidrasyon kinetigi

Rehidrasyon, kurutma ve oOncesinde yapilan
uygulamalar esnasinda meydana gelen fiziksel ve
kimyasal degisimleri gostermekte (Jia vd., 2019)
olup; kurutulmug rinlerin  fizikokimyasal
karakteristik  6zelliklerindeki  degisimin  Sl¢tti
olarak  kullanilan 6nemli bir karakteristik
tanimlamadir  (Wang vd., 2018). Kurutma
metodu, 6n islem uygulamast, rehidrasyon ortam1
ve sicakhgin  kurutulmus gida  Grlniinde
rehidrasyonunu etkileyen 6nemli faktérler oldugu
bilinmektedir (Aral ve Bese, 2016). US-OD 6n
islem wuygulanan ve sicak hava ortaminda
kurutulan balkabagi 6rneklerinin  rehidrasyon
oranlart Sekil 2°de verilmistit.
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—— %125
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Rehidrasyon suresi (dakika)
Sekil 2. Kurutulmus balkabagi 6rneklerinin rehidrasyon oranlari
Figure 2. Rebydration rates of dried pumpkin samples

Genel olarak, zamana bagli olarak tim Ornekler
nem kazanmis ve rehidrasyon oranlari tim
ornekler icin rehidrasyonun baslangicinda dik bir
sekilde egilimi  gostermistir.  Grafik
incelendiginde baslangictaki hizli nem c¢ekme
Ozelliginin zamanla yavasladigi gbzlemlenmistir.
Bitin Orneklerin nem kazanma egilimi 15.

artma

dakikaya kadar benzerlik g6stermis olup bundan
sonra farklilasma  tespit edilmistir. %50
konsantrasyonda US-OD 6n islemi uygulanmisg
Ornegin ve yalnizca US uygulanmis 6rnegin 200
dakikada, %25 ve %12.5 konsantrasyonda US-
OD 6n islemi uygulanmis 6rnegin 275 dakikada
rehidrasyon oraninda doyma noktasina geldigi
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gozlenmistir. Behir vd. (2020) nar tanelerinde US-
OD o6n islemi uygulayarak  kuruttuklar
orneklerinin  rehidrasyon asamasinda benzer
davranist sergiledigini belirtmislerdir. Ayni1 sekilde
Fan vd. (2019) ve Amami vd. (2017) de sirasiyla
kurutulmus ¢ilek ve karnabaharda yaklasik
sonuglart gbzlemlemislerdir.

Grafik  incelendiginde  rehidrasyon  orani,
dehidrasyon ¢ozeltisi konsantrasyonunun %25’¢
kadar artmasina bagli olarak artis géstermistir.
Seker konsantrasyonunun %50’ye arttirilmast ile
bilirlikte rehidrasyon orani kontrol Ornegine
kiyasla azalma g&stermis olup distik rehidrasyon
orant US-OD sirasinda yiizeyde kalan fazla
sekerden dolayt emilebilecek su miktarinin distk
olmast ile iliskilendirilmektedir (Noshad vd.,
2012). Benzer sekilde Sakooei-Vayghan vd. (2020)
dehidrasyon uygulanmis kayist Orneklerinin 6n
islem uygulanmamus kontrol 6rnegine kiyasla daha
iyl rehidrasyon 6zelligine sahip olduklarini ve bu
durumun  ozmotik  dehidrasyon  sirasinda
orneklerin merkezi dokularinin genislemesinden
kaynaklanabilecegini bildirmislerdir. Amami vd.
(2017) US-OD 6n islemi ile birlikte disiik kati
kazanimimnin  kurutma sirasinda  maksimum
biizillmeye neden olabilecegini ve buna bagh
olarak US-OD 6n islem uygulanmis Grneklerin

daha iyi su icerebilecegini rapor etmislerdir. Diger
taraftan Noshad vd. (2012) US-OD 6n islem
uygulanmis  ve kurutulmus yaban mersini
Orneklerinin daha dustik rehidrasyon oranina
sahip oldugunu ve bunun nedeninin rehidrasyon
strasinda  absorbe  olabilen su  miktarinin
azalmasina yol acan dehidre meyvelerin tizerinde
bulunan sekerden kaynaklandigint bildirmislerdir.

US-OD 6n islemi uygulanmis ve sicak hava ile
kurutulmus balkabag: 6rneklerinin rehidrasyon
kinetigini  tanimlamak icin Peleg modeli
uygulanmustir. Peleg modelinin uyumlulugu ve
elde edilen ki ve ko tahmini verileri Cizelge 3’te
verilmistir. Genel olarak, belitfleme katsayisinin
olduk¢a yiksek olmast (R?>0.99), Peleg
modelinin  kurutulmus balkabagt 6rneklerinin
rehidrasyon davranisint bagariyla tammladigint
gostermektedir. Peleg hiz sabiti £&; kiitle aktarim
hiz1 ile iligkilidir ve bu deger ne kadar distkse,
baslangictaki rehidrasyon hizi o kadar yiiksektir.
En disiik £/ degeri %25 seker konsantrasyonunda
dehidre olan Ornekte elde edilmis olup diger
Orneklerle karsilastirildiginda  su  absorpsiyon
kapasitesi daha yiiksektir. Gidalarin absorpsiyon
kabiliyeti ile ters orantili olan £, degeri en yitksek
%50 scker konsantrasyonunda dehidre olan
ornekte elde edilmistir.

Cizelge 3. Rehidrasyon verilerinin Peleg modeline uyumlulugu ve elde edilen model parametreleri
Table 3. Compatibility of the rebydration data with the Peleg model and the model parameters obtained

Ozmotik dehidrasyon ortami R? RMSE 22103 ki k2

Kontrol 0.9959 0.084 7.071 11.344 0.173
%12.5 konsantrasyonda US-OD 0.9992 0.038 1.469 12.576 0.164
%25 konsantrasyonda US-OD 0.9989 0.043 1.848 11.302 0.155
%50 konsantrasyonda US-OD 0.9951 0.063 3.971 12.263 0.182

Toplam fenolik madde miktar1 ve antioksidan
kapasite

Taze ve kurutulmus balkabag Orneklerinin
toplam fenolik madde miktarlari ve antioksidan
kapasiteleri Cizelge 4’te gorilmektedir. Genel
olarak dehidrasyon isleminde seker ¢ozeltisinin
kullanilmasi ve konsantrasyonun farklhilasmasi
Orneklerin toplam fenolik madde miktarlarinda
onemli degisiklige neden olmustur (P <0.05).
Bununla birlikte,  kontrol ve %12.5 seker
konsantrasyonunda dehidre edilmis Grnegin
fenolik madde miktart taze (kurutulmamis)

ornekten daha digtik bulunmustur. Benzer sekilde
Bozkir vd. (2019) tarafindan US-OD 6n isleminin
kontrol grubuna kayisla Trabzon hurmast
Orneklerinde toplam fenolik madde miktarinda
azalmaya neden oldugu saptanmistir. Toplam
fenolik madde miktarindaki azalma US-OD
sirasinda fenolik bilesiklerin ozmotik ¢6zeltiye
fiziksel gecisi ile agiklanabilir. Diger taraftan
ozmotik  dehidrasyon  sirasinda  ultrases
uygulamast fenolik bilesiklerin azalmasinda da rol
oynayabilmektedir (Kroehnke vd., 2021). Seker
konsantrasyonunun %25 ve lizerinde arttirilmast
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kurutulmus 6rneklerdeki toplam fenolik madde

olusmasina neden olmast ve buna baglt olarak

iceriginin G6nemli diizeyde artmasina neden ekstraksiyon  sirasinda  ekstrakte  edilebilir
olmustur. Bu artisin nedeni ultrases islemi ile bilesiklerin miktarinin artmast olabilir (Amami
birlikte  yiksek  konsantrasyonlarda  seker  vd., 2017).

kullaniminin ~ hiicre  dokularindeki  potlarin

Cizelge 4. Taze ve kurutulmus balkabagi 6rneklerinin toplam fenolik madde miktati ve antioksidan

kapasite 6zellikler

Table 4. Total phenolic content and antioxidant capacity properties of fresh and dried pumpkin samples

Ozmotik dehidrasyon ortami Toplam fenolik madde miktari DPPH
(mg GAE/100 g kuru agirlik) (%o inhibisyon)
Taze 100.43%5.45b 28.16£1.69¢
Kontrol 85571321 24.05+1.119
%12.5 konsantrasyonda US-OD 89.2812.95¢ 27.21£1.96
%25 konsantrasyonda US-OD 104.5+4.04> 31.69%2.61°
120.08%9.28» 38.21£1.962

%50 konsantrasyonda US-OD

+d Ayni stitundaki farkls harfler istatistikel olarak 6énemlidir (P <0.05).
+d Different letters in the same column are statistically significant (P < 0.05).

Kurutulmus kabak 6rneklerinin - antioksidan
aktivite sonuglari toplam fenolik madde miktarlart
ile benzer egilim gostermistit. Taze kabak
orneginin  DPPH  radikal stpiirme aktivitesi
%28.16 olarak belirlenmis olup kontrol ve %12.5
seker konsantrasyonunda dehidre edilen Grnekte
daha digik (swrast ile %24.05 ve %27.21) tespit
edilmistir. En ylksek antioksadan aktivite
(%38.21) ise %50 seker icerisinde dehidre edilen
Ornekte saptanmustir. Benzer sonuglar literattirde
yer alan ¢alismalarda da elde edilmistir (Amami
vd., 2017; Wojdyto vd., 2009).

SONUC
Bu calisgmada, balkabag: dilimlerine sicak hava ile
kurutma  isleminden  6nce  farkli  seker

konsatrasyonlarina sahip ortamlarda ultrases ile
dehidrasyon uygulanmistir. Ozmotik dehidrasyon
isleminin kabak dilimlerinin kurutma fenomeni
Uzerine etkili oldugu, kurutulmus OGrneklerin
Ozelliklerinde  degisiklikler meydana getirdigi
gbzlenmistir. Dehidrasyon isleminde artan seker
konsantrasyonuna baglt olarak su kaybinin ve katt
madde kazaniminin arttigi ve buna bagl olarak

kurutma stresinin  O6nemli diizeyde azaldig
belirlenmistir.  Diger taraftan = %25  seker

konsatrasyonuna kadar dehidre ortaminda islem
uygulanan balkabagi Orneklerinin  rehidrasyon

Ozelliginin iyilestigi, ancak daha yiksek seker
konsantrasyonunun rehidrasyon 6zelligini 6nemli
diizeyde azalttig1 gézlenmistir. Bununla bitlikte en
yiksek toplam fenolik madde miktart ve
antioksidan  kapasite %50 scker ¢Ozeltisi
ortaminda dehidre edilen érneklerde saptanmistr.

CIKAR CATISMASI BEYANI

Yazarlar, bu aragtirma makalesi ile ilgili olarak
bagka kisiler ve/veya kutrumlar arasinda cikar
catismast olmadigini beyan etmektedir.

YAZAR KATKILARI

Bu calismanin hazirlanmast ve yayimlanmasinda
ismi gecen yazarlar disinda hi¢ kimsenin ya da
higbir kurulusun herhangi bir katkis: olmamistir.
Calismanin tasarlanmast Osman Gl tarafindan
yapimis olup analizler ile makalenin yazimi ve
dizenlenmesinde yazarlar esit katki saglamislardur.
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oz

Kegiboynuzu pekmezi, meyvenin teknigine uygun olarak islenmesi, ekstraksiyonu ve berraklagtirilmasi ile
elde edilen stranin, acik kazan veya vakum altinda koyulastirilmastyla elde edilen geleneksel Ttrk gidasidir.
“Keciboynuzu 6z4” ise “keg¢iboynuzu meyvesinden soguk ekstraksiyon yéntemi ile elde edilen siranin diigitk
sicaklikta konsantre edilmesiyle elde edilmis 6z olarak tanimlanmakta ve son yillarda keciboynuzu
pekmezine alternatif yeni bir Grlin olarak piyasada bulunmaktadir. Bu calismada, piyasadan temin edilen
keciboynuzu Szlerinin, genel 6zelliklerine ek olarak, HMF, seker, toplam fenolik bilesik ve mineral madde
iceriklerinin beliflenmesi ve bu 6zelliklerin keciboynuzu pekmezleri ile karsilastirlmast amaglanmustir.
Analizler sonucunda, ke¢iboynuzu pekmezi ve keciboynuzu 6zii 6rnek gruplarina ait toplam fenolik bilesik
degetleti sirastyla 5.80-18.00 mg GAE/g ve 0.10-18.40 mg GAE/g araliginda, HMF degetleti ise sirastyla,
0.79-50.25 mg/kg ve 1.25-68.77 mg/kg araliginda tespit edilmistir. Tki gruba ait 6rneklerin belitlenen tim
Ozellikleri arasinda istatistiki olarak (P >0.05) 6énemli bir fark olmadig: tespit edilmistir. Bu calismada elde
edilen sonuglar, ilgili yasal diizenlemelere zemin hazirlayabilecektir.

Anahtar kelimeler: keciboynuzu, keciboynuzu pekmezi, kegiboynuzu 6z, toplam fenolik madde

DETERMINING SOME CHEMICAL PROPERTIES OF THE PRODUCT
MARKETED UNDER THE NAME OF “CAROB EXTRACT” AND
COMPARISON WITH CAROB PEKMEZ

ABSTRACT

Carob pekmez is a traditional Turkish food obtained by processing, extracting, clarifying the fruit,
and thickening the obtained syrup in an open cauldron or under vacuum. “Carob extract” is defined
as “the extract produced by concentrating the fruit syrup obtained by cold extraction method at low
temperatures” and has been marketed as an alternative to carob pekmez. This study aimed to
determine the HMF, sugar, total phenolics, and mineral contents in addition to the general properties
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of "carob extract" and to compare these results with carob pekmez. The total phenolics of pekmez
and extract sample groups were between 5.80-18.00 mg GAE/g, and 0.10-18.40 mg GAE/g, and the
HMF values wete between 0.79 -50.25 mg/kg, and 1.25-68.77 mg/kg, respectively. No significant
difference (P >0.05) was detected between the two sample groups. The results will be able to lay the
groundwork for the legislation regarding the products released as "carob extract".

Keywords: carob, carob pekmez, carob extract, total phenolics

GIRIS
Keciboynuzu (Ceratonia siligua 1..), daha ¢ok
Portekiz, 1spanya, 1talya, Fas ve Turkiye gibi
Akdeniz ikliminin gérildign tlkelerde yetisen ve
seker icerigi yiksek olan bir meyvedir (Turhan
vd.,, 2007; Pazir ve Alper, 2016; FAO, 2021).
Turkiye’de sadece Akdeniz ve Ege bélgesinde
yetisen keciboynuzunun (Guler ve Gubbuk,
2020), tlkemizde 2020 yilinda 18806 ton tretildigi
tahmin edilmektedir (FAO, 2021). Cocuk ve
yetiskin beslenmesinde 6nemli bir yere sahip olan
keciboynuzu, yiksek seker iceriginin yaninda
cesitli vitaminler, mineraller, fenolik maddeler ve
lif agisindan da zengindir (Kumazawa vd., 2002;
Pazir ve Alper, 2016; Rodriguez-Solana vd.,
2021). Akdeniz tlkelerinde, geleneksel tipta da
kullanilan  kegiboynuzu meyvesi ve triinleri,
antioksidan, antibakteriyel Ozellikleri ve saglik
etkileri ile de ilgi ¢ekmektedir (Kumazawa vd.,
2002; Agrawal vd., 2011; Tetik vd., 2011; Othmen
vd.,, 2021; Evran vd., 2022). Zengin bilesimi
nedeniyle bircok kullantm alant  bulunan
keciboynuzu meyvesi, Turkiye’de yaygin olarak
geleneksel bir gida Grtint olan pekmez tGretiminde
degerlendirilir.

Pekmez; meyveden, teknigine uygun olarak
Ozitlenen ve berraklastirilan siranin acikta veya
vakum altinda konsantre edilmesiyle elde edilen
bir  gida olarak  tanimlanmaktadir
(Anonymous, 2017). Keciboynuzu pekmezinin
uretimi de temel olarak, ekstraksiyon, durultma ve
konsantrasyon  asamalarindan  olusmaktadur.
Keciboynuzu meyveleri, 5 ve 7 mm'lik kicik
parcalara ayrilip, 85 °C'de sicak su ile ekstrakte
edilir. Keciboynuzu pargalart yaklastk 3 saat
boyunca ters akisla ekstrakte edildikten sonra, elde
edilen ekstrakt, berraklastiridir ve 50-60 °C
arasinda  vakumlu  evaporatér  kullanilarak
konsantre edilir. Berrak ekstrakt 65-70 Briks'e
kadar konsantre edilir ve mikrobiyal gelismeyi ve
bozulmay! énlemek icin 85 °C'de pastérize edilir
(Tetik vd., 2010).

arint

Son yillarda, disik sicaklikta islendigi ifade
edilerek, “keciboynuzu 6zi” adi altinda piyasaya
sunulan Urlnln Uretiminde de ke¢iboynuzu
meyvesinin kullanddigr goriilmektedir.  Dogal
yasama, geleneksel driinlere ve dogal meyveli
farkli gidalara olan ilgi ve talebin giderek artmast,
piyasada bu tiir iriinlerin artisina neden olmustur
(Karakavuk, 2014). Piyasada kegiboynuzu
pekmezine  alternatif —olarak  bulunan  ve
“keciboynuzu 6z4” adi ile pazarlanan Urin,
treticileri tarafindan, “keciboynuzu meyvesinden
soguk ekstraksiyon yontemi ile elde edilen siranin
diigiik sicakliklarda evaporasyon yontemleri ile
elde edilmis 624 olarak tanimlanmaktadir. Yeni
gida Urdnd, islev ve fayda bakimindan eski
trinden daha istin 6zelliklere sahip olup onun
yerini alabilen bir Grindir (Stanton vd., 1994).
“Keciboynuzu 6z4”, bu tanima uygun olan yeni
bir Griin olarak algilanabilir. Ancak keciboynuzu
Oziniin bilesimini, tirtin 6zelliklerini, ke¢iboynuzu
pekmezi ile farkint ortaya koyan bir calisma
bulunmamaktadir. Turk Gida Mevzuatinda da
“kegiboynuzu 6z4” adi ile tamml bir Griin
bulunmamakta, Grtn ile ilgili herhangi bir standart
veya teblig yer almamaktadir. Pekmez ve benzeri
trtinler, bazt meyvelerin arzindaki yiksek fiyatlar
veya zorluklarin yani sira  yiksek dretim
girdilerinden dolayr, diger birgok gida maddesinde
olabildigi gibi hem ilkemizde hem de diinyada,
taklit ve tagsise konu olabilmektedir (Simsek vd.,
2004, Tosun, 2014, Naderi-Boldaji vd., 2018).
Bahsedilen nedenlere ek olarak, keciboynuzu
Ozinin  dretim  prosesinde  belirli  bir
standardizasyon olusturulmamis olmasi, denetim
eksikligini  beraberinde getirecek ve Ozellikle
cocuklar, hamileler gibi hassas tlketici gruplart
icin 6n plana ¢ikan driin, taklit-tagsise acik hale
gelebilecektir. Keciboynuzu 6ztintin 6zelliklerinin
belirlenmesi, bu drin ile ilgili yasal diizenlemelere
temel teskil edebilir. Bu nedenle bu ¢alismanin
amac; keciboynuzu pekmezine alternatif olarak
piyasada bulunan ‘“ke¢iboynuzu 6z4” adi ile
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pazarlanan Grlnuln, renk, asitlik, protein miktari,
kil miktart gibi genel 6zelliklerine ek olarak, 5-
Hidroksimetilfurfural (HMF), seker, toplam
fenolik madde ve mineral madde igeriginin
belirlenmesi, bu  6zelliklerin  keciboynuzu
pekmezleri ile karsiastirilmast ve kegiboynuzu
6zunin beslenme acisindan 6neminin
degerlendirilmesidir.

MATERYAL VE YONTEM

Materyal

Calismada ilkemizde satisa sunulan 12 farkl
markaya ait keciboynuzu 6z4 kullandmistir. 12
farkli keciboynuzu pekmezi de temin edilerek,
orneklerin 6zellikleri belitlenmis ve karstlagtirma
yapilmistir. Ornekler analiz edilinceye kadar
4°C’de karanlikta muhafaza edilmistit.

Yéntem

Orneklerin pH degerleri, Tiirk Standardi (TS)
3792 Uzim Pekmezi Standardrna  gére
belitlenmistir (TUrk Standartlart Enstitiist, 2012).
Suda ¢6zintr kuru madde (SCKM) degerleri,
AOAC (Association of Official Analytical
Chemists) 1984’c gore belirlenmis ve sonuglar %
(m/m) olarak verilmistir.

Renk 6l¢timinde, Konica Minolta renk tayin
cihazt (Chroma meter CR- 5, Konica Minolta,
Japonya) kullanilmustir. I* (100: beyaz, O: siyah),
a* (+ kirmuzi, - yesil) ve b* (+ sari, - mavi)
degerleri 6l¢ilmistiir.

Titrasyon asitligi degetleri, TS 1125 ISO 750
yontemi kullanilarak belirlenmis ve degerler sitrik
asit cinsinden (sitrik a.c.), % olarak verilmistir.
Formol sayisi, TS EN 1133’ gére (Turk
Standartlart  Enstitisti, 1996), toplam kil
miktarlart ise TS 3792’ye (Turk Standartlart
Enstitist, 2012) go6re belirlenmistir. Protein
miktarlar,  AOAC  992.15-1992  yontemi
kullanilarak tayin edilmistir (AOAC, 1992).

Orneklerin toplam fenolik bilesik miktarinin
belirlenmesinde, Folin-Ciocalteu  y6ntemi
kullanilmis (Singleton ve Rossi, 1965), sonuglar
mg gallik asit esdegeri (GAE)/g olarak verilmistir.
HMF miktarinin tespitinde ise TS 6178 ISO 7466

metodundan yararlandmistir (Tirk Standartlar
Enstitist, 2002).

Sakkaroz miktarinin tespitinde AOAC 980.13-
1980 metodu kullanlmistir  (AOAC, 1980).
Analiz, izokratik kogullarda Agilent 1260 Infinitiy
Refraktif Indeks Dedektorlia (RID) (Agilent,
ABD) Agilent 1260 Infinity marka HPLC sistemi
(Agilent, ABD) kullanilarak gerceklestirilmigtir.
Enjeksiyon hacmi 20 pl.’dir. Waters Carbohydrate
High Performance (Waters - Bondapak
carbohydrate column, Irlanda) paslanmaz celik
kolon (300 x 4.0 mm, 4 um) kullanidmistir. Mobil
faz 1 mL/dk. akis hizinda %20 ultra saf su + %80
asetonitril’dir. Rutubetinden arindirildiktan sonra
0.0001 g hassasiyetle tartilmis saf sakkaroz
standardindan %2’lik ¢6zelti hazirlanarak stok
standart ¢cOzeld elde edilmistit. Ana stok
standarttan seyreltilerek, % 0.05—-0.1 - 0.5—-1 ve
2’lik calisma standartlart  hazitlanmistir.  Her
standarttan 3’er enjeksiyon yapilarak elde edilen
degerler kalibrasyon grafiginin olusturulmasinda
kullanilmistir.

Mineral madde analizi 6ncesi yaklagtk 0.5 ¢
pekmez 6rnegi teflon kaplara alinmistir. Uzerine
0.1 mol/L nitrik asitten 8 mL eklenerek, Cem
Mars 6 marka mikroldalga firinda organik icerikler
yakilmug (ilk 20 dk. 210°C, 15 dk. sabit sicaklik ve
son 15 dk. sogutma) ve ¢ozindirme islemi
yapilmustir. Coziindirme islemi sonrasinda elde
edilen ¢ozelti, Sartorius marka 125 mm’lik filtre
kagitlarindan stztlmus ve ultra saf su ile 25 mL
ye seyreltilmistir. Seyreltme islemi sonrast elde
edilen berrak ¢ozelti Agilent 7700 ICP- MS
(Indiiktif Eglesmis Plazma-Kiitle Spektrometresi)
cihazina (Agilent, ABD) verilmis ve Electron
Multiplier Detektérde 6lcimii yapilarak mineral
madde analizi gerceklestirilmigtir.

Istatistiksel Analizler

Orneklere uygulanan analizler tiger paralelli olarak
gerceklestirilmistir.  Keciboynuzu pekmezi ve
keciboynuzu 6ziinde pH, toplam fenolik bilesik,
kil vb. parametrelerin farklilasmasini incelemek
amaciyla uygun analiz tiirtine karar vermek icin
oncelikle normal dagilim varsayimi test edilmistir.
Parametrelerin normal dagilim incelenmesinde
Kolmogorov Smirnov, Shapiro-Wilks testleri ve
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carpiklik-basiklik istatistikleri ile bu istatistiklere
ait standatt hata degerleri birlikte
degerlendirilmistir. Normal dagilimin saglandigt
durumlarda  bagimsiz  Orneklem  t-test,
saglanmadigi durumlarda ise Mann Whitney U
testi kullanilmistir.

SONUC VE TARTISMA

Orneklerin pH, SCKM, asitlik, toplam kiil,
formol say1s1, protein ve sakkaroz degerleri
Orneklere ait pH, SCKM, asitlik, toplam kiil,
formol sayisi, protein sonuglart Cizelge 17 de
verilmistir. Keciboynuzu pekmezi Orneklerinin
pH degerleri ortalama 5.12 olarak, ke¢iboynuzu
Ozu Orneklerinin pH degerleri ise ortalama 5.11
olarak tespit edilmistir. Keciboynuzu pekmezi ve
keciboynuzu 6zt 6rnek gruplarina ait ortalama
pH degerleri t-testi ile kargilastirilmis ve iki gruba
ait pH degerleri arasindaki farkin istatistiki olarak
6nemsiz oldugu belirlenmistir (P >0.05). Pekmez
benzeri triinlerde pH degerini etkileyen cesitli
faktorler vardir. Meyvenin tiir, ¢esit ve olgunlagsma
durumu, mevsimsel 6zellikler, Uretim yontemi
6nemli olcide pH’y1  degistirebilmektedir.
Karakavuk (2014), tarafindan yapilan caligmada,

tziim 6zi 6rneklerinin pH degerinin ve titrasyon
asitliginin, meyve ¢esidi ve uretimde kullanilan
sicaklik gibi faktorlere bagl oldugu tespit
edilmistit. Buna ragmen mevcut calismada, iki
o6rnek grubunun ortalama pH degerlerinin
birbirine ¢ok yakin oldugu goériilmektedir. Elde
edilen degetler, literatlr ile uyumludur (Aksu ve
Nas, 1996; Sengtl vd., 2007; Turhan vd., 2007).
Keciboynuzu  pekmezi  Srneklerinin  asitlik
degerleri, ortalama 9%0.61; keciboynuzu 6zii
orneklerinin asitlik degerleri ise ortalama %0.66
olarak bulunmustur. Iki 6rnek grubuna ait
ortalama asitlik degerleri t-testi ile karsilastirilmis
ve iki gruba ait asitlik degerleri arasindaki farkin
istatistiki olarak 6nemsiz oldugu tespit edilmistir
(P >0.05). TS 13717 Kegiboynuzu Pekmezi
Standardinda, titrasyon asitligi % (sitrik a.c.); 0.9-
0.12  olarak verilmistir (Turk Standartlar
Enstittst, 2016). Sengtl vd. (2007) kegiboynuzu
pekmezi icin asitlik degerini % (sitrik a.c.) 0.60
olarak; Simsek (2000) ise % (sitrik a.c.) 0.55-0.60
araliginda bildirmistir. Keciboynuzu pekmezi ve
orneklerine  ait  degerler, keciboynuzu
pekmezi icin literatirde verilen degerler ile
uyumludur (Simsek, 2000; Sengtl vd., 2007).

ozu

Cizelge 1. Orneklerin bazi kimyasal 6zellikleri
Table 1. Some chemical characteristics of the samples

Suda éjlti;k/ Formol
Cozunur v ﬂitlr?/k Toplam  sayist/ Protein/
o Kuru (;S o kul/ Formol Protein
Ornek/ Sample p Madde/ I irs1 den/ Total ash  number (100 content
Total Soluble Cﬂ.;m ‘; S ) ml/o1M (%)
Solids (%) o NaOH)
equivalent)
Keciboynuzu %Zlama/ 5.12 74.5 0.61 2.9 156.1 1.27
ZZ&;’ZZMM SS./SD7 011 2.83 017 0.45 49.45 0.50
Min-Max  4.90-528 69.0-79.4  0.39-090 1.7-3.4 86.7-261.7 0.17-1.81
Keciboynuzu ]C\zfﬂjama/ 5.11 76.8 0.66 2.6 165.8 1.42
(C)j;; Eny S5/ 8D 0.12 352 0.22 0.79 51.70 0.54
Min-Max  4.87-539 69.0-81.2  0.31-091 0.7-35 86.7-263.3 0.37-2.13

1: S.S. Standatt Sapma/ S.D. Standard Deviation

Keciboynuzu 6zu 6rneklerine ait SCKM degerleri
(Gizelge 1), keciboynuzu pekmezi 6rneklerine ait
ortalama degerden daha yiiksek bulunmustur
(sirastyla %76.8 ve %74.5), ancak iki Ornek

grubuna ait SCKM degerleri t-testi ile
karsilastirildiginda ortalamalar arasindaki farkin
istatistiki olarak 6nemli olmadig: belirflenmistir (P
>0.05). Simsek (2000) tarafindan yapilmis olan bir
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calismada ke¢iboynuzu pekmezinin SCKM degeri
%71.2-72.3  araliginda  tespit  edilmistir.
Keciboynuzu pekmezinin ortalama SCKM degeri
Tetik vd. (2010) tarafindan %71.50 olarak, Sengiil
vd., (2007) tarafindan ise %72 olarak bildirilmistir.

Keciboynuzu pekmezi ve 6zU 6rneklerinin toplam
kiil degeri (Cizelge 1) ortalamalari sirastyla %2.9
ve %2.6 olarak bulunmustur. Keciboynuzu
pekmezi ve kegiboynuzu 6z 6rnek gruplarina ait
toplam kil degerleri Mann Whithey U-testi ile
karsilastirildiginda, iki gruba ait toplam kil
degerleri arasindaki farkin istatistiki olarak
o6nemsiz oldugu belitlenmistir (P >0.05). Kiil
miktart meyvenin cinsine ve yetistigi bélgeye gore
degismektedir. Senay (2009) tarafindan yapilan ve
3 farkll keciboynuzu ¢esidinin  kimyasal
bilesiminin belirlendigi ¢alismada, sisam, etli ve
yabani cinsi keciboynuzlarinin % kil icerikleri
sirastyla 2.91, 3.11 ve 3.28 olarak tespit edilmistir.
Karkacier ve Artik (1995), yirmi iki farklh bolgeden
aldiklar1 keciboynuzu meyveleri tizerine yaptiklart
arastirmada toplam kil degerini %2-3 arasinda
bildirmislerdir. Sengil vd., (2007) kegiboynuzu
pekmezinde kil degerini %2.48; Simsek vd.,
(2000) ise %1.33-1.62 olarak bildirmistir.

Pekmez 6rneklerinin formol sayist degerleri (100
ml./0.1 M NaOH) ortalama 156.1 olarak, 6z
orneklerinin formol sayist degerleri (100 mL/0.1
M NaOH) ise ortalama 165.8 olarak bulunmustur
(Cizelge 1). Kegiboynuzu  pekmezi  ve
keciboynuzu 6zt 6rnek gruplarna ait formol
sayist degerleri t-testi ile karstlastinlmis ve iki
gruba ait formol sayist degetleri arasindaki farkin
istatistiki olarak 6nemsiz oldugu belitlenmistir (P
>0.05). Elde edilen degetler, Tetik vd., (2010)’ nin
yapmis olduklari calismada ke¢iboynuzu pekmezi
icin elde edilen degerden yiiksektir. TS 13717
standardina gbre kegiboynuzu pekmezinin formol
sayist degeri, (100 mL i¢cin mL 0.1 M NaOH), en
az 50 olarak Dbelirtilmisticr (TSE, 2016).
Keciboynuzu pekmezi ve kegiboynuzu 6zt 6rnek
gruplarina ait ortalama protein degerleri sirastyla,
%1.27 ve %1.42 olarak tespit edilmis olup,
sonugclar t-testi ile karsilastirilmus ve iki gruba ait
protein degerleri arasindaki farkin istatistiki olarak
onemli olmadigr belitflenmistir (P >0.05).
Calismada tespit edilen protein orani degerleri,

literatiirde kegiboynuzu pekmezi icin % 1.2 - 2.3
(Eksi ve Artik, 1984; Turhan ve Karhan, 2004;
Tetik vd., 2010) araliginda verilen degerler ile
uyumludur. Pekmezin protein miktari, Gretimde
kullantlan  meyveye baglt olarak degisiklik
gosterebilir.  Senay  (2009)1n yapmis  oldugu
calismada, sisam, etli ve yabani cinsi kec¢iboynuzu
meyvelerinin protein igerikleri farkli (% protein
icerikleri  sirastyla;  4.76, 3.01 ve 2.48)
bulunmustur.

Keciboynuzu pekmezi ve kegiboynuzu 6zt 6rnek
gruplarina ait ortalama sakkaroz degerleri sirastyla
%20.45 ve %20.11 olarak tespit edilmistir (Cizelge
2). Tki 6rnek grubuna ait sakkaroz degerleri t-testi
ile karslastrildiginda iki gruba ait sakkaroz
degerleri arasinda istatistiki olarak Onemli bir
farkin  olmadigr  belitlenmistir (P >0.05).
Pekmezlerdeki  sakkaroz  degeri, kullanilan
meyveye, Uretim yontemine, uygulanan 1sil isleme
baglt olarak degisebilmektedir.
Keciboynuzu, enerji icerigi yiksek bir meyve olup
%052-%062 araliginda toplam seker icermektedir
(Pazir ve Alper, 2016). Pekmez tiretimi prosesinde
koyulagtirma islemi, vakum ya da agik kazan
yontemiyle suyun buharlastrilmas:  esasina
dayanir. Konsantrasyon islemi, acik kazanda
yiksek 1sida yapilirsa, pekmezdeki sekerin %5-10
kadari karamelize olmaktadir (Batu ve Aktan,
1992). Literatirde, keciboynuzu pekmezinin
sakkaroz  degeri ile ilgili farkll  bilgiler
bulunmaktadir. Sengtil vd., (2007) tarafindan
yapilan calismada  keciboynuzu pekmezinin
sakkaroz degeri %22.11, Tetik wvd., (2010)
tarafindan yapilan calismada ise %45 olarak
bulunmugtur. Bagka bir calismada da keciboynuzu
pekmezinin sakkaroz degeri % 40.36 - 44.38
araliginda tespit edilmistir (Simgek, 2000). Erbil
(2020) tarafindan analiz edilen gelencksel
keciboynuzu pekmezi 6rneklerinin fruktoz icerigi
%9.00-%20.80, glukoz icerigi %012.98-%18.74,
sakkaroz icerigi %00.91-%16.61, maltoz icerigi %o0-
%23.52  araliginda;  endustriyel = pekmez
Orneklerinin ise fruktoz icerigi %016.44-%32.64,
glukoz icerigi %9.12-%29.43, sakkaroz icerigi
%0.97-%25.61 ve maltoz icerigi %00-%8.61
araliginda bulunmustur.

ve suresine
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Keciboynuzu pekmezinde bulunan toplam
sekerin,  buyik cogunlugunu  sakkaroz
olusturmaktadir (Eksi ve Artik, 1984; Tetik vd.,
2010). 2016 yiinda yayimlanan ‘TS 13717
Keciboynuzu Pekmezi Standardr’'nda,
keciboynuzu pekmezinin sakkaroz icerigi %20-40
olarak belirtilmistir (Ttrk Standartlart Enstittsi,
2016). Bu calismada keciboynuzu pekmezi icin
%4.31-37.15, kegiboynuzu 6z i¢in %0.69-39.71
araliginda tespit edilen degerlerden bazilari, %20
sakkaroz degerinden ¢ok daha digtktir. Bu
durumun, kullanilan meyve cesidinden ve/veya

dretim yoéntemine goére kismen sakkarozun
karamelize ~ olmasindan  kaynaklanabilecegi
digtiniilse de, pekmez ve 6z Orneklerinde tespit
edilen %0.69. %4.31 gibi distk sakkaroz
dizeyleri, bu  sekilde agiklanamamaktadir.
Dolayistyla, bu ¢alismada analiz edilen 6rneklerde,
tespit edilen dusik sakkaroz  duzeyleri,
glukoz/fruktoz surubu gibi indirgen seker iceren
suruplar  kullanilarak ~ pekmez  ve/veya
keciboynuzu 6zii  Orneklerinde yapimis olast
tagsisi akla getirmektedir.

Cizelge 2. Orneklerin sakkaroz, HMF ve toplam fenolik bilesik icerikleri
Table 2. Saccharose, HME and total phenolic compound contents of the samples

Sakkaroz/ Toplam fenolik bilesik /
Ornek/ Sample Saccharose le/[nlj/ /f])\/[F Total phenolic compounds
(2/100g) 88 (mg GAE/g)
Kegiboynuzu Ortalama,/ Mean 20.45 11.33 11.84
Pekmezi/ S.S./ S.D.1 7.84 14.33 3.84
Carob molasses Min-Max 4.31-37.15 0.79-50.25 5.80-18.00
. .. .., Ortalama/ Mean 20.11 14.18 10.35
Ié;f:;(g;j; RSV 11.58 18.27 5.59
Min-Max 0.69-39.71 1.25-68.77 0.10-18.40

1. S.S. Standatt Sapma/ S.D. Standard Deviation

Bazi kayitdist treticiler tarafindan yapilan olast
tagsisin en yaygin Orneklerinden biri, orijinal
pekmez numunelerine disik maliyetli seker
kaynaklarinin ~ eklenmesiyle ve  gerektiginde
karamel ilavesi ile orijinal driin goérintisiiniin
taklit edilmesidir (Simsek vd., 2004; Tosun 2014;
Yimaz ve Afsar, 2012; Durmaz vd., 2018; Yaman
ve Durakli Velioglu, 2019). Bu amagla pekmezin
Uretimi sirasinda veya sonrasinda farkli oranlarda
glukoz, fruktoz, maltoz suruplart ve sakkaroz
cklendigi veya seker suruplari, renklendirici,
aroma verici gibi katkilarla pekmezin seker profili,
rengi, yapist ve tadi taklit edilerek pekmez adi
altinda satilabildigi ifade edilmektedir (Simsek vd.,
2004; Tosun, 2014). Pekmez ve benzeri triinlerde
taklit/tagsisi tespit etmek icin hassas analitik
yontemler kullanilmakta olup (Yilmaz ve Afsar,
2012; Boyact vd., 2015; Li vd., 2017; Durmaz vd.,
2018; Yaman ve Durakli Velioglu, 2019), sadece
sakkaroz miktarina dayanarak olast taklit/tagsisi
tespit etmek mimkiin degildir. Ancak sakkaroz
miktarinin  ¢ok  disik  olmasinin,  olast
taklit/tagsise isaret edebilecegi de actktir.

Tosun ve Keles (2008), dut pekmezine farkl seker
suruplart ilave ederek hile belirleme yontemlerini
aragtirdiklari calismalarinda, glukoz surubu katilan
pekmez 6rneklerinde SCKM, HMF ve viskozite
degerlerinin  arttigint  rutubet, invert seker,
sakkaroz, pH, 6zgil agirlik, toplam seker, kil ve
iletkenlik degerlerinin azaldigini tespit etmislerdir.
Seker pancart ile yapilan tagsisin belitlenmesinde
seker bilesenleri analizinin 6énemli oldugu ancak,
Uretim sirasinda sekerin inversiyon islemine
ugratilarak fruktoz/glukoz oraninin standartta
belirtilen limitlere ayarlanmastyla, bu yéntemin
tagsisi tespit etmekte yetersiz kalabilecegi ifade
edilmistir (Tosun ve Keles, 2012). Erbil (2020)
tarafindan yapilan calismada elde edilen seker
bilesimi ve karbon izotop analiz sonuglarina gore,
analiz edilen ke¢iboynuzu 6rneklerinin bir¢oguna
seker surubu ve/veya farkli meyve pekmezi
katilmak sureti ile tagsis yapildiginin anlasildig
ifade edilmektedir.

Genel olarak degerlendirildiginde, keciboynuzu
pekmezi ve keciboynuzu 6z Grneklerine ait
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kimyasal ~ Ozelliklerin ~ farklt  degerler  aldigt
gorillmekte ise de, bu farklarin istatistiki olarak
6nemli olmadigi belirlenmistir. Orneklerdeki olast
tagsisi belirlemek, mevcut calismanin amaglart
arasinda bulunmadigindan, bu amaca y6nelik
analiz yapilmamistir. Dolayisiyla her iki gruba ait
Orneklerin hepsinin sonuglart, ilgili ortalamalarin
hesaplanmasinda ve istatistiki degerlendirmede
kullantlmustir. Olast tagsisli Griinlerin mevcudiyeti,
ortalamalardaki farkliligin nedeni olabilir. Ayrica,
iki Ornek grubu arasindaki farkliligin nedeni

prosesteki  farkliliklarin ~ yaninda,  Urlnlerin
tretilmis  oldugu meyvenin  6zelliklerindeki
farkliliklar  da  olabilir. Cinka  keciboynuzu

meyvesinin kimyasal bilesimi, bitkinin tiirine,
yetistigi bolgeye, iklime, hasat zamanina gdore
degismektedir (Owen vd., 2003; Iippumbu, 2008).

Kegiboynuzu pekmezi ve
ozunin HMF icerikleri
Orneklere ait HMF degerleri Cizelge 2’de
verilmistir. Keciboynuzu pekmezi Orneklerinin
HMF degerleri, 0.79-50.25 mg/kg araliginda
degismis olup, ortalama 11.33 mg/kg olarak tespit
edilmistir. Keciboynuzu 6zi 6rneklerinin HMF
degerleri ise 1.25-68.77 mg/kg araliginda tespit
edilmis olup, ortalama 14.18 mg/kg olarak
hesaplanmistir.  Keciboynuzu — pekmezi  ve
keciboynuzu 6zt Ornek gruplarina ait HMF
degerleri Mann Whithey U-test ile karsilastirilmas
ve iki gruba ait HMF degetleri arasindaki farkin
istatistiki olarak 6énemli olmadig belitlenmistir (P
>0.05). HMF, Maillard reaksiyonunda ara iriin
olarak (Ames, 1992) veya gidalara uygulanan 1sil
islemler sirasinda asidik kosullar altinda sekerlerin
dogrudan dehidrasyonuyla (Kroh, 1994) olusan
furanik bir bilesiktir. Meyvelerin dogal bilesim
unsurlart icerisinde (Telatar, 1985) ve 1sil islem
uygulanmamus driinlerde (Aksar, 1984) HMF
bulunmamaktadir.

kegiboynuzu

Son yillarda yapilan in vivo ¢alismalarla, HMF'nin
genotoksik  potasiyeli ~ bulundugu  rapor
edilmektedir (Capuano ve Fogliano, 2011). Gida
uriinlerinde HMF miktari, Grtintin icerdigi seker
tird, miktar;, pH degeri, su aktivitesi gibi
faktotlerin yaninda urine uygulanan 1sil islem
sicakligl, depolama sicakligi, depolama stiresi gibi
bircok faktore baglidir. Genel olarak, HMF bircok
islenmis Urin icin kalite gOstergesi olarak

kullanilabilir ve HMF varlig1, tretim sirasinda
yiksek sicaklikta 1sil islem uygulamast ve/veya
yiksek sicaklikta depolamanin kanitt olarak
nitelendirilir (Kayahan, 1982; Ozhan vd., 2010;
Tetik vd., 2010; Capuano ve Fogliano, 2011; Oral
vd., 2012).

Mevcut ¢alismada keciboynuzu pekmezi ve 6zi
Orneklerine ait HMF degetlerinin benzer olmasi,
tretim kosullarinin da benzer oldugunu akla
getirmektedir. Simsek ve Artik (2002) tarafindan
yapilan c¢alisgmada, keciboynuzu pekmezinde
HMF  miktar;, 4.1-7.0 mg/kg araliginda
bildirilmistir. Keciboynuzu pekmezinde HMFEF
degerini, Sengtl vd., (2007) 21.32 mg/kg, Tuthan
vd., (2007) 1.53 mg/kg, Tetik vd., (2010) 12.25
mg/kg olarak tespit etmistir. Yigit (20106)
tarafindan yapilan c¢alismada ise, piyasadan satin
alinan  keciboynuzu  pekmezi  Orneklerinin
ortalama HMF igerigi 24.2 mg/kg olarak
belitlenmistit. Mevcut calismada analiz edilen
ornek gruplarina ait ortalama HMF degerlerinin,
keciboynuzu pekmezi icin Snceki calismalarda
tespit edilen degerlere benzer oldugu ifade
edilebilir ancak bazi Orneklerde, literatirde
keciboynuzu pekmezi icin verilen degerlerden
daha yiksek HMF degetlerinin de saptanmis
oldugu gorilmektedir (Cizelge 2). Ayrica yeni
tretilmis ve piyasaya arz edilmis, dolayistyla uzun
sire  depolanmamis  oldugu  bilenen  bir
kegiboynuzu orneginde  68.77 mg/kg
diizeyinde HMF tespit edilmesi, bu 6rnege yiksek
sicaklikta 1s1l islem uygulanmis olabilecegini
disindirmektedir. Bu durum da keg¢iboynuzu
Szunln uretiminde dusiik sicaklik
uygulamalarinin  kullanddigr  iddias1  ile
celismektedir. Dahast, kegiboynuzu meyvesinin
dustik asitlik dizeyi nedeniyle, yitksek sicaklikta
uzun sire 1s1l islem sonrasinda dahi keciboynuzu
pekmezinde HMF miktarinin diistik oldugu rapor
edilmistir  (Tetik wvd., 2010). Erbil (2020)
tarafindan yapilan calismada da, keciboynuzu
meyvesinden  {iretilen pekmez  Orneklerinin
genelinde HMF miktarinin  distik  bulundugu
ifade edilmektedir. Bunun nedeninin ise ytksek
pH iceriginin yant sira keciboynuzu meyvesinin
yiksek fenolik madde igeriginin, kegiboynuzu
pekmezinde HMF olusumunu azaltict yonde etki
gOstermesi  olabilecegi  bildirilmistir.  Ayrica
keciboynuzu meyvesindeki yitksek C vitamini

ozl
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iceriginin de, HMF olusumunu baskilayict yénde
etki gosterebilecegi ifade edilmistir (Erbil, 2020).

Tosun ve Keles (2012) tarafindan yapilan
calismada, glukoz ve/veya yiksek fruktozlu misir
surubu ile pekmezde yapilan tagsiste, 6rneklerin
HMF degerinin arttigi ve sakkaroz igeriginin
azaldig1 ifade edilmektedir. Tosun ve Keles (2012)
tarafindan actklanan duruma benzer sekilde,
sakkaroz miktarinin %4.31 ve %14.29, HMF
degerinin ise sirastyla 30.10 ve 50.25 mg/kg olarak
belirlendigi pekmez 6rneklerinde, seker suruplart
ile tagsis yapilmis olabilecegi akla gelmektedir. Bu
nedenle, keciboynuzu pekmezi ve kegiboynuzu
6zt orneklerinde yitksek olan HMFE diizeylerinin
olast tagsise isaret ettigi disinilmektedir. Erbil
(2020) tarafindan yapian c¢alismada da hem
geleneksel hem  de  endistriyel — dretim
yontemleriyle elde edilmis pekmez Srneklerinde,
cesitli yontemlerle tagsis yapilmis oldugunun
tespit edildigi ve piyasada yiksek HMF icerikli
trinlerin de bulundugu bildirilmistir.

Kecgiboynuzu pekmezi ve kegiboynuzu
6ztiniin toplam fenolik bilesik igeriklerinin
karsilagtiriimasi

Orneklerin  toplam  fenolik bilesik icerikleri
Gizelge 2’de verilmistir. Keg¢iboynuzu pekmezi ve
keciboynuzu 6z Grnek gruplarina ait degerler,
sirastyla 5.80-18.00 mg GAE/g ve 0.10-18.40 mg
GAE/g araliginda degisim gostermistir. Pekmez
Orneklerinin  toplam  fenolik bilesik degerleri
ortalama 11.84 mg GAE/g;, 6z orneklerinin
toplam fenolik bilesik degetleri ise ortalama 10.35
mg GAE/g olarak bulunmustur. Keciboynuzu
pekmezi ve kegiboynuzu 6z 6rnek gruplarina ait
toplam fenolik bilesik degetleri t-testi ile
karsilastirldlmis ve iki gruba ait toplam fenolik
bilesik degerleri arasinda istatistiki olarak 6nemli
bir farkin olmadigi belitlenmistir (P >0.05).

Keciboynuzu meyvesindeki polifenoller, son
zamanlarda c¢ok cesitli saglik faydalari nedeniyle
biytk ilgi gérmektedir (Pazir ve Alper, 2016;
Christou vd., 2021). Ayaz vd., (2007) tarafindan
yapilan bir calismada; keciboynuzu pekmezinin
toplam fenolik bilesik miktar1 13.51 mg GAE/g,
Tetik vd., (2010)’ nin yaptigt calismada ise toplam
fenolik bilesik miktar1 1.62 mg GAE/g olarak
bulunmustur. Mevcut calismada tespit edilen

ortalama degerler, Ayaz vd., (2007) tarafindan
tespit edilen degere yakin ancak Tetik vd., (2010)
tarafindan  raporlanan  degerden  oldukga
yuksektit. Toplam fenolik bilesik icerigi, tretim
sicakligina, tiretim siiresine, meyvenin yapisina ve
yetistirilme sartlarina baglt olarak degismektedir.
Meyvenin olgunluk diizeyinin de fenolik bilesik
icerigine 6nemli etkisinin oldugu bildirilmektedir
(Christou vd., 2021). Yapilan c¢alisgmada elde
edilen sonuglar, iki farkli proses ile elde edildigi
iddia edilen iki driin grubu icin, fenolik madde
kayiplarinin esdeger oldugunu gostermektedir.
Bununla birlikte, yiiksek sicaklik uygulanmadigt
iddia edilen keciboynuzu 6zi 6rnekleri igerisinde,
toplam fenolik bilesik miktar1 0.10+0.00 mg
GAE/g olan ornekte, tespit edilen bu dustk

fenolik madde iceriginin nedeninin, proses
kaynaklt fenolik madde kaybt olamayacagi
distnilmektedir.  Ayni  6rnegin  sakkaroz

miktartnin %0.6910.34 oldugu da géz Oniinde
bulunduruldugunda, bu  durumun  olast
taklit/tagsise isaret edebilecegi ifade edilebilir.

2016 yihinda yayimlanan ‘TS 13717 Ke¢iboynuzu
Pekmezi Standardinda, Briks % en az 70; pH 4.5-
6; sakkaroz %20-40; toplam kil % en cok 3.5;
HMF (mg/kg) en ¢ok 30; titrasyon asitligi (sitrik
asit cinsinden) %00.12-0.9 olarak belirlenmistit.
Elde edilen sonugclar incelediginde 1 adet pekmez
ve 1 adet 6z 6rneginin °Briks degerleri; 1 adet 6z
Orneginin asitlik degeri; 2 adet pekmez ile 1 adet
6z 6rneginin HMF degerleri; 4 adet pekmez ile 6
adet 6z 6rneginin sakkaroz degerlerinin TS 13717,
Keciboynuzu  Pekmezi  Standardina  (Turk
Standartlart  Enstitiisi, 2016) uygun olmadigt
gorilmistir. Bunun nedeni olarak driinlerin
standart kogsullarda tretilmemis olmast ve/veya
urinlerde yapilmis olan olast  taklit/tagsis
diistiniilebilir. Ozellikle sakkaroz iceriginde sayica
fazla olan uygunsuzluklar, Griinlerin dretiminde
ciddi aksakliklarin oldugunu gostermektedir.

Keciboynuzu pekmezi ve kegiboynuzu
6ziiniin renk degerlerinin kargilagtirilmasi

Konica Minolta renk tayin cihazt (Chroma meter
CR- 5, Konica Minolta, Japonya) kullanilarak
yapilan renk Sl¢limunde, 6rneklere ait L*, a*, b*
degerleri belitlenmistir.  L* degeri, actklik-
koyuluk degerini ifade etmekte, pozitif (+) a*
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degeri kirmizilik, negatif a* (-) degeri ise yesillik
oranint; pozitif (+) b* degeri sarilik, negatif (-) b*
degeri ise mavilik oranint vermektedir (Dobrzansk

ve Rybeyzynsk, 2002). Orneklere ait renk analizi
sonuglart Cizelge 3’ de verilmistir.

Cizelge 3. Orneklerin renk sonuglar
Table 3. Color values of the samples

Ornek/ Sample I+ R;nk/Co/or e

. .. Ortalama/ Mean 0.42 0.58 0.12

Ié;f;;;ya?;f; Pekmezi/ o / S.D. 1.01 0.89 0.82
Min-Max 0.01 - 3.60 20.04-2.35 20.25-2.66

. . Ortalama,/ Mean 0.46 2.39 0.52

Ié;fofcg;‘;j;; Oztt/ SS./ S.D.7 1.22 6.81 2.09
Min-Max 0.02 - 4.26 0.07-23.51 20.23-7.05

1. 8.S. Standart Sapma/ S.D. Standard Deviation

Pekmezlere ait l¢lilen L* degeri ortalama 0.42; a*
degeri ortalama 0.58 ve b* degeri ortalama 0.12
olarak bulunmustur. Ozlerde ise L* degeri
ortalama 0.46; a* degeri ortalama 2.39 ve b* degeri
ortalama 0.52 olarak bulunmustur. Keciboynuzu
pekmezi ve kegiboynuzu 6z 6rnek gruplarina ait
ortalama L*, a* ve b* degerleri Mann Whitney U-
testi ile karsilastirilmistir. Tki gruba ait bu degerler
arasindaki farkin istatistiki olarak 6nemsiz oldugu
tespit edilmistir (P >0.05). Sengil vd., (2007)
tarafindan, keciboynuzu pekmezi ile yapilan
calismada, L* degeri 19.35; a* degeri +4.35; b*
degeri -6.01 olarak tespit edilmistir. Simsek (2000)
tarafindan yapilan calismada ise keciboynuzu
pekmezinin L*, a*, b* degetleri sirasiyla, 16.45 —
19.25; 0.58 — 0.68 ve 0.46 — 0.55 araliginda
verilmistir. Tetik vd., (2010) ise kegiboynuzu
pekmezinde L* degerini 16.33; a* degerini 1.29;
b* degerini 1.21 olarak bildirmistir. Toker vd.
(2013) tarafindan yapilan calismada ise, farkl
sicaklik ve stirelerde depolanan kegiboynuzu
pekmezi 6rneklerinin L* degerleri 1.25-2.79, a*
degerleri 0.72- 2.37, b* degerleri ise 0.64-2.85
araliginda tespit edilmistir. Bu calismada tespit
edilen L* degerlerinin, Sengtil vd., (2007), Simsek
(2000) ve Tetik vd., (2010) taratindan rapor edilen
degerlerden daha diisiik oldugu, Toker vd. (2013)
tarafindan tespit edilen degetlere yakin oldugu, a*
ve b* degetlerinin ise , literatiirde verilen
degerlerle uyumlu oldugu goriilmektedir. Renk
degerleri; meyvenin c¢esidi, olgunluk derecesi,
sicaklik, depolama stiresi gibi cesitli etkenlere gére
degisiklik gOsterebilir. Bunun yaninda renk

lzerinde en 6nemli faktSrlerden biri de pekmez
uretim yontemidir. Actk kazanda yiksek 1sida
konsantrasyon uygulamasinda meydana gelen
karamelizasyon olay1, pekmezin koyu renginin
nedenidir (Batu ve Aktan, 1992). L* degetlerinin
literatirdeki sonuglar ile arasindaki farkin bir
nedeni de kullanilan Slgim yéntemi olabilir.
Proseste uygulanan sicaklik ve stireye baglt olarak
rengin koyulasmasi yani L* degerinde disis
gozlenebilmektedir. Karakavuk (2014) tarafindan,
Uzim 621 tretiminin 65 °C, 75 °C ve 85 °C ve 100
°C’de gerceklestirildigi calismada da, L* degerinin
sicakhk  arttkca  O6nemli  Slgiide  distigi
belirlenmistir. Aynt ¢alismada, b* degerinin tiir,
cesit, olgunluk derecesi gibi faktorlere gore
oldukea fazla degistigi bildirilmis, a* degerinin ise
antosiyanin varligt ile paralel oldugu tespit
edilmistir.

Keciboynuzu pekmezi ve kegiboynuzu
6ziinin  mineral madde  degerlerinin
karsilagtirilmasi

Cizelge 4’te 6rneklere ait mineral madde sonuglari
verilmistir. Orneklerin mineral madde dagilimi
incelendiginde, Na ve K minerallerinin diger
minerallere kiyasla daha yiiksek miktarda oldugu
gorilmustir. Ayrica ortalama sonuglarin iki Griin
grubu arasinda benzer oldugu tespit edilmistir.
Keciboynuzu meyvesi, oldukca yiksek oranda
mineral madde icerigine sahip olup Ozellikle
potasyum (843-1215 mg/kg) ve kalsiyum (251 -
361 mg/ kg)  bakimindan  zengin  olarak
bilinmektedir (Pazir ve Alper, 2016).
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Cizelge 4. Mineral madde analiz sonuglar
Table 4. Results of the mineral analysis

Ornek/ Mineraller/ Minerals (mg/kg)
Sample Na Ca Fe Mg P K
Kegiboyn - Ottalama/ 1246.11 81892 1020 43178  588.82  9616.34
uzu Mean
Pekmezi/ S.S./S.D.7 556.02 198.64 2157  107.61  176.65 2366.45
Carob Min M 180.20 - 380.55-  220-  20580- 297.62-  4600.53 -
Dekmes a 2121.72 1093.46  78.54  582.83  780.74  12357.24
Kegiboyn %ﬁama/ 1385.29 873.57 514 42972 579.02 9172.44
‘22“ ?Zu/ S.S./S.D. 1424.19 283.71 3.66 14171 220.93 312815
e i Ma 1590~  14556-  181-  29.65-  40.74-  481.62-
a 5302.09 1213.68 1516 58023  807.27  11975.54

Ornek/ Mineraller/ Minerals (ug/kg)
Sample Se B Co Cu 7n
Kegiboyn  Ortalama/ 9.95 442.92 52.85 47511 3102.07
uzu Mean
Pekmezi/ S.S./S.D. 5.09 149.49 11.58 144.69 860.42
Carob . 231.93 - 30.00 - 334.69 - 1990.65 -
pekmey  Min-Maxo 5592115 o0 67.34 734.44 4879.56
Keciboyn Z(\ﬁjama/ 8.34 458.25 4327 495.91 2752.33
‘ézﬂ‘;o[?z“/ S.S./S.D. 3.70 139.83 14.77 192.01 791.94

. 146.21 - 19.72 - 25375 - 683.78 -
Fodrast Min-Max 2.75-13.12 694.94 66.48 805.24 3446.99
Ornek/ Mineraller/ Minerals (ng/kg)
Sample Hg As Pb Sn Cd Cr
Kegboyn  Ortalama/ - 30.56 51.91 18.03 1.40 40.85
uzu Mean
Pekmezi/ S.S./S.D. 1.19 61.77 36.81 8.41 0.39 21.47
Carob . 2.81 - 2.98 - 28.95 - 7.63 - 0.75 -
pekmey  Min-Max 649 21017 16316 3355 194 >80~ 10359
Keciboyn %ﬁama/ 4.59 24.27 53.37 22.53 1.75 46.54
‘éz;ogzu/ S.S./S.D. 1.81 46.71 29.97 15.34 0.84 43.10

. 2.82 - 1.81- 25.04 - 4.77 - 0.39 -
Exitract Min-Max 816 13185 131.96 52.84 380 1128-17594
1. 8.S. Standart Sapma/ S.D. Standard Deviation
Keciboynuzu pekmezi ve kegiboynuzu 6zt 6rnek ~ Mineral ~ madde  dagilimi  incelendiginde,

gruplarina ait ortalama mineral degerleri As, Cr,
Pb, Zn, Ca, Na, Fe, P, Mg ve K sonuglart icin
Mann Whithey U-testi, diger mineraller icin ise t-
testi kullanilarak karsilastirilmis ve tim mineraller
i¢in iki Griin grubu arasindaki farkin istatistiksel
olarak 6nemli olmadigi belirlenmistir (P >0.05).

keciboynuzu pekmezlerinin ve 6zlerinin yitksek
oranda potasyum ve sodyum icerdigi tespit
edilmistir. Potasyum, insan viicudu i¢in hayati
Onem tastyan bir mineraldir. Vicudun hicre
duvarlarinin %981 K icermektedir. Sodyumla
birlikte viicuttaki su dengesinin kurulmasini
saglamaktadir (Karadeniz, 2004; Inan ve Giil,
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2001; Cashman, 2006). Potasyum eksikliginde ise
hipertansiyon, kalp ritim bozuklugu ve halsizlik
gibi durumlar goriilmektedir (Tapiero vd., 2003).
Tetik vd., (2010) tarafindan yapilan calisgmada,
keciboynuzu pekmezindeki K, Ca, P, Mg, Na, Fe,
Cu, Zn ve Mn mineral degerleri, sirastyla
(mg/100g): 1057; 314.9; 77.8; 55.6; 17.1; 1.4; 0.5;
0.4 ve 0.3 olarak bildirilmistir. Simsek (2000) ise
keciboynuzu pekmezinde yer alan mineralleri,
fosfor (mg/100 g) 52-60; demir (mg/100 g) 0.31-
0.38; bakir (mg/100 g) 0.30-0.42; ¢inko (mg/100
g) 0.10-0.14; potasyum (mg/100 g) 410-447,
sodyum (mg/100 g) 12-16; magnezyum (mg/100
@) 47-54; kalsiyum (mg/100 g) 130-144 olarak
bildirmistir. Izgi (2011) tarafindan yapilmis
calismada, kegiboynuzu pekmezlerine ait Na
degeri (mg/kg) 14.00; Ca degeri (mg/kg) 135.00;
Fe degeri 0.34; Mg (mg/kg) degeri 50.00; K degeri
423 ve P degeri ise (mg/kg) 55.00 olarak
bulunmustur. Bicer (2018) tarafindan yapilan
calismada da 7 adet kegiboynuzu pekmezi

incelenmis ve Se degetleri 4.60-9.76 mg/L
araliginda; Na  degerleri  180.3-539.5 mg/L
araliginda; Ca  degertleri 136.5-239.8 mg/L
araliginda; Fe degerleri  1.941-16.15 mg/L
araliginda; Mg degetleri  79.88-28.54 mg/L
araliginda; K degerleri  3392.1-764.7 mg/L
araliginda; B degetleri 0.216-13.53 mg/L
araliginda ve Zn degetleri 0.683-3.186 mg/L
araliginda bulunmustur.

Mineral madde analizi sonuclarinin  farkl
degerlerde  bulunmasinin  nedeni  olarak,
keciboynuzu  meyvesinin  yetistigi  topragin
element icerigi, meyvelerin  tipi, proses
asamalarinin  etkisi (Tounsi vd., 2020) gibi
faktorler  goOsterilebilir.  TGK ~ Bulaganlar

Yoénetmeligi'nde yer alan toksik metallerden Pb;
meyveler icin en ¢ok 0.10 mg/kg olarak
sinirlandiridmistir (Anonymous, 2011). Elde edilen
sonuclara gore, 1 adet keciboynuzu pekmezi
Ornegi disindaki bitin 6rneklerin bu yonetmelige
uygun oldugu gorilmustir. Ayni yonetmelikte Hg
icin, gida takviyelerinde bulunmasina izin verilen
maksimum miktar, 0.10 mg/kg’dir. Kec¢iboynuzu
Ozt olarak piyasaya suriilen bazt 6rneklerin etiket
incelemeleri yapildiginda gida takviyesi olarak
tanimlandiklart gorilmistiir. Bu agidan bakilinca,
calismada tespit edilen Hg iceriklerinin de, takviye

gidalar icin belirtilen sinir degerden ¢ok daha
distik oldugu goriilmektedir.

SONUC

Piyasadan temin edilen 6rneklerin incelenmesi
sonucunda elde edilen  bulgulara  gore;
keciboynuzu 6zleri ile kegiboynuzu pekmezlerinin
fiziksel ve kimyasal degerleri arasinda istatistiki
olarak 6nemli bir farkin olmadigt tespit edilmistir
(P >0.05). Iki grup arasindaki sonuglarda énemli
bir farkin olmamasi, bu iki Griin grubunun dretim
proseslerinde de anlamli farkliliklarin olmadiginin
gostergesi olarak kabul edilebilir. Bu nedenle iki
gruba ait 6rneklerin de aymi tarz Urtn oldugu
dustntlebilir. Ancak bu durum, Gzim pekmezi ve
tziim 6z Ornekleri icin distnildiginde, Tirk
Gida Kodeksi Uziim Pekmezi Tebligi'ndeki
(Anonymous, 2017), “Bu Teblig kapsamimndaki
diriinlerin adlandiilmasimda ‘64, 0%iith, fonsantrest,
ekstrakts’ gibi ifadeler kullanilamaz?’ maddesi ile bu
isimlendirmenin, kesin bir sekilde yasaklandigi
gorilmektedir. Elde edilen sonuglarin, literattirde
keciboynuzu pekmezi icin bildirilmis degerlerle
arasindaki farkin, keciboynuzu meyvesinin ¢esidi,
olgunluk derecesi ve yetistirildigi bolgenin
Ozelliklerindeki farkliiklar gibi bircok faktrden
kaynaklandigi  séylenebilecegi  gibi, triinlerin
standart kosullarda tretilmemis olmasindan veya
urinlerde yapilmis olast taklit/tagsisten de
kaynaklanabilecegi ifade edilmelidir.

Ulkemiz Gida Mevzuatinda, “keciboynuzu 6zii”
ad1 ile taniml bir Giriin, dolayistyla bu trtn ile ilgili
diizenlemelerin yer aldigt herhangi bir standart
veya teblig bulunmamaktadir. Bu durumun bir
denetim eksikligine neden olabilecegi ve 6zellikle
de ¢ocuklar, hamileler gibi hassas tiiketici gruplari
icin 6n plana ¢ikan driinin, taklit-tagsise actk hale
gelebilecegi disinilmektedir. Piyasada
bulunabilecek taklit-tagsisli tirlinler, insan sagligint
tehdit edebilecegi gibi durtst treticiler icin de
sorun teskil etmektedir.

Ne yedigini bilmek her tiiketicinin hakkidir ve bu
nedenle “keciboynuzu 6zi” ismiyle veya benzer
isimlerle piyasaya strtlen Griinler ile ilgili yasal
dizenlemelere ihtiya¢ bulunmaktadir. Ttrk Gida
Kodeksinde, Keciboynuzu Pekmezi ile ilgili

yapilacak yasal diizenlemelerde, ‘6zt, O6zutd,

899



900

A. Yavuz Kiicuk, S. Durakli Velioglu

konsantresi, ekstraktr’ gibi ifadelerin
kullanilamayacagi kesin bir sekilde belirtilmelidir.
Bununla birlikte, dogal tiriinlere, gida takviyelerine
olan ilginin her gecen giin arttifl gercegi de goz

onunde bulundurularak, mevzuattaki bosluk
giderilmeli, ilgili tretim prosesleri
standartlastirilmali ve urun Ozellikleri
beliflenmelidir. Buna istinaden denetimler

siklagtirlmalt ve uygun olmayan driinleri dreten
isletmelere gerekli yasal islemler yapilmalidir.

Bu c¢alismayla piyasada bulunan keciboynuzu
Ozlerinin bazt kimyasal kalite 6zellikleri ve besin
degerleri tespit edilmigtir. Elde edilen sonuglarin,
keciboynuzu 6zu ile ilgili yapilacak calismalara
kaynak teskil edebilecegi diisinilmektedir. Bu
calismada elde edilen sonuglar, piyasada yer bulan
bu trin ile ilgili yasal diizenlemelere de zemin
hazirlayabilecektir.

CIKAR CATISMASI BEYANI
Yazarlarin, baska kisiler ve/veya kurumlar ile ¢ikar
catismast bulunmamaktadir.

YAZAR KATKILARI
Calisma, Alev YAVUZ KUCUK iin yiiksek lisans
tez calismasindan uretilmis olup, Alev YAVUZ

KUCUK, calisma  fikrinin  olusmasinda,
deneylerin planlanmasi ile yapilisinda gérev almis
ve makale metnini olusturmustur. Serap

DURAKLI VELIOGLU, danisman olarak
calisma fikrinin olusmasinda, deney tasatiminin
olusturulmasinda, verilerin degerlendirilmesinde
ve makale taslaginin kontrolinde/
dizenlenmesinde  gbrev  almistir.  Yazarlar
makalenin son halini okumus ve onaylamistir.

TESEKKUR

Yazarlar, bu calismadaki analizlerin
gerceklestirilmesini  saglayan T.C. Tarim ve
Orman Bakanhg Istanbul Gida Kontrol

Laboratuvar Midurligi'ne tesekkiir eder.
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oz

Bu ¢alismada, Ttrk kahvesi boyutlarini temsil eden ¢ok ince (47.13-54.64 pm), ince (89.25-119.88 um) ve
ince-orta (248.77-312.23 um) olmak tzere farkl 6gtitme derecelerine sahip kahvelerin 5, 25 ve 45 °Cllerde
28 ginlitk depolama periyodunda (0., 14. ve 28. giin) klorojenik asit miktari, kafein miktart ve yag asidi
bilesimi tizerindeki degisim incelenmistir. Kahvenin biyoaktif &zelliklerinden sorumlu bilesenleri olan
klorojenik asit ve kafein depolama kosullarina bagl olarak sirastyla 1.05-1.38 g/100g KM ve 1.49-1.80 g/100g
KM arasinda degismistir. Kahve 6rneklerinde baglica yag asitleri olarak linoleik asit (%41.86-42.89) ve
palmitik asit (%33.23-36.36) belirlenmis, ayrica oleik asit (%10.59-11.47), stearik asit (%7.38-8.48) ile iz
miktarlarda miristik asit, margarik asit, elaidik asit, cis-11 eikosenoik asit, arasidik asit ve behenik asitler de
tespit edilmistir. Kahve 6rneklerinin sahip olduklari partikiil boyutu ve depolama sicakligr farkliliginin yag
asidi bilesim oranlan tzerinde belirgin bir degisiklife neden olmadidl, ancak depolama stresi boyunca
miktarlarinda belirgin azalmalar oldugu gdzlemlenmistir.

Anahtar kelimeler: Tirk kahvesi, 6gttme derecesi, depolama kosullari, klorojenik asit, kafein, yag asidi

THE EFFECT OF STORAGE TEMPERATURE ON CAFFEINE,
CHLOROGENIC ACID AND FATTY ACID COMPOSITION OF TURKISH
COFFEE

ABSTRACT

In this study, coffees with different grinding degrees, including very fine (47.13-54.64 pm), fine
(89.25-119.88 um) and fine medium (248.77-312.23 um), representing the dimensions of Turkish
coffee, were stored at 5, 25 and 45 °C for 28 days. The changes in chlorogenic acid content, caffeine
content and fatty acid composition were investigated during storage period (0th, 14t 28t day).
Chlorogenic acid and caffeine, which are the components responsible for the bioactive properties of
coffee, varied between 1.05-1.38 g/100g DM and 1.49-1.80 g/100g DM, respectively, depending on
the storage conditions. Linoleic acid (41.86-42.89%) and palmitic acid (33.23-36.36%) were
determined as the main fatty acids in coffee samples, as well as oleic acid (10.59-11.47%), stearic acid
(7.38-8.48%) and trace amounts of myristic acid, margaric acid, elaidic acid, cis-11 eicosenoic acid,
arachidic acid and behenic acids were also detected. It was observed that the difference in particle
size and storage temperature of the coffee samples did not cause a significant change on the fatty
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Turk kahvesinin depolanmasi

acid composition ratios, but there were significant decreases in their amounts during the storage

period.

Keywords: Turkish coffee, grinding degree, storage conditions, chlorogenic acid, caffeine, fatty acid

GIRIS
Kahve sudan sonra en fazla tiketilen alkolstiz
iceceklerden biri olup tiketimi giin gectikee
artmaktadir. Tuketimindeki yayginlik kahvenin
ticaretine de yansimus ve kahve petrolden sonra en
yuksek ticaret hacmine sahip triin olmustur (Butt
ve Sultan, 2011). Dinyada 2020 yilinda
10.520.820 ton kahve dretimi yapimis, bu
uretimin  yaklagtk %40’k kismu  Brezilya
tarafindan gerceklestirilirken; Vietnam,
Kolombiya, Endonezya ve Etiyopya da diger
onemli  kahve Ureticisi tlkeler olmustur
(Anonymous, 2021). Kahvenin 100’den fazla tiri
olmasina ragmen arabica (Coffea arabica L. var.
arabica) ve robusta (Coffea canephora Plerre ex
Frochner wvar. robusta) olarak bilinen tarleri
ticarete konu olmaktadir (Cagliani vd., 2013).
Aromasinin daha iyi ve kafein iceriginin daha
dustik olmasmna bagl olarak aciliginin daha az
olmast nedeniyle arabika tird, robustaya gore
daha cok tercih edilmektedir. Nitekim ticareti
robustaya gore daha fazla yapilan arabicanin
ckonomik degeri de daha yiksektir (Zhu vd.,
2021). Kahvenin icim O6zelligi tzerinde hasat
Oncesi  (yetistigi  bolgenin  rakimi,  toprak
Ozellikleri, gunliik sicak degisimi, yagis miktar,
giibreleme, budama uygulamalart ve hasat
metodu) ve hasat sonrast (pulp ayirma, kurutma,
kabuk soyma, temizleme, ayiklama, siniflama,
kavurma, 6giitme, depolama ve pisirme) islemler
etkili olup, fiziksel Ozellikler (¢ekirdek boyutu,
agirhigy, oOgitme derecesi), kimyasal Ozellikler
(kafein, trigonelin, klorojenik asit, aroma vb.) ve
duyusal 6zellikler i¢im kalitesini olusturmaktadir
(Bote ve Vos, 2017; Haile ve Kang, 2020). Kahve
hasadi meyveler (kahve kirazlart) tam olgunluga
ulastiginda yapilmakta, istenmeyen fermentasyon
ve mikroorganizma gelisimini engellemek icin
meyveler hizl bir sekilde islenmektedir (De Melo
Pereira vd., 2019). Kahve meyvesinde meyve
etinin uzaklastrilmasinin  amaglandigt  kabuk
soyma isleminde kuru, yas ve yart kuru isleme
olarak bilinen ¢ farkli yontemden biri
kullanilmakta, her bir yontemle elde edilen
kahvenin i¢im lezzeti de farklilik géstermektedir.
Meyve etinin uzaklastirilmasindan sonra yesil

kahve cekirdegi Uretim prosesinin en kritik
asamalarindan olan kurutma isleminde giineste
kurutma veya mekanik kurutma yOntemiyle
cekirdeklerin nem igerigi %10-12 seviyelerine
kadar azaltlmaktadir (Taveira vd., 2015).
Kahvenin arzu edilen karakteristik aromast ve
lezzetinin  olusabilmesi  icin  yesil  kahve
cekirdekleri kavurma islemine tabi tutulmaktadir.
Kavurma islemi ile kahveye &zgli aroma
kazandirlmakta ayni zamanda koyu bir renk,
ogutme ve ekstraksiyon icin kirilgan, gbézenekli
doku elde edilmektedir (Schenker ve Rothgeb,
2017). Kahvenin bilesimi tird, yetistigi bélgenin
rakimi, toprak tipi, iklimi, islenme sekli, ¢ekirdegin
kavrulma derecesine gore farklilik gbstermekte
olup, bilesimindeki en 6énemli degisim kavurma
strasinda meydana gelmektedir (Wintgens, 2009;
Cano-Marquina vd., 2013; Borém ve Shuler, 2014;
Folmer, 2016; Schenker ve Rothgeb, 2017).Yesil
kahve cekirdegi temel olarak karbonhidratlar, azot
iceren bilesikler (6zellikle protein, trigonellin ve
kafein), lipidler, organik asitler ve sudan
olusmakta olup, kavurma sirasinda gergeklesen bir
dizi reaksiyon sonucunda kahvenin lezzet profili
olusmaktadir (Baggenstoss vd., 2008). Kavrulmus
kahve cekirdeklerini icecek olarak titketmek icin
cekirdeklerin 6gitilerek kiicik pargalara ayrilmasi
gerekmektedir. Kahve kavrulduktan sonra en az
12-18 saat sonra gerceklestirilen bu islem ile kahve
cekirdeklerinin ylizey alani arttrilmakta ve bu
durum vyapisinda bulunan ¢6ziinir maddeler,
aroma ve diger lezzet bilesenlerinin suya gegisini
hizlandirmaktir (Girginol, 2017).

Giintimiizde tlke, yore ve tiiketici isteklerine gore
farkli  sekillerde demlenip sunulan kahve,
tlkemizde kendine 6zglh bir hazirlama sekliyle
daha cok Turk kahvesi seklinde tiketilmektedir.
Tiurk kahvesi pisirme isleminde partikil boyutu
elde edilecek icecegin 6zellikleri tzerindeki en
onemli etkiye sahip degiskenlerden biridir. Kahve
terminolojisinde ¢ok ince (50-75 um), ince (76-
125 um), ince-orta (240-400 pm), orta (401-500
um), orta-kalin (600-800 pm), kalin (1000-1200
pum), cok kalin (1201-1500 um) olarak adlandirilan
ogutme dereceleri tanimlanmis (Anonymous,
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2020) ve tiketici tercih ettigi demleme sekline
gbre Ogutilmis olan toz kahveleri tedarik
etmektedir. Tiketici tarafindan genellikle diisiik
miktatlarda temin edilen 6gutilmis kahveler,
ambalajlarinin  acilmasint  takiben  tiketilmeye
baslanmakta ve nispeten kisa  surelerde
depolanmakta ve bu periyot ikincil raf 6mri
olarak adlandirimaktadir. Tim gidalarda oldugu
gibi kahvede de depolama kosgullarina bagl olarak
depolama stiresi boyunca kalite kayiplart ve
degisimleri meydana gelebilmektedir. Kavrulmus
kahve distik su aktivitesinden dolayt mikrobiyal
actdan stabil bir Griin olsa da bilesimindeki aroma,
yag ve biyoaktif bilesenlerin 1s1, oksijen, 151k vb.
cevresel kosullara hassas olmast depolama
kosullarini 6nemli hale getirmektedir. Nitekim bu
calismada ¢ok ince (47.13-54.64 um), ince (89.25-
119.88 um) ve ince-orta (248.77-312.33 um)
olmak tzere farkhi Oglitme derecelerine sahip
kahvelerin 5, 25 ve 45 °Clerde 28 gunlik
depolama periyodundaki klorojenik asit miktari,
kafein miktart ve yag asidi bilesimindeki degisim
incelenmistir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda kullanilan Brezilya orjinli
arabica ¢esidi kavrulmus ve Ogltilmus kahve
ornekleri Istanbul’da faaliyet gésteren Anisah
Gida Sanayi ve Ticaret Ltd. Sti’den temin
edilmistir. Turk kahvesi icim Ozelligine uygun
olarak orta derecede kavrulan (185-200 °C’de 15
dakika) kahve ¢ekirdekleri firma tarafindan 6 farklt
boyutta 6giitiilmiistiir (Cizelge 1). Orneklerin
boyutlari él¢tilmiis ve 6glitme derecelerine gore 1.
ornek (47.13-54.64 pm), 2 6rnek (89.25-119.88
um), 3. o6rnek (134.27-245.93 um), 4. ornek
(248.77-312.23 um), 5 6rnek (326.38-426.99 um),
6. Ornek (434.33-594.74 um) oldugu gérilmustiir.
Turk kahvesi i¢in kitlece toplam partikillerin
%70-751nin  75-125 mikron olmasi gerektigi
bildirildiginden (Ozgiir, 2012) dolayt ¢alismada
materyal olarak 1 (47.13-54.64 pm), 2 (89.25-
119.88 pm) ve 4 (248.77-312.23 pm) numarali
ornekler kullanilmistir.

Cizelge 1. Farklt derecelerde 6gtitilmiss kahve 6rneklerinin partikiil boyutlar
Table 1. Particle sige distribution of coffee samples ground at different degree

Ornek Kodu Partikiil Boyut Dagilim1 (um)*
Sample Code Particle Sige Distribution (um)"

1 47.13-54.64

2 89.25-119.88

3 134.27-245.93

4 248.77-312.23

5 326.38-426.99

6 434.33-594.74

“Partikiilletin %50’si verilen aralikta bulunmaktadir./ *Shows that 50% of the particles in these size range.

Kahve 6rneklerinin depolanmasi

Calismada 3 farkl partikiil boyutuna sahip kahve
ornekleri 3 farkli depolama sicakliginda (5, 25 ve
45°C) depolanmis ve depolama stiresinin 0, 14 ve
28. gtinlerinde 6rneklerde klorojenik asit miktari,
kafein miktart ve yag asidi bilesimi analizleri
yapilmustir. Bu amagla 3 farkli partikiill boyuna ait
kahve 6rnekleri (su aktivitesi degeri ~ 0.150) 50
mllik cam kavanozlar igerisine 25’er g tartilarak
depolanmaya alinmustir.

Partikiil boyutu 6l¢iimii
Firma tarafindan gonderilen 6 farkli boyuttaki
ogutilmis toz kahve Orneklerinin  parcactk

boyutlarinin belirlenmesinde, lazer 15181 kirinim
prensibi ile ¢alisan pargactk boyutu analiz cihazt
(Malvern, Mastersize 2000, Birlesik Krallik)
kullanilarak 10 farklt él¢im yapilmis olup elde
edilen sonuclarin ortalamalart alinmistir.

Su aktivitesi

Kahve oOrneklerinin, su aktivitesi degeri su
aktivitesi 6l¢im cihaz1 (Aqualab 4TE, ABD) ile
oda sicakhginda (25°C) 6lcilmistiir. Olgim
kabina yerlestirilen 6rneklerin su aktivitesi degeri,
ortam denge nisbi nemine ulasttktan sonra cihaz
ekranindan okunmustur.
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Klorojenik asit ve kafein miktari

Kahve yapisinda bulunan biyoaktif bilesenlerden
kafein ve klorojenik asit, Wang vd. (2000) ve
Salman (2017) tarafindan uygulanan metotlarin
modifiye edilmesiyle belitlenmistir. Analiz i¢in 0.5
g toz kahve Ornekleri 50 mL distile su ile
80°C’deki calkalamali su banyosunda 150 rpm’de
30 dk eckstraksiyona tabi tutulmustur. Sire
sonunda Ornekler kaba filtre kagidindan filtre
edilmis, elde edilen ekstraktlar 0.45pum’lik
membran filtreden gegirilip 20 pul. 6rnek HPLC-
DAD (Shimadzu, Japonya) sistemine enjekte
edilmistir. Bilegenlerin ayrimi  C-18  kolonda
(InertSustain AQ-C18), 30°C sicaklikta, 1 mL/dk
sabit akis hizinda %0.1 ortafosforik asit iceren su
(A) ve %0.1 ortafosforik asit iceren metanol (B)
kullanilarak gradient eliisyon altinda
gerceklestirilmistir. Eliisyon programit A mobil
faz1 icin 0. dak. %80, 5. dak. %76, 7. dk %60 ve
20. dk %80 olarak ayarlanmus, analiz 23 dk
sirmustur. Bilesenlerin  tanimlanmasinda  saf
standartlar (kafein 280 nm, klorojenik asit 325
nm) kullanilmig, konsantrasyonlart ise dis standart
yontemi ile hesaplanmustir.

Yag ekstraksiyonu

Toz kahve Orneklerinin yag asidi bilesimini
belirlemek amaciyla kahve yagt ekstraksiyonu
Cong vd. (2020) tarafindan uygulanan metodun
modifiye edilmesi ile gerceklestirilmistir. Bu
amagcla 12.5 g toz kahve 250 mllik kavanozlara
aktarlmis tzerine 100 mlL petrol eteri ilave
edilmistir. Hazirlanan karisim 35 kHz genlikteki
25°C’deki 320 W’hk ultrasonik su banyosunda
(RK 100 H, Bandelin Sonorox, Berlin, Almanya)
30 dk siireyle ekstraksiyona tabi tutulmustur. Siire
sonunda karisim 50 mL falkon tiplerine alinip 25
°C sicaklikta 10.000 rpm’de 10 dk santrifij
edilmigtir. Santriftj islemi sonrasinda kahve yagi
iceren siipernatantin icerdigi petrol eteri doéner
buharlastirict KA RV 10 Control V, Almanya)
kullanilarak ekstrakttan uzaklastirilmistir.
Evaporasyon asamasinda 45°C sicaklik ve 50 rpm
donts hizi kullanilmigtir. Evaporasyon sonunda
elde edilen kahve yaglarinda petrol eteri kalintist
olmasina karsin yag iceren balonlar 60 °Clik
etivde 10 dk bekletilmis stire sonunda yaglar 2
mD’lik epondorflara alinarak -18 °C’de analiz
glniine kadar saklanmugtir.

Yag asidi bilesimi

Ekstrakte edilen kahve yagt ornekleri 4 °C’de
cozundurildikten sonra 30 s vortekslenmis ve 0.1
g Ornek tipe tartilmustir. Amerikan  Yag
Kimyacilar1 Cemiyeti’'nin  (AOCS) yag asidi
esterifikasyon metoduna gére 6rnek tizerine 2 mL
heptan ilave edilmis ve 30 s vortekslenmistir. 0,2
mL 2 N’lik metanolik KOH tiipe aktarilmis ve
tekrardan 30 s vortekslenmis  tipler
berraklasincaya kadar bekletilmis, metil estetleri
iceren berrak faz 20 kat seyrelterek viale alinmigtir
(AOCS, 1999). Hazirlanan Ornekler Raba vd.
(2018) tarafindan uygulanan metodun modifiye
edilmesiyle GC-MS (QP2010-Plus, Shimadzu,
Kyoto, Japonya) kullanilarak analiz edilmistir.
Bilesenlerin ayrimi icin TRB5-MS (30 m x 0.25
mm x 0.25 um) kolon kullanilmis olup sicaklik
programt: 150 °C’de 2 dk bekleme, 10 °C/dk
artisla 200 °Cye yikselme, 200°C’de 2 dk
bekleme, 3°C/dk artisla 220’ye ytikselme, 220
°Cde 3 dk bekleme, 3°C/dk artisla 240°C’ye
yikselme ve bu sicaklikta 5 dk bekleme olarak
uygulanmistir. Tastyict gaz hizi 0.80 mL/dk olup,
enjeksiyon sicaklig1 250°C ve iyon kaynags sicakligt
200°C olarak kullanilmistir. Orneklerin  yag
asidinin ~ tamimlanmasinda ~ C;-C24  alkan
standardinin metotta ayn sartlarda yiiriitilmest ile
cihaz yazilimi (GC-MS solution 5.60) kullanilarak
ve Wiley 10 ve NIST 02 kitiphaneleriyle
alikonma indeksleti kargilastirllarak
gerceklestirilmistir

Istatistiksel analiz

Calisma faktoriyel deneme desenine (3 dgiitme
derecesi x 3 depolama sicakligi x 3 depolama
stresi x 2 tekerrlir) gore gerceklestirilmistir.
Sonuglarin ortalamalart “The SAS system for
Windows V77 (Cary, NC, ABD) isimli istatistiksel
yazilm programt kullanilarak varyans analizine
tabi tutulmus, farkli bulunan sonuclarda Duncan

Coklu  Karsilasirma ~ Testi  uygulanmistir
(Dizgiines vd., 1987).
BULGULAR VE TARTISMA

Klorojenik asit miktar1

Kahvenin saglik tizerine olumlu etki gésteren en
o6nemli bilesenlerden biri klorojenik asit olup,
polifenoller grubundaki bu bilesen trans-sinamik
ve kuinik asitin estetleri formundadir (Pimpley
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vd., 2020). Farkli boyutlardaki kahvenin depolama
sicakligina  baglt olarak depolama siiresince
klorojenik asit miktarinin 1.05-1.38 g/lOO g KM
arasinda degistigi belirlenmistir  (Cizelge 2).
Bennat vd. (1994) tarafindan farkli ticari kahve
orneklerinin klorojenik asit miktarinin degisimini
konu alan calismada Grneklerin klorojenik asit

miktarinin - 0.81-2.70 ¢/100g KM arasinda
degistigi  gOrilmustir. Arabica tirlne ait
kahvelerin ~ klorojenik  asit ~ miktarlarinin

yetistirildigi bolgeye gore degisiminin arastirildigt
bir ¢alismada ise 6rneklerin klorojenik asit miktart
1.65-2.15 g/lOOg KM arasinda belirlenmistir
(Farah ve Donangelo, 2006). Elde edilen sonuglar
literatiirde yer alan sonuclarla biyik oranda
benzerlik gostermekle birlikte aradaki farkliiklarin
kahvenin yetistirilme kosullari, islenme farkliliklart
(yas isleme ve kuru isleme) kavurma derecesi,
partikiil boyutu ve ekstraksiyon sartlarindan
kaynaklanmis olabilecegi distintilmektedir.

Cizelge 2. Farkli partikiil boyutlarinda 6gttilmus, farkl sicakliklarda depolanan kahve 6rneklerinin
depolama stresine bagl klorojenik asit icerigi (g/100 g KM)
Table 2. Chlorogenic acid content of coffee samples ground in different particle siges and stored at different temperatures,
depending on the storage time (3/ 100 g DM)

Ince Ince-orta
Fine Fine-medinnm

1.29bABa+().05
1.28bABa+().02
1.24bABb1+().02

1.19<ABa%+(.00
1.33¢ABa+0.04
1.07ABb+0.00

1.29bB2£0.05
1.21bBa£(.02
1.25PBb+(.03

1.19¢B240.00
1.25¢B240.03
1.05¢8b+0.01

Partikil boyutu Cok ince
Particle size Very fine
Sicaklik Siire (Giin)
Temperature Time (Day)
0 1.38:AB220.00
5°C 14 1.302AB220.01
28 1.28+ABb%(.15
0 1.38B2£0.00
25°C 14 1.212B2£0.01
28 1.302B520.07
0 1.3824220.00
45°C 14 1.2824220.00
28 1.33240£0.07

1.29b4a40.05
1.34b4a1+(.00
1.25bAb+().02

1.19¢22+0.00
1.3642£0.00
1.05¢4b£0.01

Farkli harfler ortalamalarin P<0.05 seviyesinde fark oldugunu géstermekte olup, 1. siradaki kiigiik hatf partikil
boyutuna, 2. siradaki biylk harf sicakliga, 3. siradaki kii¢iik harf ise depolama siiresine bagl farkliig

gostermektedir.

Different letters indicate the difference in the mean at the P<0.05 level, lower case letter in the 1" row indicates the difference depending
on the particle size, uppercase letter in the 2" row, and lowercase letter in the 3™ row depending on the storage time.

Kahve oOrneklerinin klorojenik asit miktarinin
partikiil boyutunun artmast ile azaldigi ve
depolama stiresince de azaldigr belirlenmistir.
Beklenildigi  sekliyle  partikil  boyutunun
kiictilmesiyle klorojenik asidin  ekstraksiyon
verimliligi artmustir. Bu sonu¢ demleme sirasinda
kiiciik boyutta kahvenin kullanilmasiyla elde
edilen icecegin daha fazla klorojenik asit
icerecegini gostermistir. Bilindigi tizere klorojenik
asit iyl bir antioksidan &zellik gosteren bir bilesik
olup, ekstraktta miktarinin artmasi tiketimi

strasindaki fonksiyonel 6zelligi agisindan oldukea
onemlidir. Klorojenik asit miktarinin depolama
siresince azalmasinin nedenlerinden  birinin
fenolik  bilesenlerin  oksidasyona  hassasiyeti
oldugu dustntlmektedir. Krol vd. (2020)
tarafindan  yapilan bir calismada kahvenin
klorojenik asit i¢erigi depolama baslangicinda 5.56
mg/g olarak belitlenmis ve bu degerin 12 aylik
depolama sonunda 0.02 mg/g’a azaldig
bildirilmistir.
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Kafein miktar1

Kahve en fazla kafein iceren gidalarin baginda
gelmekte olup kafeinin bircok sagliga olumlu
Ozelliklerinin  oldugu, merkezi sinir sistemini
uyardigt ve kan dolasgimint  hizlandirdigt
bildirilmektedir (Mandel, 2002). Ancak yiksek
dozda kafein aliniminin anksiyeteyi arttirdigt
(Lieberman, 1992; Sicard vd., 1996), gerginlik ve
sinirlilige  yol actigr (Loke, 1988), artan
uyartlmanin etkisiyle el dengesinin bozulmasina
(Loke, 1988) ve wuykuya dalma siiresinin

uzamasina neden oldugu  (Smith, 2002)
arastirmalar sonucunda tespit edilmistir. Biyolojik
etkileri yaninda act lezzetinden dolayt da kahve
icin 6nemli bir bilesen olan kafeinin miktari kalite
acisindan  O6nemli bir kriterdir (Esquivel ve
Jimenez, 2012). Farkli partikiil boyutlarinda
ogutilmus kahvenin depolama sicakligina baglh
olarak depolama siresince kafein miktarindaki
degisim Cizelge 3’de verilmistir. Orneklerin kafein
miktatlarinin 1.49-1.80 ¢/100 g KM arasinda

degistigi gbriilmektedir.

Cizelge 3. Farkli partikiil boyutlarinda 6giitilmis ve farkli depolama sicakliklarinda depolanan kahve
orneklerinin depolama siiresine baglt kafein miktarlart (g/100 g KM)
Table 3. Caffeine content of coffee samples ground in different particle sizes and stored at different temperatures,
depending on the storage time (3/ 100 g DM)

Ince Ince-orta
Fine Fine-medinnm

1.652AB£0.01
1.612ABb+0.10
1.502AB<£0.03

1.65PABa1+(.02
1.53bABb+().01
1.53bABe1+().01

1.6528240.01
1.5528b+0.00
1.51aB<+0.01

1.65bBa+().02
1.53bBb+(.00
1.51bB<+0.01

Partikil boyutu Cok ince
Particle size Very fine
Sicaklik Siire (Giin)
Temperature Time (Day)
0 1.712AB2£0.01
5°C 14 1.58+48b%0.06
28 1.5224B¢£(.01
0 1.7128220.01
25°C 14 1.5228b+0.01
28 1.502B<£0.00
0 1.7122£0.01
45°C 14 1.5324b%0.01
28 1.5124¢£0.02

1.65242140.01
1.8022b%0.01
1.4924¢+0.00

1.652210.02
1.534b+0.00
1.50pA<1+0.01

Farkli harfler ortalamalarin P<0.05 seviyesinde fark oldugunu géstermekte olup, 1. siradaki kii¢tik harf partikiil
boyutuna, 2. siradaki biyiik hatf sicakhiga, 3. siradaki kiiclik harf ise depolama suresine bagl farkliligs

gostermektedir.

Different letters indicate the difference in the mean at the P<0.05 level, lower case letter in the 1 row indicates the difference depending
on the particle size, uppercase letter in the 2" row, and lowercase letter in the 3 row depending on the storage time.

Fibrianto vd. (2018) tarafindan yapilan galisma
sonucunda kahvenin kafein iceriginin kavurma
derecesine gore 2.21-2.59 ¢/100g KM arasinda
degistigi, en fazla kafein igeriginin orta derecede
kavrulan  kahvelerde tespit edildigi rapor
edilmistir. Farkli bélgelerden temin edilen arabica
cesidi  kahvelerin  kafein iceriklerinin  0.7-1.6
g/100g KM arasinda degistigi bildirilmistir (de
Paula Lima ve Farah, 2019).

Kahve 6rneklerinin kafein icerigi ekstraksiyondaki
verimlilige bagl olarak depolama baslangicinda
47.13-54.64 pm  partikil boyutuna  sahip
orneklerde (1.71 g/100g KM) bulunmusken,
89.25-119.88 um ve 248.77-312.23 um partikil
boyutuna sahip Urtinlerin kafein miktarinda (1.65
g/100g KM) bir farklilik gorilmemistir.
Depolama siiresi ile birlikte genel olarak
Orneklerin kafein miktarinda bir azalis tespit
edilmistir.
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Yag asidi bilesimi

Kahvenin ana bilesimini olusturan yaglar,
kahvenin aromast ve lezzeti acisindan Gnemli
olup, kahvenin  depolanmast sirasinda
degisikliklere ugrayarak duyusal kalite kayiplarina
neden olabilmektedir. Ozellikle depolama siiresi
boyunca 1s1, 151k, oksijen vb. cevresel faktérlerle
hizlanan reaksiyonlar sonucu serbest radikaller
ve/veya reaktif oksijen bilesenleri olusarak lipit
oksidasyonu baslamaktadir (Barden ve Decker,
2016). Nitekim doymamis yag asitlerinin
oksidasyonu kahvede hos olmayan aroma
bilesenlerinin olusumuna ve istenmeyen duyusal
ozelliklere neden olmaktadir (Koshima vd., 2020).

Farkli  partikil  boyutunda ogutilip, farkl
sicakliklarda depolanan  kahve 6rneklerinde
depolama stiresince yag asidi bilesimi incelenmis
olup, sonuglar Cizelge 4de % alan cinsinden
verilmistir.  Cizelge incelendiginde kahvenin
baslica yag asitlerinin linoleik asit (%041.86-42.89)
ve palmitik asit  (%33.23-36.36)  oldugu

gorilmektedir. Nitekim MartdIn vd. (2001) ve
Nikolova-Damyanova vd. (1998) tarafindan
yapilan calismalarda da kahvenin baslica yag
asitlerinin  palmitik ve linoleik asit oldugu
bilditilmistir. Calismada analiz edilen kahve
orneklerinde palmitik ve linoleik aside gore daha
diisiik oranlarda oleik asit (%010.59-11.47), stearik
asit (%7.38-8.48) ve iz miktarda miristik asit,
margirik asit, elaidik asit, cis-11 eikosenoik asit,
arasidik asit ve behenik asitler de tespit edilmistir.

Kahve Orneklerinin  sahip olduklart partikil
boyutu ve depolama sicakligs farkliliginin yag asidi
bilesimi oranlart tizerinde belirgin bir degisiklige
neden olmadigi, ancak depolama stiresi boyunca
miktarlarinda belirgin azalmalar gézlemlenmistir.
Yag asidi bilesiminde bulunan aragidik, stearik,
palmitik gibi doymus yag asitleri daha iyi icim
kalitesi olarak ifade edilen 6zel kahveler icin bir
belirtec olmakla birlikte elaidik, oleik, linoleik,
linolenik gibi doymamis yag asitleri daha az
kokuya, gbvdeye ve aromaya sahip kahvelerle
iliskilendirilmektedir (Figueiredo vd., 2015).

Cizelge 4. Farkli partikiil boyutlarinda 6giitilmus ve farkhi depolama sicakliklarinda depolanan kahve
Orneklerinin depolama siiresine bagl yag asidi bilesimi (% Alan)
Table 4. Fatty acid composition of coffee samples ground in different particle sizes and stored at different storage
temperatures, depending on the storage time (Area %)

Partikil boyutu Cok ince Ince Ince-orta
Bilesen Particle size Very fine Fine Fine-medinm
Compound Sicaklik Sire (Giin)
Temperature Time (Day)
0 0.08£0.00 0.11£0.01 0.10£0.01
5°C 14 0.08£0.00 0.09£0.01 0.06x0.01
. 28 0.06£0.00 0.07£0.01 0.07£0.01
N 0 0.08£0.00 0.11£0.01 0.10£0.01
fﬂg 5 25°C 14 0.07£0.01 0.10£0.01 0.08£0.01
%3 §\ 28 0.06x0.01 0.06x0.00 0.09£0.05
0 0.08£0.00 0.11£0.01 0.10£0.01
45°C 14 0.07£0.01 0.07£0.00 0.08£0.01
28 0.05£0.00 0.06£0.00 0.07£0.01
0 34.66£1.55 36.17£0.51 35.61£1.17
5°C 14 34.74£0.04 36.68%0.38 33.9410.23
S 28 35.76£0.51 33.36£0.52 35.4810.41
23 0 34.66+1.55 36.17£0.51 35.61£1.17
ERES 25°C 14 35.55%1.36 36.53%0.59 35.7810.42
% \i 28 35.78%0.39 34.75%0.00 36.36£3.06
=l 0 34.6611.55 36.1750.51 35615117
45°C 14 33.28%0.89 34.82%0.25 35.78%1.17
28 33.461+0.35 33.48%0.00 33.99+2.48
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0 0.10+0.03 0.11%0.00 0.1140.01

50C 14 0.08+0.01 0.11+0.03 0.1240.02

£ % 28 0.0940.02 0.10+0.00 0.0840.03
DY 0 0.10+0.03 0.11%0.00 0.1140.01
RS 259C 14 0.12+0.00 0.09+0.00 0.10+0.01
P 28 0.0940.01 0.08+0.00 0.1340.02
== 0 0.10+0.03 0.11+0.00 0.1140.01
459C 14 0.09+0.01 0.14%0.01 0.1140.05

28 0.10+0.00 0.11+0.00 0.0940.00

0 42.44+0.44 42.13+0.21 41.96+0.42

50C 14 42.52+40.07 41.86+0.11 42.89+0.24

2 28 42.034+0.13 42.53+0.02 42.29+0.21
=3 0 42.44+0.44 42.13+0.21 41.96+0.42
B3 259C 14 42.16+0.54 41.99+0.08 42.23+0.20
¢ s 28 42.08+0.21 42.40+0.00 41.90+1.27
3 = 0 42.44+0.44 42.13+0.21 41.96+0.42
459C 14 42.79+0.11 42.61+0.09 42.22+40.45

28 42.65+0.01 42.68+0.00 42.59+0.23

0 10.77%0.16 10.5940.04 10.9140.20

50C 14 11.05+0.09 10.6940.29 11.3240.11

28 10.89+0.11 11.3540.33 11.0440.01

Z § 0 11.02+0.20 10.5940.04 10.9140.20
s 259C 14 10.92+0.20 10.7440.37 11.0240.11
53 28 10.88+0.02 11.0640.00 10.8540.49
0 11.02+0.20 10.5940.04 10.9140.20

459C 14 11.36£0.20 11.1240.06 10.9840.23

28 11.1940.05 11.4740.00 11.2940.64

0 0.65+0.13 0.59+0.01 0.60+0.04

50C 14 0.68+0.03 0.84+0.01 0.67+0.00

I 28 0.65+0.01 0.66+0.07 0.5440.05
& 8 0 0.650.13 0.59+0.01 0.60+0.04
=S 259C 14 0.65+0.01 0.76+0.13 0.7240.01
s S 28 0.59+0.01 0.60%0.00 0.66+0.09
H 0 0.65+0.13 0.59+0.01 0.60+0.04
459C 14 0.69+0.02 0.70+0.00 0.6440.02

28 0.74+0.04 0.70£0.00 0.67+0.04

0 7.71+0.01 7.50%0.05 7.7240.25

50C 14 7.90+0.02 7.38+0.09 8.08+0.01

= 28 7.7240.06 8.48+0.18 7.8140.04
S 0 7.96%0.36 7.50+0.05 7.72+0.25
=B 259C 14 7.86+0.29 7.4610.21 7.6540.13
S S 28 7.7140.15 8.02+0.00 7.55+0.68
e 0 7.96%0.36 7.50+0.05 7.72+0.25
459C 14 8.3240.29 7.8140.06 7.66+0.24

28 8.3340.11 8.3140.00 8.19+0.79

= 0 0.19%0.06 0.22+0.01 0.27+0.04
SERN 5°C 14 0.2420.02 0.1520.01 0.21£0.00
= 28 0.25+0.01 0.27+0.02 0.2140.01
§ 3 0 0.19+0.06 0.22+0.01 0.27+0.04
¢ 259C 14 0.20+0.00 0.18+0.04 0.2240.01
[ S 28 0.24+0.01 0.26%0.00 0.2140.06
- 0 0.19+0.06 0.22+0.01 0.27+0.04
5 3 45 9C 14 0.28+0.01 0.19+0.06 0.2340.07
o 28 0.28+0.04 0.23+0.00 0.2340.06
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Cok ince partikiil boyutuna sahip Orneklerin
baslica yag asiti kompozisyonlarinda (linoleik,
palmitik, oleik ve elaidik asit) 14. gline kadar bir
azalma oldugu, ancak depolamanin sonunda
serbest yag asitlerinin oranlarinda bir miktar artis
oldugu gozlemlenmistir. Bu durum depolama
sirasitnda  triagilgliserollerin  hidrolizi
serbest yag asidi miktarinin  olusumundan
kaynaklandigr disuntlmektedir. Diger taraftan
ince ve ince-orta boyutuna sahip 6rneklerde ise
14. gline kadar meydana gelen oksidasyon sonucu
serbest yag asidi miktarindaki azalmanin ¢ok ince
partikil boyutuna sahip 6rneklerdeki gibi belirgin
olmadigt gorilmistir. Toci vd. (2013) yapmus
olduklart bir calismada kavrulmus kahveleri farkl
atmosferik kosullar alttndaki ambalajlarda 5 °C ve
25 °Cde 6 ay boyunca depolamiglar ve
depolamanin 1. aymnda &rneklerin triagilgliserol
iceriginde artis oldugunu rapor etmislerdir. Aynt
calismada Orneklerin yag asiti iceriginin 2 ayhk
depolamadan sonra %7 oraninda azaldigt bu
azalisin 4. ve 5. aydan sonra strastyla %36 ve %42
oranlarina ulastig bildirilmistir.

sonucu

Yag asidi kompozisyonunun kahvenin duyusal
Ozellikleri  Uzerine etkisinin = arastrildigt  bir
calismada doymus yag asitlerinden arasidik,
strearik ve palmitik asidin kahvenin duyusal
Ozelliklerinde pozitif bir etkisinin oldugu, diger
taraftan doymamus yag asitlerinden elaidik asidinin
ise negatif bir etkisinin oldugu bildirilmigtir
(Figueiredo vd., 2015). Ozellikle kaliteli kahvedeki
yag asitleri bilesiminin, kahve iceceginin agizda
biraktigr his 6zellikleri (gévde ve doku) ve aroma
ile lezzet bilesenleri kazandirmak icin 6nemli
oldugu ve bu 6zelliklerin doymus yag asitlerinden
kaynaklandigi bildirilmistir  (Fassio vd., 2017).
Doymamis yag asitlerinin (elaidik, linoleik ve
linolenik asit) oksidasyona olan egilimi yaglarda
ransitide olusumu ile istenmeyen aromalardan
sorumlu oldugu, Ozellikle oleik asidin trans
izomeri olan elaidik asidin kahvede bulunan
doymamus yag asitlerinde en belirgin oldugu rapor
edilmistir. Calisma kapsaminda da duyusal agidan
en belirgin doymamis yag asidi olarak bildirilen
elaidik asidin partikiil boyutunun artmast ile
alaninin azaldig belirlenmigtir. Depolama stresi
ile belirlenen temel yag asitlerinden olan palmitik
ve linoleik asidin azaldigi gorillmustir. Partikil

boyutunun depolama etkisi incelendiginde ise s6z
konusu bilesenlerde parcacik boyutunun artmast
ile tespit edilen miktarlarinda artis gbzlenmistir.
Elaidik asidin miktarinda ise benzer sekilde
partikiil boyutu ve depolama siiresinde dogrusal
bir iliski gbzlenmekte iken depolama sicakligi ile
negatif bir iliski gbzlenmistir.

SONUC

Dinyada farkli sekillerde titketimi olan kahvenin
tlkemizde de kendine 6zgii bir kiltiiri olusmus,
pisirme teknigi ve sunumuyla Turk kahvesi
kaltird ortaya ¢tkmustir. Tlrk kahvesini pisirme
ve sunum teknigi yaninda diger kahvelerden
ayiran en Onemli Ozelligi ¢ekirdegin 6glitme
derecesinin = de  standartlar  cercevesinde
belitlenmis olmasidir (Ozgiir, 2012). Bu ¢alisma
sonucunda Turk kahvesinin depolanmasinda
partikil boyutu, depolama sicakligi ve depolama
stresinin Urtntn klorojenik asit miktari, kafein
miktar1 ve yag asidi miktar1 tizerinde etkisinin
oldugu g6rilmistir. Kahvenin 6nemli biyoaktif
bilesenlerinden biri olan klorojenik asit miktarinin
depolama siiresi artttkca azaldigi belirlenmistir.
Kahvenin  kalitesi ~ agisindan  belitleyici
bilesenlerden biri olan kafeinin depolama stresi
ile birlikte azaldigt ve 28 glin sonunda baglangica
gore yaklasik %10’luk bir azalmanin oldugu tespit

edilmistir. Kahve Orneklerinin = yag  asidi
bilesiminde depolama sicakhigt belirgin  bir
degisiklige = neden  olmazken  yag  asidi
miktarlarinda azalmaya  neden oldugu
gorilmustir.

CIKAR CATISMASI BEYANI

Bu makalede yer alan yazarlarin, baska kisiler

ve/veya  kurumlar ile  ¢kar  catsmast
bulunmamaktadir.

YAZARLARIN KATKISI

Bu makale Giilderen COSGUN’un yiiksek lisans
tezinden  Uretilmistir.  Giilderen COSGUN

analizlerin yuritilmesi, sonuglarin istatistiksel
degerlendirilmesi ve makale taslaginin yazim
strecinde katki saglamis; Mehmet TORUN,
denemenin kurulmasi, analiz sonuglarinin kontrol
edilerek  degerlendirilmesi, taslak makalenin
duzeltilmesi ve ¢alisma icin maddi kaynak temini
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asamalarinda katki saglayarak yiksek lisans
Ogrencisine danismanlik yapmistir.
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oz

Aktif paketleme uygulamalari gida raf émriinii uzatarak gida israfini azaltmayr hedeflemektedir. Gelistirilen
paketleme malzemelerinin biyobozunur, stirdiirilebilir ve yenilenebilir kaynaklardan olmasi ¢evre kirliginin
azaltdmast ve dogal kaynaklarin korunabilmesi igin gereklidir. Bu nedenle, bu ¢alismada antioksidan ve
antimikrobiyal 6zelliklere sahip dogal bir éziit olan kurkumin, zeolitik imidazol cergeve-8 (K-ZIF-8)
nanokristalleri icerisine kapsiillenmistir. Tasarlanan aktif paketin destek malzemesi olan kitin
nanokompozitler ise kiltir mantarindan elde edilmistir. Kitin nanokompozit film icerisine farkl
konsantrasyonlarda K-ZIF-8 eklenmis ve konsantrasyon arttikca filmlerin biyoaktif ozelliklerinin arttigt
gozlemlenmistir. Diger taraftan K-ZIF-8 eklemenin kitin filmlerin mekanik, bariyer, optik, termal ve
morfolojik 6zelliklerine istatistiksel olarak dnemli bir etkisi olmamustir. Antimikrobiyal test sonuglart filmlerin
E.coli bakteri kolonilerine karst etkili oldugunu ortaya koyarken S.aureus kolonilerine karst aym etki
gozlemlenememistir. En yiiksek antimikrobiyal etki, toplam fenolik madde miktart ve antioksidan aktive
10XMOK degerinde K-ZIF-8 iceren filmde elde edilmistir. Ancak film dayaniklilik testleri bu filmlerin uzun
stire depolamaya uygun olmadigint ortaya koymustur.

Anahtar kelimeler: Kultiir mantari, kitin nanokompozit film, ZIF-8, kurkumin, aktf paket

DEVELOPMENT OF ACTIVE FILM FOR FOOD PACKAGING APPLICATIONS
WITH CURCUMIN-LOADED ZEOLITIC IMIDAZOLATE FRAMEWORK-8

ABSTRACT

Active packaging aims to reduce food waste by extending food shelf life. Packaging materials
developed from biodegradable, sustainable and renewable resources are required to reduce
environmental pollution and conserve natural resources. Therefore, curcumin, a natural extract with
antioxidant and antimicrobial properties, was encapsulated into zeolitic imidazole framework-8
nanocrystals (K-ZIF-8) in this study. Chitin nanocomposites, support materials of the designed active
package, were extracted from the cultivated mushroom. Bioactive properties of the films improved
as the amount of K-ZIF-8 increased. Addition of K-ZIF-8 did not have a significant effect on
mechanical, barrier, optical, thermal and morphological properties of chitin films. Antimicrobial test
revealed that chitin-based nanocomposite films were effective against E.co/, but not against S.aureus.
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Kurkumin yliklenmis zeolitik imidazolat cerceve-8 ile aktif film gelistirilmesi

The highest antimicrobial effect, total phenolic content and antioxidant activity was obtained in the
film containing 10XMIC equivalent of K-ZIF-8 concentration. However, film durability tests
indicated that these films are not suitable for long-term storage.

Keywords: Cultivated mushroom, chitin nanocomposite film, ZIF-8, curcumin, active packaging

GIRIS

Her yil 89 milyon ton tiiketilebilir paketli gidanin
atildigt Avrupa komisyonunun yaptigt calismalar
ile  gosterilmistir  (Cicatiello  vd.,  2010).
Tuketilebilir gida israfinin  dogal kaynaklar
uzerindeki olumsuz etkileri, etik ve ekonomik
bircok sorunu beraberinde getirmektedir. Ciinki
gidalari islemek i¢in harcanan ve israf olan dogal
kaynaklara ek olarak bilhassa geleneksel fosil bazlt
ve biyobozulmaya ugrayamayan ambalaj malzeme
attklar1 dinya genelinde artan cevre Kkirliligine
neden olmaktadir (Gan ve Chow, 2018). Bu
sorunun Uzerinden ancak gida raf Smrind
uzatarak ya da biyobozunur ambalaj malzemesi
alternatifleri gelistirerek gelinebilir. Bu nedenle,
Ozellikle son yillarda triin raf émrind uzatmayt
hedefleyen aktif paketleme uygulamalart Gizerine
olan calismalar artmistir (Yildirim vd., 2018). Aynt
sckilde biyobozunur olan dogal polimerlerin
(biyopolimer)  fosil ~ yakit  bazli  plastik
malzemelerin yerini alarak atik bertaraf sorununu
¢bzebilecek nitelikte oldugu  6ngérilmektedir
(Adilah vd., 2018). Bu dogrultuda gelistirilecek
paketleme uygulamalari gida atiklarini dnlemede
ve azaltmada etkin rol oynayabilecektir. Tim bu
siralanan sorunlar g6z o6ntinde bulundurularak
mevcut ¢alismada bir biyopolimer kullanarak aktif
paketleme malzemesi gelistirmek hedeflenmistir.

Yenilenebilir kaynaklardan 6ziitlenen nanolifler
son yillarda biyik ilgi toplamaya baslamistir
(Devarayan ve Kim, 2015; Ko vd., 2010). Bu
dogrultuda, amiloyit (Knowles vd., 2010) ve ipek
(Valentini vd., 2018) gibi proteinlere dayanan
alternatiflerin yanu sira seliloz (Kontturi vd.,
2018) ve kitin (Ifuku ve Saimoto, 2012) gibi dogal
polisakkaritler siklikla kullanilmustir. Seliilozdan
sonra dogada en ¢ok bulunan ikinci biyopolimer
kitindir. Yillik dretimi tahmini olarak 1011 tona
ulagabilmektedir (Gortari ve Hours, 2013). Kitin
kabuklu deniz hayvant ve boceklerin dis kabugu
ile mantarin hiicre duvarint yapisini olusturmakta
ve bu yapilardan elde edilebilmektedir (Fazli Wan
Nawawi vd., 2019). Nanolif yapida yar kristal
biyopolimer olan kitin ¢ogunlukla endustriyel atik

muamelesi gérmektedir (Ifuku ve Saimoto, 2012).
Ancak kitin nanolifleri 6zellikle yliksek mekanik
Ozellikleriyle beraber antimikrobiyal aktiveleri
nedeniyle yogun ilgi gérmeye baslamiglardir (Hai
vd., 2020). Bu nedenle kitin tabanl
nanomalzemeler  pek  ¢cok  uygulamada
kullanilmaya baslanmistir (Muski, 2021).

Kabuklu deniz hayvanlarinin kabugundan kitin ve
kitin nanolif hazirlama yOntemleri yiksek
sicakliklar altinda agir kimyasal kullanilarak bir dizi
mekanik islem gerektirmektedir (Ifuku vd., 2009).
Bu nedenle, yesil cevre dostu 6ziitleme teknikleri
son yillarda gelistirilmeye baslanmistir (Kaur ve
Dhillon, 2015). Mantardan hazirlanan kitin ve
kitin nanolifleri yenge¢ ve karides kabuklarindan
elde edilenlere benzer niteliktedir (Ifuku, 2014).
Bununla bitlikte, mantardan elde edilen kitin ve
tirevleri mantarda bulunan glukanlar ile kompleks
olusturarak elde edilen kompozitlerin mekanik
Ozelliklerini daha giicli hale getirebilmektedir
(Fazli Wan Nawawi vd., 2019). Mantarlarin yaygin
olarak bulunmast ve hizlt biiytimesi, kitin ve kitin
nanoliflerin mantardan Gziitlenmesi icin motive
edici bir sebeptir (Muski, 2021). Mevcut ¢alismada
buna istinaden kiltir mantarindan (Agaricus
bisporns)  kitin  nanofiberlerin  izolasyonu
gerceklestirilmistir. Bu amagla minimum enerji
gerektiren ve asit kullandmayan Fazli Wan
Nawadi ve arkadaslarinin (2019) nano kagit
dretimi icin  gelistirdigi  teknik, esnekligin
arturilmasina yonelik degistirilerek kullandmistir
(Fazli Wan Nawawi vd., 2019).

Metal organik cerceveler (MOC) gelismekte olan
hibrit  kristal  gbzenekli malzemelerdendir.
MOClar metal iyonlarinda organik baglayicilar
vasttastyla insa edilitler (Smaldone vd., 2010).
MOC]lar yiiksek ve ayarlanabilir gbzenekli yapilart
ile kontrol edilebilir yiizey fonksiyonlarindan
faydalanilarak gaz depolama, aritma ve kataliz gibi
pek ¢ok alanda kullanilmislardir (Lee vd., 2009;
Qiu vd., 2014). Son yillarda nano boyutlardaki
MOC]larin biyomolekdl tastyict olarak biyiik bir
potansiyele sahip oldugu gésterilmistir (Hoop vd.,
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2018). Cinko iyonlari ile 2-metil imidazoldan elde
edilen ylksek kimyasal kararlilikta ve biyouyumlu
olan zeolitik imidazol cerceveler (ZIF-8) yapisal
olarak biyomolekdller icin ideal bir nano tastyict
gorevi gorebilmektedir (Chen vd., 2017; Karimi
vd.,, 2018). Bircok arastirma grubu ZIF-8
kullanarak biyomolekilleri yitksek verimlilikle
cerceveler icerisine yitklemeyi basarmistir (Hoop
vd., 2018). Sonug olarak ZIF-8 nanokristalleri
mevcut ¢alismada hem antimikrobiyal kurkumin
icin tastyict hem de biyopolimer yapida bariyer ve
mekanik Ozellikleri gelistirici olarak kullanilmast
hedeflenmistit.

Biyoaktif ~ molekill  yiiklenmis ~ ZIF-8
nanokristalleri aktif paket gelistirmede ¢ok yeni
kullanilmaya baglanmistur. Cai ve arkadaglart
tarafindan ortaya konan ilk calismada kurkumin
ZIF-8  igerisine  hapsedilmis  sonrasinda
polikaprolakton filmlerin igerisine yiiklenmistir
(Cai vd., 2021). S6z konusu ¢alisgmada mavi 151tk
(420-430 nm) alunda kurkuminin tekli oksijen
dretiminden  faydalanilarak  antimikrobiyal
Ozelliklerinin arttig gosterilmistir. Bu calismada
polimer yapisina dahil edilen kurkumin ihtiva
eden ZIF-8 vasitastyla pH ve 15182 duyarlt gida
endiistrisi icin antibakteriyel ambalaj malzemesi
gelistirilmigtir. Bir diger calismada ise ZIF-8
nanokristalleri bakir oksit icin tastyict olarak
kullanilarak polilaktik asit, polivinil asit ve kitosan
ile cok katmanlt filmler elde edilmistit (Fu vd.,
2022). Bu filmler domatesin raf dmriinii uzatmak
icin koruyucu ambalaj olarak kullanilmis ve
antimikrobiyal etkinlikleri calismada
gOsterilmistir.

Kurkuminin antimikrobiyal ajan olarak pek cok
calismada tercih edilmesinin en 6nemli sebebi
sari-turuncu renkte dogal bir boya olup, toksik
Ozellik gostermemesi ve zerdegaldan (Curcuma
longa) kolayca elde edilebilmesidir (Bajpai vd.,
2015). Karatlt bir enol formu olan kurkumin,
doymamus karbonil gruplar ile baglanmus iki
metoksillenmis fenolden olusmaktadir (Anand
vd.,, 2007). Gida sanayinde genel olarak renk
maddesi olarak kullanidan kurkumin, gGsterdigi
antikanser, antimikrobiyal, antioksidan ve
antienflamatuar 6zellikleri nedeniyle son yillarda
besin takviyesi olarak da kullanildigi pek ¢ok

calisma mevcuttur (Hewlings ve Kalman, 2017).
Buna ek olarak kurkuminin antimikrobiyal etkisi
goruntr (400-800 nm) ve UV-A 151k (320-400 nm)
dalga boylart altinda artmaktadir (Oliveira vd.,
2018). Kurkuminin 1stk ile aktive edildiginde tekli
oksijen meydana getirerek bakteri ¢ogalmasint
engelledigi ortaya konulmustur (Condat vd.,
2015). Aymt sekilde yapilan calismalarda
kurkuminin antitimor gibi bazi biyoaktivitelerinin
UV-A ve gorinir 1sik ile aktive edilebilecegi
ortaya konmustur (Bernd, 2014; Dujic vd., 2007).
Bu nedenle, mevcut calismamizda goruntr 15tk
kullantminin ~ kurkumin ~ yikla ~ ZIF-8
nanokristalleri ilistirilmis kitin filmleri Gzerindeki
antioksidan ve antimikrobiyal etkisi incelenmistir.

Bu calismada kurkumin 6ncelikli olarak ZIF-8
nanokristalleri icerisine yiklenmis sonrasinda
mantardan Sziitlenen kitin nanokompozit filmler
icerisine eklenmistir. Farkli konsantrasyonlarda
K-ZIF-8 iceren kitin nanokompozit filmlerin
antimikrobiyal, antioksidan, fenolik  ve
tizikokimyasal 6zelliklerine karar verilmistir.

MATERYAL VE YONTEM

Materyal

Kultir mantart (Agaricus bisporus) Yigit Enerji
Gida Tarim ve Hayvancilik Sanayi (Kalecik,
Ankara) firmast tarafindan saglanmistr. Cinko
nitrat  heksahidrat  (Zn(NO3)2.0H,0O),  2-
metilimidazol, kurkumin, sodyum hidroksit,
Folin-Ciocalteu reaktifi, metanol ve DPPH (2,2-
difenil-1-pikrilhidrazil) Sigma-Aldrich (Almanya)
firmasindan alinmustir. Kromojenik E. coli ve
Baird Parker katt besiyeri Diatek
(Istanbul, Tiirkiye) firmasindan satin alinmistir.

Yéntem

Kurkumin yiiklenmis ZIF-8 nanokristallerin
hazirlanmasit ve karakterizasyonu

Kurkumin ytklenmis zeolitik imidazol ¢erceve-8
(K-ZIF -8) sentezinde Zheng ve arkadaslarinin
Z1IF-8 i¢erisine kurkumin yiiklemek i¢in kullandigt
yontem kullandmistir (Zheng vd., 2015). Bu
amagla  Ozetle Zn(INO3)2.6H,O (150 mg)
deiyonize su (5 ml) icerisinde ¢oztiinmustir. Diger
tarafta ise 2-metilimidazol (330 mg) metanol (10
ml) icerisinde ¢Oziinmiistiir. Daha sonra hizlica
Zn(NO3)2.6H,O ¢cOzeltisi 2-metilimidazol
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¢Ozeltisine katilmis ve 1 saat 23°C sicaklikta
karistirilmistir (Daihan Scientific Co., Ltd., Kore).
Bu yontemle bos ZIF-8 nanokristalleri
hazirlanmistir, K-ZIF-8 sentezi icin 330 mg 2-
metilimidazol o6ncelikle 5 mg/ml kurkumin
konsantrasyonundaki 10 ml metanole eklenerek
¢6zinmus sonrasinda uzerine hizlica
Zn(NO3)2.0H20 ¢ozeltisi eklenmistir. Bos ve
kurkumin yiiklenmis ZIF-8 nanokristalleri 1 saat
oda sicakliginda karistirddiktan sonra 3 kez
metanol ve 3 kez deiyonize suda 10000
devir/dakika hizda 15 dakika (Nive NF 1200R,
Ankara, Tturkiye) santriflyj ile ytkanmistir. Daha
sonra ise sabit agirliga gelene 60°C vakum firinda
kurutulmus ve kuru halde sonraki kullanimlar icin
saklanmistir.

Kurkumin kapsiilleme randimanina karar vermek
icin 6nce kurutulan K-ZIF-8 nanokristalleri (1
mg) 2M HCI igeresinde bozulmus ve 6rnegin
etanol (2 ml) igerisinde UV-Vis spektrometre
(Optizen Pop, Mecasys, Kore) ile 427 nm dalga
boyunda 1stk sogurmast Sl¢iilmis ve hazirlanan
kurkumin standart egrisi ile karsilastirilmustir.
Kapstlleme randimanina yiklenen kurkumin
miktart baslangicta eklenen kurkumin miktar ile
orantilanarak bulunmustur. ZIF-8 ve K-ZIF-8
nanokristallerinin kristal yapisina ve faz safligina
X-Isint toz difraktometresi (XRD) ile karar

verilmistir  (Rigaku, MiniFlex XRD, Tokyo,
Japonya). Bu amagla Olclimlerden  6nce
nanokristaller dondurularak  kurutulmuglardir

(Christ Alpha 2-4 LD Plus, Martin Christ,
Almanya). Olgiimler 1° ila 50° 260 derece araliginda
tarama  hizt  1o/dakika  olacak  sekilde
gerceklestirilmistir. K-ZIF-8 ve ZiF-8
nanokristallerin kimyasal bag ve kompozisyonuna
Fourier déntstimli  kizildtesi  spektroskopi
(FDKS) (SHIMADZU, IRSpirit, Kyoto, Japonya)
ile karar verilmistir. FDKS 6lctimleri 4000 cm! ile
400 cm' dalga sayist arahginda 4 cm!
cozinirlikle  gerceklestirilmistir. K-ZIF-8 ve
ZIF-8 nanokristallerin termal 6zelliklerine ise
diferansiyel taramali kalorimetri (DTK) yerine
nitrojen gazt altinda oda sicakligindan 700°C’ye
kadar 5°C/dakika 1sitma hiztyla termogravimetrik
analizle (TGA)(Seraram Labsys, Caluire, Fransa)
karar verilmistir. K-ZIF-8 ve ZIF-8 nanokristal
morfolojik ve boyut bilgilerine Transmisyon

Elektron Mikroskobu (TEM) (FEI, Tecnai G2
Spirit Biotwin, Oregon, ABD) kullanidarak karar
verilmistir. Olctimler 20 ile 120 kV arasindaki
akim altinda gerceklestirilmistir.

Mantardan kitin ekstraksiyonu ve
nanokompozit hazirlanmasi

Kualtir mantart  (Agaricus  bisporus) yaklasik 5
kilogram olacak sekilde tek seferde temin edilmis
ve -20°C’de saklanmistir. Fazli Wan Nawawi ve
arkadaglarinin  yonteminde kugiik degisiklikler
yapilarak nanokomporzit film tretilmistir (Fazli
Wan Nawawi vd., 2019). Kisaca dondurucudan
cikarilarak ¢ozilen 100 gram kiltir mantar
ogutiictiden gegirilerek toplam hacim 300 mililitre
olana kadar distile su eklenmis ve 85°C’de 30
dakika karistirdmistir. Fazla su ve suda ¢éziinen
maddeler siispansiyon santrifiij ile ayrildiktan
sonra 1 M sodyum hidroksit ¢6zeltisinde 65°C’de
3 saat karistirtlmigtir. Daha sonra fazla sodyum
hidroksiti ayirmak icin defalarca su ile ytkanmis ve
uzaklastrma islemi stiziintd pH degeri 7+0.2
yaklastiginda ytkama islemine son verilmistir. Son
yitkamadan sonra elde edilecek nanokompozit
filmin kirilganligint azaltmak icin igerisine gliserol
(%5 agitlik/hacim) 300 mililitre su ile beraber
cklenmistir. Notralize hale getirilmis ¢ézelti daha
sonra vakum filtre ile stizilmis ve elde edilen
filtre keki 9 cm c¢apindaki teflon beher icerisine
yetlestitilmigtit. Daha sonra PTFE teflon beher
icerindeki filtre keki 105°C etivde 2 saat
kurutulmustur.

K-ZIF-8 nanokristalli kitin nanokompozit
film hazirlanmasi

Farkli miktarlarda K-ZIF-8 nanokristalleri kitin
nanokompozite eklenerek 24 saat 23°C sicaklikta
ve tsiktan korunakli bir sekilde 500 devir/dakika
karistirilmistr. Nanokompozit icerisinde
eklenecek K-ZIF-8 nanokristallerinin miktarina
minimum O6nleyici konsantrasyonuna (minimum
inhibitory concentration) gére karar verilmistir.
Giunes ve arkadaslar tarafindan  Szaphylococcus
anrens ve Escherichia coli, icin kurkuminin iz vitro
minimum Onleyici konsantrasyonu 220 ug/ml ve
163 ng/ml oldugu gosterilmistic (Gunes vd.,
2013). 220 pg/ml degeri referans olarak
kullanilmistir. Ug farkli konsantrasyon sirastyla
minimum Jnleyici konsantrasyonunun bir (1X
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MOK; 220 ug/ml), bes (5X MOK) ve on katt
(10X MOK) denk gelen kurkumin yiiklenmis
ZIF-8 nanokristalleri seklinde hazirlanmistir,
Kitin nanokompozit film hazitlama isleminin son
asamasinda istenilen konsantrasyonlara denk
gelen K-Z1F-8 (1 MOK, 5 MOK ya da 10 MOK)
distile su igerisine (300 ml) gliserol (%05
agirlik/hacim) ile beraber eklenmis ve 3 saat oda
sicakliginda 500 devir/dakika hizda
karistirilmistir. Daha sonra hazirlanan son ¢ozelti
vakum filtre ile stiztiilmus ve elde edilen filtre keki
PTFE teflon beher icerisinde 105°C sicaklikta
etivde karanlkta 2 saat streyle kurutulmustur.
Olgiimler filmler bagil nemi %50 olan 23°C
sicaktaki iklimlendirme kabini (TK120, Nuve)
icerisinde 48 saat kosullandirildiktan  sonra
gerceklestirilmistir.

CGalisma icerisinde tip 1 film sadece kitin
nanokompozit filmden, tip 2 film ZIF-8
nanokristal  eklenmis  (kurkuminsiz)  kitin
nanokompozit filmler ve tip 3 film ise K-ZIF-8
nanokristalli (ii¢ farkli konsantrasyonda;1 XMOK,
5XMOK ve 10XMOK) kitin nanokompozit
filmlerden olusmaktadir.

Uretilen Kitin Nanokompozit Filmlerde
Karakterizasyon Analizleri

Kahnlk

Filmlerin kalinligina 5 ayri noktadan dijital
mikrometre (LOYKA 5202-25, Loyka, Ankara,
Trkiye) ile karar verilmistir. Mekanik 6zelliklerin,
seffaflik ve su buhart gecirgenliginin belirlenmesi
i¢in ortalama film kalinlig1 verileri kullanilmustur.

Seftaflik

Filmlerin seffafliklart spektrofotometre
(Shimadzu, UV-Visible Spectrophotometer, UV-
1700, Japan) kullanilarak belirlenmigtir. Isik
sogurmalart1 600 nm dalga boyunda Olgilen
filmlerin geffaflik degetleri Esitlik (1)'e gore
belirlenmistir (Han ve Floros, 1997).

Sef faflik = =2 e0) M)
Burada, A600 600 nm dalga boyunda 6Sl¢tilen 151k

sogurma degeri ve X ise film kalinlk (mm)
degerini ifade etmektedi.

Mikroyapr

Alan Emisyonlu Taramali Elektron Mikroskobu
(FESEM) (Nova NanoSEM 430 elektron
mikroskobu, FEI, Oregon, ABD), filmlerin kesit
ve yuzey mikroyapilarini incelemek igin
kullantlmistir. Bu amagla, kurutulmus
nanokompozit tip 1 ve tip 3 film 6rnekleti stvi
nitrojen igerisine daldirdmis  ve sonrasinda
dondurumlu parcalama islemi gerceklestirilmistir.
Parcalama isleminden sonra numune cift taraflt
karbon bant yapistirlarak aliminyum kogan
tzerine yerlestirilmis ve karbon ile kaplanmistir.
Film morfolojisi, 20 kV degerinde bir hizlandirma
voltajinda, 1000X ve 5000X biyiitme oraninda
incelenmistir.

Suda ¢éziinme

Tip 1 ve tip 3 nanokompozit filmlerin suda
¢ozinme testlerine nem miktarlarina  karar
verildikten sonra baslanmistir. Bu amacla, filmler
vakum firtninda sabit agirhga ulasana kadar
kurutulmus ve sonra meydana gelen agirlik kaybi
ilk agirliga orantilanarak nem miktarina karar
verilmigtir. K-ZIF-8 nanokristallerinin ~ kitin
nanokompozit filmlerin suda ¢éziinmesine etkisi
Gontard vd. (1994) calismasinda  anlatilmig
yontem kullamilarak karar verilmistir (Gontard
vd., 1994). Suda ¢6zinme testi icin yaklasik 2
santimetre ¢aplt film tartiip 50 mililitre distile su
icerisine konulmus ve 24 saat 23°C sicaklikta 100
devir/dakika hizla karstirilmistir. Daha sonra
filtre kagidindan  gecirilmis ve  toplanan
¢6zlinmemis kistm vakum firinda sabit agirliga
gelene kadar kurutulmustur. Suda ¢Oziinme
yluzdesi baslangic agiehigi, film nem degeri ve
¢bziinme testinden sonra elde edilen kuru agirhk
kullanilarak hesaplanmistr.

Filmlerin Mekanik Ozellikletinin
Incelenmesi
Hazitlanan  filmlerin  mekanik  6zelliklerine

planlandigi gibi ASTM standart (ASTM D882-
09,2009) yontemi kullanilarak karar verilmistir.
Kisacast 8 ecm x 2 cm cbatlarinda filmler
hazitlanmis tekstir analiz cihazt (Brookfield CT3
Texture Analyzer, ABD) kullandarak gerilme
direnci ve kopma esnemesine karar verilmistir.
Gerilme direncine, maksimum yiikii filmin kesit
alanina bolerek karar verilmistir. Kopma esnemesi
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(%), numunenin baslangictaki uzunlugu ile kopma
anindaki  uzunlugu arasindaki degisim
yiizdesinden bulunmustur. Olgiimler planlandig
tzere tip 1 ve tip 3 filmler icin gergeklestirilmistir.

Su Buhar1 Gegirgenligi

Filmlerin ~ su  buhart  gecirgenligi,  bazt
modifikasyonlarla ASTM  yéntemi E96-05'e
(ASTM, 2005) gore belirlenmistir. Analizlerde 50
mm ¢apinda ve 10 mm derinliginde yuvarlak
PTFE teflon kaplar kullanilmistir. Olgiimler
planlandigr tizere tip 1 ve tip 3 filmler igin
gerceklestirilmistir Film 6rnekleri daireler halinde
kesilerek 6 ml distile su (23 °C, % 100 bagil nem)
iceren agzi kapall kaplara sabitlenmis ve 23 °C
sicaklik ve %0 bagl nemde silika jel iceren bir
desikatore yerlestirilmistir. Film boyunca ntfuz
eden su buhari, 10 saat boyunca, kapali kapin her
2 saatte bir agirlik kaybiyla dl¢tlmistiir. Filmlerin
olgiilen su buhar gecirgenligi degerleri Esitlik (2)
kullanilarak hesaplanmistir (Liu vd., 2018).

Su Buhari Gegirgenligi = % x X 2
Bu denklemde, SBIH, su buhar iletim hiz1 (g.m /
s Pa m?), X ortalama film kalinlig1 (mm) ve AP
kismi su buhart basincini ifade etmektedir.

Is1 direnci

Isil dayaniklilig: yiiksek olan ZIF-8 ve K-ZIF-8
nanokristallerin 1s1 6zelliklerine termogravimetrik
analizle (TGA,SDT 650, TA Instruments, New
Castle, USA) karar verilmistir. Bu amagla 5 mg
ornek nitrojen gazi altitnda 5°C/dak 1sitma hiziyla
oda sicakligindan 700°C’ye kadar 1sitilmustir. Tip 1
ve tip 3 filmlerin termal Ozelliklerine ise
diferansiyel taramali kalorimetri (DTK) (Perkin
Elmer, DSC 4000, CT, ABD) ile vyapilan
karakterizasyon  testleri  sonucunda  karar
verilmistir. Olgtimler icin hazirlanan
nanokristaller dondurmali kurutucuda 48 saat
streyle kurutulmuglardir. Kiiciik parcalar haline
getirilen filmler, aliminyum DTK numune kabina
(5-10 mg) vyetlestirilmis ve 0°C’dan 350°C’a
10°C/dak hizda isitilmistir. Bos olarak kapatilan
numune kabi, referans olarak kullanidlmistir.

Kurkumin Salinim Testleti
Tip 3 nanokompozit filmlerin kurkumin salinim
testleri Cano vd. (2016) calismasinda ve giincel

Avrupa mevzuatina gore tarif edilen yontemle
yapumistir  (Commission  Regulation EU
10/2011)(Cano vd., 2016). Test edilecek filmler (3
cm x 4 cm) 20 ml olan farkli gida uyaricilarin
icerisine eklenmigtir. Uyarict A %10’luk etanol
(hacim/hacim), uyarict B %3’luk asetik asit,
uyarici C %20’lik etanol, uyarict D1 %50’lik etanol
ve uyarict D2 oleik asit (bitkisel yag olarak) olarak
hazirlanmistir. Ornekler  23°C  sicaklikta
karanlkta ¢alkalanarak (100 devir/dakika) 7 gin
inkiibe edilmislerdir. Salinan kurkumin miktart
427 nm dalga boyunda 15tk sogurma miktarindaki
degisim farkli zaman araliklarinda OSlgilerek ve
kurkumin kalibrasyon egrisi ile karsilastirlarak
tespit edilmistir.
Filmlerin Ozelliklerinin
Belirlenmesi

Antimikrobiyal Aktivitenin Belirlenmesi
Gelistirilen tip 1, tip 2 ve tip 3 filmlerin
antimikrobiyal 6zelliklerini degetlendirmek igin
gram pozitif Staphylococcus anrens ve gram negatif
Escherichia  coli bakterileri kullanilmistir.
Antimikrobiyal  aktivite testleri Hafsa ve
arkadaslarinin (2016) betimledigi disk diftizyon
teknigi ile Kromojenik E. e/ ve Baird Parker katt
besiyeri (Diatek, Trkiye) tizerinde
gerceklestirilmistir  (Hafsa  vd., 2016). Katu
besiyerleri (Kromojenik E. coli ve Baird Parker)
oncelikle 0.1 ml test edilecek bakteri (yaklasik 105-
106 koloni olusturucu birim (kob)/ml) ile
astlanmistir. Daha sonra filmler aseptik olarak 2
cm yarigaplt olarak kesildikten ve sterilizasyon
amagh (filmin her iki yizt) beser dakika 325 nm
dalga boyunda UV 1sigina (16 W) maruz
birakiddiktan  sonra  katt  besiyeri  izerine
yetlestirilmis ve 24 saat 37°C sicaklikta karanlikta
ve gorinir 1sik altinda olmak tizereiki set halinde
inkiibe edilmistir. Ug¢ tip farkli nanokompozit
filmlerin disk-diftzyon testlerinde bir set griiniir
151k alunda (400-800 nm dalga boyu, 15 W 1sik
enerjisi) test mevcuttur. Inkiibasyon sonunda tiim
disk-difiizyon testleri engelleme bdlgesi ya da
kolonisiz bolge (inhibition zone) 2 cm ¢aplt filmin
etrafinda kalan/olusan temiz bolge (clear zone)
dijital kumpas (BTS, PRC) yardimuyla Olgiilerek
karar verilmistir.

Biyoaktif
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Antioksidan Aktivitenin Belirlenmesi

Ug tip film 6rnegi kullanilarak DPPH (2,2-difenil-
1-pikrilhidrazil) radikaline karst giderme aktivitesi
(scavenging activity) spektroskopik yontemler ile
belirlenmistir. 50 mg film 3 ml metanol icerisinde
¢6ziinmis ve bu ¢ozeltiden bir miktar (500 pl)
DPPH (0.06 mM) radikalinin metanol icerisinde
hazirlanmis ¢6zeltisine eklenmistir (Siripatrawan
ve Harte, 2010). Daha sonra iyice karstirilip
karanlikta, oda sicakliginda 30 dakika siireyle
inkiibe edilmis ve 15tk sogurma degeri 517 nm
dalga boyunda Olctilmiistir. Standart olarak
troloks kullanidmistir. Film 6rneklerine ek olarak,
serbest radikal giderme aktivitesi belirleme
calismasinda negatif kontrol 6rnegi olarak tip 1 ve
tip 2 nanokompozit filmler kullandmistir. Pozitif
kontrol olarak 1XMOK, 5XMOK ve 10XMOK
konsantrasyonuna tekabiil eden kapstllenmemis
kurkumin miktart kullanilmis ve % DPPH radikal
giderme aktivitesine karar verilmistir.

Toplam Polifenol Miktarinin Belirlenmesi
Toplam fenolik miktarina Folin-Ciocalteu reaktifi
yontemi ile karar verilmistir (Cai vd., 2016).
Nanokompozit film uygulamalart icin tg tip film
ornegi kullanilarak testler gerceklestirilmistir. 50
mg film 3 ml metanol icerisinde ¢6ziinmis ve bu
¢c6zeltiden bir miktar (500 pl) Folin-Ciocalteu
reaktifi (2.5 ml) icerisine eklenmistir. Daha sonra
tzerine doymus sodyum karbonat ¢ozeltisi (2
ml;7.5%  agithik/hacim)  eklenmigtir.  Oda
sicakliginda, karanlikta 2 saat bekletildikten sonra
distile su eklenmis sahit numuneye karst 765 nm
dalga boyunda 15tk sogurmast OSlcilmistir.
Ornekler icin elde edilen 151k sogurma degerleri
gizilen gallik asit standart egrisini tanimlayan
regresyon esitliginde yerine konularak fenolik
bilesik miktar1 gallik asit cinsinden hesaplanmustir.
Ayni sekilde 1XMOK, 5XMOK ve 10XMOK
denk gelen kapsiillenmemis kurkuminin toplam
fenolik miktarina karar verilmis ve pozitif kontrol
olarak kullantlmistir. Tip 1 ve tip 2 film
orneklerinin  toplam fenolik miktar1 yukarida
anlatildigl sekilde karar verilmis ve bu 6rnekler
negatif kontrol gérevi gérmistiir.

Film Dayanikliik Testi
Optimum kurkumin konsantrasyonu igeren K-
Z1F-8 nanokristalli kitin nanokompozit filme

karar verildikten sonra paketleme sonrast
antimikrobiyal ve antioksidan 6zelliklerinde
meydana gelen degisimler 28 giin boyunca
gbzlemlenmistir. Bu amagla, 20 adet 2 cm yatigaplt
film antimikrobiyal testleri icin ve 20 adet 50 mg
film Ornekleri antioksidan testleri icin ayni
kosullarda hazirlanmistir. Hazitlandiktan hemen
sonra (sifir giin) olmak tzere dérder film 6rnegi
her 7 giinde (28 giin boyunca) antimikrobiyal ve
antioksidan aktivite testlerine maruz birakidmustir.
Test edilmeyen filmler 4°C sicaklikta %75 bagil
nem ile kosullandirilmis Nive TK 252 ortam
kosullandiricinin icerisinde gorintr stk altinda
(400-800 nm, 15 W) saklanmistir. Bdylece
filmlerin ilk giinden baslayarak dort hafta boyunca
haftalilk  antimikrobiyal =~ ve  antioksidan
aktivitelerindeki degisim takip edilebilmis ve
degerlendirilebilmistir.

Veri Analizi

Tum deneyler icin ¢ tekerrtrlii olarak yapilmistir.
Istatiksel analizler tiim deney asamalarinda
sonuglar1 degerlendirmek icin istatistiksel analiz
yazilimi (OriginPro) kullanilarak
gerceklestirilmistir. Deneysel verilerin  gruplar
arasinda istatistiksel anlamhliklart tek yonla
varyans analizi (ANOVA) ile incelenmis ve
farklilligin anlamli bulundugu veri gruplart icin ileri
asama testi (posthoc) olarak Tukey testi
kullandmigtir. Ttum istatistiksel analizler icin P
<0.05 kriteri dikkate alinmistir.

BULGULAR VE TARTISMA

ZIF-8 ve K-ZIiF-8 Sentezi ve
Karakterizasyonu

Kurkumin yiklenme randimanina yoéntem
bélimiinde  belirtildigi ~ sekilde ~ UV-Vis
spektrometre  kullanilarak  karar  verilmistir.

Oncelikle kurutulan ZIF-8 nanokristalleri (5 mg)
2 M HCI igeresinde pargalanmistir. Daha sonra
ornegin UV-Vis spektrometre ile 427 nm dalga
boyunda etanol (2 ml) igerisinde 15tk sogurmast
Olctilmistir. Elde edilen 1stk sogurma miktart
etanol icerisinde hazirlanan kurkumin standart
egrisi ile karsilastirilmustir (Sekil 1a). Kapsiillenme
randimanina  yiklenen  kurkumin = miktar
baslangicta eklenen kurkumin miktart ile
orantilanarak %74.811.83 olarak karar verilmistit.
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Sekil 1.a. Methanol icerisinde kurkumin standart egrisi, b. ZIF-8 ve K- ZIF-8 nanokristallerinin XRD
desenleri
Figure 1.a. Standart curve of curcumin in methanol, b. XRD patterns of ZIF-8 and K-ZIf-8 nanocrystals

Sentezlenen kristallerin =~ referans XRD
desenindeki tepe pozisyonlart ile birebir Srtiistiigi
saptanmistir (Park vd., 2006) (Sekil 1b). Toz XRD
ile oSlcilen ZIF-8 o6rneklerinde 7.420, 10.4o,
12.70,14.7° ve 16.4° derece degerlerinde (110),
(200), (211), (200) ve (310) diizlemlerine denk
gelen yogun 20 kirinim zirveleri tespit edilmistir
(Nguyen vd., 2021). Sonu¢ olarak K-ZIF-8
kristalleri ile saf faz ZIF-8 kristallerinin 20 kirtnim
zirvelerinin benzerliklerinden dolayt kristallerin
benzer 6zellikler gosterdigine karar verilmistir.

a.

ZIF-8 nanokristallerinin morfolojik 6zelliklerine
Transmisyon Elektron Mikroskobu (TEM)
kullanilarak karar verilmistir (Sekil 2a). Beklendigi
gibi parcaciklarin keskin altigen yiizeylere sahip
nanokristaller oldugu ortaya ¢itkmistir (Pan vd.,
2011). Ortalama nanokristal boyutunun 50 nm
oldugu  gdzlemlenmistir. ~K-ZIF-8 TEM
analizinde benzer sonuclar elde edilmistir.

Kurkumin/Curcumin
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Sekil 2. a. ZIF-8 nanokristallerin TEM gértntist (l¢ek cubugu 50 nm). b. Kurkumin, ZIF-8 ve K-
Z1F-8 6rneklerinin FDKS tayflart
Figure 2.a. TEM image of ZIF-8 nanocrystals (scale bar: 50 nm) b. FTIR spectrum of curcumin, ZIF-8 and K-ZIF-
8 samples
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Kurkumin, ZIF-8 ve K-ZIF-8 yapisindaki
muhtemel kimyasal bag etkilesim ve degisimlerine
Fourier Doéniigimli Kizilétesi  Spektroskopisi
(FDKS) ile transmisyon modunda 4000 ile 500
cm!  araliginda  karar verilmistir  (Sekil 2b).
Kurkuminin FDKS tayfinda 3509 cm! bulunan
bant fenollerin hidroksil grubuna, 1506, 1271 ve
1151 ecm™ gozlemlenen bantlar sirastyla benzen
halkasinin C=C, aromatik C-O ve C-O-C gerilim
titresimlerine baglanmustir (Tiwari vd., 2017).
Bunlarin yant sira 1024 ve 856 cm! dalga
sayllarinda gézlemlenen bantlar  kurkuminin
karakteristtk C-O gerilme titresimi ile fenol
yapiun C-H titresimlerine atfedilmistir (Kolev
vd., 2005). Ayrica Sekil 2b’de ZIF-8 FDKS tayf
bantlarinin literattrle tutarlt oldugu géralmistiir.

Orneklerin  C=N, C=C ve C-C gerilme
titresimlerine  iligkin  karakteristik  sinyalleri,
spektrtumun ~ 1600-1400  cm  araliginda

gozlenmistir. Diger taraftan C—IN germe titresim
sinyali 1310 ve 1145 cm'de ortaya cikmistir
(Zhang vd., 2018). Ayrica, 758 ve 694 cm!'deki
tepe noktalari, sirastyla ZIF-8 'lerin Zn—-O ve Zn—
N'sine atanmistir (Huang vd., 2018; Yang vd.,
2020). Bununla birlikte, literatirde kurkumin
kapsiillenmis ZIF-8 6rneklerinde gozlemlendigi
gibi bu ¢alismada da K- ZIF-8 nanokristallerinin
FDKS tayfindaki titresim modlart hemen hemen
aynt kalmistir. Bu da kurkuminin ZIF-8 icerisine

kapsiillendikten sonra ZIF-8'de hicbir faz
degisikligi olmadigi seklinde yorumlanmistir
(Zheng vd., 2015).
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TGA yo6ntemi malzemenin sicaklik artist ile kiitle
kayb1 6lctilerek 1sil kararliliga karar verilmek igin
kullanilmaktadir. Kurkumin zayif hidrofilik yapist

nedeniyle 250 °C'ye kadar nem kaybt
gostermezken, 250°C'den  baglayarak termal
bozunma nedeniyle belirgin  kiitle  kayb:

gbzlemlenmeye baslanmustir (Sekil 32) (Bajpai vd.,
2015). ZIF-8 nanokristallerinin 1sil kararhligs
literatiitle uyumludur. Gozlemlenen yaklasik
%18.5lik kiitle kayb: nanokristalleri igerisinde
hapsolmus olan su ve alkol gibi misafir
molekiillerin kaybina atfedilirken, 550°C civart
gozlemlenen ikinci asama kiitle kaybt ZIF-8
nanokristallerinin ¢erceve yapiarinin bozulmasina
baglanmistir (Park vd., 2006). K- ZI1F-8 6rneginde
ik  kiitle kaybi1 yaklastk olarak = %11.5
gdzlemlenmistir (Sekil 3b). 11k kiitle kaybindaki bu
azalts kurkuminin hidrofobik yapisi nedeniyle
ZIF-8 cerceve yapi icerisinde su ve alkol gibi
hidrofilik yapida misafir molekiillerin az miktarda
oldugunun bir gostergesi olabilir. Yine ayn
sekilde c¢erceve yapmin sl bozulmasinin
gostergesi olan ikinci asama kiitle kaybt K-ZIF-8
orneginde bos ZIF-8 6rnegine gore daha diisiik
sicaklikta baglamistir. K-ZIF-8 6rnegindeki 1sil
bozulma  sicakligindaki  disiis  kapstllenen
kurkuminin  diisitk  sicakliklarda  bozulmaya
baslamasina baglanabilir (Tiwari vd., 2017). Sekil
bilgisi, kristal yapi, faz safligi, yliizey kimyast ve 1sil
kararlilik testleri kurkuminin ZIF-8 nanokristalleri
icerisine basart ile kapstllendigini ve dolayistyla K-
ZIF-8  sentezinin  basart  bir  sekilde
tamamlandigini gosterir niteliktedir.
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Sekil 3. TGA egrileri a. Kurkumin. b. ZIF-8 ve K-ZIF-8
Figure 3. TGA curves of a. curcumin b. ZIF-8 and K-ZIF-8
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Nanokompozit Film Karakterizasyonu
Filmlerin Mekanik, Bariyer ve
Ozellikleri

Mekanik 6zelliklerin tespiti tip 1 ve tip 3 filmler
icin gerceklestirilmistir. Cizelge 1°de elde edilen
sonuclar  6zetlenmistir.  Mekanik — 6zellikler
filmlerin molekiiller arast bag kuvvetleriyle
tazlastyla iligkilidir. Filmlerin gerilme direnglerinin
ZIF-8 konsantrasyonu ile artma egiliminde
oldugu gozlemlenmistir. Gozlemlenen artig sert
yapidaki ZIF-8 nanokristallerinin mantar filmin
polimer zincir kuvvetini olumlu yénde etkilemesi
ile aciklanabilir (Qian vd., 2018). Ancak s6z
konusu artis istatistiksel olarak énemli degildir (P
<0.05). Ayni sekilde, ZIF-8 nanokristallerinin
nanokompozit film yapisina eklenmesi filmlerin
kopma esnemesinde yiiksek konsantrasyonlarda
dustse sebebiyet verse de bu etkinin istatistiksel
olarak 6nemli olmadigt kaydedilmistir. Benzer bir
etki ZIF-8 nanokristalleri kitosan ve polietilen
oksit  eletroegrilmis  nanoliflerin  igerisine
eklendiginde gézlemlenmistir (Kohsari vd., 2016).
Diisitk konsantrasyonlarda ZIF-8 nanokristalleri
polimer yapinin esnekligini arttirmus fakat yiiksek
konsantrasyonlarda tam tersi bir etki gostererek
en dusiik esnekligin elde edilmesine sebebiyet

Optik

vermistir. Yiksek konsantrasyonlarda
gbzlemlenen bu diistis ZIF-8 nanokristallerinin
polimer yapt icerisinde iyi yayilamayarak
topaklanmasina baglanabilir.

Su buhari direk olarak trin kalitesini ve raf
Omrint etkilemektedir. Clnki paket icin
kullanilan malzeme i¢ ve dis cevre arasinda su
buhart transferine olanak verebilmektedir. Dustuk
su buhart gecirgenligi paket malzemeleri icin en
onemli  gerekliliklerdendir.  Cizelge  1’de
gosterildigi lizere tip 1 kitin filmin su buhan
gecirgenligi 3.43X10-10 g.m/s.Pa.m? olup yaygin
olarak paket malzemesi olarak kullanilan ve su
buhart gecirgenligi 4x1013 g.m/s.Pam? ile
9.5x10"3 g.m/s.Pa.m? arasinda degisen sentetik
polietilen filmlere gére oldukea yiiksektir (Salame
ve Steingiser, 1977). K-ZIF-8 nanokristallerinin
farkli konsantrasyonlarda tip 3 filmlerin Gretimi
icin yapiya eklenmesi su buhart gegcirgenliginde
istatistiksel olarak 6nemli olan bir degisiklige
sebep olmamustir. Mevcut calismada gézlemlenen

artts  egilimi ZIF-8 nanokristallerinin  kitin
kompozit film icerisindeki gézenekliligi ve
dolayistyla gaz  gecirgenligini  arttirmast  ile

actklanabilir (Lee vd., 2009).

Cizelge 1.Tip 1 ve tip 3 filmlerin gerilme direnci, kopma esnemesi, su buhart gecirgenligi ve suda
¢O6zunmesi

Table 1. Tensile strength, elongation at break, water vapor permeability and water solubility of type 1 and type 3 films

Gerilme direnci Koprna. Su Buhatt Gecirgenligix10- "SI.J..da
- X106 (N/m?) esnemesi ¢oziinme
Ornek ; 10 (¢.m/s.Pa.m?)
. Tensile (%) . 10 (%)
Sample p . Water vapor permeabilityx10
strengthx10) Elongation at (o] s.Par?) Water
(N/77) break (%) &I 57 solubility (%)

T}p ! kmn film 19.9%4.65 10.16£2.8512 3.43+0.1292 21.03+2.444~
Type 1 chitin film
Tip 3 kitin film 1xMOK
degerinde K-ZIF-8

—+ a + a —+ a + b
Type 3 chitin fitm 15MIC equivalent 25.7£2.31 11.78+1.555 3.60£0.601 7.22%2.222
K-ZIF-8
Tip 3 kitin film 5xMOK
degerinde K-ZIF-8

+ a + a + a + b
Tope 3 chitin film S\MIC equivalent 26.110.66 10.62£1.954 3.96+0.132 7.48+2.231
K-ZIF-§
Tip 3 kitin film 10xMOK
degerinde K-ZIF-8

+ 2 -+ a + 2 + b
Type 3 chitin film 10NMIC 27.2%4.70 7.14£0.990 4.27%0.618 7.2610.793
equivalent K-ZIF-8

*Ayni strada farkls harfler 6nemli farkliligt gosterir (P <0.05).
* Different letters in the same column show the significance (P<0.05).
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Sabit sirede tip 1 ve tip 3 filmlerin suda
¢Ozuntrluklerin istatistiksel olarak birbitinden
oldukea farklt oldugu gézlemlenmistir (Cizelge 1).
K-ZIF-8 eklenmis tip 3 filmlerin suda
cozunirlikleri, K-ZIF-8 miktar1 fark etmeksizin
tip 1 kontrol filmlerine gére oldukea diisiiktiir.
Suda ¢6ztinmedeki s6z konusu azalist kurkuminin
ve ZIF-8 nanokristallerinin sahip oldugu yitksek
hidrofobik 6zellige baglanabilir (Musso vd., 2017;
Roy ve Rhim, 2020; Zhang vd., 2018). Kurkumin
hidrofobik yapist nedeniyle pH 1 ve 7 arasinda su
ile etkilesimi ¢ok az olan diferuloylmetan
formundadir (Musso vd., 2017). Diger taraftan
ZIF-8 nanokristallerinin  cerceve yapisinin
olduke¢a hidrofobik olmasinin nedeni imidazolat
baglayicinin - hidrofilik ~ fonksiyonel — gruplar
icermemesinden kaynaklanir (Zhang vd., 2018).
Suda ¢oziinme testlerinde ZIF-8 icerisine
kapsillenmis  kurkumin su ile etkilesime
gecmeyerek ZIF-8 ile beraber suda ¢éziniirligi
oldukca dustrmustur.

Diferansiyel =~ Tarama  Kalorimetre (DTK)
kullanilarak  nanokompozit filmlerin  termal
Ozelliklerine karar verilmistir (Cizelge 2). Filmler

termal teste baslanmadan 6nce 25°C ve %50 bagil
nem altinda iki hafta 6n kosullandirilmis ve filmler
DTK analizlerine kosullandirmadan sonra maruz
birakilmuslardir. Olgiimler 0 ile 350°C sicaklik
degerleri arasinda yapilmustir.  Kitin, kristal
yapisinin  bozulmast icin yliksek 1s1 enerjisine
ihtiya¢ duyan bir biyopolimerdir (Bershtein vd.,
1994). DTK ol¢iimleri incelendiginde tip 1 ve tip
3 numunelerde benzer tepe noktalarinin elde
edildigi gérilmistiir. 11k tepe nokta 100 ile 200°C
arasinda genis bir endotermik tepe olarak 175°C
civarinda gézlemlenmistir. S6z konusu tepe nokta
yapi icerisinde hapsolmus suyun buharlagsmasina
atfedilmistir (Nam vd., 2010). K-ZIF-8 ilavesi ve

konsantrasyonunun  kitin  filmler icerisinde
artmastyla beraber ilk tepe noktanin ve karsilik
gelen entalpi degisimlerinin azaldig1

gozlemlenmistir. Bu azalisin  sebebi oldukga
hidrofobik kurkumin ve ZIF-8 icerisine eklenen
kitin  nanokompozit filmlerin su  tutma
kapasitesinin  azalmast ve su ile yapiun
etkilesiminin zayiflamasidir (Nam vd., 2010).
Gozlemlenen ikinci endotermik tepe noktast
kitininin yapisinin bozulmasiyla
aciklanmistir(Saravana vd., 2018).

Cizelge 2. Tip 1 ve tip 3 kitin nanokompozit filmlerin gecis sicakliklart ve karsilik gelen entalpi degisimi
Table 2. Transition temperatures and corresponding enthalpy changes of typel and type 3 chitin nanocomposite filps

Tepe 1 Tepe 2

Peak 1 Peak 2
Tip 1 kitin film T oC 178.66 278.50
Type 1 chitin film AH (J/g) 111.736 59.359
Tip 3 kitin film 1xMOK K-ZIF-8 ile TeC 172.04 300.99
Type 3 chitin film with 1xMIC K-ZIF-8§ AH (J/9) 75.963 34.444
Tip 3 kitin film 5xMOK K-ZIF-8 ile T oC 167.08 304.14
Type 3 chitin film with 5xMIC K-ZIF-8§ AH (/9 43.162 59.533
Tip 3 kitin film 10xMOK K-ZIF-8 ile TeC 173.11 298.06
Type 3 chitin film with 10xMIC K-ZIF-8 AH (/9 52.941 108.941

Son olarak Tip 1, tip 2 ve tip 3 filmlerin optik
Ozelliklerine 15tk gecirgenliklerine goére karar
verilmistir (Cizelge 3). Istk gecirgenligi 6zellikle
kurkuminin =~ antimikrobiyal =~ uygulamalarda
gorinir 15tk dalga boyunun etkili calisabilmesi icin
o6nem arz etmektedir. Disik seffaflik degerleri
filmlerin gériiniir 151k altinda daha seffaf oldugunu
gosterir (Vidal vd., 2020). Tip 1 kitin filmler ZIF-
8 yiklenmis filmlere gbre daha opak oldugu
sonucuna varilmistir. Diger taraftan ZIF-8
eklendiginde filmlerin seffaflik degerleri artmustir.

K-ZIF-8 konsantrasyonu kitin film icerisinde
artuginda tip 3 filmlerde seffafligin  azaldig
gozlemlenmistir. Benzer sekilde literatiirde
kurkumin konsantrasyonundaki artisla oldukca
seffaf olan polilaktik asit kompozit filmlerinin 151k
gecirgenliginin -~ Gnemli  oranda  dustigu
raporlanmistir  (Roy ve Rhim 2020). Yapilan
calismalar sonunda genel olarak tip 1 ve tip 3
filmler arasinda Onemli bir Ozellik degisimi
olmadigt gozlemlenmistir. Filmlerin mekanik,
bariyer ve optik 6zellikleri incelendiginde filmlerin



Kurkumin ylklenmis zeolitik imidazolat gergeve-8 ile aktif film gelistirilmesi

gida paket malzemesi olarak kullanilmaya misait
oldugu kanaatine varidmistur.

Cizelge 3. Tip 1, tip 2 ve tip 3 kitin nanokompozit filmlerin seffaflik degerleri, toplam fenolik miktarlari

ve DPPH serbest radikal giderme aktiviteleri

Table 3. Transparency values, total phenolic contents and DPPH free radical scavenging activities of type 1, type 2 and

type 3 chitin nanocomposite films

600 d Toplam fenolik % DPPH serbest
Ornek seffa ﬂlrllqrrclle < e miktart radikal giderme
Sample Transpare 5 (mg galik asit/g) aktivitesi
e at 600 9 Total phenolic content %DPPH free radical
batie a m (mg gallic acid/ g) Scavenging activity
Tip 1 kitin film 1.9240.001= 22.01+0.2422 4.09+0.165
Type 1 chitin film .
Tip 2 kitin film ZIF-8 ile
+ b —+ a —+ a
Type 2 chitin film with ZIF-8 1.49%+0.001 22.72+1.789 4.47%0.215
Tip 3 kitin film 1xMOK K-ZIF-8 ile
+ c + 2 + b
Type 3 chitin film with 15MIC K—ZIF—S 1.41£0.005 23.77£0.302 11.26x0.111
Tip 3 kitin film SXMOK K-ZIF-8 ile 1.45+0.016b 25.05+0.303 14.76+1.022¢

Type 3 chitin film with 5xMIC K—ZIF—S
Tip 3 kitin film 10xMOK K-ZIF-8 ile
Type 3 chitin film with 1xMIC K-ZIF-8

1.49£0.003b

34.3210.121> 19.2940.0944

*Aynu sirada farkh harfler 6nemli farkliligs gosterir (P <0.05).
* Different letters in the same column show the significance (P<0.05).

Filmlerin Morfolojik Analizleri

Nanokompozit film yizey ve mikro yapt
bilgilerinin incelenmesi i¢in Alan Emisyonlu
Taramali Elektron Mikroskobi (FESEM) ile
gorintileme yapdmistir (Sekil 4). Yan kesit ve
yiizey alan goéruntilerinde tip 1 ya da tip 3 film
olmast fark etmeksizin dalgall ve pirizli bir
sonug elde edilmistir. S6z konusu sonug, belirgin
bir sekilde mevcut FESEM biylitme seviyesinde
gbzlemlenememis olsa da mantardan kitin

nanokompozit film elde etme islemi sirasinda
olusan kitin  nanoliflerinden  kaynaklandigi
distntlmektedir (Fazli Wan Nawawi vd., 2019).
FESEM analizleri film yiizeyinde nanoparcacik
topaklanmasi olup olmadigini ve nanoparcacik ile
film polimer yapist uyumluluguna karar vermek
icin de kullandmaktadir (Aziz vd., 2019). Tip 3
filmlerin yan kesit ve yiizey alant gérunttlerinde
K-ZIF-8 nanokristallerinin topaklanmast ile ilgili
herhangi bir bulguya rastlanmamustir.
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Sekil 4. Kitin nanokomporzit filmlerin Taramalt Elektron Mikroskobu géruntileri. (a) Tip 1 kitin film yan
kesiti (10000x biiyiitme), (b) Tip 1 kitin film yiizey goriintiisii (5000x biiyiitme), (c) Tip 3 1xMOK degerinde
K-ZIF-8 ile yiiklenmis kitin film yan kesiti (10000x biyiitme), (d) Tip 3 1xMOK degerinde K-ZIF-8 ile
yitklenmis kitin film yiizey gorintiisi (5000x biiytitme), (e) Tip 3 5xMOK degerinde K-ZIF-8 ile yiiklenmis
kitin film yan kesiti (10000x biyttme), (f) Tip 3 5xMOK degerinde K-ZIF-8 ile yiiklenmis kitin film yiizey
goriintiisii (5000x biiytitme), (g) Tip 3 10xMOK degerinde K-Z1F-8 ile yiiklenmis kitin film yiiklenmis yan
kesiti (10000x biiyiitme), (h) Tip 3 10xMOK degerinde K-ZIF-8 ile yiiklenmis kitin film yiizey gérintiisii
(5000x biyiitme)

Figure 4. TEM images of chitin nanocomposite films (a) Type 1 chitin film, side view (10000x magnification), (b) Type 1
chitin film, top view (5000 magnification), (¢) Type 3 1xMIC equivalent K-ZIF-8 loaded chitin film, side view (10000x
magnification), (d) Type 3 1xMIC equivalent K-ZIF-8 loaded chitin film, top view (5000 magnification), (e) Type 3
5xMIC equivalent K-ZIF-8 loaded chitin film, side view (10000x magnification), (f) Type 3 5xMIC equivalent K-ZIF-8
loaded chitin film, top view (5000x magnification), (g) Dype 3 10xMIC equivalent K-ZIF-8 loaded chitin film, side view
(10000 magnification), (h) Type 3 10xMIC equivalent K-ZIF-8 loaded chitin film, top view (5000 magnification)
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Toplam Fenolik Miktarinin Tespiti

Cizelge 3’de tip 1 kitin nanokompozit filmlerin
toplam fenolik miktar kiiltiir mantarinin (Agaricus
bisporns) literatirde verilen 3.1-3.9 g gallik asit/100
gram degerine ¢ok yakin ctkmustir (Savoie vd.,
2008). Kdultir mantarinda mevcut fenoliin biytik
bir kismi melanojen fenollerden ve vitaminlerden
gelmektedir (Sommer vd., 2009). Tip 2 filmin
icerisine eklenen bos ZIF-8 nanokristallerinin
herhangi bir fenol aktivitesine rastlanmamustir. Bu
nedenle tip 1 ve tip 2 filmlerinin toplam fenol
degerlerinde herhangi bir farka rastlanmamustir.
Mevcut toplam fenolik degeri iki film icin ana
yaptyt  olusturan  mantardan  gelmektedir.
Kurkumin dusuk molekiler agirhkl
polifenollerdir. Beklendigi gibi tip 3 filmlerde
toplam fenol miktart film icerisine eklenen K-
ZIF-8 arttik¢a artmistir (Ma vd., 2017).

Antioksidan Aktivitesinin Belirlenmesi

Cizelge 3’de gosterildigi tizere mantardan elde
edilen kitin tabanh filmlerde yiiksek antioksidan
aktiviteye rastlanmamistir. Kiltir mantarinin
(Agaricus  bisprons) % DPPH serbest radikal
giderme aktivitesi %3 civarinda raporlanmustir
(Reis vd. 2012). Tip 1 film sadece mantardan
Ozitlenmis kitin ve glukandan dretilmistic bu
nedenle DPPH serbest radikal giderme aktivitesi
kiltiir mantarinin literatiirde gosterilen degerine

oldukea yakindir. Tip 2 filmin icerisine eklenen
bos ZIF-8 nanokristallerinin  herhangi  bir
antioksidan  aktivitesine rastlanmamustir. Bu
nedenle tip 1 ve tip 2 filmlerinin % DPPH serbest
radikal giderme aktivitesinde istatistiksel bir farka
rastlanmamstir.  Tip 3 filmlerde K-ZIF-8
konsantrasyonu arttikca % DPPH serbest radikal
giderme aktivitesinde dikkate deger artis
gozlenmistir. Her ne kadar kurkuminin fenolik
hidroksil grubunun hidrojen atomu verme
yetenegi  antioksidan  yeteneginin  baslica
sorumlusu olsa da kurkuminin §-diketon yapisinin
metilen grubu da kurkuminin antioksidan
aktivitesine katkida bulunur (Roy ve Rhim 2020).
Bu nedenle tip 3 filmler kurkumin icerikleriyle en
yitksek antioksidan aktiviteyi g&stermislerdir.

Antimikrobiyal Aktivitenin Belirlenmesi

Antimikrobiyal — aktivite testleri Hafsa ve
arkadaslarinin (2016) betimledigi disk diftizyon
teknigi ile Kromojenik E. ¢o/i ve Baird Parker kati

besiyeri (Diatek, Ttrkiye) lizerinde
gerceklestirilmistir (Hafsa vd., 2010).
Antimikrobiyal aktiviteye disk-difiizyon

testlerinde 2 cm ¢apht film besiyeri tzerine
yetlestirilerek ve etrafinda kalan/olusan temiz
bélge olgiilerek karar verilmistir. Testler tim film
tiplerinde gerceklestirilmis ve sonuglar Cizelge
4’de 6zetlenmistir.

Cizelge 4. Disk diftizyon metoduyla E. co/i ve S. aurens bakterilerine karst belirlenen kolonisiz bolge

(cm)

Table 4. Inhibition gone (em) determined by disc diffusion method against E. Coli and S. Aurens bacteria

Isikstz/ without light
Kolonisiz bélge (cm)
Inbibition zone (cm)

Tsikly/ with light
Kolonisiz bélge (cm)
Inbibition zome (em

E. coli S. aurens E. coli S. aurens
E}Zel 71322”%‘;; | 4.4140.140 Oli‘rfgzjl 4.76%0.344 Oli;f;zfl
%gf;‘:;;ﬂ%; L%?ﬁwiil;;? 4554007+ 0.115£0.007:  4.39+0.142 Oﬁﬁf
%gf;‘:;;ﬂ%; i%?;ii?;;? 51240140 0.110£0.0140  4.53+0.072 Oﬁﬁf
%gf;‘;;;ﬂ%; L?%%;i?;?}; 5.76£0.07¢  0.08510.007+  4.42+0.142 Oﬁﬁf

*Aynt sirada farkls harfler 6nemli farkliligr gosterir (P <0.05).
* Different letters in the same column show the significance (P<0.05).
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Kullamilan kromojenik besiyeri E.co/’nin beta
glikonidaz ve beta galaktosidaz aktivitelerine
kars1 secicidir ve E.co//nin biyimesi durumunda
mavi/turkuaz  koloniler olusarak besiyerinin
rengini maviye donistirmektedir (Sekil 5). Aynt
sekilde Baird Parker besiyeri S.aurens’un lipoliz ve
proteoliz aktivitelerine karst segicidir ve buyiime
sonucunda siyah etrafi haleli koloniler olusarak
besiyerinin rengini siyaha déntstirmektedir (Sekil
5). Mevcut calismada elde edilen tim filmler
Nawawi ve arkadaglarinin yoéntemi ile kiltir
mantaridan (Agaricus bisporus) kitin Sziitlenerek ve
gliserol eklenerek elde edilmigtir (Fazli Wan
Nawawi vd., 2019). Fazli Wan Nawawi ve
arkadaglarinin  s6z konusu calismasinda elde
edilen film yapdarmnin kitin nanolifleri ile yiksek
oranda glukandan olustugu gosterilmistir (Fazli
Wan Nawawi vd., 2019). Mantardan elde edilen
tip 1 kitin nanokompozit filmlerin K-ZIF-8
cklemeden dahi gram negatif E.co/i kolonilerinin
biyiimesine karst etkili oldugu gézlemlenmistir.
Daha 6nce yapilan pek c¢ok calismada kitin
nanoliflerinin antimikrobiyal aktivitesi
gosterilmistir (Li vd., 2016;Riaz Rajoka vd., 2020).
Kitinin deasetilasyonu ile elde edilen kitosanin
gram negatif bakterilere karst olan antimikrobiyal
etkisi son yillarda artarak farkli calismalarda
gOsterilmistir. SOz antimikrobiyal
mekanizmanin nedeni su sekilde 6zetlenebilir: (i)
kitosan yiizeyindeki pozitif yukli katiyonik
gruplarin gram negatif bakteri hiicre zarindaki
aniyonik gruplarla etkilesime gecerek, hiicre ici
unsurlarin hiicreden sizmasina sebep olmast; (ii)
disiik molekiler agirlikh kitosanin hiicre igerisine
girerek RNA ve protein sentezini engellemes; (iii)
kitosanin kiskaclayict molekiil gibi davranarak
metalleri baglayarak hicrenin blylimesini ve
toksin Uretimini O6nlemesidir  (Papineau vd.,
1991;Liu vd.,, 2001;Li vd., 2016). Yukarida
siralanan sebepler kitin nanoliflerinden olugan
mantar tabanli kitin nanokompozit filmlerin gram
negatif . co/i Gzerindeki antimikrobiyal etkisini
actklamak icin kullanilabilir. Ancak s6z konusu
etkinin gram pozitif S.aurens icin aynt sekilde
gecerli olmadigt gériilmektedir. Bunun sebebi ise
kitin nanokompozit yapinin ve S. awureus bakteri
ylzeyinin pozitif yukli olmasindan dolayt kitinin
S.  aureus  kolonileriyle etkilesiminin  sinirlt
olmastyla actklanabilir (Li vd., 2016). Tip 1 ve tip

konusu

2 nanokitin filmler arasinda antimikrobiyal etki
bakimindan herhangi bir farka rastlanmamistir. Tki
film arasindaki tek fark tip 2 filme bos ZIF-8
nanoktistallerinin eklenmis olmasidir. Daha 6nce
yapilan calismalarda bos ZIF-8 nanokristallerinin
mevcut ¢alismada oldugu gibi E. /i ve S. aurens
patojenlerine karst antimikrobiyal bir etkisinin
olmadig1 gosterilmistir (Fu vd.,2022). Tip 3 filmler
icerisinde istatistiksel olarak 6nemli farkldik K-
ZIF-8 konsantrasyonu 5XMOK ve stiine
ctktginda gbzlemlenmistir. Gézlemlenen farkin
kurkuminin 6ncelikli olarak ZIF-8 icerisinden
daha sonra kitin nanokompozit yapi icerisinden
salinarak gram negatif bakteri koloni olusumunu
engelledigi diiginilmektedir. Kurkuminin E. co/i
ve 8. anrens Gzerine antimikrobiyal etkisi pek ¢ok
calismada gOsterilmistir. Ancak bu calismalarda
gozlemlenen kurkuminin farkhh antimikrobiyal
etkisi, bakterilerin farkli 6zellik gésteren hiicre
zatlariyla alakalidir (Tyagi vd., 2015). Kurkuminin
benzer sekilde E. c/i kolonilerinin biylimesine
karst oldukca etkili oldugu ancak ayni etkiyi S.
kolonilerinin buylumesine karst
gosteremedigi, kurkumin zein ve glukomannan
nanolifletinin icerisine cklendiginde
gozlemlenmistir (Wang vd., 2019).

anreus

Kurkuminin gram negatif ve gram pozitif
bakterilerin koloni bliylimelerine karst gésterdigi
antimikrobiyal etki farki bakterilerin hiicre duvari
farkliliklart ile actklanabilir (Bhawana vd., 2011).
Bir diger sebep kurkuminin iki farkli kati
besiyerindeki ~ farkli  diflizyon  hizlariyla
agiklanabilir (Suppakul vd., 2003). Literatiirde

kurkumine karst gbzlemlenen  farkliliklarin
bakterilerin  farklt direncte olan  suglatinin
kullammdan da  kaynaklaniyor  olabilecegi

distuntlmektedir.

Filmlerden Kurkumin Salinim Testleri

Calismanin en Onemli ciktilarinda bir tanesi
kurkuminin zamanla aktif paket malzemesi
igerisinden salmnarak paket icerisindeki gidayt
korumasidir. Bu nedenle 5 farkli uyarict igerisinde
salinim testleri gerceklestirilmistir (Sekil 6). Tip 3
kitin filmlerinin kurkuminin salinim analizlerinde
genel egilim ilk hizli bir salinim sonrasinda
yavaglayarak  salimimin  dengeye  ulastigt
gorilmustir. Benzer sonuglar kurkumin tara gum
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ve polivinil alkol filmleri ile peynir altt proteini
isolatlarindan  elde edilen filmler icerisine
eklendiginde elde edilmistir (Ma vd., 2017; Kevij
vd.,2020). K-ZIF-8 konsantrasyonu ile beraber
kurkumin konsantrasyonu kitin filmler icinde
arttikca kurkumin saltnim hizt artmustir (Guo vd.
2011). Uyariciar icerisinde en yiksek salinim
uyarict D2 sonrasinda  uyarict  D71°de
gozlemlenmistir. Kurkuminin oleik asit igerisinde

gozlemlenen yiiksek salinimi kurkuminin yapisal
olarak yag sever olmasindan kaynaklanmaktadir
(Kevij vd.,2020). Benzer sekilde etanol icerisinde
¢oziintrligh yiiksek olan kurkumin %050’k
etanol olan uyarict D1 igerisinde de oldukca
yiksek bir salinim gostermistir (Ramos vd., 2014).
Ozetle tip 3 filmler ierisinden kurkumin test
edilen uyaricilar icerisine belirli Slctilerde salinim
gOstermistir.
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Sekil 5. Antimikrobiyal testleri disk diftizyon metodu ile tip 1 kitin nanokompozit filmleri icin (a) E. co/i
ve (b) 5. Aureus bakterilerine karsi, tip 2 kitin nanokompozit filmleri icin (c) E.coli ve (d) S. aunrens
bakterilerine karst, IxMOK degerinde K-ZIF-8 yiiklenmis tip 3 kitin film icin (€) E.coli ve (f) S. anrens
bakterilerine karst, 5xMOK degerinde K-ZIF-8 yiiklenmis tip 3 kitin film icin (g) E. cw/i ve (h) S. anrens
bakterilerine karsi, 10xMOK degerinde K-ZIF-8 yiiklenmis tip 3 kitin film icin (i) E. co/i ve () S. anreus
bakterilerine karst gésterilmistir.

Figure 5. Antimicrobial tests with disc diffusion method for type 1 chitin nanocomposite films against (a) E. coli and (b)
S. aureus bacteria, for type 2 chitin nanocomposite films against (¢) E. coli and (d) S. anrens bacteria, for 1xMIC
equivalent K-ZIF-8 loaded type 3 chitin film against (¢) E. coli and (f) S. anrens bacteria, for 55xMIC equivalent K-
ZIF-8 loaded type 3 chitin film against (g) E. coli and (h) S. anrens bacteria, for 10xMIC equivalent K-ZIF-8 loaded
type 3 chitin film against (i) E. coli and (j) S. anrens bacteria were illustrated.
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Sekil 6. Farklt uyaricilar icerisinde tip 3 kitin filmlerin % kurkumin salinimu (a) uyarict A igerisinde, (b)
uyarict B icerisinde, (c) uyarict C igerisinde, (d) uyarict D1 icerisinde, (e) uyarict D2 icerisinde.
m Tip 3 Kitin Film 1XMOK K-ZIF-8 ile, ® Tip 3 Kitin Film 5XMOK K-ZIF-8 ile, A Tip 3 Kitin
Film 10XMOK K-ZiF-8 ile

Figure 6. In different stimulants, %o curcumin release for type 3 chitin films (a) in stimnlant A, (b) in stimulant B, (c) in

stimulant C, (d) in stimulant D1, (e) in stimulant D2.

m Type3 chitin film with 1XMIC K-ZIF-8, ® Type3 chitin filn with SXMIC K-ZIF-8, A Type3 chitin film with

10XMIC K-ZIF-8
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Film Dayaniklilik Testleri

Gergeklestirilen karakterizasyon testlerinde en iyi
performanst gosteren kitin nanokompozit filmin,
tim yapilan analizler degetlendirildiginde en
yiksek K-ZIF-8 konsantrasyonlu 10xMOK
kurkumin yiklenmis tip 3 kitin film oldugu

sonucu  ctkarlmistir.  Dayaniklilik  testinde
paketleme sonrast ya da paket malzemenin
depolanmast  sirasinda  antimikrobiyal ~ ve

antioksidan &zelliklerinde meydana gelebilecek
degisimler 28 gin boyunca gbzlemlenmistir.
Filmlerin ilk ginden baglayarak dort hafta
boyunca haftalik antimikrobiyal ve antioksidan
aktivitelerindeki degisim Cizelge 5’de
listelenmigtir. 1k 14 ginliik siregte 10xMOK
degerinde K-ZIF-8 yiiklenmis tip 3 kitin filmlerin
antioksidan  ve antimikrobiyal aktivitesinde
onemli bir degisim olmamustir. Genel olarak her
iki aktivitede disis egilimi gérilmis ve bu diists
egilimi 21 glinden sonra daha belirgin hale
gelmistir. Mevcut ¢alismada séz konusu aktivite
degisiminin ~ kurkumin  kaynakli  olabilecegi

disuntlmektedir. Literatirde kurkumin ihtiva
eden filmlerin depolama  kararliliklarindaki
degisim genel olarak renk degisim degerlerindeki
(AE) degisim incelenerek karar verilmistir (Zhang
vd., 2021;Yuan vd., 2022). Her ne kadar kullanilan
metotlar farkli olsa da kurkuminin ZIF-8 ve
mantar film igerisine hapsedildiginde g&sterdigi
kararhihk literatiirle benzerlik gostermektedir.
Kurkumin antioksidan &zellikli polifenolik bir
birlesiktir. Bu nedenle uzun siire oksijen ve yiiksek
istya maruz birakildiginda  kararliliginda
aktivitesinde degisimler yasanabilmekte ve uzun
streli kullanimlar i¢in biyouyumlu malzemelerin
icerisine  kapsiillenmeye gerek  duymaktadir
(Condat vd., 2015). Calismamizda yasanan
aktivite kaybinin biiylik oranda kurkuminin film
icerisinde 1s1dan ziyade oksijenle etkilesimi sonucu
yasandig1 disiinilmektedir. Sonug olarak 28 giin
sonunda antioksidan ve antimikrobiyal aktivite
kayb1 gbzlenmis olmasina ragmen filmlerde hala
anlamlt miktarda aktivite mevcuttur.

ve

Cizelge 5. 10xMOK degerinde K-ZIF-8 yiiklenmis tip 3 kitin filmlerin haftalik antioksidan ve
antimikrobiyal aktivite degisimleri
Table 5. Weekly changes in antioxidant and antimicrobial activity of 10xMIC loaded K-ZIF-8 type 3 chitin films

Gin % DPPH serbest radikal giderme aktivitesi E. ¢oli i¢in kolonisiz bélge (cm)
Day %DPPH free radical scavenging activity Inhibition gome for E. coli (cm)
0 19.8140.728» 5.67+0.2122
7 19.60£0.198» 5.48%0.071=
14 18.214+0.325% 5.22+0.141=>
21 17.84£0.255b 4.8310.071>
28 17.31+0.381P 4.60£0.085P
*Ayni strada farkls harfler 6nemli farkliligt gosterir (P <0.05).
* Different letters in the same column show the significance (P<0.05).
SONUC nedenden dolay, K-ZIF-8 eklemenin kitin

K-ZIF-8 konsantrasyonunun kitin filmlerin
mekanik, bariyer ve optik Ozelliklerine etkisi
incelendiginde filmlerin biyoaktif 6zelliklerine etki
ettigi kadar belirgin bir etkinin gbzlemlenemedigi
sonucuna varilmistir.  Bunun nedeni  kitin
nanoliften ytksek nanokompozit filmlerin tek
basina dahi dstlin 6zellik  gostermesinden
kaynaklandigi diisiiniilmektedir. Ayrica ZIF-8
nanokristallerinin mekanik ve bariyer 6zelliklerini
onemli Ol¢lide arttirdigt calismalarda ¢ok daha
yiksek ZIF-8 konsantrasyonunun kompozit
yapinin icerisine eklendigi gériilmustir. Yine aynt

filmlerin termal ve morfolojik 6zelliklerinde ¢ok
buyik bir degisime sebebiyet vermedigi
disuntlmektedir. Filmletin  kurkumin salinim
testlerinde beklendigi gibi hidrofobik bir bilesik
olan kurkumin, en ¢ok zeytinyaginda salinim
gostermistir.  Filmlerin  antimikrobiyal — test
sonuclart kiltir mantarindan  6ziitlenen  kitin
tabanli nanokompozit filmlerin tek basina dahi
gram negatif F.co/i bakteri kolonilerine karst etkili
oldugunu gostermistir. Ancak aynt seviyede etki
gram pozitif S.aureus kolonilerinde
gozlemlenememistir. Aynt sekilde, gériiniir 151810
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koloni olusumunu engellemekle ilgili olarak
herhangi bir olumlu etkisi olmamustir. Istksiz
inkiibasyonda en vyiksek antimikrobiyal etki
10XMOK degerinde K-ZIF iceren filmde elde
edilmistir. Benzer bir egilim toplam fenolik madde
miktart ve antioksidan aktive analizlerinde de
gosterilmistir. K-ZIF-8 miktari arttikca artan
biyoaktif aktivite kurkuminin antioksidan 6zellikli
bir polifenolik birlesik olmasina baglanmstir.
Filmlerin biyoaktif ve fizikokimyasal Ozellikleri
belitlenip  karsilastirlldiginda  en  yiksek
performanst 10XMOK degerinde K-ZIF-8 igeren
kitin filmlerin sahip olduguna karar verilmistir.
10xMOK  degerinde K-ZIF-8 yilklenmis tip 3
kitin filmlerin 4°C’de %75 bagl nem ile
kogullandirilmis g6riintr 151k altindaki ortamda 14
gunlik saklama boyunca aktivitesinde 6énemli bir
degisim olmazken 21 giinden sonra belirgin bir
aktivite kaybt meydana gelmistir. Bu sonugtan
yola cikarak gelistirilen malzemenin uzun sire
depolamaya ¢ok wuygun olmadig: iretildikten
hemen sonra aktif malzeme olarak kullanima daha
uygun oldugu kanaatine varilmigtir.

CIKAR CATISMASI BEYANI
Bu makalede yazarlarin bagka kisiler ya da
kurumlarla ¢tkar catismalart bulunmamaktadir.
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