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ABSTRACT

The Pistacia terebinthus I was extracted using liquid and supercritical carbon dioxide together with a co-solvent
(ethanol). The effect of different temperatures (30 and 50°C), pressure (250, 300, and 350 bar), extraction
time (60 and 120 min), and different percentages of co-solvent (0, 5, and 10%) was investigated. The amount
of phenolic compounds, tocopherols, and fatty acid composition was determined. HPLC, UHPLC and GC
were used for analysis of phenolic compounds, tocopherols, and fatty acid composition respectively.
Quercetin was the main phenolic compound. The oil was rich in unsaturated fatty acids which were between
69.68 — 75.47%. Oleic acid was the predominant unsaturated fatty acid, and the main saturated fatty acid
was palmitic acid. Total tocopherol content of the oil was between 13.07-245.3 ppm and the main tocopherol
was [3-tocopherol. The study showed that the amount of phenolic compounds, fatty acid composition, and
tocopherol content were changed according to the parameters.

Keywords: Pistacia terebinthus L, supercritical carbon dioxide, phenolic compounds, tocopherols, fatty acid
composition

PISTACIA TEREBINTHUS L. YAGININ KOSOLVENT ILE MODIFIYE
EDILMIS SIVI ve SUPERKRITIK KARBONDIOKSIT iLE EKSTRAKSIYONU ve
FENOLIK BILESIKLER, YAG ASIiDi PROFILi VE TOKOFEROLLERIN
ANALIZI

oz
Galismada Pistacia terebinthus L, stvi ve superkritik karbondioksit ile yardimer ¢6zlicii (etanol)

kullanilarak ekstrakte edilmistir. Bu amacla farkl sicaklik (30 ve 50°C), basing (250, 300 ve 350 bar),
ekstraksiyon siiresi (60 ve 120 dakika) ve yardimei ¢6zici yizdelerinin (0, 5 ve 10%) etkisi
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arastirilmistir. Ekstraksiyon sonrasinda elde edilen yaglarin fenolik bilesik ve tokoferol icerikleri ve
yag asidi kompozisyonu belitlenmistir. Fenolik bilesiklerin analizi HPLC, tokoferollerin analizi
UHPLC ve yag asidi kompozisyonunun analizi icin GC kullanilmistir. Fenolik bilesikler arasinda en
yiksek oran Kuersetine ait bulunmustur. Elde edilen yagin doymamis yag asitleri bakimindan zengin
oldugu bulunmustur (69.68 — 75.47%.). Doymamius yag asitlerince zengin olan yagda oleik asit baskin,
doymus yag asitleri i¢inde ise palmitik asidin ana bilesen oldugu bulunmustur. Yagin toplam tokoferol
iceriginin 13.07-245.3 ppm arasinda ve ana tokoferolin B-tokoferol olarak bulunmustur. Calisma,
fenolik bilesiklerin miktarinin, yag asidi kompozisyonunun ve tokoferol iceriginin parametrelere gbre

degistigini géstermistir.

Anahtar kelimeler: Pistacia terebinthus L, superkritik karbondioksit, fenolik bilesikler, tokoferoller,

yag asidi kompozisyonu

INTRODUCTION

Terebinth (Pistacia Tehrebinthus 1..) is a member of
the Anacardiaceae family and is native to Asia and
the Mediterranean widely grown in the southeast
parts of Ttrkiye (Gecgel and Arici 2009; Kizil and
Turk 2010). It is known as Menengic or Melengic
in Tarkiye. The plant’s fruits are small and
globular and have a dark greenish color when ripe
(Gecgel and Arici 2009). Menengi¢c paste is
consumed as a hot beverage like coffee and the
powder of the fruit is utilized in seasoning
mixtures, especially in the Southeast Anatolian
region of Turkiye (Kavak et al. 2010). Various
parts and extracts of this fruit have long been used
for different purposes including the treatment of
gastric issues, cough, rheumatism (externally) and
gastralgia (internally) (Kavak et al. 2010). Further,
species of Pistacia can be used for treating
eczema, renal stones, and throat infections, also
they have anti-inflaimmatory, antibacterial,
antiviral, and antipyretic effects (Giner-Larza et al.
2002). Studies have indicated that terebinth fruits
are rich in oil (35-47%) and composed of mainly
unsaturated acids which are oleic and linoleic acid
(Gecgel and Arici 2009; Kizil and Turk 2010).
Furthermore, the fruits are rich in carotenoids,
phenolic compounds, tocopherols, tannins, and
dietary fiber (10%) (Matthaus and Ozcan 2000).
Researchers have investigated the bioactive
characteristics, fatty acid composition, mineral
content, volatile compounds, physicochemical
properties, and anti-microbial properties of
terebinth fruits or leaves in various studies
(Kordali et al. 2003; Matthaus and Ozcan 2006;
Kavak et al. 2010; Durmaz and Goékmen, 2011;
Orhan et al. 2012). However, in these studies, the
extractions were performed by classical extraction
methods using different solvents such as ethanol,

chloroform, and ethyl acetate. The main
drawbacks of solvent extraction methods include
high consumption of solvent, long extraction
time, and matrix interactions between the extract
and the solvent which makes it difficult to remove
the solvent from the extract. Additionally, these
methods may require high temperatures leading
to the degradation of heat-sensitive compounds
such as (phenolic compounds. Supercritical fluid
extraction (SFE) is a promising method for the
extraction of oils from different matrices as it
eliminates the degradation of heat-sensitive
compounds and minimizes solvent residues in
extracts (Senyay-Oncel et al. 2011). Carbon
dioxide is widely utilized in supercritical fluid
extractions due to its non-toxic, cheap, and has
non-flammable properties. When extracting
phenolic compounds, a co-solvent like ethanol or
methanol should be used in supercritical carbon
dioxide extraction since carbon dioxide is non-
polar and phenolic compounds cannot be
extracted without a co-solvent.

In this study the extraction of phenolic
compounds and tocopherols along with the oil
trom Pistacia terebinthus L by using scCO, with
ethanol as a co-solvent was performed. Also, the
fatty acid composition of the oils obtained was
investigated. The effect of different parameters,
such as temperature (30 and 50°C), pressure (250,
300, and 350 Bar), co-solvent percentage (0, 5,
and 10%), and extraction time (60 and 120 min.)
was investigated.

MATERIALS AND METHODS

Materials

Terebinth fruits (Pistacia terebinthins) wetre obtained
from a local bazaar in Gaziantep during the
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growing season. The fruits were cleaned to
remove foreign materials such as dirt, stones, and
chaff. Prior to each extraction, 30 g of fruits were
crushed to homogenize the samples and increase
the surface area for supercritical extraction. The
standards used for HPLC analysis were obtained
from Sigma-Aldrich (Steinheim, Germany).
Ethanol, used as a co-solvent, and methanol,
utilized for the extraction of phenolic compounds
from the terebinth fruit oil was obtained from
Riedel de-Haen (Germany). HPLC grade acetic
acid (100%) was from Sigma-Aldrich (Germany)
and Acetonitrile was from Merck (Darmstadt,
Germany).

Supercritical fluid extraction of terebinth
fruits

The extraction of oil and the phenolic
compounds from the terebinth fruits was
performed by using an analytical supercritical
fluid  extractor  (SFE-100-2-FMC10,  Thar
Instruments, PA, USA). The instrument was
equipped with an Automated back pressure
Regulator, 100ml extraction vessel, 500 ml
collection vessel, six-zone temperature controller,
high-pressure P-50 Series pump, cooling systems
filled with glycol, and a series III pump for co-
solvent (which cannot operate over 400 bar). The
co-solvent pump was purged before each
extraction to ensure that co-solvent entered the
system (Thar Instruments, Series III pump,
Manuel)

The terebinth fruits obtained from the local
market were cleared of foreign substances. 30 g of
terebinth fruits were weighed for extraction, and
they were smashed in a porcelain mortar for 10
min, to increase the surface area before extraction.
Then they were sieved and the ones that were
between 425 and 230 pum were used for
extraction. The smashed fruits were then placed
in the extraction vessel. The flow rate of CO2 was
set to 5 g/min and was the same for all the
extraction parameters. Since COz is a non-polar
solvent, it is not possible to extract the phenolic
compounds without a polar co-solvent. In this
study, CO2 was modified by using ethanol as a co-
solvent. Three different co-solvent (ethanol)
percentages were tested which were 0, 5, and 10%

(weight %). Other parameters studied in the
research to observe their effects on phenolic
compounds, fatty acid profile, and tocopherol
contents, were temperature (30 and 50°C),
pressure (250, 300, and 350 Bars), and extraction
time (60 and 120 min.). The parameters were
chosen based on the studies of Eyiler-Yilmaz et
al. (2011). The oil extracted was collected in a
250ml volumetric flask along with the co-solvent
and the ethanol in the collected samples was
removed with a rotary evaporator (Buichi, B465,
Switzerland) at 45°C, 110rpm. After removal of
the ethanol, the samples were stored at 4°C until
further analysis. The extractions with SC-
COz were performed in duplicate.

Phenolic compound analysis of terebinth
extracts.

The samples obtained after the extraction process
were analyzed by RP-HPLC according to the
method of Pirisi et al. (2010). According to this
method, 1 ml of oil sample was transferred to a
centrifuge tube and 1 ml of methanol was added.
The mixture was vortexed for 2 min before being
centrifuged at 3000 rpm for 10 min (Ntive, NF
1215, Istanbul, Turkey). The supernatant
obtained was then transferred to a test tube for
further analysis.

The samples were analyzed using HPLC (Agilent
1100 RP-HPLC) equipped with a nucleosil C18
HPLC column (250%*4.6 mm, Supelco Inc.,
Bellefonte, PA, USA) and a DAD detector set at
280 nm for catechin and gallic acid, 370nm for
myricetin and quercetin. The flow rate of the
mobile phase was maintained at 1ml/min and the
injection volume was 20 pl. A gradient flow
method was used with 2 mobile phases which are
2% acetic acid (in water Mobile Phase A) and 100
% acetonitrile as phase B, the total analysis time
was 30 min. The gradient program was as follows:
the concentration of acetonitrile was increased to
50% in 20 min, isocratic for 5 min, then the
concentration of acetonitrile was decreased to 0%
in 1 min and was isocratic for the last 4 min. The
retention times for gallic acid, catechin, myricetin
and quercetin were 4.4, 9.7, 15.7 and 18.2 minutes
respectively. Each experiment was performed in 2
parallels.
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Tocopherol analysis

The analysis of a-, 3-, y- and 8-tocopherol was
performed with ultra-high-performance liquid
chromatography (UHPLC, Dionex Ultimate
3000), by using LiChrosorb SI 60-5 column (4.6
mm internal diameter * 250 mm length and 5um
particle size). 2 g of oil samples were weighed into
25 ml volumetric flask and dissolved with some
hexane then completed to 25 ml with hexane. The
mixture was vortexed for 15 min then the
prepared mixture was passed through 0.45 um
syringe-type HPLC filters (PVDF, Millipore
Millex-HV) and transferred to an HPLC vial. The
tocopherols were differentiated from each other
with isopropanol: hexane (0.5:99.5%, v/v) mobile
phase under isocratic conditions at a flow rate of
1ml/min, at 292 nm and the temperature of the
column was 30°C. The analysis time was 30 min
and the injection volume was 100ul. the
tocopherol isomers were identified according to
the retention times of the prepared standards and
the amount was determined as ppm level by using
the area under the peaks obtained from UHPLC
(AOAC 2017). The retention times for o, 3, y and
8 -tocopherol were 8.01, 14.12, 15.87, and 28.77
minutes respectively. The experiments were
performed in 2 parallels.

Determination of fatty acid composition

The fatty acid composition of the samples was
determined by using TRACE Ultra GC (Thermo
Fisher Scientific, Waltham, MA, USA) gas
chromatography equipped with flame ionization
detector and capillary column (0.25 mm i.d. X 100
m, 0.25um film thickness) (European
Commission Regulation 2017). The injection
detector temperatures were set to 240 and 250°C
respectively. The initial temperature was 100°C
and the temperature ramp rate was 4°C/min.
Helium was used as carrier gas with a flow rate of
ImL/min. The split ratio was set as 40:1. For the
preparation of samples, 0.1 g of extracted oil
sample was weighed, and 2ml heptane and 0.2 ml
2 M of methanol (11.2 ¢ KOH dissolved in 100
ml HPLC grade methanol) were added. The
mixture was vortexed for 15 min. then was
centrifuged at 5000 rpm for 5 min. the
supernatant obtained after centrifugation was

used for the GC analysis. The experiments were
performed in 2 parallels.

Statistical analysis

The results of the research were evaluated with
factorial design variance analysis using SAS 9.4
statistical program. The means that were
significantly different were compared by applying
the Tukey multiple comparison tests.

RESULTS AND DISCUSSION
Phenolic compounds determined
Terebinth oil samples.

To comprehensively assess the combined impact
of pressure, co-solvent percentage, temperature,
and extraction time on phenolic compounds,
Table 1 presents the average values obtained
across all parameters corresponding to the same
pressure, co-solvent percentage, temperature, and
extraction time for each specific compound.

in the

The results indicate that changes in pressure and
temperature did not significantly affect the
amount of quercetin (Table 1, P > 0.05).
However, an increase in co-solvent percentage
and extraction time significantly increased the
amount of quercetin (P < 0.05). These findings
highlight the significance of co-solvent
percentage and extraction time as the primary
factors influencing quercetin levels in terebinth
oil. These results align with the findings of
Martino and Guyer (2004), who emphasized that
co-solvent was the most influential parameter for
quercetin extraction.

The results indicate that changes in temperature,
pressure, and extraction time did not significantly
affect the amount of catechin (Table 1). However,
increasing the co-solvent percentage from 0% to
5% resulted in a significant increase in catechin
levels (P < 0.05). Murga et al. (2000) discovered
in their study that when the co-solvent level was
below 5%, only gallic acid could be extracted from
grape seeds. Although our study involved a
different matrix, the results in Table 1 suggest that
catechin extraction without co-solvent is possible
at 50°C and 350 bars of pressure which is the
supercritical condition. At high pressure and
temperature, it becomes feasible to disrupt
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analyte-matrix interactions and extract catechin
from terebinth, which is consistent with the
findings of Berna et al. (2001). (Table 1).
According to the studies by Spencer Chatwell et
al. (2021) and Bassing and Siegfried Braeuer
(2021) when CO: is mixed with ethanol the
critical conditions changes because the critical
condition for ethanol is higher. Therefore, in our
study the mixture obtained at 10% ethanol might
not reach critical conditions which could be the
reason for the decrease in the level of phenolic
compounds.

Table 1. Effect of Pressure, Co-Solvent
Percentage, Temperature and Extraction Time
on Quercetin and Catechin

Quercetin Catechin
Main Factors (QUE) (CAT)
(mg/kg) (mg/kg)
Pressure (Bar)!
250 72.66+20.65* 30.45+5.472
300 79.87127.642 21.06%6.112
350 72.75+23.072 30.67+6.312
p 0.8564 0.2668
Co-Solvent
Percentage (%0)?
0 15.90£1.162 11.12£5.592
5 36.23+3.132 41.42£2.18b
10 172.90+19.78>  29.611+6.15
p 0.0001 0.0005
Temperature
CCy
30 78.79119,342 25.8814.92»
50 71.42+19.192 29.14£497»
p 0.5460 0.5716
Extraction Time
(min)*
60 55.25%+10.672 31.57+4,692
120 94.96+24.17b 23.46£5,03*
p 0.0026 0.1654

a-b: Means within the same factor and the same
column with different letters are different (p < 0.05).
ND: Not Detected.

! Each number represents the average value of each
parameter for all samples with the same pressure.

2 Each number represents the average value of each
parameter for all samples with the same Co-solvent
percentage.

3 Each number represents the average value of each
parameter for all samples with the same temperature.
4 Each number represents the average value of each
parameter for all samples with the same extraction
tme.

The results of gallic acid were not included in the
factorial design statistical analysis because the
obtained results were not suitable for the design.
It was not possible to extract gallic acid in most
of the extraction parameters.

The solvation power of CO; is a function of
temperature and pressure, and it is well-known
that an increase in pressure increases the solvation
of supercritical CO On the other hand,
increasing the temperature decreases the
solvation of COz (Brunner 2005). Additionally, it
should be noted that the impact of temperature is
more complex, such as it was reported in the
literature that at low pressures (10 — 15 MPA),
temperature negatively affects the SFE of
phenolic compounds. However, above these
pressure thresholds, it was stated that temperature
has s positive effect on the extraction of
polyphenols. In our study, the pressure values
exceeded these thresholds. Nevertheless,
increasing the temperature while holding all other
parameters constant did not lead to a significant
increase in the concentrations of quercetin,
catechin, and gallic acid. Similar findings have
been documented in the literature, with this
behavior being attributed to the thermal
degradation of phenolic compounds (Ferrentino
et al. 2018). Furthermore, Chafer et al. (2007)
found that increasing the temperature decreased
the amount of gallic acid in their study.

Myricetin was also analyzed by HPLC from the
extracted oil however it was not possible to detect
the compound. This may be attributed to the
possibility that myricetin was not extractable
under the parameters employed in this study.

As mentioned above temperature and pressure
are the primary factors influencing the solubility
of CO; as they define the density of supercritical
fluids (Lee et al. 20006). In supercritical and near-
critical solvents, the solubility of low-volatility
substances typically decreases with temperature at
low pressures due to the rapid decrease in fluid
density as temperature increases near critical
pressures. However, at higher pressures (over 200
Bar), the effect of temperature on density is
diminished, and vapor pressure becomes the
predominant factor affecting the density of the
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supercritical fluid (Brunner, 2005). It can be
observed from the results that the higher levels of
catechin were extracted at 50°C where COz isina
supercritical state. There was a slight, albeit non-
significant decrease in quercetin levels with
increasing the temperature. Since different
compounds could be extracted at their maximum
levels at different parameters, extractions should
be conducted according to the selected
compound. It can be emitted from the obtained
results that the percentage of the co-solvent used
was the most effective parameter for the
extraction of phenolic compounds from terebinth
fruits.

Fatty acid profile of the Terebinth oil

Thirteen different fatty acids were observed in the
extracted terebinth oils. However, only the results
of the five predominant fatty acids: palmitic,
stearic, palmitoleic, oleic, and linoleic acids were
presented in Table 2. Table 2 provides an

overview of the combined effects of pressure, co-
solvent percentage, temperature, and extraction
time on the fatty acid profile. The values represent
the average value of all the parameters within the
same  pressure,  co-solvent  percentage,
temperature, and extraction time for the specific
compound. The results indicate that changes in
pressure did not significantly affect the levels of
saturated and unsaturated fatty acids (P > 0.05).
However, oleic and stearic acid levels were
significantly increased with higher co-solvent
percentages (Table 2). On the other hand, the
levels of palmitic, palmitoleic, and linoleic acids
were decreased when the co-solvent percentage
was increased. Both temperature and extraction
time were found to be significant factors in
reducing the palmitic acid level (P<0.05). A
decrease in the level of palmitic acid is favorable
because it is a saturated fatty acid and as
mentioned above saturated fatty acids increase
LDL and HDL cholesterol.

Table 2. Effect of Pressure, Co-Solvent Percentage, Temperature, and Extraction Time on Fatty acid
composition of Terebinth oil.

Main Factors

Palmitic acid

Stearic acid

Palmitoleic acid

Oleic acid (%)

Linoleic acid

%) %) %) %)
Pressure (Bar)!
250 22.18%0.202 1.68+0.03# 3.61£0.342 44.25+0.27» 22.23+0.122
300 22.2940.17» 1.70£0.022 3.87+0.07» 44.69+0.152 22.22+0.102
350 22.3740.202 1.72+0.022 3.20£0.432 47.5310,322 21.94%0.132
p 0.5699 0.1581 0.1946 0.4274 0.1235
Co-Solvent
Percentage (%0)?
0 22.7510.06* 1.63£0.022 4.07+0.032 47.1510.24» 22.27+0.122
5 22.42+40.18 1.6910.02b 3.90£0.062 47.30%0.312b 22.28+0.082
10 21.67+0.14> 1.78+0.01¢ 2.70+0.47> 48.031£0.11b 21.85+0.12b
0.0001 0.0001 0.0013 0.0343 0.0137
Temperature (°C)3
30 22.3140.16* 1,71£0.022 3,47+0.302 47,4710.21» 22,14+0.112
50 2226+0.15> 1,69£0.022 3,66+0.222 47,5210.21» 22,13+0.092
p 0.7347 0.1887 0.5223 0.8555 0.9546
Extraction Time
(min)*
60 22,42+40.15# 1,69+£.0.022 3,24+0.352 47,351£0.272 22,13+0.272
120 22,14+0.15> 1,71£0.022 3,8810.06" 47,6410.132 22,13+0.132
p 0.0735 0.2111 0.0367 0.3095 0.9825

Means within the same factor and the same column with different letters are different (p < 0.05).
! Each number represents the average value of each parameter for all samples with the same pressure.

2 Each number represents the average value of each parameter for all samples with the same Co-solvent

concentration.

3 Each number represents the average value of each parameter for all samples with the same temperature.
4 Each number represents the average value of each parameter for all samples with the same extraction time.
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These results were lower than the findings of
Gecgel and Arici (2009) and Durak and Ugak
(2015) which could be attributed to differences in
climate, soil type, and environmental factors
where the fruits were obtained. Sodeifian et al.
(2016) investigated the extraction of fruit oil from
Pistacia kbinjuk stocks using supercritical carbon
dioxide and reported that the main component of
UFA was oleic acid consistent with our study. The
oleic acid content in Pistacia khinjuk stocks fruit
was approximately 57% which was higher than
the findings of our study. It was stated by Satil et
al. (2003) that the amount of oil and the fatty acid
composition of the terebinth samples were
influences by the climatic conditions and type of
soil of the area they were grown.

Pistacia terebinthus (Terebinth) and Pistachio nuts
belong to the same family. It was shown by Satil
et al. (2003) that the amount of oleic acid in the
pistachio nuts was nearly 60% which is higher
than that in Pistacia terebinthus. Olive oil has long
been known and used oil, especially in the
Mediterranean because of its positive effects on
health such as the prevention of coronary heart
disease and certain cancer types (Visioli et al.
2018). It is believed that this health benefit of
olive oil comes from the unsaturated fatty acid
which is mainly oleic acid. According to the
results of Belbaki et al. (2017), the olive oil
extracted using supercritical CO» included fatty
acids from Cis to Cao.1, and oleic acid was the main
unsaturated fatty acid with a ratio of 59.3% which
is higher than our results. The amount of linoleic
acid in the extracts was between 21.85 — 22.28%.
These results were found to be higher than its
relative pistachio nuts (Satil et al. 2003) and olive
oil (Belbaki et al. 2017).

Palmitic acid was the main saturated fatty acid
found in the fatty acid profile analysis (21.67 —
22.37%), while stearic acid content was lowert,
between 1.63 — 1.78%. Similar findings were
reported by Gecgel and Arici (2009). Saturated
fatty acids have been linked to increased serum
low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) cholesterol levels. Lautic and
myristic acids exhibit the strongest effect on LDL
and HDL cholesterol levels among saturated fatty

acids, whereas palmitic acid, although increasing
cholesterol levels, does so to a lesser extent than
lauric and myristic acid. On the other hand, stearic
acid does not affect LDL and HDL cholesterol
(Mensink 2013). Based on this knowledge, it is
important to reduce the amount of saturated fatty
acids in the diet. It was found by Chowdbury et
al. (2007) that the amount of palmitic acid in palm
oil was 41.78% which is higher than that in
terebinth oil. Palm oil is one of the most used oils
in the food industry. Given the lower saturated
fatty acid content in terebinth oil compared to
palm oil, it could serve as a viable alternative in
food applications. Nevertheless, it should be
noted that the amount of saturated fatty acids in
the study was higher than that of pistachio nuts
and olive oil (Satil et al. 2003; Belbaki et al. 2017).
Olive oil is one of the most suggested oils for
consumption due to its high unsaturated fatty acid
content. The results of the study showed that the
unsaturated fatty acid levels of terebinth oil are
lower when compared to olive oil. While olive oil
usage in the food industry is somewhat limited
due to its higher cost, terebinth oil presents an
attractive alternative due to its high oleic acid and
low saturated fatty acid content.

The ratio of saturated fatty acids to unsaturated
fatty acids (SFA/UFA) is a criterion for the
evaluation of the nutritional and functional
properties of the oil (Sodeifian et al. 2016). The
average value of SFA/UFA ratios of the samples
was between 0.31 — 0.38 which is close to the
results of Sodeifian et al. (2016). However, these
values are relatively low when compared to other
vegetable oils such as soybean, peanut, and olive
oil (Fasina et al. 2008). Besides the effect of
saturated fatty acids on cholesterol levels, it is
believed that a high intake of saturated fatty acids
may cause cardiovascular diseases and it has been
found that a high intake of saturated fatty acids
can lower insulin sensitivity which is an important
factor in metabolic disorder and diabetes (Nagao
and Yanagita 2010). Due to this reason, the
extraction parameters should be chosen carefully
to decrease the amount of saturated fatty acids.
Also as mentioned previously the fatty acid
composition of terebinth oil can be affected by
the climatic conditions, soil type, and
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environmental factors where the plant is grown
(Satil et al. 2003).

Tocopherol content of the tetebinth oil

The average values of each parameter for all the
samples were given in Table 3. The total
tocopherol content of the oil samples was

between 13.07-245.3 mg/kg which was lower
than the findings of Matthaus and Ozcan (2006)
and Durmaz and Vural (2011). Unlike the findings
of previous studies (Matthaus and Ozcan 2006;
Durmaz and Vural 2011), the main tocopherol

found in the study was 3- tocopherol.

Table 3. Effect of Pressure, Co-Solvent Percentage, Temperature and Extraction Time on Tocopherol
Content of Terebinth oil

. o — tocopherol
Main Factors p

B- tocopherol

y- tocopherol - tocopherol

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Pressure (Bar)!

250 18.23+12.792 90.061+19.332 8.7910.762 5.67£1.29
300 7.2416.15 103.991+18.64¢ 8.4710.782 2.06£0.80°
350 8.6214.022 70.87119.402 6.360.60P 3.70+0.72

0.5514 0.3462 0.0411 0.0282

Co-Solvent
Percentage(%0)?

21.90+13.41» 33.99£8.707 6.5910.722 1.86+0.76>
5 2.61£1.132 127.41+16.79> 8.5310.622 4.61£0.91»
10 9.58%5.082 103.53+19.02> 8.5110.862 4.961+1.27»

p 0.2158 0.0007 0.0987 0.0406

Temperature (°C)3

30 19.4319.382 91,34116.572 8,1410.512 4,47£0.992
50 3,28+1.042 85,28+14.822 7,61£0.732 3,14+0.65*

p 0.0789 0.7433 0.5135 0.2099

Extraction Time (min)*

60 21,3019.222 92,27118.672 7,6910.702 3,41£0.852
120 1,42+0.34> 84,34112.032 8,06£0.562 4,2140.862

p 0.0329 0.6682 0.6523 04488

a-b: Means within the same factor and the same column with different letters are different (p < 0.05).
! Each number represents the average value of each parameter for all samples with the same pressure.

2 Each number represents the average value of each parameter for all samples with the same Co-solvent

concentration.

3 Each number represents the average value of each parameter for all samples with the same temperature.
4 Each number represents the average value of each parameter for all samples with the same extraction time.

The amount of a-tocopherol decreased with
increasing temperature while keeping other
parameters constant. a-tocopherol is susceptible
to oxidation at high temperatures, potentially
leading to its degradation. Similarly, the extraction
time had a negative effect on a- tocopherol levels.
As depicted in Table 3 increasing extraction time
significantly decreased the amount of -
tocopherol (P <0.05).

According to the results an increase in the co-
solvent percentage significantly increased the
amount of B- tocopherol (P <0.05, Table 3).

Conversely, temperature, pressure, and extraction
time showed no significant effect. Moreover,
time, co-solvent concentration, and temperature
had no significant effect on the y- tocopherol
content. However, increasing the pressure to 350
bars led to a significant decrease in the amount of
y- tocopherol (P <0.05). The only parameter that
significantly reduced the 8- tocopherol content
was pressure (P <0.05). while, temperature, time,
and co-solvent percentage showed no significant
effect on 8- tocopherol content. The results
demonstrated that changing the parameters had
diverse effects on each tocopherol type. Generally
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increasing the temperature from 30°C to 50°C led
to a decrease in tocopherol levels, which may
indicate the degradation of these substances at
higher temperatures. Therefore, if it is desired to
obtain higher amounts of tocopherols in the

extract, temperatures lower than 50°C could be
selected for SFE.

The tocopherol contents of terebinth oil in our
study were lower when compared to the results of
Mathaus and Ozcan (2006) which could be due to
the differences in the environmental and climatic
conditions and the differences in the soil where
the terebinth plants were grown. The terebinth
oil's tocopherol content was lower compared with
other oils like palm oil (Tan et al. 2009) and olive
oil (Uluata et al. 2021).

CONCLUSION

In this study, the extraction of oil from Pistacia
terebintns L with liquid CO2 and ScCO», followed
by the analysis of phenolic compounds,
tocopherols, and fatty acid composition was
conducted. It was observed that Supercritical
Fluid Extraction (SFE) offers several advantages,
such as requiring less or no solvent, operating at
low temperatures, and being oxygen-free, which
prevents the degradation of easily degradable
substances during extraction. Terebinth oil has a
lower amount of unsaturated fatty acids and
tocopherols when compared to olive oil
However, olive oil is an expensive type of oil and
due to this, it is difficult to use in the food
industry. In comparison, terebinth oil emerges as
a promising alternative to oils like palm, soy, or
rapeseed oil. Additionally, due to its high content
of unsaturated fatty acids and tocopherols,
terebinth oil can be used in the meat industry in
low-fat meat products. It is important to note that
changing the extraction parameters changes the
amount of the phenolic compounds, tocopherols,
and fatty acid composition. Therefore,
researchers or producers should choose the
extraction parameters carefully based on the
substance they aim to extract at the highest
concentration. This ensures optimal extraction
efficiency and product quality.
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Bu ¢alismada, Ortadogu’da uzun yillardan beri titketilen ve son yillarda Turkiye’de de tretilmeye baglanan
Shanklish peynitlerinden mayalarin izolasyonu, Start Codon Targeted (SCoT) markér yontemi kullanilarak
identifikasyonu ve enzimatik aktivitelerinin belirlenmesi amaglanmustir. Olgunlastirilmus peynirlerden 24 adet
maya izole edilmis, SCoT markér yontemiyle DNA parmak izleri elde edilerek gruplandirilmis ve her gruptan
temsili izolatlar sekanslanarak identifikasyon sonuglari elde edilmistir. Bu sonuglara gore, 19 adet Kiuyveromyces
lactis, 2 adet Pichia kudriavzevii, 1 adet Pichia fermentans, 1 adet Pichia membranifaciens ve 1 adet Clavispora lusitaniae
susu tanimlanmis ve API-ZYM enzim test kiti yardimiyla enzimatik karakterizasyonlart beliflenmistir. Bu
suslar arasindan K. /actis ANO17 susu yiiksek esteraz lipaz, 16sin arilamidaz, valin arilamidaz, sistin arilamidaz,
asit fostataz, Naftol-as-bi-fosfohidroliz, a-glukosidaz ve B-glukosidaz aktivitesi gosterirken orta seviyede
esteraz, B-galaktosidaz ve distk seviyede alkalin fostataz aktivitesi gbstermis ve bu sus enzimatik aktivite
yontnden en umut verici sug olarak tespit edilmigtir. Calisma sonuglarina gore, K /actis ANO17 susunun
olast starter/destek kiiltir kombinasyonlarinda laktik asit bakterileriyle birlikte kullaniminin teknolojik
yonden ustin peynir elde edilmesinde faydal olacag: distnilmektedir.

Anahtar kelimeler: Shanklish peyniti, SCoT markér, destek starter, maya, enzimatik aktivite

MOLECULAR IDENTIFICATION AND ENZYMATIC CHARACTERIZATION
OF ENDOGENOUS YEAST ISOLATED FROM SHANKLISH CHEESE

ABSTRACT

In this study, the isolation of yeasts originated from Shanklish cheeses produced and consumed in
Turkey, their identification using the SCoT marker method, and the determination of their enzymatic
activities were aimed. Twenty-four yeasts were isolated from these ripened Shanklish cheeses and
they are grouped by obtaining DNA fingerprints using the SCoT marker method and then
representative isolates from each group were sequenced for identification. Based on the identification
results, 19 Kiluyveromyces lactis, 2 Pichia kudriavzevii, 1 Pichia fermentans, 1 Pichia membranifaciens and 1
Clavispora lusitaniae strains were identified and their enzymatic characterizations were determined
using the API-ZYM enzyme test kit. Among these strains, K. /actis ANO17 showed high esterase
lipase, leucine arylamidase, valine arylamidase, cysteine arylamidase, acid phosphatase, naphtol-AS-
BI-phosphohydrolase, a-glucosidase, and 3-glucosidase activities, while showing moderate esterase,
B-galactosidase, and low-level alkaline phosphatase activities and so this strain was identified as the
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most promising strain in terms of its enzymatic activity. According to these study results, it is
considered that the use of K. /actis ANO17 strain in potential starter/adjunct culture combinations
with lactic acid bacteria can be utilized to obtain technologically superior cheese.

Keywords: Shanklish cheese, SCoT marker, adjunt starter, yeast, enzymatic characterization

GIRIS
Fermantasyon ile tretilen peynirler ve st triinleri
Ozellikle Akdeniz iilkelerinde yasayan insanlar icin
beslenmenin 6nemli bir parcasidir. Shanklish
peyniri ise bunlardan birisi olup Libnan, Suriye,
Irak basta olmak Ulzere tim Ortadogu’da
tiketilmektedir (Nehme vd., 2019). Bu bélgenin
disinda 1860 Libnan i¢c savast nedeniyle
Arjantin’in ~ Corrientes  schrine  gé¢  eden
Libnanlilar nedeniyle Arjantin’de de titketilen bir
peynir haline gelmistir (Patino vd., 1999). Benzer
sekilde 2010 yiinda Suriye’de baglayan ic savas
nedeniyle tilkemize gé¢ eden bolge halki nedeniyle
de tlkemizde taninirligi ve tiketimi artmugtir.

Shanklish peyniri, Turkiye’de iretilen ve cografi
isareti alnmis  Antakya Sirk  peyniriyle
benzerlikler tagisa da olgunlasma periyodu ve
tretim metotlarindaki farkliliklar ile Antakya Strk
peynirinden ayrilmaktadir. Shanklish dretimi icin
ilk olarak koyun stitiinden yogurt yapilir ve elde
edilen yogurt 2-3 giin buzdolabinda dinlendirilir.
Mevsimsel farkliliklara ve bélge tercihlerine gére
koyun stiti yaninda ke¢i ve inek stitleri de tercih
edilebilmektedir. Dinlendirilen yogurt
proteinlerin koagiilasyonu icin sitilir ve ¢okelti
toplanarak tiillbent yardimiyla stiziiliir. Daha sonra
tuz ilave edilerek top haline gelecek sekilde
sekillendirilir. Hazirlanan taze peynirler kimyon,
kekik ve kirmizibiber tozu ile kaplanarak
cesnilendirilir. Son olarak ¢esnilendirilen toplar
toprak kavanozlara doldurularak birka¢ hafta
olgunlasmaya birakilir. Elde edilen sert peynir
zeytinyaginda  1-2  yila  kadar muhafaza
edilmektedir (Nehme vd., 2019; Addas, 2013,
Toutfeili vd., 1995).

Shanklish  peynirinin ~ mikrobiyolojik  ve
fizikokimyasal ~ Ozellikleri  Gzerine  ¢esitli
aragtirmalar ~ devam  etmektedir.  Suriye’de
geleneksel  yontemlerle  tretilmis  Shanklish
peynirlerinin  laktik  asit  bakterileri  (LAB)
florasinin polimeraz zincir reaksiyonu
(Polymerase Chain Reaction-PCR) yontemi
kullantarak belirlendigi bir calismada,

arastirmactlar 82 adet LAB izole etmislerdir.
Bunlardan 35 tanesi Lactobacillus paracasei, 20 tanesi
Lb. plantarum, 18 tanesi Lb. lactis, 7 tanest Lb. brevis
ve 2 tanesi Lactobacillus spp. olarak tanimlanmustir
(Abou Younes vd., 2018). Shanklish peynitlerinin
fizikokimyasal 6zelliklerinin belirlendigi baska bir
calismada, arastirmacilar koyun sitd kullanarak
trettikleri Shanklish peynirlerinde %55.97 nem,
%32.15 protein, %6.06 yag ve %2.99 kil miktari
tespit etmiglerdir. Ayrica bu peynirlerin 70 giinlitk
olgunlasma periyodu sonunda pH degerlerinin
5.14 oldugunu bulmuslardir (Toufeili vd., 1995).
El Mayda (2007) tarafindan yirittlen bir baska
calismada ise keci siutd kullanidarak dretilen
Shanklish peynirlerinin nem igerigi %30.2, protein
icerigi %46.0, yag icerigi %05.4, kil miktar1 %7 ve
pH degeri 4.5 olarak tespit edilmistir.

Bunlarla birlikte, Shanklish peyniri tretiminde
heniiz standart bir iretim ydntemi yoktur ve
kullanilan starter kiiltir olmadigindan son triin
treticiden dreticiye degisim gostermektedir. Bu
peynirin cesitli baharatlarla kaplanmast veya
olgunlasma siiresinden 6tiirti karmagik bir floraya
sahip oldugu disinilmektedir. Her ne kadar daha
once yapilan calismalarda LAB florast ortaya
ctkarilmis olsa da Shanklish peynirinin sahip
oldugu maya florast hakkinda hentiz bir ¢alisma
gerceklestirilmemistir. Ote yandan mayalarin
peynitlerin olgunlasma asamasinda faaliyete gecip,
LAB tarafindan tretilen laktik asidi parcalayarak
ortamin pH’siu  yiikselttikleri  ve  bd&ylece
olgunlasmada rol olan florayr destekledikleri
bildirilmektedir ~ (Suzzi vd., 2001). Dahasi,
peynitlerden izole edilen maya suslarinin lipolitik,
proteolitik ve/veya enzimatik aktivitelere sahip
olabilecegi, boylece gerceklesen lipoliz  ve
proteoliz sayesinde peynirin yapt ve aromasina
katki sunabilecegi belirtilmektedir (Martin vd.,
2001; Kesenkas ve Akbulut, 2006; McSweeney,
2004). Utetilen peynitlerin kalite
karakteristiklerini  gelistirmeleri  yaninda son
yillarda probiyotik 6zellikler tasiyan mayalar da
arastirmactlarin  dikkatini ¢ekmis ve bu konu
tzerine yapilan ¢alismalar giderek artmistr
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(Psomas vd, 2001). Mayalarin aroma gelisime
katkilari, olgunlasmanin  hizlandirilmast  ve
probiyotik potansiyel barindirmalarindan Stiirii
peynir Uretiminde kullanilan starter LAB ile
bitrlikte destek kultur olarak kullanilmalari bircok
aragtirmact  tarafindan  tavsiye  edilmektedir
(Tempel ve Jakobsen, 1998; Klein vd., 2002;
Ferreira ve Viljoen, 2003).

Mayalarin ~ molekiler  karakterizasyonunda
kullandan her DNA markér yonteminin bazi
avantaj ve dezavantajlari bulunmaktadir. Konu
hakkinda c¢alisan pek ¢ok laboratuvarda bir
markér yonteminin segimi ¢alisitlan materyale,
teknik uzmanliga, mevcut ekipmanlara ve
arastirma  bitcesine gbre degismektedir. Start
Codon Targeted (SCoT) poliformizm markor
yontemi Collard ve Mackill (2009) tarafindan bitki
genomunun baslangic  kodonuna dayanarak
gelistirilmis bir yontemdir. fleri ve geri primer
olarak tek primer kullanllir ve bu agidan
bakiddiginda  RAPD  veya ISSR  markér
yontemlerine benzemektedir. SCoT markérleri
ATG baslangic kodonunu ¢evreleyen gen
bélgelerini hedef alacak sekilde tasarlandigindan
diger markér yontemlerine gére daha cogaltilabilir
bir yontemdir (Tikendra vd., 2021; Amom vd,,
2020; Gogoi vd., 2020).

Diinya genelinde ¢ok farkli peynir ¢esidinin
(Tulum, Otlu, Fossa, Serpa peynitleri) maya
floralart tanimlanmis bu kiltiirlerin
teknolojik/probiyotik  6zellikleri — arastirilmigtir
(Karasu-Yalcin vd., 2012; Gines vd., 2021;
Biagiotti vd., 2018; Dos Santos vd., 2017). Ancak
yaptlan  literatir  aragtirmasinda  Shanklish
peynirinin maya florast hakkinda bir calismaya
rastlanmamustir. Bu calisma, farkll sehirlerden
toplanan Shanklish peynirlerinin maya florasinin
SCoT  primerleri  kullamilarak  molekdler
yontemlerle  tanimlanmasini  ve  enzimatik
karakterizasyonunu belirlemeyi amaglamaktadir.

MATERYAL VE YONTEM

Materyal

Calismada kullanilan bes adet Shanklish peyniri
Ornegi  farkli sehirlerde (Hatay, Gaziantep,

Istanbul, Mersin, Kilis) evlerinde geleneksel
yontemlerle Uretim yapan ailelerden toplanarak
laboratuvara getirilmistir. Toplanan peynirlerin

tretiminde koyun sttd kullanildigi ve oda
sicakhiginda toprak kaplarda 1 ay siresince
olgunlasmaya birakildig, olgunlagsma periyodunun
sonunda peynitlerin cam kavanozlara alinarak
kavanozlarin  zeytinyagt ile dolduruldugu ve
peynitlerin 3 ay boyunca zeytinyagi icerisinde
mubhafaza edildigi bilinmektedir. Olgunlagtirilmig
peynir  Orneklerinden  maya  izolasyonu
gerceklestirilmistir.

Yoéntem

Mayalarmn izolasyonu

Shanklish peynirlerinin maya popilasyonunu
belitlemek  icin  Yeast Extract Glucose
Chloramphenicol (YGC, Merck, Darmstadt,
Almanya) agar kullanilmustir. Orneklerden 10
gram almnarak 90 ml %0.90lik steril fizyolojik
tuzlu suya aktarilmistir. Homojenizasyon islemi
bir stomacher (MAYO, hg-400, Avustralya)
yardimi ile gerceklestirilmis ve daha sonra 10->e
kadar dilisyonlar hazitlanmustir.  Hazirlanan
dilisyonlar YGC agara yayma kiltiir yonyemi ile
ckilerek  28°C'de  48-72 saat inkiibasyona
birakilmistir. Molekiiler karakterizasyon icin saf
kiltir izole edilmesi amactyla morfolojik olarak
farkli g6riinen koloniler secilmis ve siirme
yontemiyle kolonilerin saflagtiriimast saglanmistir.
Son olarak izolatlar %20 gliserol iceren cryo
tuplerde -80°C'de ve gliserol icermeyen %1.5 agar
(Sigma Aldrich, ABD) eklenmis besiyerlerinde
yattk olarak stoklanmistir.

Maya izolatiarmm molekiiler karakterizasyonn

DNA izolasyonu

Maya izolatlarinin DNA ekstraksiyonu icin Harju
vd. (2004) tarafindan Onerilen metot mindr
degisiklikler yapilarak kullanilmistir. Bu amagla
maya izolatlart YPD  (Merck, Darmstadt,
Almanya) broth besiyerinde 28°C'de 24 saat
inkiibasyona birakilarak aktiflestirilmistir. Daha
sonra YGC agar besiyerine ekimleri yapilarak 48-
72 saat inktibasyon sonucunda kolonilerden 3 6ze
dolusu alinarak 2 ml’lik mikrosantriftyj tiiplerine
aktarilmistir. Toplanmis kolonilerin tizerine 300
uL steril distile su eklenerek bir kuru blok sitictya
(Dri-block DB-2A, Techne, Cambridge, BK)
yerlestirilmistir. Izolatlar kuru blok 1siticida
85°C'de 15 dakika kaynamaya maruz birakildiktan
sonra Uzetlerine 650 pL ekstraksiyon miksi (200
mM Tris-HCl pH: 8.5, 25 mM NaCl, 25 mM
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EDTA, %0.5 SDS) eklenmis ve 65°C'de 1 saat
inkiibasyona birakilmistir. Inkiibasyondan sonra
tiiplere esit hacimde kloroform:izoamil alkol (24:1
v/v, AppliChem, Darmstadt, Almanya) eklenmis
ve 13000 rpm’de 15 dakika santrifij islemi
uygulanmustir.  Santrifiij sonunda ayrilan Gst
fazdan yaklastk 500 pL  alinarak 500 pL
izopropanol ile kangtirilmis  ve yeni bir
mikrosantrifilj tipine aktardarak kariggm 13000
rpm’de 15 dakika santrifiij edilmistir. Elde edilen
pellet 100 uL. %70’lik etanol ile yikanmis ve 50 pL
steril iki kez damitilmis (ddH>O) su igerisinde
sispanse edilmistir. DNA  konsantrasyonun
belitlenmesinde bir nanospektrofotometre (DS-
11 FX, DeNovix Inc., Wilmington, DE, ABD)
kullanilmis ve son olarak izole edilen DNA’lar -
20°C'de stoklanmistir,

SCoT primerleri ille DNA amplifikasyonu

SCoT markérleri kullanilarak DN A amplifikasyon
analizleri icin Collard ve Mackill (2009) tarafindan
tasarlanan 36 primer arasindan eksi hamur
orneklerinden izole edilen mayalarda ayrim giicti
yiksek  bulunan  SCoT 12 primeri
(ACGACATGGCGACCAACG)  kullandmustir
(Aydin vd., 2022). Daha sonra secilen primer ile
birlikte PCR reaksiyonlart T100 termal cycler
(Bio-Rad, Hercules, CA, ABD) cihazi kullanilarak
gerceklestirilmistir. Bu amac icin 6ncelikle 10x
DreamTaq DNA polimeraz tamponu (Thermo
Fischer Scientific, ABD), 0.24 mM dNTPs, 1 mL
MgCl,,0.8 uM primer, 0.5 birim DreamTaq DNA
polimeraz (Thermo Fisher Scientific, Waltham,
MA, ABD) ve 20 ng DNA iceren PCR miksi
hazitlanmistir. Daha sonra 95°C’de 3 dakika
denatiirasyon islemini takiben 35 déngii 95°C’de
60 saniye denatirasyon, 72°C’de 1 dakika
baglanma ve son uzama safhast 72°C’de 5 dakika
olacak sekilde PCR kogullart belitlenmistir. Elde
edilen PCR irtnleri 1XTAE  solisyonunda
%1.5’lik hazirlanmis agaroz jelde elektroforetik
(90 dakika, 120 volt) ayrima tabi tutulmus ve siire
sonunda etidyum bromiir ile boyanarak PCR
trtinlerinin varhigt jel gériintilleme sisteminde (Gt
BOX F3, Syngene, Ingiltere) kontrol edilmistir.

Internal Transcribed Spacer (ITS) sekanslama
SCoT primerleri kullaniarak elde edilen DNA
parmak izlerine gére maya izolatlart 5 grupta (19

adet Kiluyveromyces lactis (Ana grup, temsilen 3
izolat), 2 adet Pichia kndriavzevii (temsilen 2 izolat),
1 adet Pichia fermentans, 1 adet Pichia membranifaciens
ve 1 adet Clavispora lusitaniae) toplanmistir. PCR
triinlerinin dogrulanmast icin ana gruptan 3 izolat
ve diger gruplari temsilen 2 ve 1’er izolat secilerek
sekanslama hizmetine génderilmigtir. Bu amagla,
ITS1 (5-CCG TAG GTG AACCTG CGG-3") ve
ITS 4 (5- TCC TCC GCT TAT TGA TAT GC-
3) primer ciftleri genomik DNA’nin  dahili
transkript ayirict (ITS) bolgesini amplifiye etmek
icin kullandmistir (White vd., 1990). Hazirlanan
PCR miksi, 10x Dream Taq tamponu, 2.5 mM
dNTPs, 25 mM MgClz, 100 pM ITS1 primeri, 100
uM ITS4 primeri, 5 ul. DreamTaq DNA
polimeraz, 50 ng DNA ve steril distile su
icermektedir. PCR kogullart ise 95°C'de 2 dakika
denatirasyon ardindan 95°C'de 30 saniyelik 30
dongt, 52°C'de 30 saniye, 72°C'de 1 dakika ve
72°C'de 5 dakikalik seklinde
gerceklestirilmistir. Elde edilen PCR triinleri ticari
bir sirkete (Atlas Biyoteknoloji, Ankara, Tturkiye)
gonderilerek  ITS1  primeriyle  tek  yonli
sekanslamaya tabi tutulmustur. Elde edilen sekans
verileri MEGA X programi kullanilarak analiz
edilmis (Kumar vd., 2018) ve son olarak Gen
Bank (https://www.ncbi.nlm.nih.gov/) adresinde
yer alan BLAST (http://blast.ncbi.nlm.nih.gov/)
programi kullanilarak sonuglar karsilastirilmistr.
Tum diziler, PP258023'den PP258030'e kadar
erisim numaralart ile GenBank veri tabanina
islenmistir.

son uzatma

Engimatik karakterizasyon

Mayalarin enzimatik aktivitesini belirlemek icin
API-ZYM  (BioMérieux, Fransa) test Kkiti
kullanilmugtir. Bu amacla aktive edilmis maya
izolatlar1 YGC besiyerine suriillerek gelistirilmis ve
tekli kolonilerden alinarak distile su yardimziyla 5-
6 McFarland bulaniklik seviyesine kadar siispanse
edilmistir. Hazirlanan sispansiyondan 65 uL
alinarak kuyucuklara inokile edildi ve her
kuyucuga ZYM A ve ZYM B reaktifleri eklenerek
37°C’de 5 saat inklbasyona birakilmigtir. Fast
Blue’ya bagli sar1 renk olusumunu engellemek icin
seritler 1000 W'lik lamba altinda 10 saniye tutuldu
ve 5 dakika renk olusumu icin beklendi. Son
olarak olusan renkler API-ZYM renk reaksiyon
karttyla  karsilastirllarak  0°dan 5’¢ kadar
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derecelendirildi.  Aktivite olmayanlar  (renk
olugmayan) 0 olarak kaydedilirken en yogun renk
5 olarak kaydedilmistit.

BULGULAR ve TARTISMA

Maya izolatlarinin identifikasyon sonuglari
Olgunlastirilmis  Shanklish peynitlerinden izole
edilmis 24 adet endojen maya izolan ITS1
bélgelerinin dizilenmesiyle tanimlanmistir. Sekans

kudriavzevii  (%08.33), 1 adet Pichia fermentans
(%04.17), 1 adet Pichia membranifaciens (%04.17) ve 1
adet Clavispora lusitaniae (%o4.17) mayast olmak
tzere toplam 24 maya izole edilerek
tanimlanmustir. Elde edilen sekans dizileri NCBI
web sitesinde bulunan BLAST veritabaninda
analiz edilmis ve %99-100 arasinda benzetlik
gostermistir.  Calismadan  izole edilen ve
tanimlanan  mayalarin  bilgileri  ve  erisim

sonuclarina  gbre  peynirlerden, 19  adet numaralar Cizelge 1 ve Cizelge 2’de verilmistir.
Kiuyveromyces  lactis  (%079.16), 2 adet Pichia
Cizelge 1. Shanklish peynirlerinden izole edilen mayalara ait bilgiler
Table 1. Information on yeasts isolated from Shanklish cheeses

1 Hatay ANOI1 K. lactis
ANO2 K. lactis PP258025 %99.38
ANO3 P. kudriavzevii PP258023 %99.80
ANO4 K. lactis
ANO5 K. lactis
ANOG6 P. fermentans PP258028 %99.84

2 Gaziantep ANO7 K. lactis
ANOS8 K. lactis
ANO9 P. membranifaciens PP258029 %99.34
ANO10 K. lactis

3 Istanbul ANO11 K. lactis
ANO12 K. lactis PP258026 %99.38
ANO13 K. lactis
ANO14 K. lactis

4 Mersin ANO15 K. lactis
ANO16 K. lactis PP258027 %99.38
ANO17 K. lactis
ANO18 C. lusitaniae PP258030 %98.37
ANO19 K. lactis

5 Kilis ANO20 K. lactis
ANO21 P. kudriavzevii PP258024 %99.80
ANO22 K. lactis
ANO23 K. lactis
ANO24 K. lactis

Calismadan elde edilen verilere gére K. /Jactis
olgunlastirilmig  Shanklish peynitlerinde baskin
maya tlrl olarak tespit edilmistir. Kiuyweromyces
cinsi mayalar, O&zellikle Kiuyveromyces  lactis,
endustriyel biyoteknoloji icin en 6nemli maya
tiirlerinden biridir ve endistriyel olarak basta {3-
galaktosidaz  enzimi olmak Uzere cesitli
metabolitlerin ~ ve  proteinlerin  Uretiminde
kullanilmaktadir (Spohner vd., 2016). Bununla

birlikte bu maya, stklikla siit ve stit trtinlerinden
Ozellikle peynitlerden (Canastra peyniri, French
peyniri, Fiore Sardo peyniri, Tulum peyniri) izole
edilmektedir (Oliveira vd., 2019; Andrade vd.,
2017; Ceugniez vd., 2017; Fadda vd., 2017;
Karasu-Yalcin vd., 2012). Bu mayanin en ¢arpict
Ozelliklerinden birisi ise probiyotik 6zellikler
barindirma potansiyelidir. Cesitli arastirmalar K.
lactis’in mide-bagirsak yolunda canlt kalabildigini,
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bagirsak epitel dokusuna yapisabilecegini, kisa
zincitli yag asitleri Uretimi bakimindan dstin
oldugunu, gida patojenlerine karst inhibisyon
etkisi oldugunu ve kanserli hicrelerde pro-
apoptotik aktivite gbstermesi gibi fonksiyonel
Ozellikler  barndirdigint ortaya  koymustur
(Oliveira vd., 2019). Peynir iiretiminde uygulanan
olgunlastirma asamasinin da, maya florasinin
cesitliligini dogrudan etkileyen bir faktér oldugu
ve ticari olarak satilan ve ylzeyi olgunlastirilmis
bircok peynirden de K. /lactis mayasinin izole
edildigi rapor edilmektedir (Karasu Yal¢in vd.,
2011). K. lactisin peynirlerde proteolitik aktivite
gosterdigi ve aminoasit, amin grubu bilesikler,
zincitli  ketonlar ve  monogliserid
sentezleyerek peynirlerin tatlarinda aromatik aci
tat gelismesinde 6ncii oldugu belirtilmektedir
(Ozmen Togay vd., 2020; Geronikou vd., 2020).
Ayrica, K. lactis'in laktozu asimile etme yetenegi ve
aminopeptidaz ~ aktivitesi ~ gibi  enzimatik
potansiyeli oldugu da bilinmektedir (Lenoir,
1984).

uzun

Cizelge 2. Shanklish peynirlerinden izole edilerek
tanimlanan maya suslart ve sayilari
Table 2. Yeast strains and total of numbers isolated from

Shanfklish cheeses
Maya tiitleti / Izolat sayilart /
Yeast species Isolate number
Kinyveromyces lactis 19
Pichia kudriavzevii 2
Pichia fermentans 1
Pichia membranifaciens 1
Clavispora lusitaniae 1
Toplam 24

K. lactis K marscianus, Yarrowia lipolytica ve
Debaryomyces  hansenii peynitlerden izole edilen
baslica maya izolatlart olmasina ragmen bunlarin
yaninda daha az sayida olmakla bitlikte Pichia spp.,
Geotrichum candidum ve Saccharomyces cerevisiae gibi
mayalar da peynirlerden izole edilerek cesitli
teknolojik/probiyotik ozellikleri stklikla
aragtirlmaktadir (Atanassova vd., 2016; Ceugniez
vd., 2017; Aponte vd., 2010; Zheng vd., 2018).
Calismadan elde edilen sonuglara gére Shanklish
peynirlerinden 2 adet P. kudriavzevii, 1 adet P.
fermentans ve 1 adet P. membranifaciens olmak tizere
toplam 4 adet Pichia spp. cinsi maya izole

edilmistit. P.  Awudriavzevii  olast  probiyotik
Ozellikleti ve zorlu stres kosullarina karst Gstin
performans gostermesinden Otliri son yillarda
artan bir ilgi gbrmektedir. Bu tir ¢ok cesitli
fermente Urlnlerden izole edilmekle bitlikte,
Ozellikle peynirlerde aromanin gelistirilmesinde
o6nemli bir rol oynamaktadir. Ayrica bu tlrlin
hticre dist proteaz ve lipaz aktivitelerine sahip
oldugu bilinmektedir (Chu wvd., 2023) P
kudriavzerinin Kazak peynirlerinde destek kilttr
olarak kullanildigi bir c¢alismada, bu mayanin
brendi, otsu ve sogan aromalart gibi hos bir tat
olusturdugu tespit edilmistir (Zheng vd., 2018).
Ote yandan P. fermentans ise Lor peyniri, Otlu
peynir ve Feta peyniri gibi cesitli peynitlerden
izole edilmistir (Gunes vd., 2021; Tokak vd., 2019;
Zheng vd., 2021). Merchan vd. (2020) tarafindan
yapilan bir arastirmada, Extremadura
bolgesindeki yumusak tip peynirlerden izole
edilen P. fermentansin yapay mide ortaminda
hayatta kalabildigi, yiiksek antioksidan aktiviteye
sahip oldugu, antimikrobiyal potansiyelinin
yiksek ve otoagregasyon/hidrofobisite
degerlerinde diger suslara gbre en Ustiin tir
oldugu  ortaya  konulmustur. Shanklish
peynirlerinden izole edilen bir diger maya ise P.
membranifaciens olup bu maya Cabrales peyniri
(Alvarez-Martin vd., 2017) ve Civil peyniri (Yildiz
vd., 2021) gibi peynirlerinde florasinda
bulunmaktadir ve destek kiiltiir veya starter killttr
olarak kullanilabilecek 6nemli bir maya oldugu
bildirilmektedir (IKKarasu-Yalcin vd., 2019).

C. lusitaniae genis yaylhm gosteren bir maya olup
Mozarella peyniri (Facchin vd., 2013) ve Beyaz
peynir (Gelen ve Ceylan, 2017) gibi siit
triinlerinde de izole edilmistir. Bu maya hakkinda
cok sinirh calisma olmasina ragmen, probiyotik
ozellikler tasidign (Giirkan, 2018), lipid tretim
yeteneginin bulundugu (Berikten vd., 2021) ve
cesitli enzim aktiviteleri gosterdigi (Mijdeci, 2012)
yapilan arastirmalarla ortaya konmustur.

Enzim aktiviteleri

Izolatlarin API-ZYM test kiti ile elde edilmis
enzim aktiviteleri Cizelge 3’te verilmistir. K. /actis
suslarinin ~ tamamina  yakini  yiksek  16sin
arilamidaz, valin arilamidaz, sistin arilamidaz, asit
fostataz, Naftol-as-bi-fosfohidroliz, B-
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galaktosidaz, a-glukosidaz ve -glukosidaz enzim
aktivitesi gostermistir. Suslarin enzim aktiviteleri
yuzdeleri Sekil 1°de verilmisti.

P. kudriavzevii ANO21 susu iyi derecede esteraz
lipaz ve Naftol-as-bi-fosfohidroliz — aktivitesi
gosterirken, P. kudriavzevii ANO3 ve P. fermentans
ANOG suslart ise 16sin arilamidaz, asit fosfataz ve
Naftol-as-bi-fosfohidroliz ~ aktivitelerini  iyi

derecede gostermistir. P. membranifaciens ANO9
susu ise diger Pichia spp. cinsi suslatla
karsilastirddiginda en ylksek asit fosfataz ve
naftol-as-bi-fosfohidroliz aktivitesi gOsteren sus
olarak gbze carpmaktadir. C. lusitaniae ANO18
susu ise yiksek 16sin arilamidaz ve asit fosfataz
aktivitesi gbstermesine ragmen enzimatik aktivite
yoniinden diger maya suslariyla rekabet edebilecek
sonugclar vermemistir.

Gizelge 3. API-ZYM test kiti ile elde edilmis mayalarin enzimatik karakterizasyonu
Table 3. Engymatic characterization of yeasts obtained with API-ZYM test kit

Izolat

No*/
112 (3456|789 10111213 |14 | 15| 16| 17| 18| 19| 20

Isolate

number
ANO1 01234054400 5 3 0 3 0 5 5 0 0 0
ANO2 |0 |1 |3 |3(0|4]|4]3[0]|0 5 3 0 2 0 5 4 0 0 0
ANO3 |00 |3 (3[04 |10]0]O0f 0] 4] 4 0 0 0 0 0 0 0 0
ANO4 |0 |2 |34 ]0|5|5]4]0O0] 4] 4 0 3 0 5 5 0 0 0
ANO5 |0 |2 |3 (|4(0|5]|4]4]0]|0 5 3 0 3 0 5 5 0 0 0
ANOG6 |0 |2 |3 (3|0 |512[3]0O0] 4] 4 0 0 0 0 0 0 0 0
ANO7 |0 |O |1 |1{O0O|4]0]1T]0]|O 3 3 0 410 0 0 0 0 0
ANO8 |0 |0 |2 |3(0|4]0]1T]0]|O0 3 3 0 410 0 0 0 0 0
ANO9 |0 |3 |4 |3 |1 |5|4]4]1]|0 5 5 0 1 0 0 0 0 0 0
ANO10O | O | 2|3 |4]|0]|5]4|4]|0] 0 5 3 0 3 0 5 5 0 0 0
ANOI1 |0 | 2|3 |3 ]|0|4|5|3|0] 0 5 3 0 3 0 5 4 0 0 0
ANO12 |0 | 2|3 |4|0|5|5|4]|]0]|] 0| 4] 4 0 3 0 5 5 0 0 0
ANO13 |0 | 2|3 |4|0]|5|4|4|0] 0 5 3 0 3 0 5 5 0 0 0
ANO14 |0 | O |2 |2]|0]|4]02]|0] 0 3 3 0 410 0 0 0 0 0
ANO15 |0 | 2|3 |4|0]|5|4|4|0] 0 5 4 0 3 0 5 5 0 0 0
ANO16 |0 | 2|3 |3 |0 |44 3|00 5 3 0 2 0 5 5 0 0 0
ANO17 |0 | 2|3 |4|0|5|5|4|0] 0 5 4 0 3 0 5 5 0 0 0
ANO18 |O|O |21 ]|]0]|5]10|0] O 5 1 0 0 0 3 3 0 0 0
ANO19 |0 | 2|3 |4|0|5|4|4]|0] 0 5 3 0 3 0 5 5 0 0 0
ANO20 |O |1 |2 |3|0]|4|0|4|0] 0] 4 3 0 410 0 0 0 0 0
ANO21 |O | O[3 |4]|0|3]0[0|0] O 3 4 0 0 0 0 0 0 0 0
ANO22 |0 | 2|3 |3]|0|5|5|4|0] 0 5 3 0 3 0 5 5 0 0 0
ANO23 |0 |1 [3 3|04 |53|0] 0 5 3 0 410 5 5 0 0 0
ANO24 | 0|2 [3 |4]|0|5[3 40| 01| 4] 4 0 3 0 5 5 0 0 0

1: Kontrol, 2: Alkalin fosfataz, 3: Esteraz, 4: Esteraz lipaz, 5: Lipaz, 6: Losin arilamidaz, 7: Valin arilamidaz, 8: Sistin
arilamidaz, 9: Tripsin, 10: Alfa simotripsin, 11: Asit fosfataz, 12: Naftol-as-bi-fosfohidroliz, 13: a-galaktosidaz, 14:
B-galaktosidaz, 15: B-glukuronidaz, 16: a-glukosidaz, 17: B-glukosidaz, 18: N-asetil-B-glukozaminidaz, 19: «-

mannosidaz, 20: «-fukosidaz

*ANO3 P. kudriavzevii, ANOOG P. fermentans, ANOO P. membranifaciens, ANO18 C. lusitaniae, ANO21 P. kudriavzevi,
diger izolat kodlart ise K. Jactis suslarina aittir. ( ANO3 P. gudriavzevii, ANOG P. fermentans, ANOO P. membranifaciens,
ANO18 C. lusitaniae, ANO21 P. kudriavzevii, and other isolate codes indicate K. /Jactis strains.)
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Sekil 1. Maya izolatlarinin enzim aktivitesi ylizdeleri
Figure 1. Engyme activity percentages of yeast isolates

100
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Enzim kodlar1 (Enzyme codes)

1: Kontrol, 2: Alkalin fosfataz, 3: Esteraz, 4: Esteraz lipaz, 5: Lipaz, 6: Losin arilamidaz, 7: Valin arilamidaz, 8: Sistin
arilamidaz, 9: Tripsin, 10: Alfa simotripsin, 11: Asit fosfataz, 12: Naftol-as-bi-fosfohidroliz, 13: a-galaktosidaz, 14:
B-galaktosidaz, 15: B-glukuronidaz, 16: a-glukosidaz, 17: B-glukosidaz, 18: N-asetil-B-glukozaminidaz, 19: a-

mannosidaz, 20: a-fukosidaz

Arilamidazlar peptid, ammid veya arilamidlerden
N-terminal aminoasitlerin  hidrolizini katalize
etmektedirler (Dodor ve Tabatabai, 2007).
Boylece, atilamidazlarin aminoasitlerin  setbest
birakilmasinda ve peynirde arzu edilen aromanin

gelistirilmesinde ~ 6nemli  etkileri ~ oldugu
bulunmustur. Ayrica bu enzimlerin peynirin
olgunlasmast  asamasinda  gelisen  aciligin

giderilmesinde rol aldiklart bildirilmistir (Herreros
vd., 2003).

Fosfatazlarin cesitli fosfat esterlerinin  C-O-P

baglarinin ~ hidrolizini  katalize ettikleri
bilinmektedir. Optimum pH degetlerine baglt
olarak asit veya alkalin olarak

isimlendirilmekteditler. Peynirde her iki fosfataz
enzimi bulunmasina ragmen peynitlerin duisiik
pH’ya sahip olmalarindan 6tlrl asit fostatazlar
daha aktif rol oynamaktadirlar (Magboul ve

McSweeney, 1999). Peynirlerin = olgunlasma
asamasinda proteolize direngli olan fosfat
acisindan zengin peptidlerin tretildigi
bilditilmektedir. Peynirdeki asit fosfataz ve
proteolitik  enzimlerin aktivasyonuyla kigik

peptidler ve serbest aminoasitler genis c¢apta
tretilmektedir. Ayrica, asit fostataz enziminin
proteoliz aktivitesi oldugu ve bu nedenle peynirde
aroma olusumuna katki sundugu da bildirilmigtir
(Akuzawa ve Fox, 2004).

Esteraz ve lipazlar, lipitlerin ester baglarinin
hidrolizini katalizleyerek peynirlerdeki serbest yag
asitlerinin -~ miktarint  artirmaktadirlar.  Dustk
konsantrasyonlardaki ~ serbest yag asitlerinin
proteoliz riinleri ve diger reaksiyonlarla dogru
sekilde dengelendiklerinde aromaya ve lezzete
katki sunabilecekleri belirtilmektedir (Hetreros
vd., 2003). Yiksek esteraz veya esteraz lipaz

aktivitesine ~ sahip  suslarinin  peynirlerin
olgunlasma  asamasinda  lipolize  katkida
bulunabilecekleri  dustntlmektedir  (Karasu-
Yalcin vd., 2012).

B-galaktosidaz enzimi laktozu hidrolize etmekten
sorumlu bir enzimdir. Peynir tiretiminde bu enzim
laktozu  pargalayarak glikoz ve galaktoza
dontstiirerek fermantasyon stirecinin
hizlanmasina katkida bulunur. Ayrica peynirlerin
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olgunlasma asamasinda hem tekstiirel
Ozelliklerinin ~ hem  de  tat  profilinin
gelistirilmesinde rol almaktadir (Saqib vd., 2017).

o ve PB-glukosidazlarin ana roli ise sit
drinlerindeki  glikozun  ve  glikoz  iceren
molekillerin  parcalamalaridir.  Bdylece hem

fermantasyon streglerine katki verirler hem de
olgunlasma asamasinda peynirlerin tat profillerine
katkida bulunabilitler (de Morais vd., 2023).

Suglarin enzimatik aktivite sonuclarina gore, K
Jactis ANO17 susu en Ustin enzimatik aktivite
gOsteren sus olarak tespit edilmistir. Bu sus,
yiksek esteraz lipaz, 16sin arilamidaz, valin
arilamidaz, sistin arilamidaz, asit fostataz, Naftol-
as-bi-fosfohidroliz a-glukosidaz ve B-glukosidaz
aktivitesi gOsterirken orta seviyede esteraz, [-
galaktosidaz ve disik seviyede alkalin fostataz
aktivitesi gostermistir. Olgunlastirilmis Shanklish
peynirinden izole edilen bu sus enzimatik aktivite
yontnden oldukc¢a performans
gosterdiginden, daha ileri ¢alismalarda veya starter
kiltir kombinasyonlarinda destek kiiltiir olarak
kullanilabilme potansiyeli géstermektedir.

ustun

SONUC

Turkiye’de son yillarda Gretilmeye ve tiiketilmeye
baslanan Shanklish peynirinin maya florast SCoT
markor yontemi kullanilarak molekiiler diizeyde
tanimlanmis  ve tamimlanan suglarin  enzim
aktiviteleri belitflenmistir. Calisma sonuclarina
gore Shanklish peynirlerinden 19 adet K. Zactis, 2
adet P. kudriavzevii, 1 adet P. fermentans, 1 adet P.
membranifaciens ve 1 adet C. lusitaniae olmak tzere
toplam 24 adet maya susu izole edilmistir. Bu
suslardan K. /actis ANO17 susu esteraz lipaz, 16sin
arilamidaz, valin arilamidaz, sistin arilamidaz, asit
fostataz, Naftol-as-bi-fosfohidroliz a-glukosidaz
ve B-glukosidaz aktivitesi gostermigtir. Boylece,
bu susun peynirin olgunlasmast asamasinda
o6nemli yapi, aroma ve tat gelistirme potansiyeli
bulundugu ve destek kiltir kombinasyonlarinda
kullanilabilecegi  distunilmektedir.
birlikte, bu susun teknolojik ve probiyotik
Ozelliklerinin  arastirilarak ayrica gida giivenligi
acisindan degerlendirilmesine ve genel olarak
Shanklish peyniri Gizerine daha genis ve kapsamlt
calismalarin gerceklestirilmesine ihtiyag
duyuldugu  disinilmektedir.  Ayrica  bu

Bununla

calismanin, maya izolasyonu ve tanimlamasinin
peynir tretiminde kullanilan hammaddelerden ve
Uretimin farklt asamalarindan alinan Grneklerde
gerceklestirilerek suslarin izolasyon kaynaklarinin
da belitlenebilecegi calismalara katki saglayacagt
ongorilmektedir.

CIKAR CATISMASI
Yazarin hicbir kurum veya kurulusla cikar
catismast bulunmamaktadir.
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ABSTRACT

This study aimed to investigate the thermal stability of certain phytochemicals in molasses at temperatures
of 50°C, 60°C, and 70°C throughout 6 to 168 hours. Additionally, the chemical makeup of Kiraz (KCLM)
and Findik (FCLM) cherry laurel (Laurocerasus officinalis 1.) fruits, as well as their molasses, was examined.
The two molasses compositions were different due to the type of fruit used. The soluble dry matter (SDM)
and dry matter (TDM) of the molasses ranged from 68.0-68.2% and 72.3-73.1%, respectively. The FCLM
had higher values for titratable acidity (T'A) (1.201%), hydroxymethylfurfural (HMF) (22.72 mg/kg), Vitamin
C (66.83 mg/100 g), phenolics (TP) (5359 mg GAE/100 g), anthocyanin (ACN) (45.27 mg/kg), DPPH-
RSA (80%), antioxidant capacity (AC) (33.74 ug TE/g), Hunter L* (31.34), a* (0.96), b* (-0.59), and
browning level (BL) (15.20) compared to KCLM. The ANOVA results showed that cultivars, temperature,
and storing time significantly affected phytochemicals and physicochemical properties (P <0.05).
Keywords: Phytochemicals, molasses, Laurocerasus officinalis L., stability

KiRAZ VE FINDIK KARAYEMIS (LAUROCERASUS OFFICINALIS1..) MEYVE
VE PEKMEZLERININ FiZIKOKIMYASAL OZELLIKLERI VE
FITOKIMYASALLARININ ISI KARARLILIGI

oz

Bu caligma, 6 ila 168 saat boyunca 50 °C, 60 °C ve 70 °C sicakliklarda pekmez icindeki bazi
fitokimyasallarin termal stabilitesini arastirmayt amaglamistir. Ek olarak, Kiraz (KCLM) ve Findik
(FCLM) karayemis (Laurocerasus officinalis L..) meyvelerinin ve pekmezlerinin kimyasal yapist incelendi.
Kullanilan meyve tiiriine baglt olarak iki pekmez bilesimi farkliydi. Pekmezlerin ¢6ziinebilir kuru
maddesi (CKM) ve kuru maddesi (TKM) sirastyla %068.0-68.2 ve %72.3-73.1 arasinda degismektedir.
FCLM, KCLM’e gore titre edilebilir asitlik (TA) (%1.201), hidroksimetilfurfural (HMF) (22.72
mg/kg), C Vitamini (66.83 mg/100 g), fenolikler (TF) (5359 mg GAE/100 g), antosiyanin (ACN)
(45.27 mg/kg), DPPH-RSA (%80), antioksidan kapasite (AK) (33.74 ug TE/g), Hunter L* (31.34),
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a* (0.96), b* (-0.59) ve kahverengilesme derecesi (KD) (15.20) bakimindan daha yiksek degerlere
sahipti. ANOVA sonugclar gesit, sicaklik ve depolama siiresinin fitokimyasallar ile fizikokimyasal
Ozellikleri 6nemli 6lgtide etkiledigini gosterdi (P <0.05).

Anahtar kelimeler: Fitokimyasallar, pekmez, Laurocerasus officinalis 1., stabilite

INTRODUCTION

Cherry laurel (Laurocerasus officinals 1..) is a popular
fruit in the form of a bush or tree scattered along
the Black Sea coast of Turkey and turns dark
purple or black when ripe (Halilova and Ercisli,
2010).  'Oxygemmis',  'Globigemmis' and
'Angustifolia’ were identified as three forms of
fruits in the morphological and cytological studies
on cherry laurel. The fruits of Oxygemmis are the
biggest and have a bright black color when ripe,
and the fruit taste is bitter and sour. It has been
reported that the fruits of Globigemmis have a
thinner mesocarp, are rigid and black when ripe,
have a better taste and is less tart than
Oxygemmis, and the fruits of this form are more
preferred for fresh consumption. Angustifolia,
which has a more extensive distribution than
these forms, is used as an ornamental plant in
Europe (Ayaz et al., 1997a; Akbulut et al., 2007).

Fruit composition varies among cultivars, likely
due to ecological conditions, cultivar properties,
climate, soil etc. (Sulusoglu et al, 2015).
According to a study conducted by Sahan et al.
(2012), the average content of cherry laurel fruits
is as follows: 79.63% moisture, 0.75% ash, 0.95%
protein, 11.61% sugar, and 0.16% oil. The study
also found that the organic acids per 100g of fruits
were: oxalic acid (1.02mg), malic acid (47.92mg),
L-ascorbic acid (2.11mg), acetic acid (9.21mg),
citric acid (1.28mg), succinic acid (3.84mg), and
fumaric acid (5.53mg). Furthermore, the total
phenolic (TP) and DPPH-radical scavenging
activity (RSA) in methanol extracts of fresh fruits
were  229mg  GAE/100g and  26.70umol
trolox/g, respectively.

Akbulut et al. (2007) determined T4 between
0.38-1.21% and SDM between 8.6-21.3% in 28
cherry laurel genotypes growing in the Black Sea
Region. Also, Ayaz et al. (1997b) found dominant
fructose, glucose, sorbitol and sucrose as sugar
composition in  cherry  laurel  cultivars.
Furthermore, Alasalvar et al. (2005) reported
sugars such as xylose and arabinose outside

fructose, glucose and sorbitol in fruit cultivars and
their molasses. Karahalil and Sahin (2011)
demonstrated that phenolics such as gallic,
protocatechuic, p-OH benzoic, chlorogenic,
vanillic, p-coumaric, ferulic, syringic acids and
catechin and rutin were in extracts, also found
high the AC of the fruit extracts. Ergliney et al.
(2015) reported that the main anthocyanins
determined in cherry laurel are cyanidin-3-
arabinoside and peonidin-3-arabinoside.
Furthermore, Kolaylt et al. (2003) revealed that
their fruits contain significant amounts of
potassium (2215 mg/kg), magnesium (179
mg/kg), calcium (153 mg/kg), sodium (55
mg/kg), manganese (24.2 mg/kg) and traces of
iron (8.3% 0.8 mg/kg), zinc (1.9£0.2 mg/kg) and
copper (0.8+0.1 mg/kg). Additionally, Alasalvar
et al. (20006) reported that between a-tocopherol
0.29-0.42 mg, y-tocopherol 0.55-0.69 mg and f-
sitosterol 192.5-222 mg per 100 g of oil obtained
from the seeds.

Also, cherry laurel fruit is used as a medicinal
plant to treat health issues like stomach ulcers,
digestive problems, bronchitis, eczema, and
hemorrhoids. The fruit also acts as a diuretic.

Furthermore, they have anti-inflammatory,
antinociceptive, antioxidant, neuroprotective,
antidiabetic ~ and  anticarcinogenic  effects

(Karahalil and Sahin, 2011; Demir et al., 2017).
Cherry laurel fruits are usually eaten fresh, but
they can also be dried, pickled, and used to make
jam, marmalade, and fruit juice, (Sahan et al,
2012). Although their fruits have been processed
into molasses using traditional methods recently,
their commercial production has not become
widespread yet. It's important to diversify the
usage of cherry laurel fruits, which is rich in
phytochemicals, by turning it into different foods
like molasses. This helps to increase the economic
potential of this valuable fruit. Additionally, using
it in different food formulations can increase the
functionality of foods (Vahapoglu et al., 2018).

Molasses that are traditional foods are sweet,
delicious  natural products produced by
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concentrating sugar-rich fruit juices by boiling
them without adding any food additives or sugar,
thus extending their shelf life. Molasses are
produced mainly from sugar-containing fruits
such as grapes, mulberties, figs, apples, plums,
carob, dates, apricots, cranberry, blueberties,
pomegranate, black mulberry and watermelons, as
well as from yields such as andiz, juniper, sugar
beet or cane, and sugar millet (Simsek and Artik,
2002; Tosun and Ustiin, 2003; Turhan et al., 2007;
Kalaycioglu, 2023). Molasses is an important food
that can immediately meet the required energy
needs due to quickly mixing into the blood. The
100 g of molasses contains 55-80% sugar and 0.6-
0.9% nitrogenous substance, 2.2-14 pg Vitamin
B1, 150 pg Vitamin B2, 1.4 mg niacin (Vitamin
B3) and provides approximately 280 kcal. In
addition, it has been reported that molasses is a
good source of mineral substances such as K, Ca,
Mg, P, Na, Fe, Zn, Cu and Mn (Simsek and Artik,
2002; Toker and Hayoglu, 2004; Ekin and
Celikezen, 2015).

In the literature review, although there are a
limited number of studies on cherry laurel fruit
and especially its molasses, there are no studies for
determining the possible changes in molasses
compositions at different storage temperatures.
The study aimed to demonstrate the effect of
model storage temperatures and times on the
changes in the phytochemical compounds and
physical properties of molasses produced by
vacuum using two cherry laurel fruits and to
obtain mathematical equations explaining the
thermal stability of phytochemicals.

MATERIAL AND METHODS

Material

A total of 15 kg of each Kiraz (KCL) and Findik
(FCL) cherry laurel cultivar (Laurocerasus officinalis
L.) were collected on 24 July and 5 August 2017,
respectively by the sampling rules from
predetermined trees in Giresun province and its
surroundings. The collected cherry laurels were
then processed into two different types of
molasses.

Methods

Production of cherry laurel molasses (FCLM, KCLM)
To remove or reduce the dust, soil,
microorganisms, and agricultural pesticide
residues on the harvested and sorted KCL and
FCL fruits, washing was done with tap water.
Following cleaning, drying, and crushing into
small pieces by hand, tap water was added to the
mix at a ratio of 1:1. Wort was subjected to short-
term pre-heat treatment (3 min at 80-85 °C) to
inactivate enzymes and facilitate extraction and
cooled to room temperature (25 £2°C). Then,
worths waited for 2 hours at 25 F2°C for
extraction, and the coarse sediment and seeds
were removed using a filter cloth for clear juice
(repeated twice). The obtained extracts were kept
in a refrigerator (4 °C) for 12 hours and filtered
through coarse filter paper to remove the fine
sediment. The obtained clear filtrates were
concentrated in a laboratory rotary evaporator
(Heidolph Laborota 4000, Germany) at 50£2 °C,
under vacuum (500-600 mmHg), at a rotational
speed of 60-120 rpm (60 rpm at the beginning,
120 rpm towards the end). Evaporation
terminated when the soluble dry matter (SDM)
was 68% by refractometer (Hanna HI 96800,
Romania) (Fig. 1).

Packaging and storage of KCLM and FCLM samples
KCLM and FCLM samples produced from FCL
and KCL cultivars were placed in 50 mL glass jars,
and their lids were closed. The molasses samples
in the jar were stored at three different
temperatures (50-60 and 70 °C) according to the
experimental plan, between 6 and 168 hours, for
seven storage times. The samples, whose storage
period was completed, were immediately cooled
with ice water and kept in a deep freezer at -24 °C
until analysis.

Physicochemical analyzes

Soluble dry matter (§SDM) and Total dry matter
(TDM)

The SDM of fresh fruit and their molasses were
determined by a digital refractometer (Hanna HI
96800, Romania). TDM was determined by
calculating the weight loss caused by keeping the
fresh fruit and molasses in a certain amount in
glass petri dishes in an oven (Ecocell, Germany)
at 70 oC until they reach a constant weight.
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=)
s

Water (1:1)
(Fruit: Water)

Fine
sediment

Figure 1 Production steps of KCLM and FCLM

pH and Titratable acidity (T'A)

The pH of fruits and molasses was determined
potentiometrically using a pH meter (Mettler
Toledo-5210, Switzerland) calibrated with buffer
solutions (pH 4.0 and pH 7.0). TA was
determined by the titration of fresh fruit and
molasses with 0.1 N NaOH solution using a pH
meter up to pH 8.1 and expressed as g/100 g
malic acid from the spent amount of NaOH.

5-Hydroxymethylfurfural (HMF)

For HMF, 1 g of molasses samples were diluted
with distilled water in appropriate proportions,
made up to 50 mL with 2 mL of Carrez I and
Carrez 11 solutions, mixed by vortex and filtered
with Whatman 42 filter paper. After taking 1 mL
of the filtrate and adding 2.5 mL of p-toluidine
and 0.5 mL of barbutyric acid solutions,

homogenized samples' the absotbances (Abs)
were read within 1-2 min against the witness
sample prepared with distilled water instead of
samples at 550 nm using UI-VIS
spectrophotometer (Shimadzu UV mini-1240,
Japan) (Cemeroglu, 2010).

Vitamin C (Vit C)

The amount of Vit C in fresh fruit and their
molasses ~ was  determined  with  the
spectrophotometric ~ method  reported by
Cemeroglu (2010). After taking 1 g sample and
making it up to 25 mL with 6% metaphosphoric
acid solution, it was kept in the dark for two
hours, centrifuged at 727 x g (2500 rpm) for 5 min
(Sigma 2-6, Germany) and filtered. The 5 mL of
acetate buffer (pH 4.0), 2 mL of 206
dichlorofernolindophenol solution and 10 mL of
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xylene were added to 5 mL of the filtrate. Then,
Abs readings were made against the blank
prepared with metaphosphoric acid after 30 min
at 500 nm using a Ul-IVIS spectrophotometer
(Shimadzu UV mini-1240, Japan).

Total Phenolics (TP)

In determining TP, the colorimetric Folin-
Ciocalteu method reported by Cemeroglu (2010)
was used with  some  modifications.
Approximately 1 g of KCL and FCL were
weighed and extracted using a shaker in 80%
methanol (MeOH) containing 5 mL of 1% HCI
for 2 hours and 10 min at 4000 rpm. Then,
extracts were centrifuged and the current
extraction process was repeated twice. 20 uL of
the prepared and combined MeOH extracts of
fresh fruit and molasses were transferred to
disposable spectrophotometer cuvettes, on added
75 uL of Folin-Ciocalteu reagent and 750 uL of
Na,COs (7.5%) solution and 765 pL of distilled
water. The Abs of mixtures kept in the dark for
90 min at room temperature was measured at 725
nm using a UV-VIS spectrophotometer
(Shimadzu UV mini-1240, Japan). The TP was
calculated over mg GAE/kg fresh fruit and
molasses using the calibration curve obtained
from the solutions prepared from gallic acid.

Total Monomeric Anthocyanin (ACN)

The total monomeric ACN was determined
according to the pH differential method given by
Lee et al. (2005). Accordingly, MeOH (80%
MeOH + 20% H>O containing 1% HCI) extracts
of fresh fruit and molasses diluted with 0.025 M
KCI (pH 1.0) and 0.4 M CH;COONa*3H,O (pH
4.5) buffer solutions at appropriate rates. The Abs
of diluted samples hidden in the dark for 15 min
were detected at 520 nm and 700 nm with a U~
VIS spectrophotometer (Shimadzu UV mini-
1240, Japan). Results were expressed in mg/kg
based on the cyanidin-3-glucoside equivalent.

DPPH Free Radical Scavenging Activity (DPPH-
RSA) and Antioxidant Capacity (AC)

For DPPH-RSA analysis, 2.9 mL of DPPH
radical solution (1 mM) was added to the 0.1 mL
MeOH extracts of the samples obtained for
phenolics. After keeping in a water bath at 30 °C

for 30 min, Abs was measured using a UV-VIS
spectrophotometer (Shimadzu UV  mini-1240,
Japan) at a wavelength of 517 nm. DPPH-RSA
was calculated as % inhibition according to the
formula below (Equation 1). It was also expressed
as Trolox equivalent (mg TE /100 g fresh fruit
and molasses) using the daily prepared Trolox
standard calibration curve (Cemeroglu, 2010).

DPPH — RSA(%) = (1 — (Abs,/Abs.) x 100 (1)

where Abss = the Abs of the sample, Absc = the
Abs of the control sample

Viscosity

The viscosity of the molasses samples in the
homogenized glass jar was measured at 20 °C at a
shear rate of 100 rpm using a Brookfield
viscometer and probe no s-63.

Browning Level (BL)

Approximately 1.5 g of fresh fruit and their
molasses were weighed into centrifuge tubes and
made up to 10 mL with distilled water. After
adding 20 mL of ethyl alcohol and homogenizing
the samples by vortex, centrifuged (Sigma 2-6,
Germany) for 5 min at 727 x g (2500 tpm). 5 mL
samples were taken from the supernatant part and
added 5 ml of distilled water and 1 mlL of
K5S8:0s. The Abs of centrifuged mixtures again at
1860 x g (4000 rpm) for 5 min and waited for 20
min were detected at 420 nm in a UI-VIS
spectrophotometer (Shimadzu UV  mini-1240,
Japan). BLs were calculated by multiplying the
read _Abs value with the dilution factor
(Cemeroglu, 2010).

Hunter 1%, 2* and /* color values

The Hunter color values of fruit and molasses
samples were measured by a color meter that was
calibrated with the standard calibration plate of
L*= 97.79, a*= -0.44 and b*= +2.04 (Konica
Minolta CR-410, Japan).

Statistical analysis

The research was set up and conducted in a
Factorial Experimental Desing (2 cherry laurel
molasses (FCLM, KCLM) x 3 temperature (T) x
7 storage time (ST) x 2 replications, a total of 84
samples). The averages of the sources of variation
found to be significant in the Analysis of Variance
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(ANOVA) were compared using the Tukey
Multiple Comparison Test (TMCT) (Duzgtines et
al., 1987). Also, the data of phytochemicals such
as TP, ACN, and Vit C were subjected to multi-
regression analysis to get mathematical models
reflecting the changes with T and ST (Equation
2). The MINITAB 18 statistic program was used
for data analysis.

Y = Bo + ZBiX; + IB;iXi” + ZByXi X €

where Bo, 3i, Bi, and Bj = regression coefficients
for the intercept, linear, quadratic, and interaction
terms, respectively, X; (I) = the independent
variable as temperature (°C), X; (ST) = the
independent variable as storage time (h)

RESULTS AND DISCUSSION

Some physicochemical properties of cherry
laurel cultivars and their molasses

The physicochemical analysis results of cherry
laurel cultivars and their molasses are shown in

Table 1.

Table 1. Some physicochemical compounds of cherry laurel cultivars and their molasses (n=2)*

Cherry laurel cultivars and their molases

Properties KCL KCLM FCL FCLM
TDM (%) 19.78%0.74 72.6010.43 23.70+0.64 72791031
SDM (%) 18.3+0.14 68.210.00 22.240.14 68.00%0.00
pH 457+0.014 453+0.014 4.42+0.00 436+0.007
TA (% as malic acid) 0.369+0.005  0.547%0.010 0.380+0.003 1.20140.018
HMF (mg/ke) i 0.94+1.24 i 21.07+2.33
Vit C (mg/100g) 64.0146.67 59.98+0.52 81.5241.07 63.17+5.17
TP (mgGAE/100g) 802.59190.77  4287.60+20.24  1233.84%3357  5083.20+390.25
ACN (mg/kg) 0557742725  42.86%3.40 1201.22+112.20 36.03+3.08
DPPH-RSA (%) 71.39+0.00 66.50+2.15 75.11+1.95 77.94+3.66
AC (ug TE/mg sample) 29.91+0.00 27.85+0.90 31.47+0.82 32.65+1.54
Viscosity (at 100 rpm) ] 805.5%53.03 836.5+21.92
BL (A4 /mL) 4291+0.862  14.529+0.131 4.960+0.200 15.18140.029
Hunter Color values

L+ 26.42+0.09 31.25+0.13 21.84+0.01 30.73+0.16
a* 6.52+0.04 0.94+0.04 4104010 0.74+0.03
b* 4.00+0.08 20.1440.02 0.83+0.01 -0.47+0.18

o: as Mean®SD (Standard deviation)

Table 1 shows that significant differences existed
between compositions of both fruits in terms of
Vit C, TP and ACN. Also, the composition
elements like TA, HMF, Hunter L* a* and b*
values markedly changed during molasses
production. While pH, Vit C, ACN, Hunter, a*
and b* values of fruits generally decreased with
molasses production, TA, TP, BI, and Hunter L*
values increased. On the other hand, except for
pH, Hunter L*, a* and b* values of FCL and
FCLM, the SDM, TDM, TA, Vit C, TP, ACN,
DPPH-RSA, AC, viscosity and BL values were
higher than KCL and KCLM. Furthermore, the
highest HMF was in KCLM compared to FCLM.

The pH values of KCL and FCL cultivars were
4.57 and 4.42, respectively, and in their molasses

were slightly lower averages of 4.53 and 4.30,
respectively. Concerning pH, the TA of both
fruits varied between 0.369 and 0.380% as malic
acid. The average TA of FCLM (1.201%) was
higher than KCLM (0.547%). According to the
Turkish Food Codex, both molasses were within
the pH 3.5-5.0 limits specified for sour molasses
(TFC 2017).

Due to the nature of the food industry, especially
the chemical composition of processed raw
materials, processing conditions and techniques
increase 5-hydroxymethyl-2-furfural formation in
foods. In the formation of HMF, not only simple
sugars but also polysaccharides, proteins (amino
acids), low pH and high temperatures applied
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during the process are effective (Kowalski et al.,
2013). The amount of HMF of the molasses
vacuum evaporated showed an average value
almost two-fold higher in FCLM, which has a
lower pH and high TA than KCLM. HMF
findings were consistent with between 0.15-166
mg/kg values that were reported for different
molasses (Simsek and Artik, 2002; Tosun and
Ustlin, 2003; Toker and Hayaloglu, 2004; Turhan
et al.,, 2007).

Compared to KCL, FCL contained more Vit C at
81.52 mg/100g. However, Vit C decteased to 59-
63 mg in both molasses during the vacuum
evaporating process. After all, FCLM had a higher
Vit C degradation rate at 23%. Consistent with
our results, Kuscu and Bulantekin (2016) reported
a gradual decrease of ascorbic acid in apple
pekmez by open-pan evaporating (56%) and
vacuum evaporating (23%).

In our samples, the TP of FCL was about 53%
higher than KCL, and the TP of cultivars
increased 5.34 fold in KCLM and 4.12 fold in
FCLM due to concentration during molasses
production. As can be seen, cherry laurel fruits are
a good source of antioxidants such as Vit C, TP
and ACN. In a previous study, TP in KCL, FCL
and molasses samples was determined by
Alasalvar et al. (2005) as 454, 651, and 1444 mg
GAE/100 g, respectively. Celep et al. (2012)
reported the average TP in dry extracts of cherry
laurel fruits as 23.64 + 0.84 mg GAE/g. Ayaz et
al. (1997a), in the phenolic profile of cherry laurel
fruits and the wild form, determined vanillic acid
as the predominant phenolic acid besides
cinnamic (p-coumaric and caffeic acids), benzoic
(p-hydroxybenzoic, protocatechuic, and vanillic
acids) acids. According to the literature, our data
shows approximately 2-fold higher from fruit and
3-4-fold higher from molasses, except for Celep
et al. (2012), where the dry extract was used.
Furthermore, Tung et al. (2021) reported that the
total phenolic contents of the grape pekmez
samples produced by ohmic heating-assisted
vacuum evaporation varied between 1.36and
1.67 mg GAE/g sample. As a result, it turned out
that cherry laurel fruits are a good source of TP.
Cherry laurel fruits and molasses’ TP differences

may be due to ecological conditions and harvest
time. During the extraction, crushing and heat
treatment stages of the fruits, bioactive
compounds with antioxidant effects such as
amygdalin, tocopherols and sterols pass through
the crushed seeds and may have increased the AC
in both molasses. As a matter of fact, in the
previous study, Elmastas et al. (2013) determined
that the ACs of amygdalin, prunasin and B-
sitosterol isolated from cherry laurel seeds were
higher than BHA and lower than BHT and o-
tocopherol.

Alasalvar et al. (2005) reported a higher ACN in
KCL, FCL variety and their molasses than our
results to be 123, 174 and 9.3 mg/100 g,
respectively. Although washing, sorting and pre-
heating to remove contaminants for fruits and
evaporating at low temperatures (vacuum) to
prevent the color loss for molasses were made,
discolorations might have been due to the effects
of moderate light intensity and heat rather than
endogenous and microbial enzymes (glycosides,
peroxidases  and  polyphenol  oxidases).
Additionally, anthocyanin monomers might have
polymerized into brownish oligomers, known as
polymeric color. Also, researchers reported that
the color losses catalyzed by high temperature,
time, oxygen and metal ions were even more
accelerated by ascorbic acid, glucose and fructose
and their degradation products (Stintzing and
Carle, 2003). In this study, increasing
concentration may have affected the decrease of
monomeric anthocyanin. Similarly, Kirca et al.
(2006) reported that the degradation of
monomeric anthocyanins in black carrots
increased with increasing solid content during
heating and  decreased during  storage.
Furthermore, it is important to note that both
molasses used in the study have a pH level above
4. This means that four different types of
anthocyanins, namely flavylium cation, anhydrous
quinoidal base, colotless carbinol base, and pale
yellow chalcone, will likely coexist in KCLM and
FCLM. These various forms of anthocyanins
significantly impact the process of thermal
degradation (Jiang et al., 2019). Additionally, it has
been found that the stability of anthocyanins is
affected by whether they are acylated or
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unacylated. Studies have shown that colorants
from red sweet potato and purple carrot, which
are rich in acylated anthocyanins, exhibit higher
stability than colorants from purple corn and red
grape, which are rich in non-acylated
anthocyanins, under different pH, temperature,
and light conditions (Cevallos-Casals and
Cisneros-Zevallos, 2004).

DPPH-RSA varies between 71.39% and 76.49%
among fruits. FCL exhibited a higher mean
DPPH-RSA (75.11+£1.95%), due to its higher TP
and Vit C content DPPH-RSA increased in
FCLM, reaching 80.53%, but decreased to
66.50% in KCLM. AC of FCL varied between
30.89 and 32.05 pg/mg over TE, higher than
KCL (2991 pg/TE mg sample). Furthermore,
AC (27.85£0.90) decreased in KCLM but
increased in FCL (32.65%1.54). Additionally,
Liyana-Pathirana et al. (2006) found AC to be
higher in cherry laurel molasses on a fresh weight
basis and hydrogen peroxide and DPPH-RSA in
fruit on a dry weight basis. This situation
explained by the authors that it was due to the
moisture content of both samples and the
possible destruction of antioxidant compounds
during molasses production. They calculated the
inhibition values of their fruits as 23.4, 20.7 and
14.0% at concentrations of 400, 200 and 100
mg/kg, respectively. On the other hand, many
phenolics in nature are shown AC due to their
reducing, singlet oxygen-scavenging and metal-
chelating properties (Robards et al, 1999).
Additionally, AC  has reflected several
phytochemicals substantial in the fruit and their
synergistic effects. Also, studies have shown a
direct relationship between the TP and AC of
many fruits and vegetables (Jacobo-Velazquez
and Cisneros-Zevallos, 2009; Matthes and
Schmitz-Eiberger, 2009). Indeed, regarding the
issue, Kolayl et al. (2003) found that the cherry
laurel fruits' AC of TP wete higher than the
reference ascorbic acid.

The BL of the fruit extracts was partially higher in
FCL than in KCL as Abs/mL at 420 nm. BL value
increased in KCLM and FCLM and reached the
values of 14.621 and 15.201, respectively. The
most significant change in color values was that

the Hunter a* value, which is an index of the red
color in fruits, decreased, and the positive Hunter
b* value increased in a negative trend (-b*) with
molasses production. That is, while the red color
tone decreased in molasses, the violet-purple
color tone became dominant.

Thermal changes in some physicochemical
properties and phytochemical compounds of
molasses during storage at different
temperatures and times

Total dry matter (TDM) and Soluble dry matter
(SDM)

ANOVA results showed that only the amount of
TDM and SDM was affected by C at the P <0.01
level. T and ST with CxT, CxST, TxST, and
CxTxST interactions did not affect TDM and
SDM. When comparing TDM averages of
molasses using the TMCT, the FCLM had the
highest average value of 72.85%, while the KCLM
had the lowest average of 72.42%. According to
the TMCT results of SDM for C, SDM had
significantly different values in KCLM (67.83%)
and FCLM (67.68%).

PH and Titratable acidity (T.A)

ANOVA showed that vatiations in C, T and ST
sources, besides CxT, TxST, CxST and CxXTxST,
had a statistically significant impact on the pH
value and TA of all molasses at P <0.01.
Comparing the pH and TA averages based on
TMCT, KCLM molasses experienced a reduction
in pH (from 4.53 to 4.41) and an increase in TA
(from 0.515 to 0.714%) as the T and ST increased.
Additionally, similar changes in FCLM occurred
in the form of a decrease from 4.36 to 4.18 for the
pH and an increase from 1.12 to 1.48% for TA.
Similarly, Buckow et al. (2010), when pasteurized
blueberty juice was stored at 4, 25, and 40 °C for
approximately 6, 2, and 0.5 weeks, respectively,
the pH decreased from 3.0 to 2.85, and the latter
remained steady. The authors suggested that this
reduction may be due to the rise in phenolic acids
and ACN degradation products. In addition,
increasing T and ST may cause the release of
galacturonic acid from the breakdown of pectin,
leading to an increase in 1.4 and a decrease in pH
value (Anthon and Barrett, 2012).
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Vit C and HMF

ANOVA analysis indicated that Vit C was
affected significantly by C and ST factors.
Additionally, all of wvariation and
interaction effects on the HMF level were
statistically  significant at P <0.01. When
comparing the averages of Vit C with TMCT for
C and ST, Vit C in KCLM had a higher value of
55.01 mg/100 g than FCLM's 51.09 mg/100 g.
Also, the Vit C averages of both molasses samples

sources

decreased with ST compared to the control
samples, with a range of 37.1-43.7 mg/100 g (30-
41%) (Fig. 2). Similarly, Kuscu and Bulantekin
(2016) determined that after 4 months of storage,
the loss in ascorbic acid was 69.54% in vacuum
evaporation for apple pekmez. Bese and
Polatoglu (2017) reported that oxygen and light in
the environment are the most significant factors
in the loss of Vit C at the rate of 51.1% after sun
drying the cranberry fruit.
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Figure 2 Thermal change of Vit C and HMF
Means shown with the same capital letter (a-h for Vit C, a-u for HMF) in the bar chart are not statistically different
from each other (P < 0.05, Tukey's test).

HMF is a cyclic aldehyde produced by ascorbic
acid and sugar deterioration. It can also form
through the Maillard reaction, which occurs
during food processing or long-term food storage
(Tortibio and Lozano, 1984; Cemeroglu, 2013;
Shapla et al., 2018). While the HMF content of
FCLM was approximately 2-fold (21.07 mg/kg) at
the start of storage compared to KCLM, the
difference reached up to 5-fold with increasing T
and ST (Fig. 3). Babsky et al. (1986) explained the
increase of HMF during 111 days of storage of
concentrated apple juice at 37 °C, the first period
including an induction time of about two weeks,
a rapid increase in HMF within 50 days, the
second period, and the decrease in the rate of
HMF formation in 3 periods as the third period.
A study conducted by Burdurlu and Karadeniz
(2003)  discovered that two apple juice
concentrates kept at 5 °C and 20 °C did not

experience a significant increase in HMF levels.
However, when stored at 37 °C, the HMF levels
at the end of storage had reached 963 and 190
mg/kg in Golden Delicious and Amasya apple
juice concentrates, respectively. Similarly, a study
by Simsek et al. (2006) determined HMF levels in
two grape juice concentrates after thermal
storage. Results showed that HMF amounts were
affected by grape type, concentration,
temperature, and duration of storage. Most
researchers reported that the increase of HMF is
related to heat processing, temperature and
storage, and the presence of simple sugars (like
glucose and fructose), acids (with low pH), aw
(water activity), protein, and minerals (such as Ca,
K, Mg, Na+2, Fe+2, and Fe+3 (Torribio and
Lozano, 1984; Burdurlu and Karadeniz, 2003;
Simsek et al., 2007; Cemeroglu, 2013; Karatas and
Sengiil, 2018; Shapla et al., 2018). These results are
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similar to the research findings and the

highlighted results on the subject.

Total Phenolics (I'P) and DPPH-RSA

According to the ANOVA results, the effects of
T, ST and CxT on TP and C, T, ST, CXT and
CxST on DPPH-RSA were found significant (P
<0.05). After comparing the statistically
significant CxT interaction averages with the
TMCT, it is found that the TPs of KCLM and
Insert Fig. 3 here

FCLM decreased due to an increase in T and ST
in all thermal processes. The TP averages reached
during the last storage period at 50 and 60 °C were
statistically similar in both molasses, but the TP of
both molasses differed at the end of the storage
period at 70 °C. After all, it has been found that
FCLM TP's stored for 6-42 h at 70 °C are better
preserved than other samples. Furthermore, it
showed that the ST had a higher effect on the TP
of both FCLM and KCLM than the T (Fig. 3).
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Figure 3 Thermal change of TP and DPPH-RSA with process
Means shown with the same capital letter (a-h for TP, a-r for DPPH-RSA) in the bar chart are not statistically

different from each other (P < 0.05, Tukey's test).

Kuscu and Bulantekin (2016) reported that the
highest TP in apple molasses produced by two
different methods (boiler and vacuum) was in
molasses produced by vacuum. However, the
amount of TP as epicatechin (114-138 to 92-112
mg/kg) and catechin (94-115 to 83-97 mg/kg)
decreased during storage compared to the initial
value. Moldovan et al. (2016) discovered that
extracts' TP decreased slightly (between 3.1% and
22.6%) after being stored at 2 °C in the dark for
10-60 days. However, the TP of stored extracts at
room temperature (22 °C) decreased significantly
after 60 days (25.4%). Furthermore, TP
deterioration was 8 and 16 times higher at 55 °C
and 75 °C, respectively, compared to 2 °C. The

researchers explained that high temperatures
cause the polyphenolic content of the extracts to
decrease due to an increase in the oxidation rate
of bioactive components. Similar decreases in TP
(16.31-9.31 ug GAE/mg sample) and AC (21.29-
17.38%) were observed by Karatag and Sengiil
(2018) in mulberry molasses stored at 20£2 °C for
6 months. The findings of this study coincide with
the literature findings reported above.

When comparing the DPPH-RSA mean values of
CxT interaction to TMCT, the highest and lowest
values were observed at 50 and 70 °C,
respectively. Additionally, the mean value of
FCLM is greater than that of KCLM. Comparing
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CxST averages with TMCT, DPPH-RSA of both
molasses reduced as the storage process
progressed. However, the DPPH-RSA value of
FCLM was higher than KCLM throughout the
same storage period (Fig. 3).

Total monomeric anthociyanin (ACN) and Antioxidant
capacity (AC)

As a result of ANOVA, the effect of CxXTxST
interaction on the amount of ACN and AC was
significant at the P <0.01 level. The ACN amount
of the control samples was higher (42.86 mg/kg)

in KCLM than in FCLM. When the averages of
CxTxST ACNs data are compared according to
TMCT, they decreased with increasing time of 50,
60 and 70 °C. While these decreases were between
71.60-80.91% at the end of 50 ©C-168 h in both
molasses and 85% in KCLM at the end of 60 °C-
84 h, it completely disintegrated in FCLM at the
end of 60 °C-60 h. At the end of the highest
temperature of storage, at 70 °C-42 h, the amount
of ACN decreased in KCLM to 3.73 mg/kg with
aloss of 91%, while ACN completely degraded in
FCLM at the end of 70 °C- 24 h (Fig. 4).
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Figure 4 Thermal change of ACN and AC with process
Means shown with the same capital letter (a-s for ACN, a-p for AC) in the bar chart are not statistically different

from each other (P < 0.05, Tukey's test).

The AC of FCLM and KCLM samples were
increased slightly at baseline relative to their
controls but decreased with increasing time at 50,
60 and 70 °C. Additionally, FCLM's AC decrease
was higher than KCLM's. The fact that the
compounds such as Vit C, TFM and ACN, which
have AC in both molasses, decreased with
increasing T and ST probably may have
contributed to the slight decrease in AC with
extension ST. However, the slight increases seen
in the first process applications may be related to
the HMF increase, which is known to have AC, as
well as phloroglucinaldehyde and protocatechic

acid, which have higher antioxidant activity
revealed by ACN degradation (Sadilova et al.,
2007). According to Karatas and Sengiil (2018),
mulberty molasses stored at 202 °C for 6
months showed a decrease in AC (from 21.29%
to 17.38%) and TP (from 16.31 pg GAE/mg
sample to 9.31 ug GAE/mg sample).

Hunter 1%, a*, b* values and Browning L evels (BL)

As a result of the ANOVA, the effect of CxT
interaction on Hunter L* and BL, CxXTxST
interaction on Hunter a* value and CxT, CxST
and TxST interactions on Hunter b* value were
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found significantly at the P <0.05 level. When the and this effect was partially high in KCLM.

Hunter L* value averages belonging to C were Presumably, the differences in the composition
compared with TMCT, it was determined that  elements of the cultivars (Vit C, ACN
KCLM had a lighter color tone than FCLM. concentration, HMF, amount of mineral matter,
Hunter L* value of both molasses cultivars was etc.) caused the differences in the Hunter L* value

affected the most during storage at 50 and 70 °C, of molasses (Fig. 5).
Insert Fig. 5 here
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Figure 5 Thermal change of Hunter L*, a*, b* values and BI
Means shown with the same capital letter (a-n for Hunter L*, a-k for Hunter a*, a-p for Hunter b*, a-v for BI) in
the bar chart are not statistically different from each other (P < 0.05, Tukey's test).

TMCT results showed a reduction in cyanidin derivative) tones and reached the highest average
derivatives that provide the red color (Hunter a* values in the last storage period. Hunter b* values
value) due to increased T and ST. The read of both molasses were statistically indifferent (P
Hunter a* value after 168 hours of storage at 50 <0.05) at the end of the ST. According to the
°C varied between 0.520 and 0.580, and the effect ~ TMCT compared results of SxDS Hunter b*
of 72-84 hours at 60 °C and 42 hours at 70 °Con  means for both molasses, the highest increase was
Hunter a* values were similar for both molasses at 60 °C in the negative direction, followed by
(Fig. 5). increases at 50 °C and 70 °C, respectively.
However, there was no difference between these
Additionally, according to the statistically  increases at the statistical significance level (P
significant CxT interaction, the difference <0.05).
between increasing T and Hunter b* value was
highest in KCLM (-0.3871). Also, CxST co-  According to the TMCT results of the CxT
interaction decreased the Hunter b* value of  interaction found to be important in the BL data,
molasses cultivars, and the blue color tone turned ~ BL increased significantly with increasing T based
into  purple-violet (increase in delphinidin =~ on C. The highest BL values were determined at
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70 °C (19.08) for FCLM, at 60 °C (16.76) and 70
°C (16.64) for KCLM, but there was no statistical
difference between both T.

Viscosity

According to the ANOVA analysis, factors T and
ST had a significant effect, along with the
interactions CxT, CxST, and TxST, on the
viscosity of KCLM and FCLM at a statistical level
of P <0.05. However, the C and CxTxST did not

have any effect on viscosity. According to the
TMCT results of viscosity averages of CxT, while
the measured viscosity of KCLM at a 100 rpm
shear was 718 at 50 °C, it reduced with the
increased T compared to the control to 653 and
522 at 60 and 70 °C, respectively. FCLM also
showed similar decreases, but the reductions at 50
and 70 °C were no different from each other
statistically (P <0.05) (Fig. 6).
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Figure 6 Thermal change of viscosity

Means shown with the same capital letter (a-o) in the bar chart are not statistically different from each other (P <

0.05, Tukey's test).

The viscosity averages of two different molasses
were significantly affected by the interaction of
CxST, as revealed by TMCT. The increase in ST
led to a decrease in viscosity, and this decrease
varied depending on the type of molasses. The
KCLM and FCLM's viscosities decreased by 29%
and 40%, respectively, compared to the control
sample. Differences in viscosity between the
molasses are likely due to the characteristics of
each cultivar. However, while pectin remaining in
molasses initially provided a specific consistency
to the samples with the presence of sugar,
increased T may have caused a decrease in
viscosity by disrupting the structure of pectin
(decomposition into galacturonic acid) and

sucrose content. Studies indicate that low pH
values and high temperatures can cause the
breakdown of glycosidic bonds and the
deterioration of pectin structure (Sundar Raj et al.,
2012). The interaction between SxDS had an
impact effect on the change in molasses viscosity.
When comparing the averages based on TMCT,
the highest viscosity value was observed after 42
h of storage at 70 °C compared to the control
sample, followed by 168 h at 50 °C and 84 h at 60
°C, respectively. However, there was no statistical
difference found between the last two
applications.
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Mathematical equations reflecting the
thermal change of some phytochemicals

One of the critical factors to consider in food
processing is nutrient loss. Therefore, kinetic
studies are needed to minimize undesirable
variation and optimize the quality of certain
foods. Kinetic models are frequently used to
ensure safe food production is objective, fast and
economical. Kinetic models are also used to
predict and examine the impact of the application
and process on critical quality parameters (Patras
et al., 2009). We took the average values of Y (Vit
C, TP, and ACN) from two separate experiments
and used them to create a quadratic polynomial
model. As a result of the multi-regression analysis,
it determined that the relationship between Vit C,
TP and ACN phytochemicals and the T and ST
could be disclosed by a three-dimensional
polynomial or paraboloid regression equation that
had a high R? value. The R? value (74-94.7 %) of
calculated regression equality for the average
of molasses phytochemicals using
regression analysis was less than the equations
formed according to the KCLM (76-96.4 %) and
FCLM (84-97.2 %). This model predicts the
amount of phytochemicals in mg/100 g, mg
GAE/100 g, and mg/kg, respectively.

values

VitC = 148.6 —2.31 T+ 0.121 ST +
0.016 T? — 0.00049 ST? — 0.0806 TST
(R2= 74.55%)

TP = 21798 — 749 T + 49.2 ST +

7.192 T2 — 0.0020 ST? — 1.056 TST
(R2= 94.73%)

ACN =192 —-3.86 T —0.310 ST +
0.0185 T2 + 0.00076 ST? — 0.00047 TST
(R2=90.40%)

However, TP and ACN equations with high
regression coefficients (R?), which vary within the
same limits as the regression equations created
according to data belonging to cultivars, can be
used to determine optimum conditions in kinetic
calculations belonging to thermal stability. In the
models of phytochemicals such as Vit C, TP and
ACN of molasses, besides the linear (primary)
effect of T and ST, the quadratic (secondary or T2,
ST?) and interaction (TxST) effects were also
found to be significant (P < 0.001).

As observed from equalities, the thermal change
of phytochemical compounds such as Vit C, TP
and ACN in different applications (including the
T and ST) didn't show compliance with the first-
degree reaction kinetics. Consistently, Kanner et
al. (1982) reported that the fragmentation course
did not comply with the first-order reaction
kinetic can be used in temperatures of 25 °C and
below because ascorbic acid decomposed at 36
°C, but in the decomposition of ascorbic acid
during the storage of orange juice concentrate.
Similarly, Moldovan and David (2014) explained
the degradation of ascorbic acid in the same
conditions with the Arrhenius equation. In a
previous study, the reaction kinetics reflecting the

thermal decomposition of cranberry fruit
polyphenols  during storage has shown
compliance with the Arrhenius equation

(Moldovan et al., 2016). Furthermore, Buckow et
al. (2010) demonstrated the relationship between
ACN degradation and pressure, T and application
time (ST) factors in blueberry juice using a
nonlinear regression equation.

CONCLUSIONS

Cherry laurel (Laurocerasus officinalis 1..) is a fruit
whose consumption is limited in quantities due to
its astringent taste, processed into pickles, jams,
dried fruit, juices, molasses and brine products
with traditional methods in the Blacksea region of
Turkey. Considering the nutrients it contains,
such as anthocyanins, phenolic substances and
Vit C, and its relations with health, this fruit
should be delivered to most consumers as
converted into molasses with appropriate
technology in modern factories and evaluated in
different foods as an additive. As a result, a
significant reduction of nutrient losses is possible
by determining thermal changes in some
physicochemical properties and phytochemical
compounds during molasses production and
storage under different T and ST conditions. The
results of this study demonstrated that
phytochemicals such as Vit C, TP and ACN were
quality parameters in KCLM and FCLM, and the
equations reflected the change with T and ST of
Vit C, TP, and ACN may be used to calculate the
phytochemicals thermal stability.
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ABSTRACT

In this study, extraction conditions of proteins trom Sargassum vulgare were optimized. The Box-Behnken
design (BBD)-based Response Surface Methodology (RSM) was used to investigate and optimize the protein
content (PC), total phenolic content (TPC), and antioxidant activity (AOA), which were affected by
extraction parameters (ultrasonic probe time: 0.09-2.91 min and enzyme/substrate ratio (E/S): 0.18-1.02).
The optimal extraction was achieved while applying an ultrasonic probe for 2.5 min and using an E/S of
0.90. Under this optimum conditions PC and TPC were found to be as 248.30 mg protein/g dry weight
(dw) and 38.03 mg gallic acid equiavalent (GAE)/g dw, respectively. Moreover, AOA was determined to be
53.77 mg Trolox equivalent (TE)/g dw by CUPRAC and 19.88 mg TE/g dw by ABTS methods. These
findings provide a good basis for future research into the potential of macroalgae protein extracts, which
have a high protein content and antioxidant potential for food industry.

Keywords: Sargassum vulgare, macroalgae, extraction, protein extract, antioxidant activity
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ULTRASON DESTEKLI ENZIMATIK YONTEMLE SARGASSUM
VULGARE'DEN ANTIOKSIDAN PROTEIN EKSTRAKSIYONU: RSM iLE
EKSTRAKSIYON PARAMETRELERININ OPTIMIZASYONU

oz

Bu calismada, Sargassum vulgare'den proteinlerin  ekstraksiyon kosullari optimize edilmistir.
Ekstraksiyon parametrelerinin (ultrases prop suresi: 0.09-2.91 dk ve enzim/substurat orant (E/S):
0.18-1.02), protein miktar1 (PM), toplam fenolik madde miktar1 (TFMM) ve antioksidan aktivite
(AOA) uzerine etkisini arastirmak ve optimizasyon calismalarini gerceklestirmek icin Box-Behnken
Tasarim-Yanit Ylzey Metodolojisi kullanilmistir. Optimum protein ekstraksiyon kosullari, 2.5 dk
ultrases prop uygulama stresi ve 0.90 E/S oranidir. Optimum ekstraksiyon kosullarinda, PM ve
TFMM sirastyla 248.30 mg protein/g kuru madde (km) ve 38.03 mg gallik asit esdegeri (GAE)/g km
olarak bulunmustur. Ayrica AOA, CUPRAC yontemi ile 53.77 mg Trolox esdegeri (TE)/g km ve
ABTS yontemi ile 19.88 mg TE/g km olarak belitlenmistir. Bu bulgular, yiksek protein miktat1 ve
antioksidan aktivitesiye sahip makroalg protein ekstraktlarinin gida endustrisi i¢in potansiyelini

arastiracak yeni calismalara bir temel olusturabilir.

Anahtar kelimeler: Sargassum vulgare, makroalg, ekstraksiyon, protein ekstrakts, antioksidan aktivite

INTRODUCTION

Macroalgae are considered a viable source of
protein with an essential amino acid composition,
and their use for protein synthesis has several
advantages over the traditional use of protein-rich
plants in terms of productivity and nutritional
content (Taboada, 2010; Sirbu, 2019; Bleakley and
Hayes, 2017). Alternative sources and techniques
for protein production are needed to meet
consumer demand and the projected global
protein demand (Bleakley and Hayes, 2017).
Numerous health benefits of brown algae are
attributed to their protein hydrolysates and
bioactive peptides for the control, treatment, and
risk reduction of degenerative and chronic
diseases (Alvarez-Vinas, 2021).

The brown seaweed Sargassum vulgare is a member
of the Phaeophyceae family, which includes many
species found in both tropical and temperate
waters wotldwide. Shallow waters and coral reefs
are the most important habitats for these algae
(Karkhane et al., 2020; Mahmoud et al., 2019). It
is known that the total protein content of 5. vu/gare
varies greatly depending on the growth
environment and ranges from a relatively low to a
high content (10-15% dry weight) (Field et al.,
2017). On the other hand, S. vulgare contains vital
components such as polyphenols, carotenoids,
vitamins, unsaturated fatty acids, and free amino
acids (Karkhane et al., 2020). The stimulating
effect of the macroalgae extract could be related

to all these different substances contained in the
extract (Mahmoud et al., 2019; Khan et al., 2009).
8. wulgare is widely distributed along the
Mediterranean coasts, but this species originating
from Tirkiye has not been studied yet.

The extraction of algal proteins has received less
research attention than that of proteins from
other plants. The traditional methods for
extracting algal proteins are aqueous, acidic, and
alkaline (Bleakley and Hayes, 2017). One of the
novel extraction techniques is ultrasound-assisted
extraction (UAE), which produces a final product
with higher purity while reducing the need for
downstream processing due to its fast-processing
time, non-thermal properties, and minimal
solvent consumption (Bleakley and Hayes, 2017).
The sonicated liquid and its components ate
chemically excited by the violent implosion of the
bubbles formed by UAE, resulting in the
formation of microscopic zones of high pressure
and temperature. This facilitates degradation of
the target compound and disruption of the
particles (Mason et al., 1996).

In this study, the UAE of proteins from S. vulgare
collected from the Mediterranean coast of
Thrkiye was described. The extraction conditions
were optimized using response  surface
methodology (RSM). The objectives of the study
are (i) to establish a protocol for the extraction of
S. vulgare protein extract (SVPE) with high protein
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content; (i) to optimize the conditions for the
enzymatic UAE of proteins from S. wulgare in
terms of protein content (PC), total phenolic
content (TPC), and antioxidant activity (AOA);
and (iii) to compare protocols for the extraction
process with different extraction time, sonication
time, and amounts of added enzyme
(hemicellulose). Within our knowledge, this is the
first study in the literature detailing the extraction
procedures of protein extracts from S. wugare
from the Turkiye seas using RSM.

MATERIAL AND METHOD

Collection and preparation of algae

Sargassum vulgare was collected on the Aegean
coast of Turkiye (coordinates: 40°1'35.90 "N and
26°19'49.49 "E). The collected algae samples were
prepared for analysis according to the procedures
of Bozdemir et al. (2022). The dried and
pulverized algae, which had a 8% moisture
content and a particle size of less than 500 pm,
were carefully packed to protect them from light
and air and stored at -20 °C for further analysis.

Chemicals

The phenol reagent Folin-Ciocalteu was
purchased from Merck (Merck, Darmstadt,
Germany). The hemicellulase (HSP  50000)

supplied from Bakezyme. All the other chemicals
and solvents were obtained from Sigma-Aldrich
(Sigma-Aldrich Chemie, St. Louis, Missouri,
USA). All of the solvents and chemicals used in
this study were of the analytical grade.

Ultrasound-assisted
extraction

To extract proteins from S. vulgare, a combination
of ultrasound pretreatment and carbohydrase
addition was used as described by Bozdemir et al.
(2022) based on the design of the experiment
(Table 1). In brief, 0.5 g algae sample was mixed
with 50 mLcitrate buffer (0.1 N, pH 4.5). The
suspension sonicated with an ultrasonic probe (53
kHz and 65% amplitude) (Sonopuls HD 2200,
Bandelin Electronic GmbH & Co. KG, Berlin,
Germany) at ~25 °C for the given time periods
under RSM settings. Hemicellulase was then
added to the mixture and kept in shaking water at
1 g-force and 35 °C for 24 h. Finally, the samples
wete kept in the shaking water bath at 85°C for
10 min for enzyme inactivation. At the end of the
procedures, the samples were centrifuged at 4100
rpm, 4 °C, 15 min and the supernatant (5. vulgare
protein extract) was collected, then stored in a
dark place at -20 °C until further analysis.

enzymatic  protein

Table 1: Actual and coded levels of independent variables for central composite design.

Independent wvariables for extraction of Codded levels

SVPE* - -1 0 1 +o
Xi; Ultrasound probe time (min) 0.09 0.50 1.50 2.50 2.91
Xo; Enzyme/substrat ratio 0.18 0.30 0.60 0.90 1.02

*: SVPE: Sargassum vulgare protein extracts.

Determination of protein content

The protein content of S. wwjgare extract was
determined using a moditfied Lowry method
(trichloroacetic acid (TCA)-Lowry). In this
method, the proteins are separated from the
samples using TCA in order to eliminate possible
interfering substances (Moein et al., 2015). Using
the method of Lowry et al. (1951), the protein
content of the extracts was determined by using
UV  spectrophotometer  (Scilogex, USA). A
standard curve had a linear equation (R?= 0.99)
was generated using bovine serum albumin (BSA)
at concentrations ranging from 0.05 to 0.1

mg/ml. The protein content was expressed as
milligrams per gram of sample dry weight (dw)
using bovine serum albumin as a standard.

Total phenolic content (TPC)

The TPC of the SVPE was determined according
to the Folin-Ciocalteu’s method (Toor and
Savage, 2006) as described by Bozdemir et al
(2022). The samples' absorbance was measured at
765 nm by using the UV spectrophotometer. The
TPC was computed using a linear equation (R?=
0.99) derived from a calibrated curve at five
different point including 0.01 to 0.1 mg/mlL., with
gallic acid functioning as the standard. The results
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are expressed in mg of gallic acid equivalents
(GAE) per gram of dw.

Antioxidant activity (AOA)

The cupric reducing antioxidant capacity (CUPRAC)
method

The CUPRAC assay was carried out in
accordance with the method of Apak et al
(2005), as described in our previous study
(Bozdemir et al, 2022). Using the UV
spectrophotometer, the absorbance of the
samples was determined at 450 nm. Trolox
prepared at 5 different points ranging from 0.2 to
0.01 was utilized as a standard on the calibration
curve (R?= 0.99). The Trolox equivalent (TE) in
milligrams per gram of dry weight was used to
express the results.

2,2-azinobis  3-ethylbenzothiazoline-G-sulfonic  acid
diammoninm salt (ABTS) method

The ABTS assay was performed according to
Miller and Rice-Evans (1997), as described in our
previous study (Bozdemir et al., 2022). The
absorbance was measured at 734 nm and results
were given in mg TE/g dw. Trolox prepared at 5
different points ranging from 0.2 to 0.01 was
utilized as a standard on the calibration curve

R2= 0.97).

Experimental design and statistical analysis
The extraction conditions are optimized by the
application of RSM. The effects of two
independent variables (ultrasonic probe time and
enzyme/substrate ratio) for optimization at 5
levels (-o, -1, 0, 1. +a) were investigated using
Central Composite Design (CCD). In the present
study, ultrasonic probe time (0.5-2.5 min) and
enzyme/substrate ratio (0.30-0.90), coded as Xi
and Xo, were chosen as independent variables.
The experimental design consists of 13 (run)
conditions comprising five center points, four
factorial points, and four axis points.

As shown in Table 1, the parameters for
extraction were standardized as coded variables.
Response functions (Y) were PC (mg protein/g
dw sample), TPC (mg GAE/g dw sample) and
AOA (mg TE/g dw sample). Surface response
with a second-order polynomial was used to
determine the relationship between the

independent factors and the response (Tekin et
al., 2015). The mathematical model used for the
bivariate central composite design is given in
Equation 1.

Y= Bg + B Xy + BX, + 611)(12 +
B22X5 "+ B12X1X; O

The regression coefficients for the second-order
polynomial model are as follows: Bo represents the
constant term, B; represents a linear effect, Bi
represents a quadratic effect and Bij represents an
interaction effect. The fit of the model was
assessed using statistical significance analysis of
variance and regression coefficients. Surface
responses and contour plots of the polynomial
regression equations to visualize the relationship
between the responses and the independent
variables and optimum conditions for the target
responses were obtained using the trial version of
Design Expert 7.1 software (Stat-Ease, Inc.,
USA). The results were statistically tested at the
statistical significance level p=0.05. The fit of the
model was determined based on the model
analysis, the coefficient of determination (R?), and
the model error. Mathematical models were
created to describe the interaction effects of a
single parameter and/or multiple parameters on
each response studied.

Validation of model for
conditions

Protein extraction was carried out using the
optimum extraction conditions given by RSM,
and the predicted and actual values were

compared.

the optimum

RESULT AND DISCUSSION

Fitting model

13 combinations of two independent variables
(ultrasonic probe time and enzyme/substrate
ratio) were used to determine the protein,
phenolic and antioxidant content of SVPEs and
the results were given in Table 2. Table 3 shows
the analysis of variance and model coefficients
(R?) for each dependent variable. The P-value was
used to calculate the significance of each
coefficient. The most significant factor is the
enzyme/substrate  ratio  (P<0.05). Previous
studies showed a comparable result (Liadakis et
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al., 1995; Morais et al., 2015; Yucetepe et al., ratio and ultrasonic probe time was significant
2022). In addition, the interaction effect of E/S (P< 0.05).

Table 2. Box—Behnken experimental design with natural and coded extraction conditions and
experimentally obtained values of all investigated responses.

Independent variables Responses

A: Ultrasound B: Enzyme/ PC (mg TPC CUPRAC ABTS (mg

Run  application time ) protein/g (mg GAE/g (mgTE/g TE/¢g
. substrate

(min) extract, dw)  extract,dw) extract,dw) extract, dw)
1 1.50 0 1.02 +o 248.53 41.57 55.01 16.98
2 1.50 0 0.18 - 34.92 20.79 37.60 19.90
3 1.50 0 0.60 0 147.00 31.97 53.66 20.62
4 2.91 +o 0.60 0 143.10 32.86 52.63 19.70
PC: 5 1.50 0 0.60 0 146.70 32.42 47.35 17.55
6 1.50 0 0.60 0 152.50 33.06 49.90 18.94
7 0.50 -1 0.90 1 194.11 37.62 53.20 12.60
8 1.50 0 0.60 0 161.97 3417 43.70 19.70
9 2.50 1 0.30 -1 85.95 25.45 36.61 18.66
10 2.50 1 0.90 1 258.55 39.37 53.30 17.85
11 1.50 0 0.60 0 176.30 31.98 44.35 14.72
12 0.50 -1 0.30 -1 100.00 23.46 32.50 20.70
13 0.09 - 0.60 0 157.76 31.40 40.80 20.90

Protein content, TPC: Total phenolic content, CUPRAC: Cupric reducing antioxidant capacity; ABTS: 2,2-azinobis
3-ethylbenzothiazoline-6-sulfonic acid diammonium salt.

Table 3: Analysis of variance (ANOVA) of the fitted second-order polynomial model

Source Sum of squares DF Mean square F-value p-value

Protein content

Model 42216.30 5 8443.26 33.17 <0.0001%
L‘Eear 110.02 1 110.02 0.43 0.5319
. 40440.67 1 40440.67 158.88 <0.0001%
2
Q“Edm“c 0.19 1 0.19 7 384E-004 0.9791
n 122.03 1 122.03 0.48 0.5110
B
Integ"mon 1540.00 1 1540.00 6.05 0.0435%
12
Residual 1781.70 7 254.53 - -
Lack of fit 1157.67 3 385.89 2.47 0.2011
Pure error 624.03 4 156.01 B R
Cor total 43998.00 12 - - -

R2=0.96; C.V.(%)=10.33
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Table 3: Analysis of variance (ANOVA) of the fitted second-order polynomial model

Soutce Sum of squares DF Mean square F-value p-value
Total phenolic content
Model 421.90 5 84.38 145.74 <0.0001*
nge“ 4.20 1 420 7.25 0.0310%
81 412.70 1 412.70 712.82 <0.0001*
2
Qu%dmc 0.80 1 0.80 1.38 0.2784
B 4.60 1 4.60 7.95 0.0258*
B22
Residual 4.05 7 0.58 - -
Lack of fit 0.63 3 0.21 0.24 0.8622
Pure error 3.43 4 0.86 - -
Cor total 425.95 12 - - -

R2=0.9905; C.V.(%)= 2.38

Table 3 (cont.): Analysis of variance (ANOVA) of the fitted second-order polynomial model.

Source Sum of squares DF Mean square F-value p-value
Antioxidant activity (CUPRAC)
Model 556.11 5 111.22 6.36 0.0154*
L”éw 54.83 1 54.83 313 0.1199
Bl 476.72 1 476.72 27.25 0.0012*
2
Quadratic
By 10.10 1 10.10 0.58 0.4721
Ba 13.07 1 13.07 0.75 0.4160
Integ"c“"n 4.04 1 404 0.23 0.6454
12
Residual 122.44 7 17.49 B B
Lack of fit 54.74 3 18.25 1.08 0.4532
Pure error 67.70 4 16.93 - -
Cor total 678.55 12
R2=0.82; C.V.(%)=9.05
Antioxidant activity (ABTS)
Model 36.17 5 7.23 1.47 0.3096
L‘Ew 0.29 1 0.29 0.059 0.8144
81 17.59 1 17.59 3.58 0.1005
2
Qu%dmnc 2.22 1 2.22 0.45 0.5228
1 2.22 1 2.22 0.45 0.5235
822
Imef;c“on 13.18 1 13.18 2.68 0.1457
12
Residual 34.43 7 4,92 - -
Lack of fit 13.33 3 4.44 0.84 0.5378
Pure error 21.10 4 5.28 - -
Cor total 70.60 12

R2=0.51; C.V.(%)=12.12

*significant at P< 0.05, B1: Ultrasound probe application time (sec), B2: Enzyme/substrate ratio.
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The R2 values were 0.96, 0.99, 0.82, and 0.51 for
PC, TPC, CUPRAC, and ABTS, respectively
(Table 3). Apart from ABTS (<0.80), TPC,
CUPRAC, and ABTS had high R? values for the
models. The model's fit is indicated by the high R?
values (Moorthy et al., 2015). A low coefficient of
variation (CV) in the model indicates that the
evaluated systems are highly reproducible.
Similatly, PC (CV=10.33%), TPC (CV=2.38%),
CUPRAC (CV=9.05%) and ABTS (CV=12.12%)
showed low variation in their mean scores (Table
3). The lack of fit has no significance for PC and
all AOA methods measured (P>0.05, Table 3).
The results indicate that the PC, TPC, and AOA
models (by CUPRAC method) can be utilized to
optimize the parameters for protein extraction
trom . wufgare (P<0.05). Statistically significant
linear effects of E/S on PC, TPC, and CUPRAC
were observed (P<0.05, Table 3).

Protein content

RSM was used to determine the best method for
extracting proteins from S. wwlgare and to
investigate optimum extraction conditions. Two
different factors that were investigated in relation
to protein content are the ultrasonic probe time
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and the enzyme/substrate ratio. The effect of
these factors on protein content is shown in
Figure 1. According to the results, the protein
content of S. wulgare was determined between
34.92-258.55 mg protein/g dw (3.50% and
25.86%) depending on the extraction parameters.
Similar to the current study, the PC of some
Sargassum spp. in the study by Bonilla Loaiza
(2022) and Perumal et al. (2019) ranged from
4.13% to 15.42%. On the other hand, the PC of
some Gracilaria species ranged from 5.6% to
30.2% (Chan and Matanjun, 2017; Rodrigues et al,
2015; Gressler et al, 2010). De Melo et al. (2021)
found that the highest protein content was
between 22.93 and 21.27% in dw for C. corneus,
followed by U. fasciata between 17.97 and 11.42%
in dw and . vufgare between 14.02 and 10.32% in
dw. Vasquez et al. (2018) reported that the protein
content obtained by enzyme-assisted extraction
was 7.39% g protein in dried sample for M. pyrifera
and 6.35% g protein in dried sample for C.
chamissor. Our results were in agreement with
those of these authors, although we obtained
protein contents in a wider range depending on
the extraction parameters.
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Figure 1. 3D contour plot response surface for the effect of cross-interaction between ratio of
enzyme/substrate ratio and ultrasonic probe pretreatment on protein content.
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The response equation (Table 4) demonstrates
that two independent factors, ultrasonic probe
time (1) and enzyme/substrat ratio (f2) had a
positive effect on protein content. The quadratic
effect of enzyme/substrat ratio had a negative
effect on protein content, whereas the interaction
between  wultrasonic  probe  time  and
enzyme/substrat ratio, as well as the quadratic
effect of ultrasonic probe time, had a positive
effect on protein content. Increasing the
enzyme/substrate ratio and the application time
of the ultrasonic probe led to an increase in
protein content during extraction (Fig. 1). As
shown in Table 2, the maximum PC content was
258.55 mg/g under the defined extraction
conditions (ultrasonic probe application time of
2.5 seconds, E/S of 0.90). Table 3 shows that the
linear effect of E/S on PC showed statistically

significance (P<0.05). This could be due to the
fact that the enzyme utilized breaks down the cell
wall of the algae and releases more protein into
the solvent. Similarly, Joubert and Fleurence
(2008) investigated the effects of specific
enzymes, including xylanase and cellulase, and the
concentration of the enzymes on the PC of P.
palmata and  found that PC increased
proportionally to the amount of enzyme. Similar
results were reported by Harnedy and FitzGerald
(2013), who used polysaccharidase to disrupt the
cell wall increased the efficiency of protein
extraction from macroalgae. In addition, Suwal et
al. (2019) showed that protein content increased
by 17% when the enzyme cellulase was utilized in
the extraction process. They also reported that the
extraction yield for P. palmata increased from 9 to
37% when a cell wall-dissolving enzyme was used
(Suwal et al., 2019).

Table 4: Estimated coefficients of the fitted second-order polynomial model for all response variables.

Regression PC . TPC CUPRAC ABTS
cocfficient (mg protein/g (mg GAE/g (mg TE/g (mg TE/g
extract, dw) extract, dw) extract, dw) extract, dw)
Bo 156.89 32.72 47.79 18.30
Linear
Bi 3.71 0.72 2.62 0.19
B 71.10 7.18 7.72 -1.48
Quadratic
B 0.16 -0.34 -1.21 0.57
B2 -4.19 -0.81 -1.37 -0.56
Interaction
Bz 19.62 -0.062 -1.01 1.82

B1: Ultrasound pretreatment, §2: Enzyme/substrate

Protein content was generally sensitive to
especially proteolytic enzyme treatment. In an
ideal reaction, enzyme and substrate react
continuously until the central equilibrium was
reached. According to Ramakrishnan et al. (2013),
there was a clear correlation between increasing
enzyme concentration and protein yield, with the
highest enzyme concentration resulting in 76.30%
of protein extracted. The amount of enzyme used
and the duration of extraction had a positive
relationship that improved protein extraction
(Bozdemir et al., 2022). When the E/S value was

above 1, the protein content was basically
increased (Fig. 1). Once it approached 2.5, the
protein content increased by a considerable
percentage more than without enzyme treatment
(Bozdemir et al., 2022). Thus, the ratio of E/S
1.60 in our study seems to be the ideal value for
extraction. This result is in line with previous
findings by Joubert and Fleurence (2008) and
Suwal et al. (2019). A similar result was obtained
by Bozdemir et al. (2022), who showed that the
optimal E/S ratio for protein extraction from G.
dura was higher than 1.50. These results indicate
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that protein content was significantly affected by
the two variables. The appropriate range of the
variables was found wusing the previously
discussed one-factor test, which provided
significant support for the RSM.

TPC and AOA

According to our results, the TPC of the protein
extracts ranged from 20.79 to 41.57 mg GAE/g
dw, depending on the extraction conditions listed
in Table 1. Similarly, Nursid et al. (2020)
determined the TPC value of 23.37 mg GAE/g
for G. salicornia, 24.97 mg GAE /g for Laurencia sp.,
and 24.38 mg GAE/g for G. latifolium. On the
other hand, Khaled et al. (2012) determined the
TPC of . vulgare as 12.71£0.03 mg GAE/g and
as 10.55 mg GAE/g for P. pavonica. In addition,
Arguelles et al. (2019) reported that the TPC of .
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vulgare was 10.55 mg GAE/g. Prasedya et al.
(2021) investigated the TPC of ethanolic extracts
of some Sargassum spp. and reported TPC of 66.13
mg GAE/g for S. eristaefolium, 39.83 mg GAE/g
for S. aquifolinm, 38.93 mg GAE/g for S. polyeystum
and 52.90 mg GAE/g for S. crassifolium.

The lowest TPC was determined for an ultrasonic
probe time of 1.50 and an E/S ratio of 0.18 (Table
2). The TPC increased under experimental
conditions with an ultrasonic probe time of about
1.50 and an E/S of about 1.02 (Figure 2). The
breakdown of phenolic compounds in response
to extended exposure to ambient conditions may
be responsible for the statistically significant
(P<0.05) decreased in TPC with time (Thoo et al.,
2010).
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Figure 2. 3D contour plot response surface for the effect of cross-interaction between ratio of
enzyme/substrate ratio and ultrasonic probe pretreatment on total phenolic content.

The AOA of the protein extracts ranged from
3250 to 55.01 mg TE/g dw (by CUPRAC
method) and from 12.60 to 20.90 mg TE/g dw
(by ABTS method), as shown in Table 2. Yuan et
al. (2018) reported the highest AOA with the
ABTS assay for L. nigrecens at 0.9520.01 mg
TEAC/g dry sample. Kumar et al. (2020)

reported the AOA of some algae species using the
FRAP method as 8.21 mg TE /g for S. wightii, 6.90
mg TE/g for U. rigida, and 1.06 mg TE /g for G.
ednlis. According to Nursid et al. (2020), the
season, the location, the time of harvest and the
type of algae can have an influence on the
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fluctuations in polyphenol concentration and
antioxidant activity.

According to the results, the linear effect of the
E/S ratio on TPC and AOA (by CUPRAC
method) of the extracts was significant, and the
quadratic effect of the E/S ratio on TPC was
significant (P<0.05, see Table 3). The AOA of the
extracts increased with increasing enzyme
amounts, similar to TPC, as the phenols have high
antioxidant  activity. These results were
compatible with the studies of Barclay and
Vingvist (2003) and Ferruzzi and Green (2000).
In the TPC assay, the effect of E/S was significant
(P<0.05), while ultrasonic probe time had no
significant effect (P<0.05, Table 3). The response
equation shows that two independent factors,
ultrasonic  application ~ time  (f1)  and
enzyme/substrat ratio (82) had a substantial effect
onTPC, but all other interaction and quadratic
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terms are negative (Table 4). Since phenolics are
covalently bound to proteins, there was a strong
effect of the E/S ratio on TPC, similar to PC
(Acosta-Estrada et al., 2014). There was statistical
significance in the TPC overall model (P<0.05,
Table 3). As with CUPRAC assay, the effect of
E/S was significant (P<0.05), while ultrasonic
probe time had no significant effect (P<0.05,
Table 3, Figure 3). In addition, the model for
CUPRAC was statistically significant (P<0.05,
Table 3). ABTS was not significantly different
from the linear effects of the individual variables
examined (P>0.05, Table 3, Figure 4). According
to response equation of CUPRAC, only ultrasonic
application time (f1) and enzyme/substrat ratio
(B2) showed a positive effect. On the other hand,
linear and quadratic effect of ultrasonic
application time (f1) had a positive effect on the
ABTS (Table 4).
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Figure 3. 3D contour plot response surface for the effect of cross-interaction between ratio of
enzyme/substrate ratio and ultrasonic probe pretreatment on antioxidant activity by CUPRAC.
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Figure 4. 3D contour plot response surface for the effect of cross-interaction between ratio of
enzyme/substrate ratio and ultrasonic probe pretreatment on antioxidant activity by ABTS.

Optimization and verification

Macroalgae are high-protein alternative protein
sources but their complex cell wall limits protein
extraction. Therefore, the aim of optimization
process is to obtain macroalgal proteins with
higher yield. In order to determine the ideal level
of the independent variables and obtain the
highest values for PC, TPC, and AOA,
optimization processes were performed. Under
the optimum conditions (ultrasonic probe time of
2.5 min and E/S of 0.90), the predicted PC value
was 247.29 mg/g dw, while the predicted TPC
and AOA values (by CUPRAC and ABTS
methods) were 39.41 mg GAE/g dw, 54.55 mg
TE/g dw, and 18.83 mg TE/g dw, respectively,
corresponding to a "desirability” of 0.89. The
AOA by CUPRAC (53.77 mg TE/g dw), PC
(248.30 mg protein/g dw), TPC (38.03 mg
GAE/g dw) and ABTS (19.88 mg TE/g dw)
showed no statistically significant difference from
the mean and predicted values of the experiment
at the 5% significance level. The limitations of
optimization include the need to test different
enzymes due to the structure's complexity.

CONCLUSION

According to the results of the study, RSM was
successfully applied to determine the optimum
extraction conditions for the brown macroalgae S.
vulgare. The optimum conditions for extraction
were as follows: an ultrasonic probe time of 2.5
minutes and an E/S ratio of 0.90. It was found
that the factor that had the greatest effect on PC
and AOA was the E/S ratio, and the effect of
ultrasonic probe time was also significant. The R?
values above 0.80 obtained for PC, TPC, and
CUPRAC indicated that the extraction model
applied was appropriate. Compared to other algal
sources in the literature, the protein extract
obtained under optimal conditions showed higher
antioxidant activity as well as phenolic content.
Consequently, further studies may provide the
utilization of the protein-rich §. wulgare as a
potential protein source in the protein
development of new products and as a viable
food ingredient.
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OZ

B vitaminleri, enerji, bagisikhik, sinir sistemi, hiicre bélinmesi ve homosistein metabolizmalarinda rol
oynayan, suda ¢Ozinir, organik besinlerdir. Tam tahilar, Bi, Ba, Bs, Bs, Bs, By vitaminleri bakimindan
zenginditler. B vitaminleri, tahdlarin ruseym, tohum kabugu ve aléron tabakalarinda bulunur. B
vitaminlerinin 6nerilen ginliik alim miktart 0.1-20 mg/glin arasindadir. Tahil isleme yontemlerinin vitamin
icerigini etkiledigi bildirilmistir. B vitaminleri yetersiz beslenmenin énlenmesinde bagvurulan besin 6geleridir.
Biyoerisilebilirlik, sindirim sisteminde, gidadan enzim hidrolizi ile salinan bir besin maddesinin ince bagirsakta
emilim i¢in hazir bulunmasidir. Biyoyararlilik, sindirilen gidalardaki besin 6gelerinin ince bagirsak epitel
hiicrelerinden absorbe edildikten sonra kan dolagimina ge¢mesidir. Kinoa, amarant ve karabugday glutensiz
pseudo-tahdlardir. Pseudo-tahdlarin B vitamini miktart bakimimndan iyi bir kaynak oldugu belirtilmistir. Tahil
trinlerinin B vitaminleri bakimindan zenginlestirilmesi igin fortifikasyon islemi uygulanmaktadir.
Biyofortifikasyon, tahillarin B vitamini igeriklerinin artirtlmast icin son yillarda uygulanan yeni bir yontemdir.
Bu detlemenin amact, tahl ve pseudo-tahilarda bulunan B vitaminlerinin  biyoerisilebilitligi ve
biyoyararlihgini son bilimsel ¢alismalara gore incelemektir.

Anahtar kelimeler: Tahil, pseudo-tahil, B vitaminleri, biyoerisilebilitlik, biyoyararlilik

B VITAMINS OF CEREAL AND PSEUDOCEREALS:
THEIR BIOACCESSIBILITY AND BIOAVAILABILITIES

ABSTRACT

B vitamins, which are water soluble, organic nutrients, play roles in energy, immunity, neural system,
cell division and homocystein metabolisms. Wholegrain cereals are rich of By, Bz, Bs, Bs, Bs, Bo
vitamins. B vitamins are available in the germ, seed coat and aleurone layers of cereals. Recommended
dietary allowance of B vitamins are in the range of 0.1-20 mg/day. It is reported that cereal processing
methods influence the vitamin contents of cereals. B vitamins are referred nutrient compounds in
the prevention of malnutrition. Bioaccessibility is defined as releasing of nutrient from the food
matrix with enzyme hydrolysis in the gastrointestinal system and available in small intestine to be
absorbed. Bioavailability is defined as transportation of nutrients liberated from foods through the
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blood stream after absorption from the epithelial cells of small intestine. Quinoa, amaranth and
buckwheat are gluten-free pseudocereals. It was indicated that pseudocereals are good sources in
terms of B vitamin contents. Cereal products are fortified for enrichment of B vitamins.
Biofortification is a new method practiced recently in order to increase B vitamin contents of cereals.
The aim of this review is to investigate bioaccessibility and bioavailability of B vitamins available in
cereal and pseudocereals according to recent scientific works.

Keywords: Cereal, pseudocereal, B vitamins, bioaccessibility, bioavailability

GIRIS

Vitaminler, biyime ve gelisme, metabolizma,
ireme ve genel saglik memnuniyeti icin gerekli
mikro besin Ogeleridir. Vitaminler
cozunurliklerine gore ikiye ayrilirlar:  yagda
¢6ziinen vitaminler (A, D, E, K vitaminleri) ve
suda ¢6zlinen vitaminler (B ve C vitaminleri). B
vitamini grubunda, tiamin (Bi), riboflavin (Bo),

niasin (Bs), pantotenik asit (Bs),
pridoksin/pridoksal/pridoksamin  (Bs), biyotin
(B7), folat/folik asit (By) ve kobalamin/

siyanokobalamin (B1z) olmak tzere 8 farkli
vitamin bulundugu bildirilmistir. Beslenme ile
vitaminlerin alimi ¢cok 6nemlidir, clinkd D ve B
vitaminleri ~ diginda  digerlerini  insanlarin
sentezleyemedigi, bitkilerin ise Bi» vitamini
disinda diger B vitaminlerini sentezleyebildigi
bildirilmistir. Ayrica, aynt B vitamini grubunda
yapisal olarak birbirine benzeyen ve aynt vitamin
aktivitesini gOsterenlere ise vitamer denilmistir,
Ornegin  tiamin difosfat, tiamin vitamininin
vitamer bilesigidir. Bazt B vitaminleri, enzimin
biyolojik olarak aktif formu olan apoenzimine
baglanarak holoenzim olusturmak suretiyle
koenzim gérevi gérdigii agiklanmistir. Kimyasal
olarak birbirine benzemeyen B vitaminlerinin
katabolik ve anabolik reaksiyonlarda koenzim
olarak islevlerinin oldugu bildirilmistir. Ornegin,
Bi, By, Bs ve Bs vitaminlerinin 6zellikle aktif
formlarinin  hiicresel enerji Uretiminde temel
koenzimler oldugu, sitrik asit déngiisinde ve
elektron tasima zincirinde dogrudan rollerinin
bulundugu belirtilmistir. Bg vitamininin beyin
gelisimi ve fonksiyonlarinda, By vitamininin
kirmizt kan hiicreleri ve yeni hiicrelerin yapiminda
ve Bj; vitamininin ise sindirim sisteminde, deri ve
sinir sistemi sagliginda etkili oldugu a¢iklanmistir
(Kerns vd., 2015; Lindschinger vd., 2019;
Fitzpatrick ve Chapman, 2020; Yaman vd., 2021;
Huda vd., 2021).

Tahillar, tim dinyada yaygin ekim alanina sahip,
ucuz ve beslenmemize 6nemli katkiari bulunan
gidalardir. Insan metabolizmasinda gerekli olan
enerjinin  yarist tahillar tarafindan karsiandigt
bildirilmistir. Dunyada ve ilkemizde en ¢ok
tiketilen tahillar bugday, musir, piring, arpa,
cavdar ve yulaftir. Bu tahillarin, insan saghgt icin
6nemli vitamin ve mineralleri icerdikleti
belirtilmistir. Tam tahilarin, A, B1, B2, B3, Bs, Be,
By, E ve K vitaminleri bakimindan zengin fakat
By, C ve D vitaminlerini icermedikleri
gosterilmistir. B1, Ba, Bs, Bs, Bs ve By vitamini
eksikliklerinin sirastyla beriberi, kalp yetmezligi,
pellegra, fiziksel koordinasyonsuzluk, sinirsel
rahatsizlik ve megaloblastik anemi hastaliklarina
sebep oldugu ifade edilmistir. Bi, B2, B3, Bg, Bove
Bi2 vitamin eksikligi ile depresyon, anksiyete ve
stres arasinda baglantt tespit edilmigtir. B
vitaminlerinin  Onerilen gunliik alim miktan
(Recommended — Dietary ~ Allowance, RDA  veya
Recommended Daily Intake, RDI) 0.1-20.0 mg/gtin
arasinda degistigi bildirilmistir (Vega-Galvez vd.,
2010; Onyambu vd., 2021; Garg vd., 2021).

Tahillarin B vitamini igeriginin ¢esit, ekim yeri,
hasat zamani, depolama yéntemi ve isleme
yontemine (6gltme, parlatma, patlatma) bagl
““““ bildirilmistir. B vitaminleri
tahillarin baglica ruseym, tohum kabugu ve aléron
tabakalarinda bulundugu belirtilmistir (Onyambu
vd.,, 2021). Tahidlar, tam tane veya ogutilerek
tiketilirler. Valsli degirmende 6giitme ile rafine un
tretiminde vitamin iceriginin O6nemli OSlgiide
azaldigi (%50-90) bildirilmistir (Garg vd., 2021).

B vitaminlerinin ayrica, yetersiz beslenmede (gizli
aclikta) basvurulan 6nemli besin 6geleri oldugu
ifade edilmistir. “Gizli achk”, kalori alimi
bakimindan yeterli fakat zihinsel ve fiziksel
gelisme i¢in gerekli vitamin ve/veya minerallerin
eksikliginden kaynaklanan yetersiz beslenmedir
(Acar vd., 2023). Yetersiz beslenmenin, diinyada
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iki milyardan fazla insani etkiledigi, Ozellikle
gelismekte olan Ulkelerdeki kadin ve ¢ocuklart
daha fazla etkileyerek alarm verdigi bildirilmistir
(Onyambu vd., 2021).

Tahd unlarinin  genellikle By, B, Bs ve Bo
vitaminleri ile bilerek zenginlestirilmesi veya
giiclendirilmesine fortifikasyon denilmektedir.
Amerika Birlesik Devletleri'nin Gida ve Ilac
Idaresi (USA Food and Drug Administration,
FDA), bugday ununun besin kalitesinin artirilmast
icin By, Bz, Bs; ve By vitaminleri ile
zenginlestirilmesini  strastyla 6.4 mg/kg, 3.9
mg/kg, 52.9 mg/kg ve 1.5 mg/kg olarak tavsiye
etmistir. Tahil drinlerinde maya kullaniminin, B
vitamini miktarint artirdigr da bildirilmistir (Garg
vd.,, 2021). Biyofortifikasyon ise, vitamin ve
mineral bakimindan zengin tahil driinlerinin
yetistirilmesi i¢in tarlada uygulanan, stirdiiriilebilir,
yeni bir yaklasimdir.  Biyofortifikasyonun,
tahillarin mikro besin 6gesi eksikligini gidererek
gizli aghgin 6nlenmesinde 6nemli bir yontem
oldugu bildirilmistir. Biyofortifikasyonun, zirai
uygulamalar, konvansiyonel bitki islahi, genetik
mithendisligi ~ ve  modern  biyoteknolojik
uygulamalar ile yapilabilecegi ifade edilmistir.
Biyofortifiye edilmis tahil bir kez gelistirildiginde
uzun yillar ekilebilecegi ve boylece gidalarin mikro
besin 6gesi miktart bakimindan strekliliginin
saglanabilecegi belirtilmistir (Garg vd., 2018;
Onyambu vd., 2021; Acar vd., 2023). Bu
detlemenin amaci, tahil ve pseudo-tahillarda
bulunan B vitaminlerinin biyoerisilebilirligi ve
biyoyararliligini son bilimsel ¢alismalara gore
incelemektir.

B VITAMINLERI

Tiamin (B; Vitamini)

B: vitamininin, biyolojik dokularda, tiamin
monofosfat (TMP), tiamin difosfat (TDP) veya
tiamin pirofosfat (TPP), tiamin trifosfat (TTP)
vitamerleri halinde ve serbest formda bulundugu
bildirilmistir. Canli dokularda, tiaminin %90’dan
fazlasinin fosforlanmis formda yani TPP olarak
bulundugu, bagirsak liimeninde alkalin fosfataz
gibi farkli fosfatazlar tarafindan serbest tiamine
hidrolize edildigi ifade edilmistir (Ball, 2000;
Hrubsa vd., 2022). Tiamin emiliminin, ince
bagirsagin  Ozellikle  jejunum  bolgesinde

gerceklestigi  belirtilmistir.  Bi  vitamininin
emiliminin, ortamdaki konsantrasyonuna baglt
olarak aktif veya pasif formda oldugu, 5
mg/gun’den az oldugunda, Na* iyonuna baglt
olarak, aktif tastma yoluyla kolayca emilebildigi
actklanmustir. Baslica aktif form olan TDP’nin
viicutta ince bagirsak mukozasinda, karacigerde
ve bébrekte fosforilasyona ugradig belirtilmistir
(Demir vd., 2023). Tiaminazlar ve polifenolik
bilesiklerin, anti-tiamin faktorleri oldugu ve
sinditim  sisteminde  biyoyararliligt  azalttug
sOylenmistir. Tiamin eksikliginde, karbonhidrat
metabolizmasinin  bozuldugu, kas ve sinir
sisteminin etkilendigi, Wernick-Korsakoff
sendromunun ve beriberi hastaliginin gorildigi
belirtilmistir (Yaman vd., 2021). Amerika Birlesik
Devletleri (ABD)’nde tiaminin 6nerilen giinlik
alim miktari, kadinlarda 1.1 mg/glin ve erkeklerde
1.2 mg/glin olarak belitlenmistir (Kennedy, 2016;
Yaman, 2019).

Riboflavin (B Vitamini)

Gudalarda serbest, organizmada koenzim flavin
mononiikleotit (FMN) ve flavin adenindintkleotit
(FAD) olmak tizere 2 farkhh formda bulundugu
bildirilmistir. Sindirim = sisteminde, FMN ve
FAD’in fosfatazlar tarafindan hidrolize edilerek,
serbest riboflavinin ince bagirsagin  mukozal
(epitel) hicrelerinden  absorbe edildigi
gosterilmistir.  Safra  tuzlarnin,  riboflavinin
absorpsiyonunu iki sekilde artirdigt séylenmistir:
Birincisi, safra  tuzlanmin ince  bagirsakta
riboflavinin ¢ézintrligind artirarak firca kenatlt
hicrelerden  riboflavinin  gecisini  sagladigy;
ikincisinin ise safra tuzlarinin gastrik bosalmayt
geciktirerek ince bagirsakta FMN ve FADn
riboflavine defosforilasyonu icin gereken zamami
saglayarak artirdigi bildirilmistir. Onerilen giinliik
Bo vitamini alim miktarinin kadinlarda 1.1 mg/giin
ve erkeklerde 1.3 mg/gun oldugu, depolanmadit
icin  fazla alindiginda  toksisite etkisinin
gozlemlenmedigi, idrarla atildigr ifade edilmistir
(Suwannasom vd., 2020; Yaman vd., 2021).

Niasin (B; Vitamini)

Gidalardaki nikotinamid ve nikotinik asitin
toplami niasin olarak ifade edilir ve nikotinamid
bir koenzim olarak nikotinamid
adenindintkleotid (NAD) ve nikotinamid
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adenindiniikleotid fosfat (NADP) vitamerleri
halinde canli hiicrelerde bulundugu bildirilmigtir
(Yaman vd., 2021). NAD ve NADP’nin,
hticrelerdeki redoks reaksiyonlarinda 6nemli
koenzimler olarak gdrev yaptiklart belirtilmistir.
NAD’nin,  elektronlarini  elektron  tasima
zincirinde oksijene aktardigi, NADP’nin ise
amino asitlerin, yag asitlerinin ve pentoz
sekerlerin  biyosentezinde indirgeyici molekiil
olarak gbrev yaptigt actklanmustir (Kurek vd.,
2017). Vitaminin nikotinik asit formunun
tahillarda polisakkaritlere ve glikopeptitlere baglt
oldugu ve emilmeden 6nce serbest hale getirilmesi
gerektigi bildirilmis ve molekiildeki baglarin bir
kismmin mide 6zsuyu tarafindan  hidrolize
edilerek, aktif forma donustirialdigi ifade
edilmistir. Nikotinik asit ve nikotinamidin
biyoerisilebilitligi ~ve  biyoyararliliginin  aymt
olmadigy; nikotinamidin, nikotinik aside gére daha
fazla biyoerisilebilitlige sahip oldugu belirtilmistir
(Ball, 2006). Onerilen giinliik B; vitamini alim
miktarinin kadinlarda 14.0 mg/giin ve erkeklerde
16.0 mg/gin oldugu bildirilmistir (Kennedy,
2016; Mikkelsen ve Apostolopoulos, 2019;
Yaman vd., 2021).

Pantotenik Asit (Bs Vitamini)

Koenzim A (CoA) ve agil tastyici proteinin (ACP)
yapisinda bagllt formda bulundugu, ayrica
biyolojik  dokularda  serbest formda da
bulunabilecegi gosterilmistir. Kolesterol sentezi,
kortizol hormonu salgilanmasi ve asetil-CoA’nin

sentezinde ve bundan ise beyinde Onemli
fonksiyonlart olan asetil kolin bilesiginin
sentezinde etkin rol oynadigt bildirilmigtir.
Gidalarda bulundugu gibi bagirsak

mikrobiyatasinda da sentezlendigi belirtilmistir.
Pantotenik asidin biyoyararliliginin, emilmeden
once, bagirsak limeninde yapisindan CoA'nin
ayrilmasini saglayan enzimlerin aktivitesine baglt
oldugu ve ayrica bagirsaktaki alkali ortamin
pantotenik asidin biyoerisilebilitliginin azalmasina
sebep olabilecegi belirtilmistir. Son yillarda Bs
vitamininden Immin sistem uyaricist olarak
faydalanilmasi amaciyla yapilan calismalarin
yayginlastigt kaydedilmistir. Onerilen giinliik Bs
vitamini allm miktar1 5.0 mg/glin olarak
actklanmistir (Ball, 2006; Xu vd., 2020; Yaman
vd., 2021; Bourgin vd., 2022; Roy vd., 2023).

Piridoksin/Piridoksal /Pridoksamin
Vitamini)

B¢ vitamininin; piridoksin (PN), piridoksal (PL),
piridoksamin (PM) ve bunlarin ilgili 5’-fosfatlart
(strasiyla PNP, PLP ve PMP) ve pridoksin glikozit
(PNG) olmak tzere yedi adet vitamerden
meydana geldigi bildirilmistir. Hayvan
dokularindaki ana formlarinin PLP ve PMP,
bitkilerde ise genellikle PN ve PNP formlarinda
olup bazen PNG formunda da bulundugu
belirtilmistir (Ball, 2006; Etcheverry vd., 2012).
PNG formunun bir kisminin bagirsak limeninde
hidrolize edildigi ve bozulmadan emilebildigi,
kalan biyik bir kisminin ise hidroliz olmadan
idrarla atldigt gosterilmistir. PNG  formunun
biyoyararhhiginin, PLP formuna gére daha disik
oldugu actklanmustir. B vitamininin
biyoyararliigini azaltan faktorler arasinda; gida
isleme yoOntemleri, amino asitlerin varliginda
meydana gelen reaksiyon triinleri, besinsel lif tipi
ve icerigi ve Bg glikozitinin varliginin oldugu
bildirilmistir. Dogal olarak meyve, sebze ve tahil
tanelerinde bulunan bir ana form olan PNG’nin,
B¢ vitamini kaynagt olarak kullanddigt  ve
biyoyararhhiinin enzim hidroliz derecesine baglt
oldugu gosterilmistir.  Pridoksin  hidroklorit
(PN.HCI) ise bebek mamalarinda takviye (0.35
mg/100 kcal) amach kullanilan ticari formdur.
Onerilen giinliik Bg vitamini alim miktart 1.3
mg/gln olarak agiklanmustir (Yaman ve Mizrak,
2019; Mikkelsen ve Apostolopoulos, 2019; Stach
vd., 2021; Roy vd., 2023).

(Bq

Biyotin (B7 Vitamini)

Biyotin, Onceleri vitamin H veya koenzim-R
olarak biliniyordu. Bitkiler, cogu bakteri ve bazi
mantarlar biyotini sentezleyebilirken, memelilerin
sentezleyemedikleri gorilmustir, bunun icin
cesitli besinler (siit, yumurta, kanatli etleri,
karaciger, bitkisel gidalar) ile alinmak zorunda
olduklari belirtilmistir (Carling ve Turner, 2019).
Beslenmeyle alinan biyotinin ince bagirsakta
emildigi, mikrobiyota tarafindan tretilen biyotinin

ise kalin bagirsakta emildigi gOsterilmistir.
Biyotinin, bazt karboksilazlarin  islevlerinde
koenzim  gorevi  gordugl, ayrica  gen
ekspresyonunu  da  diizenledigi  bildirilmistir.

Biyotinin, yetiskinler icin Onerilen giinlik alim
miktarinin  (RDA/RDI) Avrupa Bitligi (AB)
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tlkelerinde 50 pg/gln, ABD’nde yetetli alim
(Adequate Intake, AI) miktarinin 30 pg/gtin oldugu

rapor edilmistir (Catling ve Turner, 2019;
Ramamoorthy vd. 2021; Roy vd., 2023).
Folat/Folik Asit (By Vitamini)

Gidalardaki  folatin,  pteroyilglutamik  asit

formunda bulundugu ve gidalardaki baslica
pteroyilglutamatlarin  tetrahidrofolat (THF), 5-
metil-THF ~ ve 10-formil-THF oldugu
bildirilmistir. Gidalarda dogal olarak bulunan
folatin protein ve polisakkaritlere bagl olarak
bulundugu belirtilmistir. Folik asitin ise, vitaminin
sentetik formu oldugu ve takviye edicilerde ve
fortifiye  gidalarda monoglutamat formunda
kullanildig ifade edilmistir. Folat
biyoyararliliginin;  poliglutamat  folatin  ince
bagirsaktaki  dekonjugasyonuna,  vitaminin
sindirim  6ncesi  ve  sindirim  sirasindaki
stabilitesine, stabiliteye etki eden bilesiklere ve
gida  matrisine  bagl oldugu  séylenmistir
(Etcheverry vd., 2012). Emiliminin, ince bagirsak
mukozasindaki firca kenarli hiicrelerde bulunan
glutamat  karboksipeptidaz ~ II  enziminin,
poliglutamat formunu monoglutamat formuna
dekonjugasyonuna veya hidroliz yetenegine baglt
oldugu bildirilmistir (Etcheverry vd., 2012).
Organik asitlerin (malik, sitrik ve fitik asit) bu
enzimin c¢alismasini inhibe ettigini, dolayisiyla
poliglutamil folatlarin biyoyararlanimini azalttigin
bildirmislerdir. Askorbik asitin ise vitaminin
biyoerisilebilirligini artirdigs séylenmistir. Besinsel
liflerin  ise  folik asitin  biyoyararlanimin
ctkilemedigi ifade edilmistit (Etcheverry vd.,
2012). Biyolojik membranlara folat tasiniminin;
folat reseptorii-a (FRo), protona bagh folat
tastyicist ve indirgenmis folat tastyicist ile olmak
lizere ¢ yolla basarildigr belirtilmistir (Alam vd.,
2020). Yetiskin erkek ve kadinlarda Onerilen
ginlik folat alim miktar: 400 pg/giin olarak
belirtilmistir (Kennedy, 2016; Lyon vd., 2020).
Avrupa Gida Givenligi Otoritesi (European
Food Safety Authority, EFSA)’ne gére Onerilen
ginlik folat alim miktar yetiskinlerde 330
ug/gin, hamilelerde 600 npg/gin  olarak
tanimlanmustir (Buffiere vd., 2021).

Kobalamin (B2 Vitamini)
Biz  vitamini, yapisindaki kobalttan dolayt
kobalamin olarak adlandirilmistir. B2 vitamininin

dokulardaki aktif formlarinin 5-deoksiadenozil
kobalamin ve metilkobalamin oldugu belirtilmistir
(Ede ve Ayaz, 2016). Diger B vitaminleri ile
kiyaslandiginda, Onerilen glinlik alim miktar1 en
dusuk (2.4 pg/gin) hayvansal kaynakli elzem bir
vitamin olup, ayrica takviye edilmis gidalarda da
bulundugu agiklanmustir. B1 vitamini; tek karbon
metabolizmasinda  (metil ~ vericisi)  6rnegin
homosisteinden tekrar metiyoninin meydana
getirilmesinde, metiyonin sentaz enziminin
koenzimi olarak, DNA sentezinde (DNA
ntkleotidlerinin  metilasyonu), enetrji  Uretim
metabolizmasinda,  eritrosit  yapiminda  ve
nérolojik islevlerde, biyiime ve gelismenin
diizenlenmesinde 6nemli gorevlerinin  oldugu
belirtilmistir (Ede ve Ayaz, 2016; Afonso vd.,
2023). Besinlerle alinan Bi» vitamini mideye
ulastiginda mide asidi ve pepsin ile serbest
kaldiktan sonra, tuklrik bezlerinden ve mide
mukozasindan salgilanan R proteini ile birlesen
kobalamin, paryetal hiicrelerden  intrinsik
faktorin salinimint uyardigt bildirilmistir. Daha
sonra, ince bagirsagin duodenum bdlgesinde
pankreatik enzimler ile R proteininden ayrilan
kobalamin, intrinsik faktér ile birlestigi ve
sonrasinda ince bagirsagin  ileum bolgesinde
intrinsik fakt6rden ayrilarak transkobalamin-IT’ye
transfer edilerek, 6zgil reseptdrlerin yardimiyla
aktif tastnim ile emildigi ve kan dolasimina
katddigr bildirilmistir (Etcheverry vd., 2012; Ede
ve Ayaz, 2016; Sezgin, 2019; Afonso vd., 2023).

TAHILLARIN B VITAMINLERI

Bugdayin, By, B2, Bs, Bs ve By vitaminlerini 6nemli
dizeyde icerdigi, Ozellikle bugdayin “aléron
tabakasinin” By ve B3 vitaminlerine sahip olmast
sebebiyle besleyici 6zellikte oldugu bildirilmistir.
Fakat wvalsli degirmende, kepek ve ruseymin
ayrilmasi sonucunda rafine bugday ununda B
grubu  vitaminlerin  miktarinin  azaldigt
aciklanmistir (Zaupa vd., 2014; Tekin vd., 2018).
Tekin vd. (2018), 36 einkorn ve 49 emmer kavuzlu
bugday hatlarinin B vitamini degerleri Uzerine
yaptiklart bir calismada; emmer bugday: hatlarinin
ortalama Bi, Ba, Bs, ve B¢ vitamini degetlerini
sirastyla ortalama 4.22 mg/kg, 0.36 mg/kg, 3.60
mg/kg ve 2.06 mg/kg olarak bulurken, einkorn
bugday hatlarinda sirasiyla ortalama 0.80 mg/kg,
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0.29 mg/kg, 0.32 mg/kg ve 0.29 mg/kg olarak
bulmuslardir.

Karakas vd. (2021) bugday ¢imi ve einkorn (Iza),
emmer (Gernik), durum (Kunduru-1149) ve
ekmeklik bugday (Kira¢-66) o6rneklerinin B
vitaminleri (B1, B2, Bs, and By) miktarlarini LC-
ESI-MS/MS  yontemiyle incelemislerdir. Buna
gore, kavuzlu ata bugdaylari ile kavuzsuz modern
bugdaylar arasinda B  vitamini miktarlar
bakimindan Onemli farkliigin oldugu tespit
edilmistir. Calismaya gére en yiiksek By vitamini
einkorn bugdayinda, en yiksek B, vitamini
cinkorn ve emmer bugdaylarinda, en yiksek Bs
vitamini Kirag-66 bugdayinda ve einkorn bugday
¢iminde tespit edilmistir. Test edilen bugday
cimleri arasinda en yiksek B vitamini icerigi

einkorn bugday ciminde gozlenmistir.
Arastirmalarinda By vitamini  tim  bugday
cimlerinde, bugday tanesinden daha fazla
bulunmustur.

Liang vd. (2020), 8 ay depoladiklart bugdaydaki
folat (THF) miktarinda %26 oraninda kayip
belitlemislerdir. Bugdayin, %70 randimanda
ogitilmesi ile %71 oraninda folat kaybi
gozlemlemislerdir. Urettikleri eristelerde, folat,
%78 oraninda muhafaza edebilmislerdir. Ayrica,
maya fermantasyonu ile urettikleri ekmeklerdeki
folat miktarinda 1.5-4 kat iyilesme saglamuslardir.

Arpanin By, By ve Bs vitaminlerini icerdigi ve
arpadaki B vitamini miktarinin olgun ve
olgunlasmamus tanelerde farklilik  g6sterdigi
belirtilmistir. Kavuzsuz arpa tanesi olgunlastikca
B vitamini miktarinin  azaldigt agtklanmustur.
Olgun kavuzsuz arpa tanesinde Bi vitamini
miktart (0.34 mg/100 g), olgunlasmamis taneden
daha fazla (0.26 mg/100 g) bulunmustur. Fakat B,
ve Bs vitamini miktarlart bakimindan farklilik
gozlendigl, olgunlasmamis kavuzsuz arpada
strastyla 0.25 ve 7.11 mg/100 g bulunurken, olgun
tanede strastyla 0.23 ve 3.95 mg/100 g olarak
gbzlemlenmistir. Ayni arastirmacilar, benzer bir
durumu tritikale tahili icin de dogrulamuslardur.
Olgun ve olgunlasmamus tritikalede B vitamini
miktart sirastyla 0.52 ve 0.46 mg/100 g olarak
bulunmustur. Olgun tritikalede B, ve B; vitamini
miktart ise strastyla 0.21 ve 3.75 mg/100 g

bulunurken, olgunlasmamis tritikalede sirasiyla
0.40 ve 7.05 mg/100 g olarak tespit edilmistir
(Petrovska-Avramenko vd., 2017).

Rybicka ve Gliszczyfiska-Swiglo (2017), glutensiz
tahil ve pseudo-tahil unlarimin B vitaminleri
Uzerine yaptiklart bir arastirmada, yulaf unundaki
B, Bz, B3 ve Bg vitaminlerinin miktarlarini sirastyla
0.25 mg/100 g, 0.04 mg/100 g, 0.72 mg/100 g ve
0.10 rng/ 100 g olarak belirlemislerdir. Ayni
calismada, dart ununun By, By, B3 ve B¢ vitamini
miktatlarint sirastyla 0.40 mg/100 g, 0.20 mg/100
g, 6.02 mg/100 g ve 0.09 mg/100 g olarak
bulmuslardir. Bulunan sonuglarin gluten igeren
tahillara (bugday, arpa, cavdar) gbre benzer veya
daha distik oldugu gosterilmistir.

Cavdar, tam ¢avdar unu olarak kullanidigt icin B
vitamini igerigi yiksek bir tahildir. Tam c¢avdar
unu, siyah ¢avdar unu ve kepeksiz ¢avdar unu
kullamilarak ~ yapilan eksi mayalh  ¢avdar
ekmeklerinde tiamin (Bi) miktar1  %20-45,
nikotinik asit miktar1 %25-50, pridoksal miktart
%45-65 oraninda azalmistir. Kepeksiz cavdar
ununda ise riboflavin miktar1 %50, piridoksin
miktart %15 oraninda azalmistir. Nikotinamid
miktartnin, eksi hamur fermantasyonundaki
mikrobiyal aktivite sonucu 10 kat arttigi rapor
edilmistir (Mihhalevski vd., 2013).

Nemeth ve Tomoskozi (2021) cavdarda tiamin,
riboflavin, niasin, pantotenik asit, pridoksin ve
folat miktatlarini sirastyla 4.0-4.6 mg/kg, 1.8-1.9
mg/kg, 12.0-15.0 mg/kg, 10.0 mg/kg, 3.0-3.4
mg/kg ve 0.48-0.52 mg/kg arasinda bildirmistir.
Bugdayda ayni vitaminleri sirastyla 5.0-12.0
mg/kg, 1.0-3.1 mg/kg, 41.0-64.0 mg/kg, 7.7-9.1
mg/kg, 3.0-47 mg/kg ve 0.35-0.56 mg/kg
arasinda belirtmislerdir. Arpada s6éz konusu
vitaminleri sirastyla 2.0-2.6 mg/kg, 0.9-1.0 mg/kg,
45.0-50.0 mg/kg, 3.5 mg/kg, 3.0-3.2 mg/kg ve
0.19-0.25 mg/kg arasinda  aciklamuslardir.
Tritikalede ayni vitaminleri sirasiyla  3.8-9.8
mg/kg, 1.3 mg/kg, 29.0 mg/kg, 6.5-8.8 mg/kg,
4.0 mg/kg ve 0.7 mg/kg olarak bildirmiglerdir.
Yulafda ise siasiyla 5.0-8.0 mg/kg, 1.0-1.4
mg/kg, 9.6-16.0 mg/kg, 13.4 mg/kg, 2.0-2.4
mg/kg ve 0.45-0.60 mg/kg olarak agiklamuslardir.
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Roy vd. (2023) 309 adet indica yerli piring
cesitlerindeki B vitamini miktatlatint modern
piring cesitleri ile karsilastirmistir. Buna gore, yerli
piring ¢esitlerinin dikkate deger Sl¢lide B vitamini
icerdigini gozlemlemislerdir. Yerli sndica piring
cesitlerindeki By vitamini miktarnt 0.01-10.55
mg/100 g, B, vitaminini 0.01-2.63 mg/100 g, B3
vitaminini 0.20-4.52 mg/100 g, Bs vitaminini
0.01-18.55 mg/100 g, B¢ vitaminini 0.01-0.86
mg/100 g ve By vitaminini 0.01-5.90 mg/100 g
arasinda  belitlemislerdir.  Arastirmalarinda,
modern  piring  cesitlerindeki B vitamini
miktarlarinin 6nemli diizeyde disik oldugunu
g6zlemlemislerdir.

PSEUDO-TAHILLARIN B VITAMINLERI
Pseudo-tahilar, tahil benzeri glutensiz bitki
tohumlanidir. Kinoa, amarant ve karabugday
pseudo-tahil grubunu olusturdugu bildirilmistir.
Pseudo-tahdlarin, protein kalitesi ve miktari,
esansiyel yag asitleri, vitamin ve mineral madde
miktarinin yiiksek oldugu agiklanmistir (Bock vd.,
2021).

Karabugdayin, Bi, Bz, Bs, Bs ve By vitaminlerini
diger tahillara gbre daha fazla icerdigi
belirtilmistir. Karabugdaydaki tiaminin, tiamin
baglayict proteine siki bir sekilde baglandigt
bildirilmistir. Karabugdayin ¢imlendirilmesi ile C,
B1 ve B¢ vitamini iceriginin artirilabilecegi ifade
edilmistir (Rodriguez vd., 2020; Huda vd., 2021).
Joshi vd. (2019) karabugdaydaki tiamin,
riboflavin, niasin, pantotenik asit ve kolin
miktarlarini sirastyla 3.3 mg/100 g, 10.6 mg/100
g, 18.0 mg/100 g, 11.0 mg/100 g ve 440.0
mg/100 g olarak bildirmiglerdir.

Amerika Birlesik Devletleri’nin Ulusal Bilimler
Akademisi (United States National Academy of
Sciences), amarantin yitksek besinsel kalitesini ve

potansiyel tarimsal Ozelliklerini aciga
¢tkarmasindan sonra amarant, gida

teknolojistlerinin  ilgisini ¢ekmeye baslamustur.
Amarantin tohum ve yapraklarinin B grubu
vitaminler acisindan olduk¢a zengin oldugu
belirtilmistir.  Amarantin, tiamin  (0.07-0.10
mg/100 g un), riboflavin (0.19-0.23 mg/100 g
un), niasin (1.17-1.45 mg/100 g un) ve askorbik
asit (45 mg/100 g un) gibi suda c¢ozinen

vitaminler bakimindan iyi bir kaynak oldugu
gosterilmistir (Rodriguez vd., 2020). Murakami
vd. (2014), amarant tohumlarina 260°C’de
patlatma  islemi uygulayarak B vitamini
icerigindeki degisimi arastirmiglardir. Buna gore,
islem uygulanmamis amarant tohumlarinda B, Bs,
Bs Be, B7 ve By vitamini miktarlar1 sirastyla 147.0
ug/100 g, 3.230 pg/100 g, 1.150 pug/100 g, 454.0
ug/100 g, 24.8 pg/100 g, 152.0 pg/100 g olarak
tespit edilmistir. Islem uygulanmis amarant
tohumlarinda ise aynt vitamin miktarlart sirasiyla
140.0 pg/100 g, 3.080 pg/100 g, 991.0 pg/100 g,
408.0 ug/100 g, 25.2 pug/100 g, 137.0 pg/100 g
olarak  bulunmustur. Calismada, uygulanan
islemin B vitamini icerigini 6nemli dizeyde
etkilemedigi rapor edilmistir.

Kinoanin, bir¢ok bitkinin yetisemeyecegi marjinal
ekolojik kosullarda yetisebilen, abiyotik stress
kosullarina (tuzlu toprak, kurak ve soguk iklimler,
yitksek sicaklik farki 6rnegin -8°C’den +35°C’ye
sicakhigin yitkselmesi) dayanikli, glutensiz, distk
glisemik indekse ve yiksek besinsel kaliteye sahip
bir pseudo-tahil oldugu bildirilmistir. Kinoada By,
B, Bs, Bs ve B¢ vitamin miktarlarinin 0.21-1.70
mg/kg arasinda degistigi, B; ve By vitamini
miktatlarinin ise sirasiyla 0.62 pg/kg ve 1.73
pg/kg oldugu aciklanmistir (Rodriguez vd., 2020).

B VITAMINLERININ
BIYOERISILEBILIRLIGI VE
BIYOYARARLANIMLARI

Biyoerisilebilirlik, sindirim  sisteminde gida
matrisinden asidik kogsullarda ve enzim hidrolizi
ile salinan bir besin maddesinin ince bagirsakta
emilim i¢in hazir bulunmasidir (Garg vd., 2021;
Lépez-Gamez vd., 2021). Sindirim sisteminde
bulunan suda ¢Ozlinen vitaminlerin
biyoerisilebilitliginin, pH'ya, sicakliga, polipeptit,
polisakkarit, — metal iyonlart ve  enzim
inhibitorlerinin varligina, besinsel lif miktarina ve
Ogutme yontemine baglt oldugu bildirilmistir
(Yaman vd., 2021). Biyoerisilebilitligi ayrica,
gidanin tipi ve matrisi, vitaminin gesidi, hasat
sonrast depolama, isleme ve ambalajlama
yontemleri gibi faktorlerin de etkiledigi ifade
edilmistir (Onyambu vd., 2021; Garg vd., 2021;
Lépez-Gamez vd., 2021).
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Bitkilerde  vitaminlerin, besin = dokusunda
kompleks halde bulundugu ve absorpsiyonlari igin
dokunun  parcalanarak  biyoerisilebilitliginin
artirtlmast gerektigi bildirilmistir. Besinsel liflerin
ise sindirim sisteminde ¢ok fazla suyu absorbe
etmelerinden dolay1, sindirimi ve absorpsiyonu
yavaslattigi, B vitaminlerinin biyoerisilebilirligini
azalttigt  sOylenmistir. Tahil iceren bebek
gidalarindaki Bi, Bz, Bs, B, Bo vitaminlerinin
ortalama biyoerisilebilirligi sirasiyla %81, %79,
%45, %060, %52  olarak  verilmistir.
Biyoerisilebilirligin, tahil urinlerindeki
vitaminlerin saglik etkilerinin tahmin edilmesinde
o6nemli oldugu belirtilmistit (Akca vd., 2019;
Onyambu vd., 2021; Garg vd, 2021).

Biyoyararhlik, sindirilen  gidalardaki  besin
Ogelerinin  ince bagirsak epitel hicrelerinden
absorbe edildikten sonra kan dolasimina ge¢mesi
olarak tamimlanmustir. Gida matrisi, gida isleme
yontemi ve sindirilme orani basta olmak tizere
bircok faktor biyoyararliligi etkiledigi
bildirilmistir. Makro ve mikro besin Ogelerinin
viicuttaki absorpsiyon verimliligi, gidanin kolay
bir sekilde sindirilebilme kabiliyetine baglt oldugu
kaydedilmistir. Sindirilme orani yiksek bir gida
sagliklt bir gidadir ve organizmanin saghk ve enetji
durumunu iyilestirdigi séylenmistir (Rodriguez
vd., 2020).

Suda ¢6zlnen vitaminler, ince bagirsakta, yagda
eriyen vitaminler gibi misel olusturmak yerine,
aktif tastum ile direkt emilirler ve ayrica 1sik,
sicaklik, ortam pH’sina olduk¢a duyath
olduklarindan, besinlerin vitamin iceriklerinde
o6nemli Olgiide kayiplar olabilecegi belirtilmistir.
Ayni  zamanda, suda ¢Oziinen vitaminlerin,
Ozellikle Bi, B2 ve Bg vitaminlerinin, gidalarda
polisakkaritlere ~ ve  polipeptitlere  kovalent
olmayan  baglar ile bagh  olabilecekleri
gosterilmistir. Dustik pH degerlerinde (mide),
protein parcalanmast daha fazla olacagi icin daha
¢ok Bi ve B vitaminlerinin salinacag ifade
edilmistir (Lopez-Gamez vd., 2021).

Yaman (2019), farkli ekmek cesitlerinde (beyaz,
tam bugday, kepekli ekmek ve yulatli ekmek) B,
B> ve B¢ vitaminlerinin in vitro ortamda
biyoerisilebilitligini inceledigi calismasinda, Bi

vitamini i¢in en disik biyoerisilebilirligi yulaf
ckmeginde (%045), en yiiksek biyoerisilebilirligi ise
tam bugday ekmeginde (%73) gézlemlemistir.
Yulaf ve arpada bulunan B-glukanin, vitamin ve
minerallerin biyoerisilebilitligini azalttugl
kaydedilmistir. Yaman (2019), B, vitamininin
biyoerisilebilitligini en yiksek tam bugday
ekmeginde (%066), en disiik ise yulafli ekmekte
(%56) bulmustur. Arastirmasinda, piridoksin
(PN), piridoksal (PL), piridoksamin (PM) icin
biyoerisilebilirligin %17-82 arasinda degistigini
saptamustir. En yitksek biyoerisilebilirlik, kepekli
ekmekteki PN formunda gdzlenmis olup, en
diisiik biyoerisilebilitlik ise yulafli ekmekteki PL
formunda bulunmustur. Calismada, PL. ve PM
formlarinmin diisiik biyoerisilebilirligi, bu formlarin
sindirim sirasinda proteinlerden ayrilip tam olarak
serbest hale gecememeleri seklinde agtklanmustir
(Yaman, 2019).

Akeca vd. (2019), 13 farkls tahil icerikli ticari bebek
mamalarindaki tiamin, riboflavin, nikotinik asit ve
nikotinamidin ortalama biyoerisilebilitligini in
vitro kogullarda ve gastrik pH 1.5’da sirastyla %81,
%79, %39 ve %51 olarak, gastrik pH 4’te ise aynt
vitaminlerin ortalama biyoerisilebilirligini sirastyla
%065, %067, %33 ve %41 olarak tespit etmislerdir.
Arastirmalarinda, By, Bz ve Bj; vitaminlerinin
biyoerisilebilirliklerinin stabilite, sicaklik, gastrik
pH degeri, besinsel lif icerigi, polisakkarit ve
polipeptitlere baglanma durumundan 6nemli
derecede etkilenebilecegi aktarilmistir.  Sonug
olarak suda vitaminlerin
biyoerisilebilitliginin in vivo kosullarda daha
distik olabilecegi bildirilmistir.

cozunur

Farcas vd. (2022) farkl bira Gretimlerinden gelen
biracilik artig1 kiispeleri ile olusturduklart 4 farkls
biracihk artig1 kispesinin in vitro sindirimi
sonucunda, B vitaminlerindeki (Bi, B3, Bes, Bi2)
degisimi incelemislerdir. Buna gére, in vitro
sinditimden sonra her bir biracitk artig1
kiispesindeki B vitaminlerinin kontrole gore
azaldig1 tespit edilmistir. B1, B3, Bs, B12 vitaminleri
icin ulastlan en yliksek biyoerisilebilitlik degerleri
strastyla %72.45, %068.44, %52.94 ve %83.57
olarak bulunmustur.
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Bitkisel kaynakli gidalarda bulunan Bi, B2 ve Bs
vitaminlerinin biyoerisilebilirlik ve
biyoyarathhiginin, distik protein sindirilirligi ve
yiksek besinsel lif igerigi sebebiyle genellikle
azaldig aktarilmistir (Ake¢a vd., 2019; Demir vd.,
2023). Kurek vd. (2017), farkli boyutlardaki
besinsel lif partikilleri ilave ederek yapmis
olduklar1 bugday ekmeklerinde, tiamin, riboflavin
ve niasin vitaminlerinin  biyoerisilebilitligini
strastyla %069.1-91.2, %40.9-50.2 ve %060.2-70.2
arasinda tespit etmiglerdir. Optimum
biyoerisilebilirlik icin besinsel lif miktar1 ve
partikil boyutunu sirastyla %6.17 ve 124.12 um
olarak belirtmislerdir. Besinsel lifin partikil
boyutunun kigiltilmesiyle, daha fazla hidroksil
grubunun ortaya ¢tkmast ve bunlarin B vitaminleri
ile etkilesime girerek biyoerisilebilirligi azalttigt
rapor edilmistir.

Catak (2019), 10’ar farkli hayvansal ve bitkisel
gidada yaptigl bir ¢alismada, nikotinik asit ve
nikotinamid miktarlart toplaminda (mg/100 g),
hayvansal gidalardaki ortalama oranlari sirasiyla
%30 ve %70, bitkisel gidalardaki ortalama oranlar
sirastyla %87 ve %13 olarak tespit etmistir.
Arastirmasinda, nikotinik asit miktarini yulafta
1.025 mg/100 g, cavdarda 4.168 mg/100 g,
arpada 4.523 mg/100 g, pirincte 1.767 mg/100 g,
ekmeklik bugdayda 5.483 mg/100 g ve durum
bugdayinda 6.668 mg/100 g olarak bulmus ve ayni
tahillarda nikotinamid formuna rastlamamistir.

Zaupa vd. (2014), in vitro kosullarda makarnalik
durum bugdayinin kepek ve aléron tabakasinin i¢
ve dis kisimlarint ve ayrica bu kisimlardan
hazirladiklart  mikronize i¢ ve dis aléron
kisimlarindaki tiamin ve niasin vitaminlerinin
biyoerisilebilitligi tizerine yaptiklart ¢calismada, bu
fraksiyonlardaki tiamin vitamininin miktarint ve
biyoerisilebilitligini sirastyla 4.44-27.84 mg/100 g
ve %062.64-99.42 arasinda, niasin vitamininin ise
sirastyla 14.15-21.86 mg/100 g ve %10.61-55.94
arasinda bulmuglardir. Sonu¢ olarak partikil
boyutunun kiigiilmesi ile biyoerisilebilirligin de
genellikle arttigini ve bugdayin aléron tabakasinin
ic kismindaki tiamin ve niasinin
biyoerisilebilitliginin ~ en  yiksek  oldugunu
gostermislerdir.

B¢ vitamininin proteinlere kovalent olmayan bag
ile bagl oldugu ve Bg vitamininin proteinlerden
ayrilmasinin gastrik ve ince bagirsak pH’sina bagl
oldugu aktarilmigtir. Bununla bitlikte, PLP
formunun biyoerisilebilirlik diizeyinin gastrik ve
ince bagirsak asitligine gbre  degisebildigi
bilditilmigtir (Ball, 20006). Bebeklerdeki ytksek
gastrik pH’nin, PLP formunun
biyoerisilebilirligini biiyitk bir olasilikla etkiledigi
ifade edilmistir (Yaman ve Mizrak, 2019). On g
farkli tahil icerikli bebek mamasinda Bg
vitamininin in vitro biyoerisilebilirligi tzerine
yapilan  bir c¢alismada, PL ve PM’nin
biyoerisilebilitliginin  gastrik pH 1.5 ve 4.0’te
PN’den daha dustk ve birbirine benzer oldugu
gozlemlenmistir. Tim formlarin
biyoerisilebilirliginin gastrik pH 4’te azaldig1 fakat
her iki gastrik pH’da disik oldugu tespit
edilmigtir (Yaman ve Mizrak, 2019).

Yasllarda, B¢ ve Bio vitamin eksikligi stk
karslasilan ~ bir  durumdur  ve  sirastyla
kardiovaskuler hastaliklar ve megaloblastik anemi
ile baglantili oldugu aciklanmustir. Lee vd. (2022),
Bi2 vitamininin, bagirsak mikrobiyotas: tarafindan
in vitro sindiriminin  yaglidarda  (%45.08),
yetiskinlere (%35.96) gore daha yiiksek oldugunu
belitlemislerdir. Bs ve Bz vitaminlerinin
biyoaktivitesinin yas, sindirim yeri ve bagirsak
mikrobiyotasindan etkilendigini, 6zellikle bagirsak
mikrobiyotasinin  etkili  oldugunu  rapor
etmiglerdir.

Gida matrisinin, plazmadaki folat biyoyararliligim
degistirdigi actklanmugtir. Bir aragtirmada en
yiksek biyoyararlilik pudingte belirlenirken,
pandispanya kekinde daha az oranda tespit
edilmistir. Krem karamel ve biskiivide folat
biyoyararhhigt en dusiik diizeyde bulunmustur
(Buffiere vd., 2021). Neves vd. (2019), folik asit ile

fortifiye edilmis bugday unundan iretilmis
Fransiz  tipi  ekmeklerin,  folik  asitin
biyoerisilebilirligi ve biyoyararlaniminin
artirlmasinda  iyi ~ bir  ara¢  oldugunu

aciklamiglardir. Arastirmalarinda, bugday ununun
homojenize edildikten sonra serbest folik asitin
%85 nin bugday ununda kaldigini, Fransiz tipi
ekmekte ise %75’inin tutuldugunu bildirmislerdir.
Fransiz tipi ekmeklerin in vitro sindiriminden
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sonra, folik asitin tamaminin ince bagirsaklarda
absorbe edilmek tzere hazir bulundugunu
kesfetmislerdir. Bationo vd. (2020), tahil icerikli
fermente gidalar (7 farklt Griin) tzerine yaptigi
calismada, fermantasyonun  folat  igerigini
artirdigini  tespit etmiglerdir. Calismada, folat
biyoerisilebilirligi %23-81 arasinda bulunmus ve
bu durumun folat stabilitesinden veya besin
matrisinden kaynaklanabilecegi belirtilmistit.

SONUC
Tahdlar ve pseudo-tahillar, B  vitaminleri
bakimindan zengin gida  kaynaklanidir. B

vitaminlerinin, metabolizmanin duzenlenmesi ve
isleyisi bakimindan kritik 6neme sahip, suda
¢ozinir, organik bilesikler oldugu agiklanmistir.
Giunlik beslenmede, yeterli alim miktarlarinin
tanimlanmasi ile birlikte, enerji metabolizmast ve
bagsiklik sistemi icin 6nemli koenzimler oldugu
da goOsterilmistir. B vitaminlerinin
biyoerisilebilirligi ve biyoyararliliginin
belirlenmesinde, genellikle, “in vitro sindirim
sistemi modelleri” ¢alistimistir. Bu yontemin ucuz,
hizli ve deneysel parametrelerin kontroliinin
saglanmasi bakimindan in vivo yéntemlere gore
avantajlarinin -~ bulundugu  bildirilmistir. B
vitaminlerinin biyoerisilebilirligi, sindirilirlige ve
gida matrisinden serbest kalmasina bagliyken;
biyoyararliliklarinin sindirilirlige, gida matrisinden
serbest kalmalarina, ince bagirsak hiicrelerinden
absorpsiyon ve vicut hiicrelerine tasinmalarina
baglt oldugu kaydedilmistir. Tahil ve pseudo-tahil
trtinlerinde B vitamini fortifikasyonunun bazt
tlkelerde zorunlu oldugu ve biyofortifikasyon
yonteminin B vitaminleri bakimindan zengin
tahillarin  yetistirilmesinde yeni bir uygulama
oldugu goésterilmistit. Bu derlemede, talil ve
pseudo-tahillarin B vitaminlerinin
biyoerisilebilitligi ve biyoyararliligindaki  son
calismalar incelenmis olup, in vivo sonuglarin in
vitro sonuglar ile dogrulugunun karsilastirilmasi
icin daha fazla dogrulama testlerinin yapilmast
gerektigi gérilmustiir.

CIKAR CATISMASI BEYANI
Yazatlarin, baska kisiler ve/veya kurumlar ile cikar
catismast bulunmamaktadir.

YAZAR KATKILARI
EY, HG ve AA derlemeyi birlikte planlamis,
yazmis ve son halini onaylamuslardir.
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ABSTRACT

In this study, alkaline protease enzyme production by a bacterial strain isolated from sludge samples collected
from an anaerobic treatment system was investigated. According to the 16S rDNA sequence analysis, the
isolate was identified as Thermwoanaerobacter thermobydrosulfiuricus (98.52%). Enzyme activity analyses revealed an
optimum pH value of 10, an incubation time of 64 h, and a temperature of 35°C. Arabinose and casein
hydrolysates were found to be the best carbon and nitrogen sources, respectively. Maximum protease activity
was recorded (864.68 U/mL) when arabinose was used instead of glucose. Moreover, the addition of 1 g/L
MgSO..7H0 and 0.25 g/L Tween-80 to the medium increased the enzyme activity. Therefore, it can be
concluded that T. thermobydrosulfuricns is a significant producer of alkaline protease enzymes in the culture
medium. To the best of our knowledge, this is the first study to investigate the optimization of alkaline
protease production by I. thermobydrosulfuricus.

Keywords: Protease, novel strain, Thermoanaerobacter thermobydrosulfuricus, anaerobic

BELEDIYE ANAEROBIK ARITMA SISTEMINDEN IZOLE EDILEN YENI BiR
ANAEROBIK BAKTERI ILE ALKALI PROTEAZ URETIMI

oz

Bu calismada, anaerobik aritma sisteminden toplanan ¢amur 6rneklerinden izole edilen bir bakteri
susunun alkali proteaz enzim dUretimi arastirilmistir. 16S rDNA dizi analizine gore, izolatin
Thermoanaerobacter thermobidrosulfuricns (%098.52) oldugu tespit edilmistir. Enzim aktivitesi analizleri,
optimum pH degerinin 10, inkiibasyon stresinin 64 saat ve sicakligin 35°C oldugunu ortaya
cikarmustir. Arabinoz ve kazein hidrolizatlarinin sirasiyla en iyi karbon ve nitrojen kaynaklart oldugu
bulunmusgtur. Maksimum proteaz aktivitesi (864.68 U/mL) glikoz yerine arabinoz kullanildiginda
kaydedilmistir. Ayrica, besiyerine 1 g/I. MgSO4.7H20 ve 0.25 g/L Tween-80 ilavesi enzim aktivitesini
artrmustir. Bu nedenle, T. thermobidrosulfuricusun kiltir ortaminda 6nemli bir alkali proteaz enzimi
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treticisi oldugu sonucuna varilabilmektedir. Bildigimiz kadariyla bu calisma, T. thermobidrosulfuricns’un
alkali proteaz Uretiminin optimizasyonunu arastiran ilk calismadir.
Anahtar kelimeler: Proteaz, yeni tlr, Thermoanaerobacter thermobydrosulfuricus, anaerobik

INTRODUCTION

Enzymes are biological macromolecules that have
a wide range of analytical, scientific, and industrial
applications. Microbial enzymes are superior to
inorganic catalysts because of their economic
production, convenient handling, easy recovery
from reaction media, and repeated reusability in
industrial processes (Bashir et al., 2018). Proteases
are a group of enzymes that catalyze the
hydrolysis of proteins into peptides and amino
acids (Sharma et al., 2017). Proteases are used in
the food, leather, pharmaceutical, cosmetic, silk
degumming, silver recovery, chemical, and
wastewater treatment industries (Naveed et al.,
2021). Microbial proteases are of significant
interest, as they represent approximately 60% of
the total enzyme market. These enzymes play a
role in the synthesis of small peptides, the
production of food ingredients by the hydrolysis
of food proteins, and the improvement of the
digestibility of proteins or amino acids (Dorra et
al., 2018).

Most characteristics, including pH, temperature,
active-site  specificity, —substrate  specificity,
catalytic activity, and stability profiles, tend to vary
depending on the protease source. Proteases can
be classified based on their optimal pH range,
which includes acidic (pH 2-6), neutral (pH 7) and
alkaline (pH 8-13) (Arya et al., 2021). Alkaline
proteases have attracted considerable attention,
accounting for approximately 89% of the
protease market (Akhter et al., 2024). Alkaline
proteases are important components in the
detergent industry. They enhance cleaning
efficacy by eliminating proteins such as milk,
blood, and food stains (Mahakhan et al., 2023).
Several alkaline proteases are produced by yeast,
bacteria, actinomycetes, fungi, and plants. On the
other hand, commercially produced microbial
proteases of extracellular origin are resistant to
physical and chemical environmental changes (Al-
Dhabi et al., 2020).

Recently, there has been an increased demand for
alkaline and thermostable proteases as industrial

biocatalysts for biotechnological applications. In
addition to their tolerance to pH and temperature,
alkaline proteases exhibit high catalytic activity,
substrate specificity, environmentally friendly
byproduct formation, and cost-effective large-
scale production (Datta et al, 2017). Bacillus
species are preferred for producing thermostable
alkaline proteases because of their stability at high
temperatures and pH values. These bacterial
enzymes have higher activity in the pH range of
8-12 and temperature range of 50-70°C, which are
ideal for producing enzymes on an industrial scale
(Thakur et al, 2018). A wide variety of soil
microorganisms (Aftab et al., 2006; Palsaniya et
al., 2012; Sinha et al., 2013; Chauhan et al., 2020;
Jadhav et al., 2020; Farooq et al., 2021; Hashmi et
al., 2022) and strains isolated from mangrove
ecosystems can produce proteases. Microbes
isolated from mangrove ecosystems have a rapid
growth rate in a limited space and are easy to
genetically manipulate to produce new modified
protease enzymes (Kharadi et al, 2020).
Morteover, strains isolated from soda lakes and
deserts can grow at an extremely alkaline pH and
produce naturally stable alkaline enzymes. In
addition, investigating the effects of certain
parameters, such as cost-effective carbon and
nitrogen sources, pH, temperature, agitation, and
incubation time, is necessary for designing an
effective process (Rathod and Pathak, 2010).

Bacillus, Aspergillus, and Streptomyces have been
counted as predominant and prolific sources of
alkaline proteases; however, new strain discovery
studies are still important. Working with
thermophiles offers some advantages, such as a
reduced risk of contamination, owing to their
ability to be used at high temperatures during the
process. Although there is a study using
Thermoanaerobacter thermobydrosulfuricns to produce
heat-active lipase (Royter et al., 2009), there are no
reports on the production of alkaline protease
trom T. thermobydrosulfuricus. In the present study,
the optimum conditions (pH, incubation time,
temperature, catbon and nitrogen sources, and
addition of various compounds) were determined
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for the alkaline protease produced by T.
thermobydrosulfuricns G12 isolated from the sludge
samples.

MATERIAL and METHODS

Source of sample collection

In this study, sludge samples collected from an
anaerobic treatment system at the Ankara
Metropolitan Municipality Tatlar Wastewater
Plant were used. The sludge samples were stored
in sterile bottles and transported to the laboratory
at Ankara University, Turkey. The samples were
stored at 4°C until subsequent analysis.

Isolation of bacteria and culture conditions
Skim milk (SM) medium had the following
composition (g/L): nutrient broth 8, SM 100, and
resazurin 1. The medium was prepared by adding
resazurin, a colorimetric pH indicator based on
redox potential, to SM and boiling until the
resazurin-induced blue color turned pink. The
medium distributed in the Hungate anaerobic
culture tubes was cooled under an N atmosphere
to remove all dissolved oxygen, sealed with a
butyl rubber stopper, and sterilized for 15 min. at
121°C. The SM medium was inoculated with 1%
sludge sample and incubated at 65°C for 24 h. The
cultures were then transferred to the SMNB
medium.

The microorganisms were incubated for 24 h at
65°C in SMNB medium and prepared for
bacterial isolation. The cultures were then
transferred to Petri dishes containing skim milk
nutrient agar (SMNA) in an anaerobic
environment (Glove Box-Labconco) using the
spreading method. After 48-72 h of incubation at
65°C, colonies forming the largest diameter
transparent zone were identified and transferred
to the SMNB medium (Ibrahim et al., 2007).

Genomic DNA was isolated using DNA isolation
kits (Macherey Nagel), and DNA amplification by
polymerase chain reaction (PCR) and sequence
analysis were performed by a commercial
company (REFGEN, Ankara, Turkey). The
sequences of the microorganisms that were most
similar to the isolate were aligned using
CLUSTAL W 1.8 (multiple sequence alignment

method) to perform molecular phylogenetic
analysis of the isolate. Thus, the genetic diversity
and degree of differentiation between species
were determined. Evolutionary relationships were
detected using the neighbor-joining method
(Saitou and Nei, 1987). The evolutionary distance
was calculated using the Maximum Composite
Likelihood method and the results were obtained
in the form of the number of base changes in each
region (Tamura et al, 2004). Ten nucleotide
sequences were used in the analysis, and gaps and
positions  containing missing data  were
eliminated. Phylogenetic analysis was performed
using the MEGA5 (Molecular Evolutionary
Genetics Analysis software version 5.0) package
program (Tamura et al., 2011).

Medium for alkaline protease enzyme
production
Horikoshi-I ~medium had the following

composition (g/L): glucose 10, yeast extract 5,
peptone 5, KH,PO,4 1, MgSO4.7HO 0.2, and
Na,COs 5 (Horikoshi, 1996) and was used for
protease enzyme production. The pH values of
both media were adjusted to 9 using 5 M NaxCO:.

Alkaline protease activity assay

The modified Cupp-Enyard (2008) method was
performed for the protease activity assay, and
casein was used as the substrate. Five milliliters of
0.65% (w/v) casein solution were added to each
test tube. The solutions were placed in a water
bath at 37°C for 5 min. Cell-free supernatants
were obtained by centrifugation at 15.000 rpm at
4°C for 5 min. One milliliter of the supernatant
was added to the casein solutions, and the
solutions were incubated in a water bath at 37°C
for 10 min (1 mL of distilled water was used for
the blank sample). The reaction was stopped by
adding 5 mL of 110 mM trichloroacetic acid, and
the solutions were incubated at 37°C for 30 min
in a water bath. After incubation, each test
solution was filtered using a 0.45 um filter.
Subsequently, 5 mL of 500 mM Na,COs3 and 1
mlL of Folin’s Phenol Reagent (1:4 Folin-distilled
water) were added to 2 mL of the test filtrate and
incubated at 37°C for 30 min. The absorbance of
the samples was measured at 660 nm and
extrapolated against a tyrosine standard curve.
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One unit of protease activity was defined as the
amount of enzyme liberating 1 pg of tyrosine per
minute under assay conditions.

Units/ml enzyme = (umole tyrosine equivalents
released) x (A)/ ((B) x (C) x (D))

A= Total volume (mL) of assay

B= Time of assay (minutes) as per the Unit
definition

C= Volume of Enzyme (mL) of enzyme used
D= Volume (ml) wused in colorimetric
determination

To prepare the standards, a solution containing
1.1 mM tyrosine was prepared as a stock solution
and then transferred to tubes in certain volumes.

The enzyme activity of the control sample was
calculated using samples collected from cultures
incubated at 65°C for 24 h in Horikoshi-I
medium. In this study, all inoculations were
performed at a rate of 1%.

Optimization of cultural conditions for
alkaline protease production

Enzyme activity was measured in samples
collected at 16 h and every 8 h thereafter to
determine the optimum incubation time. To
determine the optimum pH for enzyme
production, the pH value of the medium was
adjusted to values between 6.5 and 10.5 using 5 M
Na;CO;.  The optimum temperature was
determined in the samples that were obtained by
incubating the cultures at 30-65°C. To select the

carbon source for maximum enzyme activity,
instead of 10 g/L glucose in Horikoshi-I medium,
the medium was prepared by adding different
carbon sources at the same concentration. To find
the best nitrogen source for maximum enzyme
activity, instead of a total of 10 g/L peptone, and
yeast extract in Horikoshi-lI medium, casein
hydrolysate, soy flour (defatted), peptone, and
casein mixture (5 g/L + 5 g/L), gelatin, yeast
extract and peptone were used. (NH4)2504 was
used as an inorganic nitrogen source and added at
a rate of 5 g/L. CaCl, (0.1 g/L and 1 g/L),
KH2PO, (0.5 g/L, 2 g/1), MgSO4.7THO (0.1 g/L,
1 g/L), and Tween-80 (0.25 g/1) were added to
the Horikoshi-I medium to determine the effects
of different minerals and surfactant on enzyme
production.

Statistical analysis

Significant differences between factor levels were
determined according to the least significant
differences (LSD) at the P < 0.05 level of
probability, and standard deviations (+SD) were
shown as column bars in the figures.

RESULTS AND DISCUSSION

Molecular identification of the isolate

The cultures in NBSM were spread on the NASM
medium under anaerobic conditions. Thus, a
bacterial isolate was obtained and was coded as G-
12. This isolate was determined to be a Gram-
negative  rod-shaped  facultative  anaerobic
bacterium.

T. ethanolicus JW200 (NR044619)
T. wiegelii (DQ681066)

T. siderophilus (NR028743)
T.acetoethylicus (X69336)

Isolate-G12

T. thermohydrosulfuricus (AB701324)
T. pseudoethanolicus (CP000924)
T.brockii subsp. finnii (NRO75060)
T. kiwi (NR044617)

—
0.01

Thermoanaerobacterium thermosulfurigenes (L09171)

Figure 1. A phylogenetic tree created using MEGAS with the G-12 isolate and its closest species.
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DNA sequence analysis revealed 879 bases in the
16S tDNA region of the G-12 isolate. The DNA
base sequences were compared with all DNA
sequences from the GenBank BLAST database
(www.ncbi.nlm.nih.gov/blast).  The  results
obtained from the database showed that G-12
isolate belonged to Thermoanaerobacter
thermobydrosulfuricus at a rate of 98.52%. Figure 1

shows the phylogenetic tree created using
MEGADS.

Factors affecting enzyme production

Time conrse of protease production

The enzyme activity was calculated to be 641.58
U/mL in the samples collected at 64 h. However,
the differences in enzyme activity between 64 h
and 18, 24, and 32 h were statistically significant
(P = .05). There was no statistical difference
between the enzyme activity measured in samples

660
640
620
600
580
560
540
520
500

jk

fghk UK
defghk

Protease activity (U/mL)

16 24 32 40 48
Incubation time (h)

taken at 64 h and the samples taken at 72 h. There
was also no statistically significant difference in
enzyme activity between samples taken at 40, 48,
and 56 h and those taken at 64 h (P = .05).
Therefore, 40 h to reach maximum enzyme
activity may be sufficient, as prolonging the
production time would only result in increased
costs, particularly on an industrial scale (Figure 2).
Prakasham et al. (2000) investigated the
properties of alkaline proteases produced by
Bacillus sp. and calculated the maximum enzyme
activity after 60 h. Dhandapani and Vijayaragavan
(1994) examined the thermophilic Bacillus
stearothermophilus AP-4 to produce thermostable
alkaline protease, and after 36 h of incubation,
they achieved the maximum protease activity (250
U/mL).

jk

5 64 72 80 88 96

Figure 2. The time course of alkaline protease production (incubations were performed at an initial pH
of 9 and at 65°C)

Vertical bars indicate standard deviations of the means and values are the means of two replicates

() 16, (b) 24, (c) 32, (d) 40, (¢) 48, (f) 50, (g) 64, (h) 72, (1) 80, (j) 88 and (k) 96 h

Different letters indicate significant differences according to the least significant difference (LSD) test at P < .05.

Effects of initial pH and incubation temperature on
engyme production

As shown in Figure 3, alkaline protease activity
increased until it reached pH 10 and then
decreased at pH 10.5. The highest enzyme activity
(863.69 U/ml) was observed at pH 10. The
differences between enzyme activities at pH 10
and all tested pH wvalues were statistically
significant (P < .05). Studies have shown that the

optimum pH value for alkaline proteases ranges
from 9 to 11 (Banerjee et al., 1999; Denizci et al.,
2004; Genckal and Tari, 2006; Patel et al., 2000;
Sellami-Kamoun et al.,, 2008; Wilson and
Remigio, 2012; Asha and Palaniswamy, 2018). In
contrast, other studies have shown that the
optimum pH value range is 8-9 (Mohamedin,
1999; Hutadilok-Towatana et al., 1999; Chi et al.,
2007; Silva et al., 2007; Elbanna et al., 2015).
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Figure 3. Effect of initial pH on alkaline protease production
Vertical bars indicate standard deviations of the means and values are the means of two replications
(a) 6.5, (b) 7.0, (c) 7.5, (d) 8.0 (e) 8.5, (f) 9.0, (g) 9.5, (h) 10.0, and (1) 10.5
Different letters show significant differences according to least significant difference (LSD) test at P < .05.

The highest enzyme activity was determined to be
713.51 U/mL for samples incubated at 35°C
(Figure 4). However, there was no statistically
significant  difference between the enzyme
activities calculated at 35 and 40°C (P = .05).
Although some researchers have reported similar
results (Asha and Palaniswamy, 2018; Charles et
al., 2008), others have found an optimum
temperature of 37°C (Gengkal and Tari, 2000;
Patel et al., 2006; Olajuyighe and Ehiosun, 2013).
However, many studies have reported optimum
temperatures between 50 and 80°C (Denizci et al.,
2004; Mohamedin, 1999; Hutadilok-Towatana et
al., 1999; Silva et al., 2007; Aqel et al., 2012).

740
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660
640
620
600
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560
540

defgh defgh

bcgh

Protease activity (U/mL)
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In a previous study, Bacillus sp. isolated from
saline-alkali soils was selected for its ability to
produce alkaline proteases in a milk agar medium.
Maximum enzyme activity was obtained in the
presence of glucose (1% w/v) and NH4Cl (1%
w/v) at pH 10.5, at a temperature of 40°C, and
after 20 h (Mehrotra et al, 1999). In another
study, the highest enzyme activity was observed in
Bacillus sp. B18 under extreme conditions, with
optimum pH and temperatute values of 12-13°C
and 85°C, respectively (Fujiwara et al., 1993).

gh

50 55 60 65

Temperature (°C)

Figure 4. Effect of incubation temperature on alkaline protease production
Vertical bars indicate standard deviations of the means, and values are the means of two replications

(a) 30, (b) 35, (c) 40, (d) 45, () 50, (f) 55, (g) 60, and (h) 65°C

Different letters show significant differences according to least significant difference (ILSD) test at P < .05.
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Effect of carbon and nitrogen sources on engyme production
Enzyme production could not be achieved
because of the inability of microorganisms to
grow well when inulin, sorbitol, starch, suctose,
and raffinose were added to the medium. Various
carbon sources were used to determine the
maximum enzyme production, as shown in Table
1. The highest enzyme activity (864.68 U/mL)
was observed in the presence of arabinose.
Following arabinose, the addition of xylose,
sorbose, galactose, and fructose also increased
enzyme activity. The difference between the
enzyme activities obtained when arabinose and
xylose were used in the medium was not
statistically significant (P = .05). Maltose resulted
in the lowest enzyme production. Kanekar et al.
(2002) obtained the second highest enzyme
activity using Arthrobacter ramosus (89.73 U/mL) in
the presence of xylose. The activity of protease
produced by the thermophilic Bacillus sp. SMIA-2
was 0.530 U/mg protein when glucose was used
(9 h of incubation at 50°C and an initial pH of 7)
(Nascimento et al., 2004). Prakasham et al. (2000)
investigated certain properties of the alkaline
protease that was produced by Bacillus species and
reported that the enzyme activity increased with
the addition of xylose and maltose to the medium
at a rate of 1%. Akcan and Uyar (2011) reported
that the maximum alkaline protease activity
produced by Bacillus subtilis RSKIK96 was 4688.2
U/mg, which was obtained by the addition of 1%
arabinose.

Examination of the effects of different nitrogen
sources on enzyme production revealed that the
highest enzyme activity was 656.03 U/mL when
casein hydrolysate was present in the medium.
The difference between enzyme activities
obtained when casein hydrolysate and yeast
extract were used in the medium was not
statistically significant (P 2.05). Compared with
the control, the addition of soy flour caused a
large decrease in enzyme activity, followed by
gelatin and (NH4)2SO4 (Table 1). Johnvesly and
Naik (2001) investigated the effects of vatious
inorganic and organic nitrogen sources on alkaline
protease production by thermophilic and
alkalophilic Bacillus sp. ]JB-99. The researchers
found that the highest enzyme activity (12780
U/mL) was obtained in the presence of NaNOs,

followed by samples containing yeast extract
(10850 U/mL). Asha and Palaniswamy (2018)
reported that casein was the best nitrogen source
for producing alkaline proteases from Bacillus
cerens FT 1. Lazim et al. (2009) found that
(NH4)2SO4 and yeast extract increased protease
activity compared with the control. In contrast,
malt extract, peptone, NH4NO3;, NaNOs, and
casein decreased enzyme production. Some
studies have reported that yeast extract is the best
nitrogen soutce for enzyme production (Nadeem
et al., 2008; Salihi et al., 2017; Rekik et al., 2019).
Joo et al. (2002) isolated Bacillus horikoshii to
investigate  extracellular  alkaline  protease
production and obtained the highest enzyme
activity (115.3 U/mL) using soybean meal (1.5%,
w/v) and casein (1%, w/v) at pH 9 and 34°C after
18 h.

Effects of minerals and Tween-80 on engyme production

The medium components most likely to affect
alkaline protease production were KoHPO,,
MgSO4.7H>0, and CaCly (Jadhav et al., 2020).
The additon of 1 g/L MgSO4+.7H>O to the
medium yielded the highest increase in enzyme
activity compared to the control sample, and the
activity was calculated to be 726.50 U/mL (P <
.05). Enzyme activity increased when the
concentration of KHoPO4 was increased from 0.5
to 2 g/L. Compatred with the control sample,
protease activity decreased with the addition of
0.1 g/Land 1 g/L CaCl, respectively. Moteover,
using 2 g/I. KH,PO4 and 0.1 g/L MgSO..7H,O
in the medium did not create a statistically
significant effect compared to the control sample

(P >.05).

To ensure optimal performance during the
washing process, alkaline proteases must
demonstrate compatibility and stability with
various components commonly found in
detergents, including surfactants, oxidizing
agents, and other additives (Hammami et al.,
2017). Therefore, the efficacy of the enzyme was
evaluated using Tween-80, which is a potential
constituent of the formulation. The addition of
Tween-80 to the production medium caused a
statistically significant increase in enzyme activity
compared with that of the control sample (P <
.05) (Table 2).
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Table 1. Effects of carbon and nitrogen sources on alkaline protease production

Carbon soutces Pr(ziteiaie Relative Nitrogen sources PriiteiztsTe Relative
(@/L) gj /rvntﬁ) activity (%) (/1) &‘j /rvntﬁ) activity (%)
Glucose Peptone+yeast
+ +
Controhea 598.8826.20 100 extras (Contuoyicis | SIB88£6.20 100
Mannosecdfi 553.57+8.27 92.43 (NHy)2SOedefeh 379.83+11.02 63.42
Galactosedeeh 722.77£11.48 120.69 Casein hydrolysated®™  656.03£11.25 109.54
Xylosecfsh 830.91+4.59 138.74 Soy flourefeh 106.06%1.84 17.71
Lactose™ 583.77+7.81 97.48 Peptonetcascin 625.83%9.42 104.50
hydrolysate®
Fructose! 723.42+16.07 120.79 Gelatinesh 227.36%4.82 37.96
Rhamnosei 542.6915.74 90.62 Yeast extracth 641.74%6.2 107.16
Maltose! 518.66+48.91 86.60 Peptone 591.73%+1.61 98.81
Arabinosel 864.681+32.15 144.38
Sorbose 792.59+14.24 132.35

Carbon sources: (a) Control, (b) Mannose, (c) Galactose, (d) Xylose, () Lactose, (f) Fructose, (g) Rhamnose, (h)
Maltose, (1) Arabinose and (j) Sorbose.

Nitrogen sources: (a) Control, (b) (NH4)2SO4, (c) Casein hydrolysate, (d) Soybean flour (e) Peptone+casein
hydrolysate, (f) Gelatine, (g) Yeast extract, and (h) Peptone.

Different letters show significant differences according to least significant difference (LSD) test at P < .05.

Table 2. Effects of minerals and surfactant on alkaline protease production
Minerals and surfactant (g/L) Protease activity (U/mL)  Relative activity (%o)

Hortikoshi-I (Control) bedgh 598.8816.20 100
CaCl; (0.1 g/L)cefeh 576.47+1.15 96.26
CaCl, (1 g/L)defeh 517.52+1.84 86.41
KH,PO;4 (0.5 g/L)efeh 564.29£5.97 94.22
KH,PO, (2 g/L)s 613.16%£12.63 102.38
MgSO4.7H20 (0.1 g/L)eh 596.76+16.07 99.65
MgSO4.7TH20O (1g/L)h 726.50%3.90 121.31
Tween 80 (0.25) 628.2710.46 104.91

(a) Control, (b) CaCl (0.1 g/L), (c) CaCl, (1 g/L), (d) KH,PO4 (0.5 g/L), (€) KHaPOy (2 g/L), () MgSO4.7H,0

(0.1 g/1), () MgSO4.7H,O (1g/L), (h) Tween 80 (0.25)

Different letters show significant differences according to least significant difference (LSD) test at P < .05.

Datta et al. (2017) obtained the highest protease
production (0.128 U/mL) by Aeromonas caviae P-
1-1 at pH 8 and 37°C after 42 h of incubation in
a medium containing Tween-40. Zanphortlin et al.
(2011) examined a new alkaline serine protease
from the thermophilic fungus Myceliophthora sp.
The researchers reported that the addition of
Tween-80 caused an 80% decrease in enzyme
activity. In another study investigating the effect
of surfactants on the activity of proteases
produced by Bacillus cerens; Tween-20, Tween-40,
Tween-60, Tween-80, and Triton X-100 caused
an increase in enzyme activity compared with the
control sample (Esakkiraj et al., 2009).

CONCLUSION

Our results revealed that the concentration of
alkaline protease produced by T.
thermohydrosulfuricus isolated from sludge samples
was greater than that of enzymes produced by
many Bacillus and thermoalkaliphilic bacteria
species. However, control and optimization of
other process parameters are required to increase
enzyme activity during large-scale production.

ACKNOWLEDGEMENT
The authors received no financial support for this
work.

473



474

B. Sayin Borekgi, S. Donmez, A. Avcl

CONFLICT of INTEREST
There is no content conflict of interest.

AUTHOR CONTRIBUTIONS

Bilge Sayin Borekegi: Formal analysis, Writing-
original draft, Sedat Doénmez: Supervisor,
Writing-review & editing, Conceptualization.
Ayse Avcr: Formal analysis, Writing-review &
editing.

REFERENCES

Aftab, S., Ahmed, S., Saeed, S., Rasool, S. A.
(2000). Screening, isolation and characterization
of alkaline protease producing bacteria from
soil. Pakistan  Journal of Biological = Sciences, 9(11),
2122-2126.

Akcan, N., Uyar, F. (2011). Production of
extracellular alkaline protease from Bacillus subtilis
RSKK96 with solid state fermentation. EurAsian
Journal of BioSciences, 5,64-T1. https://doi.org/
10.5053/ejobios.2011.5.0.8

Akhter, K, Kiani, H. A., Ghous, T., Rasheed, A.,
Gillani, H., Akhtar, T. (2024). Production, partial
purification and optimization of oilseed-based
protease and its application as an efficient eco-
friendly alternative for destaining and dehairing

process. Waste and Biomass 1V alorization, 1-10.
https://doi.org/10.1007 /s12649-024-02438-y

Al-Dhabi, N. A., Esmail, G. A., Ghilan, A. K. M.,
Arasu, M. V., Duraipandiyan, V., Ponmurugan, K.
(2020).  Characterization and fermentation
optimization of novel thermo stable alkaline
protease from Streptomyces sp. Al-Dhabi-82 from
the Saudi Arabian environment for eco-friendly
and industrial applications. Journal of King Sand
University-Science, 32(1),1258-1264.
https://doi.org/10.1016/j.jksus.2019.11.011

Agel, H., Al-Quadan, F., Yousef, T. K. (2012). A
novel neutral protease from thermophilic Baci/ius
strain ~ HUTBSO2. Journal  of  Bioscience — &
Biotechnology, 1(2).

Arya, P. S, Yagnik, S. M., Rajput, K. N., Panchal,
R. R, Raval, V. H. (2021). Understanding the
basis of occurrence, biosynthesis, and
implications of  thermostable alkaline
proteases. Applied Biochemistry and Biotechnology, 1-

38. https://doi.org/10.1007/s12010-021-03701-

X

Asha, B., Palaniswamy, M. (2018). Optimization
of alkaline protease production by Bacillus cereus
FT lisolated from soil. Journal of Applied
Pharmaceutical Stcience, 8(2), 119-127.
https://doi.org/10.7324 /JAPS.2018.8219

Banerjee, U. C., Sani, R. K., Azmi, W., Soni, R.
(1999). Thermostable alkaline protease from
Bacillus brevis and its characterization as a laundry
detergent additive. Process  Biochenistry, 35(1-2),
213-219. https://doi.org/10.1016/S0032-
9592(99)00053-9

Bashir, F., Asgher, M., Hussain, F., Randhawa, M.
A. (2018). Development and characterization of
cross-linked enzyme aggregates of thermotolerant

alkaline protease from Bacillus
licheniformis. International — Journal — of  Biological
Macromolecules, 113, 944-951.  https://doi.org/

10.1016/j.ijbiomac.2018.03.009

Chatles, P., Devanathan, V., Anbu, P,
Ponnuswamy, M. N., Kalaichelvan, P. T., Hur, B.
K. (2008). Purification, characterization and
crystallization of an extracellular alkaline protease
trom Aspergillus nidnlans HA-10. Journal of Basic

Microbiology, 48(5),  347-352.  https://doi.otg/
10.1002/jobm.200800043
Chauhan, R. S, Mishra, R. M. (2020).

Characterization of alkaline protease producing
Bacillus  halodurans RSCVS-PF21 isolated from
poultry farm soil. Biosciences Biotechnology Research
Asia, 17(2), 385-392. http://dx.doi.org/
10.13005/bbra/2841

Chi, Z., Ma, C., Wang, P, Li, H. F. (2007).
Optimization of medium and cultivation
conditions for alkaline protease production by the
marine yeast _Aureobasidinm  pullulans. Bioresource
Technology, 98(3),  534-538.  https://doi.org/
10.1016/j.biortech.2006.02.006

Cupp-Enyard, C. (2008). Sigma’s non-specific
protease activity assay-casein as a substrate. Jol’E
(Journal of Visnalized Experiments), (19), 899.
https://doi.org/10.3791/899

Datta, S., Menon, G., Varughese, B. (2017).
Production, characterization, and immobilization
of partially purified surfactant—detergent and


http://dx.doi.org/10.13005/bbra/2841
http://dx.doi.org/10.13005/bbra/2841

Alkaline protease production by a novel bacterium

alkali-thermostable protease from newly isolated
Aeromonas  caviae. Preparative  Biochemistryy — and
Biotechnology, 47(4),  349-356.  https://doi.org/
10.1080/10826068.2016.1244688

Denizci, A. A., Kazan, D., Abeln, E. C. A,
Erarslan, A. (2004). Newly isolated Bacillus clausii
GMBAE 42: an alkaline protease producer
capable to grow under higly alkaline
conditions. Journal of Applied Microbiology, 96(2),

320-327. https://doi.org/10.1046/j.1365-
2672.2003.02153.x

Dhandapani, R., Vijayaragavan, R. (1994).
Production of a thermophilic, extracellular

alkaline protease by Bacillus stearothermophilus AP-
4. World Journal of Microbiology and Biotechnology, 10,
33-35. https://doi.org/10.1007/BF00357559

Dorra, G., Ines, K., Imen, B. S., Laurent, C., Sana,
A., Olfa, T, Pascal, C., Thierry, J., Ferid, L. (2018).
Purification and characterization of a novel high
molecular weight alkaline protease produced by
an endophytic Bacillus halotolerans strain CT2.
International Journal of Biological Macromolecules, 111,
342-351. https://doi.org/10.1016/
jijbiomac.2018.01.024

Elbanna, K., Ibrahim, I. M., Revol-Junelles, A. M.
(2015). Purification and characterization of halo-
alkali-thermophilic protease from Halobacterium sp.
strain HP25 isolated from raw salt, Lake Qarun,
Fayoum,  Egypt. Extremophiles, 19,  763-774.
https://doi.org/10.1007/s00792-015-0752-3

Esakkiraj, P., Immanuel, G., Sowmya, S. M.,
Iyapparaj, P., Palavesam, A. (2009). Evaluation of
protease-producing ability of fish gut isolate
Bacillus cereus for aqua feed. Food and Bioprocess
Technology, 2, 383-390. https://doi.org/10.1007/
$11947-007-0046-6

Farooq, S., Nazir, R., Ganai, S. A., Ganai, B. A.
(2021). Isolation and charactetization of a new
cold-active protease from psychrotrophic bacteria
of Western Himalayan glacial soil. Scientific
Reports, 11(1), 12768. https://doi.org/10.1038/
s41598-021-92197-w

Fujiwara, N., Masui, A., Imanaka, T. (1993).
Purification and properties of the highly
thermostable  alkaline protease from an
alkaliphilic and thermopbhilic Bacillus sp. Journal of

Biotechnology, 30(2),  245-256.
10.1016/0168-1656(93)90117-6

Genckal, H., Tari, C. (2006). Alkaline protease
production from alkalophilic Bacillus sp. isolated
from natural habitats. Engyme and Microbial
Technology, 39(4),  703-710.  https://doi.org/
10.1016/j.enzmictec.2005.12.004

Hammami, A., Hamdi, M., Abdelhedi, O., Jridi,
M., Nasri, M., Bayoudh, A. (2017). Surfactant-and
oxidant-stable alkaline proteases from Bacillus
invictae: characterization and potential
applications in chitin extraction and as a detergent
additive. International — Jowrnal — of  Biological
Macromolecules, 96,  272-281.  https://doi.org/
10.1016/j.ijbiomac.2016.12.035

Hashmi, S., Igbal, S., Ahmed, 1., Janjua, H. A.
(2022). Production, optimization, and partial
purification of alkali-thermotolerant proteases
from newly isolated Bacillus subtilis S1 and Bacillus
amyloliguefaciens  KXSM12. Processes, 10(6),  1050.
https://doi.org/10.3390/ptr10061050

Horikoshi, K. (1996). Alkaliphiles-from an
industrial point of view. FEMS Microbiology
Reviews, 18(2-3),  259-270. https://doi.org/
10.1111/§.1574-6976.1996.tb00242.x

Hutadilok-Towatana, N., Painupong, A,
Suntinanalert, P. (1999). Purification and
characterization of an extracellular protease from
alkaliphilic and  thermophilic  Bacillus  sp.
PS719. Journal of Bioscience and Bioengineering, 87(5),
581-587. https://doi.org/10.1016/s1389-
1723(99)80118-2

Ibrahim, A. S., EI-Shayeb, N. M., Mabrouk, S. S.
(2007). Isolation and identification of alkaline
protease producing alkaliphilic bacteria from an
Egyptian Soda Lake. Journal of Applied Sciences
Research, 3(11), 1363-1368.

Jadhav, H. P., Sonawane, M. S., Khairnar, M. H.,
Sayyed, R. Z. (2020). Production of alkaline
protease by rhizospheric Bacillus cerens HP_RZ17
and Paenibacillus xylanilyticus
HP_RZ19. Environmental Sustainability, 3(1), 5-13.
https://doi.org/10.1007 /s42398-020-00096-z

Johnvesly, B., Naik, G. R. (2001). Studies on
production of thermostable alkaline protease
from thermophilic and alkaliphilic Bacillus sp. | B-

https://doi.otg/

475



476

B. Sayin Borekgi, S. Donmez, A. Avcl

99 in a chemically defined medium. Process
Biocheniistry, 37(2),  139-144.  http://doi.org/
10.1016/S0032-9592(01)00191-1

Joo, H. S., Kumar, C. G., Park, G. C.,, Kim, K. T,
Paik, S. R., Chang, C. S. (2002). Optimization of
the production of an extracellular alkaline
protease  from  Bacillus  horikoshii. Process
Biochemistry, 38(2),  155-159.  http://doi.org/
10.1016/S0032-9592(02)00061-4

Kanekar, P. P., Nilegaonkar, S. S., Sarnaik, S. S.,
Kelkar, A. S. (2002). Optimization of protease
activity of alkaliphilic bacteria isolated from an
alkaline lake in India. Bioresource Technology, 85(1),
87-93. https://doi.otg/10.1016/S0960-
8524(02)00018-4

Kharadi, A., Chaudhary, K., Patel, F. (2020).
Optimization of alkaline protease production by
Solibacillus silvestris, isolated from Gir region of
Gujarat. Indian  Journal of  Science and Technology,
13(09), 1065-1077. https://doi.org/10.17485/
ijst/2020/v013i09/149812

Lazim, H., Mankai, H., Slama, N., Barkallah, 1.,
Limam, F. (2009). Production and optimization
of thermophilic alkaline protease in solid-state
fermentation by Strepromyces sp. CN9O2. Journal of
Industrial Microbiology and Biotechnology, 36(4), 531-
537. https://doi.org/10.1007/s10295-008-0523-
6

Mahakhan, P., Apiso, P., Srisunthorn, K.,
Vichitphan, K., Vichitphan, S., Punyauppa-Path,
S., Sawaengkaew, J. (2023). Alkaline protease
production from Bacillus gibsonii 6BS15-4 using
dairy effluent and its characterization as a laundry
detergent additive. Journal of Microbiology —and
Biotechnology, 33(2), 195. https://doi.otg/
10.4014%2Fjmb.2210.10007

Mehrotra, S., Pandey, P. K., Gaur, R., Darmwal,
N. S. (1999). The production of alkaline protease
by a  Bacllus  species  isolate. Bioresource
Technology, 67(2),  201-203.  https://doi.org/
10.1016/S0960-8524(98)00107-2

Mohamedin, A. H. (1999). Isolation,
identification and some cultural conditions of a

protease-producing  thermophilic  Steptomyces
strain grown on chicken feather as a
substrate. International Biodeterioration o

Biodegradation, 43(1-2), 13-21. https://doi.org/
10.1016/80964—8305(98)00061—4

Nadeem, M., Qazi, J. L., Baig, S., Syed, Q. U. A.
(2008). Effect of medium composition on
commercially important alkaline  protease
production by  Bacillus licheniformis  N-2. Food
Technology and Biotechnology, 46(4), 388-394.

Nascimento, W. C. A. D., Martins, M. L. L.
(2004). Production and properties of an
extracellular protease from thermophilic Bacillus
sp. Brazilian - Journal —of Microbiokgy, 35, 91-96.
https://doi.org/10.1590/S1517-
83822004000100015

Naveed, M., Nadeem, F., Mehmood, T., Bilal, M.,
Anwar, Z., Amjad, F. (2021). Protease—a
versatile and ecofriendly biocatalyst with multi-
industrial applications: an updated
review. Catalysis Letters, 1571, 307-323.
https://doi.org/10.1007 /s10562-020-03316-7

Olajuyigbe, F. M., Ehiosun, K. 1. (2013).
Production of thermostable and organic solvent-
tolerant alkaline protease from Bacillus coagnlans
PSB-07 under different submerged fermentation
conditions. Afiican Journal of Biotechnology, 12(21).
https://doi.org/10.5897/A]B2013.12219

Palsaniya, P., Mishra, R., Beejawat, N., Sethi, S.,
Gupta, B. L. (2012). Optimization of alkaline
protease production from bacteria isolated from

soil. Journal — of  Microbiology — and  Biotechnology
Research, 2(6), 858-865.

Patel, R. K., Dodia, M. S., Joshi, R. H., Singh, S.
P. (20006). Purification and characterization of
alkaline protease from a newly isolated
haloalkaliphilic Bacillus sp. Process
Biochemistry, 41(9), 2002-2009. https://doi.org/
10.1016/j.procbio.2006.04.016

Prakasham, R. S., Rao, C. S., Sarma, P. N. (2000).
Green gram husk—an inexpensive substrate for
alkaline protease production by Bacillus sp. in
solid-state fermentation. Bioresource
Technology, 97(13), 1449-1454. https://doi.org/
10.1016/j.biortech.2005.07.015

Rathod, M. G., Pathak, A. P. (2016). Optimized
production, characterization and application of
alkaline proteases from taxonomically assessed
microbial isolates from Lonar soda lake,



Alkaline protease production by a novel bacterium

India. Biocatalysis and Agricnltural Biotechnology, 7,
164-173. https://doi.org/10.1016/
j-bcab.2016.06.002

Rekik, H., Jaouadi, N. Z., Gargouri, F., Bejar, W.,
Frikha, F., Jmal, N., Bejar, S., Jaouadi, B. (2019).
Production, purification and  biochemical
characterization of a novel detergent-stable serine
alkaline protease from Bacillus safensis strain
RHI12. International — Journal of  Biological
Macromolecules, 121, 1227-1239. https://doi.otg/
10.1016/j.ijbiomac.2018.10.139

Royter, M., Schmidt, M., Elend, C., Hobenreich,
H., Schifer, T., Bornscheuer, U. T., Antranikian,
G. (2009). Thermostable lipases from the extreme
thermophilic anaerobic bacteria Thermoanaerobacter
thermobydrosulfuricus  SOL1 and  Caldanaerobacter
subterranens  subsp.  tengcongensis. Exctremophiles, 13,
769-783.  http://doi.org/10.1007/500792-009-
0265-z

Saitou, N., Nei, M. (1987). The neighbor-joining
method: a new method for reconstructing
phylogenetic  trees. Molecular — Biology — and
Evolution, 4(4), 406-425. https://doi.org/
10.1093/ oxfordjournals.molbev.a040454

Salihi, A., Asoodeh, A., Aliabadian, M. (2017).
Production and biochemical charactetrization of
an alkaline protease from _Aspergillus oryzae
CHO3. International ~ Journal of  Biological
Macromolecules, 94, ~ 827-835.  https://doi.otg/
10.1016/j.ijbiomac.2016.06.023

Sellami-Kamoun, A., Haddar, A., Ali, N. E. H.,
Ghorbel-Frikha, B., Kanoun, S., Nasri, M. (2008).
Stability of thermostable alkaline protease from
Bacillus  licheniformis RP1 in commercial solid
laundry detergent formulations. Microbiological
Research, 163(3),  299-306.  https://doi.org/
10.1016/j.micres.2006.06.001

Sharma, K. M., Kumar, R., Panwar, S., Kumar, A.
(2017). Microbial alkaline proteases: Optimization

of  production  parameters and  their
properties. Journal of Genetic  Engineering — and
Biotechnology, 15(1),  115-126.  https://doi.org/

10.1016/i.jgeb.2017.02.001

Silva, C. R. D., Delatorre, A. B., Martins, M. L. L.
(2007). Effect of the culture conditions on the

production of an extracellular protease by
thermophilic Bacillus sp. and some properties of
the enzymatic activity. Bragilian  Journal  of
Microbiology, 38, 253-258. http://doi.org/
10.1590/S1517-83822007000200012

Sinha, P., Singh, R. K., Srivastva, R., Sharma, R,
Tiwari, S. P. (2013). Characterization and
optimization of alkaline protease enzyme
produced by soil borne bacteria. Trends in Life
Sciences, 2(2), 2319-4731.

Tamura, K., Nei, M., Kumar, S. (2004). Prospects
for inferring very large phylogenies by using the
neighbor-joining method. Proceedings of the National
Academy — of  Sciences, 101(30),  11030-11035.
http://doi.org/10.1073/pnas.0404206101

Tamura, K., Peterson, D., Peterson, N., Stecher,
G., Nei, M., Kumar, S. (2011). MEGAS5:
molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and
maximum parsimony methods. Molecular Biology
and Evolution, 28(10), 2731-2739. http://doi.org/
10.1093/molbev/msr121

Thakur, N., Kumar, A., Sharma, A., Bhalla, T. C,,
Kumar, D. (2018).  Purification  and
characterization of alkaline, thermostable and
organic solvent stable protease from a mutant of
Bacillus sp. Biocatalysis and Agricultural
Biotechnology, 16, 217-224. http://doi.otg/
10.1016/j.bcab.2018.08.005

Wilson, P., Remigio, Z. (2012). Production and
characterisation of protease enzyme produced by
a novel moderate thermophilic bacterium
(EP1001) isolated from an alkaline hot spring,
Zimbabwe. African  Journal  of  Microbiology
Research, 6(27), ~ 5542-5551.  http://doi.org/
10.5897/AJMR11.158

Zanphorlin, L. M., Cabral, H., Arantes, E., Assis,
D., Juliano, L., Juliano, M. A., Da-Silva, R,
Gomes, E., Bonilla-Rodriguez, G. O. (2011).
Purification and characterization of a new alkaline
serine protease from the thermophilic fungus
Myceliophthora sp. Process Biochemistry, 46(11), 2137-
2143. http://doi.otg/10.1016/
j.procbio.2011.08.014

477



478

Derleme/ Review
GIDA (2024) 49 (3) 478-503
doi: 10.1 5237/gida.GD23083

ET URUNLERINDE YAG iIKAME MADDELERININ KULLANIMI
Mine Kirkyol, Ahmet Akkdse”

Atatiirk Universitesi, Ziraat Fakiiltesi, Gida Mithendisligi Béliimii, Erzurum, Tirkiye
Gelis /Received 10.07.2023; Kabul / Accepred: 08.05.2024; Online bask1 / Published online. 20.05.2024

Kirkyol, M., Akkése, A. (2024). Et urtinlerinde yag ikame maddelerinin kullanimi. GIDA (2024) 49 (3)
478-503 doi: 10.15237/ ¢ida. GD23083

Kurkyol, M., Akkise, A. (2024). The use of fat replacers in meat products. GIDA (2024) 49 (3) 478-503 doi:
10.15237/ gida. GD23083

oz

Et trtnleri, iretimde kullanilan bilesenlere ve tretim tekniklerine bagl olarak yiiksek oranda hayvansal yag
icerebilmektedir. Hayvansal yaglar et Grtinlerinin fizikokimyasal, tekstirel ve duyusal O6zelliklerinin
gelismesinde 6nemli roller ustlenebilmekte, ayrica triinlerin besleyici degerine katkida bulunmaktadir.
Bununla birlikte yitksek oranda doymus yag asitleri ve kolesterol iceren hayvansal yaglarin yitksek oranda
tiiketiminin bazi saglik sorunlarina yol acabildigi bildirilmektedir. Bu kapsamda beslenme ve saglik arasindaki
iliskiye yonelik artan tiiketici bilinci yagl azaltdmis veya ikame edilmis driinlere olan ilgiyi artirmakta, bu
nedenle et triinlerinde hayvansal yagin azaltilmasi veya belitli oranlarda ikame edilmesi Gzerine yapian
caligmalarin sayist da giin gectikce artmaktadir. Et tirtinlerinde hayvansal yagin ikame edilmesinde diyet lifleri,
tahillar, hayvansal proteinler, yenilebilir mantarlar ve organojeller gibi ikame maddeleri kullanilabilmektedir.
Bu kapsamda kullanilan ikame maddelerinin hayvansal yagin tiriinde sagladigt olumlu etkileri karsilayabilmesi
onemlidir. Mevcut bu ¢aligmada et triinlerinde hayvansal yag ikame maddelerinin kullanimi tizerinde
durulmus ve bu alandaki son arastirmalar hakkinda ayrintih ve giincel bilgiler sunulmustur.

Anahtar kelimeler: Et riinleri, hayvansal yag, yag ikamesi, diyet lifi, oleojel

THE USE OF FAT REPLACERS IN MEAT PRODUCTS
ABSTRACT

Meat products may contain high amounts of animal fat, depending on the components used in
production and production techniques. Animal fats can play an important role in the development
of physicochemical, textural, and sensory properties of meat products, and contribute to the
nutritional value of the products. However, it is reported that high consumption of animal fats
containing high levels of saturated fatty acids and cholesterol may cause some health problems. In
this context, rising consumer awareness of the relationship between nutrition and health increases
the interest in fat-reduced or substituted products, therefore, the number of studies on reducing or
substituting animal fat in meat products at certain rates is increasing day by day. Substitutes such as
dietary fibers, grains, animal proteins, edible mushrooms, and organogels can be used to replace
animal fat in meat products. It is important that the substitutes used in this context will be able to
meet the positive effects of animal fat on the product. This current study focuses on the use of animal
fat substitutes in meat products and provides detailed and up-to-date information on the latest
research in this field.
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Et Grlnlerinde hayvansal yag ikamesi

GIRIS
Et drinleri, kullanllan formilasyon ve isleme
teknigine baglt olarak yiiksek oranlarda hayvansal
yag icerebilmektedir. Bilesimde yer alan hayvansal
yag, et urunlerine lezzet katmasinin yani sira
teknolojik ve arzu edilen tekstiirel ve duyusal
Ozellikleri gelistirmesi nedeniyle son iriin kalitesi
tzerinde etkili olmaktadir (Ferro vd., 2021).
Bununla bitlikte ylksek oranda doymus yag
asitleri ve kolesterol iceren hayvansal yagin fazla
tiketiminin obezite, kalp-damar hastaliklar1 ve
kanser gibi baz1 saghk sorunlarina neden oldugu
bildirilmektedir. Diinya Saglik Orgiitii tarafindan
toplam enerji alimmm en fazla %30'unun
yaglardan almnmast gerektigi, bu kapsamda
doymus yaglarin %10's, trans yaglarin ise %1'i
gecmemesi gerektigi ifade edilmis ve tiiketicilere
hayvansal yag alimint azaltmalar: tavsiye edilmigtir
(WHO, 2020; Manzoor vd., 2022). Beslenme ve
saglik arasindaki iliskiye yonelik artan tiketici
bilinci, yag1 azaltilmis veya ikame edilmis Grinlere
olan ilgiyi artirmakta, bu kapsamda et triinlerinde
hayvansal yagin azaltilmast veya belitli oranlarda
ikame edilmesi tzerine yapilan ¢aligmalarin sayist
da giin gectikce artmaktadir.

Bir¢ok et fdrininin hayvansal yag igerigi,
kullanilan hammadde, formiilasyon ve isleme
kosullart gibi faktorlere baglt olarak degiskenlik
gosterebilmektedir. Yagsiz etle yapilan trtinlerde
hayvansal yag icerigi genellikle %10'dan daha az
olmasina ragmen ¢ogu et riininde daha yuksek
seviyelerde  hayvansal  yag  bulunmaktadir
(Dominguez vd., 2022). Ornegin, burgerler,
kurutulmus veya emdlsifiye edilmis et Griinleri
%20-35 arasinda hayvansal yag icerebilmektedir.
Ayrica, bu tip driinlerde kullanilan isleme
teknigine baglt olarak, 6zellikle kurutulmus
uriinlerde meydana gelen nem kayb1 nedeniyle son
trtiniin yag orant daha yiksek seviyelere de
ulagabilmektedir (Franco vd., 2020; Vargas-
Ramella vd., 2020a; Ozaki vd., 2021; Oztiirk-
Kerimoglu vd., 2021).

Et trtinlerinde hayvansal yag iceriginin azaltilmast
veya ikame edilmesi, hayvansal yagin triinde
sagladigt olumlu etkiler mimkin oldugunca
korunarak ve tiretim maliyeti Gizerinde 6nemli bir
etkiye neden olmadan gerceklestirilmelidir. Bu

kapsamda et Uriinlerinde hayvansal yagin kismen
veya tamamen diyet lifleri; tahillar, hayvansal
proteinler, hidrokolloidler, mantarlar veya
bunlarin kombinasyonlat: ile degistirildigi bircok
calisma bulunmaktadir. Diger yandan hayvansal
yag yerine organojellerin kullanimina yonelik de
gittikce artan bir ilgi s6z konusudut.

Et drlnlerinde hayvansal yagin azaltilmasina
yonelik  calismalarda  farkll  yontem  ve
formilasyonlar  Uzerinden  ¢esiti  ikame
maddelerinin kullanildigs stratejiler gelistirilmis ve
bu stratejilerin - kendine ait avantaj ve
dezavantajlart  bildirilmistir. Bu  ¢alismalarda
hayvansal yagin ikame edilebilecegine dair umut
veren sonuglar elde edilmis olmasina ragmen,
bircogu endistriyel diizeyde uygulama alani
bulamamistir.  Mevcut bu  calisgmada, et
trtinlerinde hayvansal yag ikame maddelerinin
kullanimina odaklanilmis ve bu alandaki giincel
calismalar hakkinda bilgiler verilmistir.

ET URUNLERINDE KULLANILAN YAG
IKAME MADDELERI

Diyet Lifleri

Nisasta yapisinda olmayan polisakkarit tirevleri
olarak tanimlanan diyet lifleri, ince bagirsakta
sindirime ve emilime direncli olan, kalin
bagirsakta kismen veya tamamen probiyotik
mikroorganizmalar tarafindan fermentasyona
ugrayan yenilebilir bitkilerin temel
unsurlarindandir  (LaCourse,  2008).  Et
driinlerinde diyet liflerinin kullanimi, emiilsiyon
stabilitesi ile su ve yag tutma kapasitesini artirmas,

pisirme  kayiplarini  azaltmasi, son  iriiniin
dokusunu ve sululugunu iyilestirerek tekstiirii
modifiye  etmesi, depolama  stabilitesini

iyilestirmesi ve nétr bir tada sahip olmast
nedeniyle tercih edilebilmektedir (Madane vd.,
2019). Ayrica, bir yag ikame maddesi olarak diyet
liflerinin  kullanimi1, tiiketimden sonra tokluk
hissini etkilemeden et trlinlerinin enerji degerini
azaltan bir strateji olarak da uygulanmaktadir
(Carvalho vd., 2019). Bu stratejinin, et Griinlerinde
hayvansal yag azaltmanin neden oldugu
teknolojik ve duyusal kusurlart engellemek icin
etkili olabilecegi ve ayrica et urtinlerinin diyet
lifleri ile zenginlestirilmesinin obezite, diyabet ve
hassas bagirsak sendromu gibi ¢esitli hastaliklarin
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baslamasini  6nlemede  yardimci
bilditilmistir (Sofi vd., 2017).

olabilecegi

Diyet liflerinin farkli et Griinlerinde hayvansal yag
ikamesi olarak kullanildigt  bircok  ¢alisma
bulunmaktadir (Cizelge 1). Yag1 azaltilmis burger
kofterlerinde diyet lifi olarak intlin, bugday ve
yulaf lifi ile fruktooligosakkarit ilavesinin
etkilerinin arastirildigt bir calismada, teknolojik ve
duyusal Gzelliklerde kontrole gore istatistiki
acidan bir degisiklik olmadigi, bununla birlikte %6
intlin kullanilan 6rneklerde daha yiiksek duyusal
puanlarin elde edildigi ancak pisirme sonrasinda
bu burgerlerde daha digik verim ve sertlik
degerlerinin belirlendigi bildirilmistir (Bis-Souza
vd., 2018). Diger yandan yiksek oranda diyet lifi
iceren hindiba koéki tozu ile dretilen az yaglt
burgerlerde ise daha yuksek verim ve daha disiik
pisirme kaybinin bildirildigi  bir  ¢alismada
burgerlerin - besinsel kalitesinin  ve  duyusal

profilinin gelistigi ifade edilmistir (El Zeny vd.,
2019). Aslinah vd. (2018), yuksek diyet lifi
icerigine sahip adzuki fasulyesi ununu kofte
tretiminde hayvansal yag ikamesi olarak
kullanmiglardir. Aragtirmada, adzuki fastlyesi unu
kullanim orani arttik¢a koftelerde pisirme verimi
ve nem igerigi ile sertlik ve ¢ignenebilitligin arttig,
bununla birlikte %25 ve %50 oraninda adzuki
fasulyesi unu kullanilan kéftelerde  kontrol
grubuna kiyasla daha yiksek duyusal kabul
edilebilitligin tespit edildigi bildirilmistir. Yag1
azaltlmis burgerlerde diyet lifi olarak bezelye
lifinin  kullamildigt  baska bir calismada ise
fizikokimyasal, tekstiirel ve duyusal 6zelliklerde
kontrole gbre Gnemli seviyede bir degisimin
meydana gelmedigi belirlenmistir.  Arastirma
sonucunda bezelye lifinin, sigir eti burgerlerinde
bir hayvansal yag ikame maddesi olarak
kullaniminin umut verici bir strateji olabilecegi
ifade edilmistir (Polizer-Rocha vd., 2019).

Cizelge 1. Yag ikamesi olarak diyet lifleri, hayvansal proteinler ve tahillarin kullanim1

Yag flame  Tkame I Sonuglar Kaynak
Maddesi Orant T . .
Fizikokimyasal Duyusal-Tekstirel ~ Besinsel
e Artan pisirme ® %50 oraninda o Yas
0,25 verimi ikame kAoAntrole igeigin de
Adzuki fasulyesi %50 . * Yitksek nem klyaslg m kabul azalma Aslinah vd.
unu 0,75 Kofte icerigi edilebilirlik o Protein (2018)
%100 o Su tutma o Sertlik ve iceriginde
kapasitesinde cignenebilirlikte d e ok
artis artis egisim yo
%2,5 ® Protein ve
Kinoa tohumu %05 Burger o Pisirme  Duyusal kalitede lif Baioumy  vd.
%7,5 veriminde artis degisim yok icetiginde (2018)
%10 artis
o Iniilin,
Bugday, iniilin fruktooligosakka e Bugday ve yulaf .
ftulitoo’lioosakka’ %3 Burger rit 1lvevver1mde lifi ilavesi ile ) Bis-Souza vd.
‘it ve mf; i %6 degisim yok duyusal kabulde (2018)
’ ¢ TBARS degisim farklilik yok
yok
%05 . . o Genel kabul
Bugday  filizic %10 * Pisiome kaybinda " lebilslik o Protein
kollajen %15 Kofte o b* artis kontrol, %5 ve ¢ozanirliginde Kim vd. (2018)
emiilsiyonu %20 K %10 emiilsiyon artis
%25 * pH artig grubunda ytiksek
Ki %5 Ciger ¢ Lip%d . * Yagda %8 Pellegrini  vd.
noa %10 cme Zi{:llrcrl;syonunda o Sertlikte artig Z;:ﬁlﬂr;da (2018)
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e Nem iceriginde o Sertlik ve *Yag
%20 . e Ce
artis cignebilirlikte iceriginde
%30 .
- . o b* degerinde azalma azalma Prapasuwanna
Indlin %40 Sosis .
“/050 azalma o Duyusal ) Llf kul (201 8)
%60 e Pisirme verimi ozelliklerde iceriginde
degisim yok gelisme artis
5 . -
Moringa  oleifera 0/01 * L1p1'd ¢ Duyusal kalitede ¢ ?CSIC}' 1t Aurtema  vd.
/03 Salam oksidasyonda . ozelliklerde
tohum unu N ’ olumlu etki (2019)
/05 azalma artis
o Nem iceriginde . %60ya kac'lar intlin )
R, . artis ve %085 kadar ¢ Yag Bis-Souza vd
Yulaf lifi, iniilin %1 Sosis « TBARS desisi yulaf lifi ilavest ile iceriginde 2019) '
cgiyim duyusal kabulde azalma
yok desisi I
egisim yo
o e Pisirme kaybinda .
Hindiba  koki 0/025 azalma e Duyusal profilde * Besln- El Zeny vd.
050 Burger - 7. profilinde
tozu 0 o Pisirme gelisim . (2019)
/075 o gelisim
veriminde artig
5 -
n/05 ® Nem icerifinde Sertlikte artis oYag .
Bugday lifi /010 Sosis artis o Duvusal kabalde iceriginde Juhui ve Hack-
%15 e Pisirme kaybinda f rthhk ok aralma Youn (2019)
%20 degisim yok e
e Emiilsiyon * Yag ve
%20 7 enetji
stabilitesinde ® %40 yag .. .
. %40 . L0 iceriginde Olanwanit ve
Discorea alata L. - . gelisme degisimine kadar ’ .
. . . /060 Sosis o S azalma Rojanakorn
hidrolize kolajen o o Pisirme genel kabulde .
/080 rimind degisim yok * Protein (2019)
%100 ven ¢ SRy miktarinda
gelisme
artis
¢ Duyusal kabulde ¢ iYZfi“in de
o Pisirme kaybi ve farklilik yok serls .
. o 3 ) azalma Polizer-Rocha
Bezelye lifi Yol Burger biiziilmede o Sertlik ve .
o . e 1. o Protein vd. (2019)
degisim yok cignebilirlikte S
desisim vok iceriginde
Sisim y degisim yok
Frukto-
ko - o Lipid o Sertlik ve * Aroma ve .
oligosakkaritler 0 Fermente . e o ucucu Bis-Souza vd.
S Vo2 . oksidasyonunda cignenebilirlikte e
ve  probiyotik sosis s profilinde (2020)
degisim yok artts T
suslar iyilesme
® Renkte artis
. R %2,5 Et o Emtlsivon . Camara vd.
Chia misilajs %5 emiilsiyonu  eabilitesini * Sertlikte arts 7 (2020)
iyilestirmis
%3 e Frankfurt
%0 intlin sosislerde tekstiirel
. Y 0, we s .
inlin, B-glukan, g/ﬁol’ikaﬁﬂ S . Parllakhkta deg1§1m yok ' Fgea v
iiziim kabugu s g SIS azalma ° Ispagyol sosislerde - (2020)
00,5 sertlik ve
tzim cignenebilirlikte
kabugu azalma
® Pisirme verimi,
' su tutma o DLiyu'sal kalitede ®Yag ve Optitrk.
Kinoa ve teff . kapasitesi, degisim yok enetji L
%05 Sosis . C. Kerimoglu vd.
tohumu emiilsiyon e Yapiskanlik ve igeriginde (2020)
stabilitesinde sertlikte azalma azalma
artig
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%15 eSut e Doku e Kolesterol Sypicer vd
Yulaf 3-glukan N Burger u tutma parametrelerinde icerigi 3 '
/030 kapasitesi artis (2020
artig azalmig
e Emiilsiyon .
. stabilitesinde * Sertlik ve
Peynir altt suyu %15 Sosis clisim cignenebilirlik gibi . Kwon vd.
protein izolat1 ges tekstiirel profilde (2021)
e Pisirme kaybinda -
L gelisim
iyilesme
¢ Lllqplig 4 o Kohesivlikte artts o Lif
R onun . L -
Inilin bazli %50 Salam zrt; AYORURCR o Tekstiirde iyilesme  iceriginde Paglarini  vd.
emiilsiyon jel o Kirmizilikta e Tat ve aromada artig (2021)
dusis
azalma
o Yas
%1 baglama ¢ Duyusal avalma
Patlican tozu %2 Sosis ozellikleri ile Ozelliklerde « Protei Zhu vd. (2021)
%3 nem igeriginde gelisme rotein
miktari
artis .. .
degismemis
Hurma tohumu 0100 Buroer o b* degerinde * Y?m%ik.?kl.‘{: ¢ Besﬁy;a Essa ve
tozu-jelatin jeli ° 8 artis cignenebilirlikte profide Elsebaie (2022)
artis gelisim
e Yag
cerisind
e Pisirme kaybinda 1gerl1gm ¢
1ma azalma
%25 e © %50 yag ikameli  ® Protein
N %50 o . g*uvel"‘*. . gropeniyikabul iseriginde o0
S1r jela 75 ofte :tgrgir erinde edilebilirlik artis 20 vd. (
%100 artma gbstermis e SFA’da
e Nem igeriginde )
o azalma
s o PUFA’da
artma
%20 L y
%40 . itelt; lgerlgmde o Duyusal Kalitede . Ef_ci;i
Chi %060 Koft Sisim y P Liu vd. (2022
“ 0/280 one ® Yiksek lipit degisim yok igeriginde uvd. )
%100 stabilitesi azalma
eYag
. iceriginde
Intli y
fraktool; ‘;Z/a‘l:(}: %35 Ko fte * Nem iceriginde o Benzer duyusal azalma Montoya  vd.
0 g ’ artis kabul ® Protein (2022)
igerigi
degisim yok
®Yag ve
e Emiilsiyon o Sertlik ve enetji
Pevnir altt %5 stabilitesinde cignenebilirlikte iceriginde Oztiirk-
pfg?eini At suyu “/Z 10 Sosis artis dustis azalma Kerimoglu vd.
e Pisirme ® Duyusal kalitede ® Protein (2022)
veriminde artig degisim yok miktarinda
artis
e Lipid igerigi
%12,5 e Renkte } ve kalor
0,25 Kovul o Tekstiir degerinde R d
. 0 oyulasma . ampe vd.
Chia o Burger . . parametrelerinde azalma
/037,5 o Verimde degisim desisim vok . . (2022)
%50 K egisim yo ® Diyet lifi
yo . ..
iceriginde
artis
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o Nem igeriginde * zreoﬂtg;l de
I(eneVIf yagl- , Salam tirip | rma artma Botella-
karabugday /025 et irind © L* ve ar o SFA’da Martinez  vd
tohumu %50 . degerinde azalma ’
s L Alheiras azalma (2023)
emiilsiyon jeli o Pisirme kaybinda « PUFA’d
degisim yok 2
artma
Chia /050 Butger ~ °Fisirme Cmenchiiike  pofimde B
%100 & veriminde artig '8 pro (2023)
azalma iyilesme
® b* degerinde SEA’d
L]
azalma ¢ %100 ikame en i
%25 o Nem igeriginde yuksek sertlik ve Oleik
%50 Sigir eti azalma cignenebilirlik, en ¢ lek ve Kirkyol ve
Badem unu o o . o o e linoleik asit -
%075 koftesi o Pisirme dustik kohezivlik cerizind Akkése (2023)
%100 veriminde artma ve esneklik 1gir1gm ¢
o Biiziilmede gostermis artma
azalma
® %50 yag
ikamesinde
e Nem igeriginde duyusal
0 . .
Modifiye  kinoa 0/025 artma L Oz‘f].h.kl erde e Protein Zhao vd.,
. /050 . o [* degerinde degisim yok ..
protein 0 Sosis o . iceriginde (2023a).
L /075 artma © %100 yag ikameli
emiilsiyonu 0 . A artma
%0100 ® a* ve b* sosisler en dustik
degetinde azalma  tekstirel
parametreler
gOstermis

Montoya vd. (2022) yaptiklari bir calismada
domuz ve pili¢ koftelerinde yag ikamesi olarak
iniilin ve/veya fruktooligosakkarit
kullanmiglardir. Arastirmada domuz ve pili¢
koftelerinde intlin kullaniminin duyusal olarak
kabul edilebilir oldugu ve vyagin teknolojik
Ozelliklerini taklit edebildigi bildirilmistir. Szpicer
vd. (2020) ise sigir burger tretiminde yag ikamesi
olarak diyet lifi (yulaf B-glucan konsantresi)
kullaniminin fizikokimyasal ve duyusal 6zelliklere
etkisini  incelemiglerdir. Diyet lifi  iceten
burgerlerin, kontrol érneklerine gére daha diisiik
kolesterol icerigine ve daha yiksek su tutma
kapasitesi ile doku (sertlik, kohezivlik ve
elastikiyet)  parametrelerine  sahip  oldugu
belitlenmistir.  Arastirmactlar, bu  yaklagim
sayesinde duyusal olarak kabul edilebilir olan daha
saglikli ve az yagli burger tretiminin mumkin
oldugunu ifade etmislerdir.

Essa ve Elsebaie (2022) yaptiklart bir arastirmada
hurma tohumu tozundan elde edilen diyet lifi ve
jelatinden olusturulan komporzit jelini sigir eti
burgerinde yag ikamesi olarak kullanmislar ve bu

jelin diyet lifi icerigi artirlmis, doymus yag icerigi
ise azaltlmis fonksiyonel trtnler gelistirmek icin
uygun oldugunu ifade etmiglerdir. Sigir eti
burgerinde bu kompozit jelin kullaniminin
pisitme Ozelliklerini gelistirdigi, yumusaklik ve
esnekligi artirdify, daha ytksek parlaklik, kirmizilik
ve sariliga neden oldugu bildirilmistir. Pilic
koftesinde hayvansal yagin bugday filizi ile
kolajenden  olusturulan  bir emiilsiyon ile
degistirildigi bir calismada ise pH, b* degeri,
protein ¢Oziunirligi ve kesme kuvvetinin
kullanilan emilsiyon seviyesine bagl olarak arttig
tespit edilmistir. Ayrica yag azalulmis pilig
koftelerinde L* ve a* degetleri ile pisirme kayb1 ve
captaki kiiclilmenin azaldigi bildirilmistir (Kim
vd., 2018).

Emilsiyon tipi pilic sosislerinde yag ikame
maddesi olarak bugday lifinin kullanddigr bir
calismada, yag ikame orami arttikca daha yitksek
nem igerigi ile daha dustk yag iceriginin
belirlendigi ve daha sert Urlinlerin elde edildigi
tespit edilmistir (Juhui ve Hack-Youn, 2019). Bis-
Souza vd. (2019) dusiik yagl Brezilya sosisinde
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yag ikamesi olarak yulaf lifi ve iniilin kullanmislar
ve nem iceriginde artis ile yag iceriginde azalma
tespit etmislerdir. Aynt zamanda driinlerde diyet
lifi kullaniminin TBARS degetlerini etkilemedigi,
%0'ya kadar inilin ile %0,85'e kadar yulaf lifi
ilavesinin son iriinde teknolojik parametrelerde
ve duyusal kabul edilebilitflikte O6nemli bir
degisime neden olmadigi belirlenmistir. Aynt
aragtirmacilar  tarafindan  yapilan bir baska
calismada ise yagl azalulmis fermente sosislerde
fruktooligosakkaritlerin ~ kullaniminin ~ kontrole
gore lipid oksidasyonu tizerinde etkili olmadigy,
triinlerin aroma ve ugucu profilinde iyilesmeye
yol actigi, bununla Dbirlikte sertlik ve
cignenebilirlikte artisa neden oldugu bildirilmistir
(Bis-Souza vd., 2020).

Egea vd. (2020) domuz etinden tretilen Frankfurt
ve Ispanyol tipi sosislerde hayvansal yag yerine
indlin - ve B-glucan  kullaniminin  tekstrel
6zellikleri etkilemedigini belirlemisler ve bu tip
trtinlerde hayvansal yagi azaltmak icin diyet lifi
kullaniminin iyi bir strateji olabilecegi sonucuna
varmiglardir. Benzer bir diger arastirmada da
domuz ectinden iretilen sosislerde yag ikame
maddesi olarak inllin kullaniminin, Granin
duyusal kabuliini, teknolojik kalitesini ve besinsel
Ozelliklerini  iyilestirdigi ~ rapor  edilmigtir
(Prapasuwannakul, 2018). Baska bir arastirmada
ise domuz etinden vyapilan hayvansal yagi
azaltlmis sosislerde diyet lifi olarak farkli
oranlarda patlican tozu kullandmis, artan diyet lifi
icerigine bagli olarak su ve yag baglama ile dokusal
ve duyusal 6zelliklerinin artti@1 bildirilmistir (Zhu
vd., 2021). Aurtema vd. (2019) tarafindan yapilan
bir arastirmada pili¢ etinden tiretilen mortadellada
yag ikamesi icin diyet lifi olarak Moringa oleifera
tohumu kullantminin ~ fizikokimyasal
Ozellikler, kimyasal bilesim ve lipid oksidasyonu
tzerindeki etkisi incelenmistir. %3 veya %5
oraninda Moringa oleifera tohumu unu kullaniminin
90  gunlik  depolama  stresince  lipit
oksidasyonunda azalma sagladigs belirlenmis ve et
trtinlerinde  hayvansal  yagin  ikamesinde
antioksidan aktivitesi nedeniyle Moringa oleifera
tohumu ununun dogal fonksiyonel bir bilesen
olarak kullanilma potansiyeline sahip oldugu ifade
edilmistir.

unu

Paglarini  vd. (2021) tarafindan yapilan bir
arastirmada Bologna tipi sosislerde hayvansal yag
yerine %50 ve %100 oraninda soya yagt ve intlin
bazli emilsiyon jeli kullaniminin kohesivligi
artirdigt ve daha iyi bir tekstiir profili sagladig
belirlenmistir. Ancak, Bologna tipi sosislerde daha
yiksek lipit oksidasyonu belitflenmis, renk
parametrelerinde degisiklikler meydana geldigi ve
kontrole gére tat ve aromanin azaldigi ifade
edilmistir. Kirkyol ve Akkdse (2023) sigir eti
koftelerinde hayvansal yag ikamesi olarak badem
unu  kullandiklari  ¢alismalarinda,  kontrol
orneklerine gore ikameli koftelerde daha dustik
nem icerigi ile TBARS degerlerinin elde edildigini
bildirmislerdir. Ayrica badem unu ikamesinin
koftelerde pisirme verimini artirirken biizilmede
azalmaya neden oldugu gorilmustiir. Bununla
birlikte badem unu kullanimiyla toplam doymus
yag iceriginde azalig, oleik ve linoleik asit
iceriginde ise artts meydana geldigi tespit
edilmistir.

Yukarida verilen caligmalar degerlendirildiginde,
et Uriinlerinde hayvansal yagin diyet lifleri ile
ikame edilmesinin fizikokimyasal, tekstiirel ve
duyusal 6zellikler tizerinde kullanilan diyet lifine,
kullanim oranma ve kullanildig1 et iriintine baglh
olarak farkli etkiler olusturabildigi gériilmektedir.
Bununla bitlikte diyet lifi kullaniminin genel
itibariyle triinlerin besleyici 6zelliklerini gelistigi
ifade edilebilir. Et trtnlerinde diyet lifi olarak

intlin, bugday  ve yulaf  lifi ile
fruktooligosakkaritlerin ~ kullanimi  6n  plana
ctkmaktadir.

Tahillar

Cesitli tahillar, fenolik maddeler ve vitaminler ile
mineraller gibi saglik acisindan yararli bilesikler
icerdikleri igin fonksiyonel gidalar olarak kabul
edilmektedir  (Dominguez vd., 2022). Et
triinlerinde bazi tahillarin tohum, un veya misilaj
gibi formlarda yag ikame maddesi olarak
kullanildi@gy arastirmalar bulunmaktadir (Pintado
vd., 2016; Ding vd., 2018; Rampe vd., 2022).
Ayrica son vyillarda, bu tahilarin emdlsiyon
jellerinin  fonksiyonel o6zelliklerinden dolayr et
uriinlerinde  hayvansal yag ikamesi olarak
kullanimina odaklanan arastirmalarin sayist da
giderek artmaktadir (Liu vd., 2022).
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Et trinlerinde hayvansal yagin tahillar ile ikame
edilmesi Uzerine yapilan caligmalarda Ozellikle
kinoa ve chia tohumlariin  kullanimina
odaklanilmistir (Cizelge 1). Baioumy vd. (2018)
yaptiklart bir arastirmada az yagli burgerlerde

kinoa wunu kullaniminin  pisirme  verimini
artirdi@ini ve son udrinin duyusal kalitesini
bozmadigint bildirmislerdir. Burgerlerde

kullanilan kinoa oraninin artmastyla protein ve lif
iceriginin arttifl, yag ve enerji degetlerinin ise
azaldigt bulunmustur. Boylece hayvansal yag
yerine kinoa kullanilarak elde edilmis burgerlerin
besleyici 6zelliklerinin iyilestigi ifade edilmistir.
Baska bir calismada yagi azalulmis emdlsifiye
sosislerde kinoa unu ve/veya teff tohumunun
ilavesi hem duyusal kaliteyi etkilememis hem de
daha yiiksek pisirme verimi, su tutma kapasitesi ve
emdulsiyon stabilitesi saglamustir. Bu sosislerde
renkte degisim gbzlenmezken, daha yumusak bir
tekstiir belirlendigi bildirilmistir. Ayrica, kinoa
unu ve/veya teff tohumunun formulasyona dahil

edilmesiyle yag iceriginin = %50'den fazla
azaltlabildigi  béylece genel olarak  drin
kalitesinden 6diin  vermeden daha  saglikh
emdulsifiye sosislerin elde edilebilecegi ifade

edilmigtir  (Oztiirk-Kerimoglu ~ vd.,  2020).
Pellegrini vd. (2018), emiilsifiye bir et Grtini olan
domuz cigeri ezmesinde hayvansal yag yerine
kinoa kullaniminin teknolojik, duyusal ve oksidatif
Ozellikler  tzerinde etkisi oldugunu
bildirmislerdir. Ayrica, kinoa iceren domuz cigeri
ezmelerinde daha disiik lipid oksidasyonu ile
daha sert bir tekstiir belitrlenmistit.

olumlu

Ding vd. (2018), hayvansal yagin chia tohumuyla
degistirilmesinin, jambon benzeri uriinlerde
duyusal kaliteyi etkilemedigini, isleme 6zelliklerini
ve oksidatif stabiliteyi iyilestirdigini  tespit
etmislerdir. ~ Arastirmada,  chia  tohumu
kullaniminin  duyusal, besinsel, teknolojik ve
tizikokimyasal Ozellikleri iyilestirici etkilerinin
oldugu bildirilmistir. Pintado vd. (2016) ise chia
unu kullaniminin, emiilsifiye sosislerde yag
azaltminin neden oldugu teknolojik ve duyusal
kusurlari ortadan kaldirmak icin mikemmel bir
strateji oldugunu ve yeniden formile edilmis
sosislerde yag ve enerjfi azalumi ile lif
zenginlestirmesi  saglandigini  bildirmislerdir.
Diger yandan chia ununun daha yuksek lipid

oksidasyonuna neden oldugu, renkte, dokuda ve
duyusal 6zelliklerde degisikliklerin gézlemlendigi
de ifade edilmistir. Yag azalulmis et
emilsiyonunda hayvansal yag vyerine chia
musilajinin kullanddigr bir ¢alismada, sertlik ve
renk parametrelerinde belirgin bir artis oldugu,
chia musilajinin su tutma ve jel olusturma
Ozelliklerinden dolayt emiilsiyon stabilitesini
iyilestirdigi bildirilmistir (Camara vd., 2020).
Rampe vd. (2022) balik burgerde yag ikamesi
olarak chia miisilaji kullandiklari bir aragtirmada,
burgerlerin lipit iceriginde ve kalori degerinde
o6nemli bir azalma oldugunu ve bu 6rneklerin
kontrole gére daha koyu bir renk yogunluguna
sahip oldugunu bulmuslardir. Bagka bir calismada
sigir koftelerinde yag ikamesi olarak chia miisilajt
ile hazirlanan emilsiyon jeller kullanidmistir.
Kontrol  grubuyla  kiyaslandiginda  ikameli
koftelerin nem igeriginin arttidl, yag ve protein
iceriginin ise azaldigt bildirilmistir. Arastirmada,
emilsiyon jellerinin  sigir  koftesine  pozitif
Ozellikler kazandirdigt ve az yagh sigir koftesi
tretmek i¢in uygun bir yaklasim oldugu ifade
edilmistir (Liu vd., 2022).

Badar vd. (2023) tarafindan yapilan bir ¢alismada
manda eti burgerlerinde yag ikamesi olarak chia
unu emilsiyon jelleri kullandmistir. Sertlik ve
cignenebilirlik yag ikame oraninin artmasiyla
azalmis ve %50 oraninda yagin ikame edilmesinin
teknolojik  ve duyusal Ozelliklerden 6dun
vermeden manda burgerlerinin besleyici profilini
iyilestirdigi belirlenmistir. Baska bir calismada
modifiye kinoa proteini emiilsiyonunun sosislerde
domuz sirt yagi ikamesi olarak kullanilmustir.
Aragtirmada kinoa proteini emulsiyonu nem ve
protein igeriginde artisa, kirmizihikta ise azalmaya
neden oldugu tespit edilmistir. Frankfurter tip
sosislerde %50 oraninda yag ikamesinde diger
ikameli gruplara gbre daha yiksek su tutma
kapasitesi ile tekstiirel 6zellikler elde edilmis olup
oksidatif stabiliteyi iyilestirmis ancak duyusal
Ozellikleri etkilememistir  (Zhao vd., 2023a).
Botella-Martinez  vd., (2023) vyaptiklart bir
calismada hayvansal yag ikamesi olarak kenevir
yagl ve karabugday tohumu ile olusturulan
emilsiyon jelini geleneksel bir Portekiz et tiriind
olan Alheiras tretiminde kullanmuslardir. Domuz
sirt yaginin %25 ve %50 oraninda emiilsiyon jeli
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ile degistirildigi bu calismada, nem ve protein
iceriginde artis olurken toplam doymus yag asitleri
azalmis, coklu doymamis yag asidi miktart ise
artmistir.  Aragtirmacilar,  karabugday
kullanilarak tretilen emiilsiyon jelinin hayvansal
yag ikamesi olarak kullaniminin daha saglikli et
drinleri elde etmek icin umut verici bir strateji
olabilecegini ifade etmislerdir.

unu

Cesitli tahillarin yag ikamesi olarak kullaniminin,
renk, doku ve oksidatif stabilitede degisikliklere
yol acabildigi, bununla birlikte yeniden formiile
edilmis et Urlinlerinde yagin azaltilmasinin neden
oldugu kusurlart iyilestirmek icin faydali bir strateji
oldugu gorilmektedir. Bir kalite parametresi
olarak yagin g6runir nitelikte olmasinin arzu
edildigi sucuk gibi bazt et Uriinlerinde, tahilarin
bir yag ikamesi olarak kullaniminin uygun
olmayabilecegi de dikkate alinmalidir.

Hayvansal Proteinler

Peynir altt suyu proteini veya kolajenden elde
edilen hayvansal proteinler, et driinlerinin
hayvansal yag icerigini azaltmak icin etkili bir
alternatif olarak gorilmektedir. Bu proteinler,
yiksek su ve yag tutma kapasitesi ile emiilsifiye
etme ve jellestirme giicii gibi teknolojik 6zelliklere
sahip oldugu icin et uriinlerinde hayvansal yagi
azaltmanin neden oldugu kusurlart 6nlemede
etkili olabilmektedir. Farkli et Grtnlerinde yag
ikamesi olarak hayvansal proteinlerin kullanildig
bazi calismalar Cizelge 1’de verilmistir.

Oztiirk-Kerimoglu vd. (2022) tarafindan yapilan
bir calismada, yagt azaltilmis emiilsifiye sosislerde
hayvansal yag yerine mikro partikiillii peynir altt
suyu proteini kullanilmig, hayvansal proteinin
sosislerin teknolojik 6zelliklerini gelistirdigi ve
lipit oksidasyonu ile toplam yag ve enetji
iceriginde azalma ile protein miktarinda artis
sagladigt belirlenmistir. Ayrica sosislerde sertlik
azalirken renk degisikligi olusmadigl, duyusal
kalitede ise degisim olmadigr tespit edilmistir.
Bagka bir calismada sodyum dodesil silfat (SDS)
ilave edilmis peynir altt suyu protein izolatt jeli ile
uretilen emiilsifiye sosislerin teknolojik 6zellikleri
ile doku profilinin gelistigi bildirilmistir (Kwon
vd., 2021). Olanwanit ve Rojanakorn (2019)
emilsifiye sosislerde yag ikame maddesi olarak

hidrolize kolajen kullandiklari bir c¢alismada,
emilsiyon stabilitesi ve pisirme verimi gibi
teknolojik 6zellikler ile besin kalitesinde gelisme
oldugunu tespit etmisler, yag ve enerji iceriginde
azalma ile protein iceriginde artis belirlemislerdir.
Ayrica renk parametrelerinde bazi degisimler
gozlenirken, %40 oranina kadar yag ikamesinin
genel kabul edilebilirlikte 6nemli bir farkldik
gostermedigi belirlenmistir. Gao vd. (2022) disik
yaglt sigir eti koftelerinde hayvansal yag yerine
sigir derisi jelatini kullanmiglardir. Aragtirmada
jelatin ilavesinin sigir koftelerinin nem ve protein
icerigini artirdi§l, toplam doymus yag asidi
iceriginde azalmaya toplam ¢oklu doymamis yag
asidi miktarinda ise artisa neden oldugu tespit
edilmistir.

Calismalar degerlendirildiginde, hayvansal
proteinlerin  bir yag ikame maddesi olarak
kullaniminin az yaglt et trtiinleri iretmek i¢in etkili
bir strateji olabilecegi gérilmektedir. Bununla
birlikte, bu stratejinin duyusal kalite tzerindeki
etkisinin biytk 6l¢iide degistirilen yag yiizdesine
bagli oldugu da dikkate alinmalidir. Ozellikle bazt
calismalarda formilasyonda %50°den fazla yag
ikamesi s6z konusu oldugunda duyusal 6zellikler
tizerinde olumsuz bir etki oldugu bildirilmektedir
(Alves vd., 2016; Olanwanit ve Rojanakorn, 2019;
dos Santos vd., 2020). Sonugcta, bu stratejinin
emiilsiyon haline getirilmis trlinler icin uygun
olabildigi ancak tliketicinin yag parcalarin
gormeyi bekledigi ve bunu bir gérinim &zelligi
olarak olumlu bir sekilde degerlendirdigi
tranlerde  kullantminin = uygun  olmadig
sOylenebilir.

Hidrokolloidler

Hidrokolloidler, hidroksil gruplar (OH) agisindan
zengin hidrofilik kolloidler olarak
adlandirlmaktadir  (Mahmood vd., 2017). Et
uriinlerinde yag ikamesi olarak hidrokolloidlerin
kullanildig1 bir¢ok calisma yapilmustir (Cizelge 2).
Kim vd. (2020) yaptklar: bir calismada yagt
azaltlmis et emilsiyonlarinda tzim cekirdegi
yagl, jelatin ve aljinat kullanmiglardir. Bu
uygulamanin stabiliteyi, dokuyu ve pisirme kaybint
iyilestirdigi, ayrica TBARS degerini distrdigi
belirlenmistir.  Diger bir calismada emiilsifiye
sosislerde hayvansal yag yerine kitre gami ikame
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maddesi olarak kullanilmistir (Abbasi vd., 2019).
Calismada ikame maddesi kullanilan 6rneklerde
pisirme kaybinin azaldig1, emiilsiyon stabilitesi ve
oksidatif stabilite ile nem iceriginin arttig1, doku
parametrelerinin - degistigi ancak renkte bir
degisim g6rilmedigi  belirtilmistir.  Zhao vd.
(2018) tarafindan yapilan bir arastirmada ise
hayvansal yagin rejenere selilozla ikamesinin
emilsifiye edilmis sosislerin duyusal kalitesini
bozmadigt ve selilozun lipit oksidasyonunu
inhibe ettigi ifade edilmistir. Ayrica, emtlsiyon
stabilitesini iyilestirdigi, su ve yag salinimim

onemli 6lgide azalttigt belirlenmistir. Calismada
artan rejenere seliloz miktarlariyla sertlik 6nemli
Olctide artmis, renk parametrelerinde de degisim
gozlenmistir. Zhao vd. (2023b) tarafindan yapilan
bir baska calismada domuz yag1 modifiye edilmis
capraz baglt nisasta ile ikame edilmis ve nisasta
kullaniminin emiilsiyonun toplam yag ve doymus
yag asidi (SFA) iceriginde azalmaya neden oldugu,
su adsorpsiyonu ve sisme kabiliyeti nedeniyle daha
diizenli ve yogun protein ag yapist olusturdugu,
ayrica su tutma kapasitesini de artirdigt tespit
edilmistir.

Cizelge 2. Yag ikamesi olarak hidrokolloidler, yenilebilir mantarlar ve organojellerin kullanimi

< : ; Sonugclar
Yag Ikame Ikame S
. EtU Kaynak
Maddesi Orant runt Fizikokimyasal ~ Duyusal Besinsel ayna
e Su tutma
oraninda artig
. . %30 . Tekstiiri Wan, rd.
Seltloz nanolif o /Z 50 Sosis e Pisirme kayb1 ve ¢ eeli Sir?limn - (28 1 8g> v
kirmizilikta e
azalma
%0,4 e Su ve yag e Toplam yag Zhao wd
Rejenere seliloz — %0,8 Sosis saliniminda o Sertlikte artig iceriginde 2018) '
%1,2 azalma azalma
o Pisirme kaybinda
%025 azalma
Ki 00 . e Emiilsiyon e Duyusal kalitede ~ ® Yag iceriginde ~ Abbasi  vd.
tre gamit 00,5 Sosis o7 .
stabilitesinde artis degisim yok azalma (2019)
0/n1 . . 7
o Nem iceriginde
artig
%5
10 * %020 veya daha
0 . . o o
Flammulina %15 az bir seviyede ® Yag iceriginde
. < 0 : o Nem igeriginde duyusal azalma Yang vd.
velntipes yag/ su %20 Sosis S .
emiilsiyonu 25 artis olzelhkletmLi ' ° Pro?sm (2019)
%30 o 1;{rnsuz etkisi igeriginde artis
%37 Yo
) ® Su tutma ® Yag icerigi ve
Istiridye mantart %0100 Sosis kapasitesinde artis ~ ® Duyusal kalitede enetji Wang vd.
(Plenrotus eryngii) o Pisirme kaybinda azalma degerinde (2019)
artis azalma
itili)iksei;ltoz so‘;z o Sartlikta artis o Sertlikte artis Adili vd
o Yy [ _ *
fasulyesi yagt 7050 Burger . Klrlrmzlhkta . G:?el kabulde (2020)
oleojelleri azama azaima
fiam;cib?kmzfil: e Sarilikta artis o Sertlikte artis Aliasl
soya pfas‘ﬂ‘;egi %50 Burger ® Kirmizilikta o Genel kabulde - khiabani vd.
va# oleojelleri azalma azalma (2020)
e Toplam yag
Prosella®—' .. %50  Parlaklik ve ¢ Benzer duyusal leerigt ve Barros  vd.
kaplan cevizi yagt %0100 Burger sarilikta artis labul enetji (2020)
hidrojel e Nemde artis degerinde
azalma
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e Nem igeriginde

Agaricus  bisporns ® Besin Cerén-
%30 . artis
ve Pleurotus 950 Sosis ioid oksid ® Yumusak tekstir kalitesinde Guevara vd.
ostreatus 0 i L1p1- oksidasyon artis (2020)
stabilitesi ;
Keten tohumu
yagi ve balmumu, 9420 Fermente e Renk o Sertlikte azalma o Yag if;eriginde Franco  vd.
y-oryzanol, B- /40 Sosis parametrelerinde e Genel kabulde degisim yok (2020)
sitosterol degisim artig e PUFA’da artis
oleojelleri
Balmumu  veya >
etil selilloz- yag e Lipid . *SEA'da Goémez-
; 0 - ¢ Genel kabulde azalma
karisimt  (zeytin, %100 Burger oksidasyonunda ) MUFA Estaca  vd.
keten ve balik) azalma azaima * A,dve (2020)
oleojelleri PUFA’da artig
tzim  cekirdegi %1 s o profilinde - '
N emiilsiyonu pisirme kaybinda . (2020)
yagt T gelisme
iyilesme
o Pisirme o Sertlik ve e SFA’da
Gellan sakiz, sirm cignenebilirlikte azalma Lucas-
. %5 veriminde artig )
kestane unu- chia %10 Burger Nem iceris: azalma o MUFA Gonzilez vd.
oo L. 0 °
yag1 hidrojeli d:f?iierfli e Benzer duyusal ve/veya (2020)
SISty kabul PUFA’da artis
Keten tohumu %030 o Sertlikte azalma  Protein ve yag Martins  vd
yagt -balmumu Yo60 Ezme e Nemde artis ¢ Duyusal kabulde iceriklerinde (2020) .
oleojeli azalma azalma
Z?ytlnyagl— %5 * Lip l.d o Sertlikte azalma * SEA'da Ozer ve
aljinat Ve o0 Buroer oksidasyonunda o Genel kabuld azalma Celesen
karragenanla %15 g azalma d"er.l.e abulde e MUFA ve (202%>
hidrojeli o Nemde artis sty PUFA'da artis
Zeytinyagi-chia e Lipid o Sertlikte azalma TFop{gm yag Pintado  ve
- © o Fermente . igeriginde
yagi karigimi- %80 . oksidasyonda ® Genel kabulde Cofrades
. sosis azalma
balmumu oleojel artis azalma o PUFA’da artis (2020)
.. . e Lipid
Aljinat bazl, C};li oksidasyonunda ® Yag icerigi ve
Egueqveya v ai 9,80 Sosis azalma ® Benzer kesme enetiji Pintado  vd.
zegtjxgwaﬁ o Kirmizilikta kuvveti degerinde (2020)
hi t/iroj/e lig azalma azalma
o Sarilikta artis
Domuz  derisi, o L* degerinde * ge}{is?rﬁdre K o SFA’d
bambu lifi ve %50 Sosis artis o csls V} © . azalmaa dos  Santos
inillin-  kanola %100 o a* degerinde ® %50 yag degisimi , vd. (2020)
B It duyusal kabulii o PUFA’da art1g
yagi ile hidrojeli azalma etlilemennis
" o Lipid ,
E;Zila@:czgr; Fermente oksidasyonunda e Genel kabul * ii?r:aa Vargas-
1) . degisim yok edilebililikte Ramella  vd.
fasulyesi yagt sosis o Nemde azalm artt ® MUFA veya (2020b)
hidrojeli cmdea a ; PUFA’da artis
Prosella®-  alg ¢ Tfop'lgm yag
ve/veya bugday ® Benzer duyusal ierigi ve Barros  vd.
2o %100 Burger e Nemde artis y enetiji
tohumu  yaglar kabul deserind (2021)
hidrojel af;:: ¢
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Agaricus  bisporns Karaciser e Emilsiyon %50 yag degisimi @ Diyet lifi ve Cerén-
ve Plenrotus %50 erme & stabilitesinde duyusal kabulii proteinde artis Guevara vd.,
ostreatus gelisim etkilememis ® Yagda azalma  (2021)
Prosella®- o Parlaklik ve * Toplvam yag
avokado ve kirmizilikta e Benzer duyusal lgengt ve Cittadini vd.
kabak cekirdegi 100 Burger azalma kabul enctji (2021)
y genirecs abu degerinde
yaglarl hldI'O]Cl e Nemde artig azalma
Chia  misilajt,
aljinat bazli ajan, . . e SFA'da
: " e Tam ikame ile
peynir alt1 suyu e Lipid . azalma N
- ’ . kabulde degisim Cimara vd.
proteini ve/veya %100 Salam oksidasyonda ok o MUFA (2021)
koll:'ijen karisimi- artis . ‘Ser ik azalma ve/veya
zeytinyagi 4 PUFA'da artis
hidrojeli
Gliseril %25 o Sarilikta arts o SFA’da
monostearat- %50 Salam . Kal al?{ 4 ¢ Duyusal kalitede azalma Ferro vd.
aycigek yagt %75 :lmm tta degisim yok ® MUFA ve (2021)
oleojeli %100 azaima PUFA’da artis
o Sertlik ve
%25 e Pisirme kaybinda  kohesivlikte ® Yag icerigi ve
0, o
Auricularia cornea 0/050 Sosis artiy L az.alma o en?rll. Fu vd. (2021)
7075 e Nem iceriginde  ® Cignenebilirlik ve ~ degerinde
%100 artg elastikiyette azalma
artma
e Parlaklik ve o Tol .
) oplam yag
Ba}mumg ‘kolza %100 Burger sanhkF : a.rfl.§ o Sertlikte azalma iceriginde Gao v
yag1 oleojeli e Nem igeriginde (2021)
azalma
artis
e Nem iceriginde
Polisakkarit artis .
hidrokolloidler %62 Butect ¢ Biziilmede S e ¢ Vagiceriginde Mousa  vd,
ve meyve kabugu %3 g azalma glrinene Hiriite azalma (2021)
unlar e Pisirme ’
veriminde artis
o v e " Oksidaif
karisimi- yer %50 Sosi St;tl)lhtede * Dzyusal kabulde o Toplarr{yag Nacak  vd.
fistg ve keten %7100 OS1S azaima artls. ve enent (2021)
tohumu vajh e Nem iceriginde Sertlik artmus igerigi azalma
hidrojelleri arty
Iniilin, jelatin,
yumurta aki tozu .
e mikrobiyal * Protein ve .
N . Isil islem o Oksidatif ® Benzer sertlik PUFA’daartis  Oztlirk-
transglutaminaz - %50 i bozul .. Kerimosl
yer fisug  ve %100 g ku§ L OZ.UV ma, nem e Benzer duyusal ®Yag }ger1g1 ve ) glu
keten tohumu sucul igeriginde artis kabul SFA’da vd. (2021)
yag1 karigimi azalma
hidrojel
Aysicegi/kimyon 5 o Lipid o Sertlikte azalma )
yag1 kangimi- . . Palamutoglu
karnauba mumu /050 Kofte oksidasyonunda e Genel kabulde ) (2021)
oleojeli %75 artis artis
e Yiiksek pisirme
%5 verimi ® Yumugak tekstiir .
. . N . . Patinho  vd.
Agaricus bisporus %010 Burger e Capta e Duyusal kalitede ~ ® Yagda azalma (2021)
%15 kiigiilmenin gelisme
azalmast
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o Tam ikame ile

! . " *
.SO} a  proten oL vve'b o kabulde azalma o Toplam yag .
izolati ve aljinat- %100 Sosis degerinde diists ) cerizind Pintado  vd.
zeytinyagt ’ © ® 2* degerinde * Sirdlk Vbe.l. ik 1c_;erl1g1n ¢ (2021)
hidrojeli artis cignenebilirlikte azalma
artis
Prosella®- o Sarilik ve e Lipid -
zeytinyagt %100 Burger kirmizilikta artis * Benzer duyusal profilinde Teixeira  vd.
o kabul . (2021)
hidrojel e Nemde artis gelisme
Prosella®- fistik * Toplvam yag
L e Parlaklik ve igerigi ve .
ve hindistan  Benzer duyusal > Foggiaro vd.
L. . %100 Burger sartlikta artis enetji
cevizi yaglar kabul 2 (2022)
hidrojel e Nemde artis degerinde
azalma
® %50 oranina
Etilseliloz e Lipid kadar kabul
oleojel ve nisasta %25 oksidasyonunda edilebilir duyusal Ghiasi ve
hidrojeli ile farklt %50 Burger artma Ozellikler - Golmakani
oranlarda %100 e Biiziilme o Sertlik ve (2022)
bigelleri degerinde azalma  ¢ignenebilirlik
artmig
o Llpld '
Soya proteini ve oksidasyonda e Tam ikamede * asi?r::
intlin- soya %50 Salam artis kabulde degisim Paglarini vd.
fasulyesi  yagt %100 o Parlaklikta artts yok * M[/JFA (2022)
hidroicli . ve/veya
roje o [Kirmizilikta o Sertlik azalrn1§ PUFA'da artis
azalma
e Nem tutma o Sertlik
Mantar %50 . iyilesmis cretRve o Yag iceriginde  See Toh vd.
polisakarit 5z %100 <Ofte o Pisirme verimi ‘?lri“e“eblhfhkte azalma (2023)
korunmus arts
0 e Toplam yag
/025 .S o Serlik iceriginde
Tapyoka %50 Domuz et *" tutma 4 cr ‘b? el o Zhao  vd.
nisastast %75 emiilsiyonu apasitesinde cignenebilirlikte aza , a (2023b)
%100 artig artig e SFA’da
azalma
e Agitlik kaybinda e % 2 karragenan L
»-karragenan ol * Yag icerigive ., .
zeytinyag 0 : artmz? . e /o4 ?lam.j enetji amg oZu .
oleojeli ve jelatin /050 Sosis * nemigergl ve su Lgeri? hlc(l;:o;el degerinde vd. (2024)
hidrojeli bigelleri aktivitesinde \gelierinde en azalma
artma yuksek sertlik

Mousa vd. (2021) tarafindan yapilan bir ¢alismada
yag1 azaltulmus sigir eti burgerlerinde yag ikamesi
olarak hidrokolloidlerden ve meyve kabugu
unlarindan ikili ve Gglit kompozitler kullanilarak

%95 yagsiz burgerlerin gelistirilmesi
amaclanmistir.  Arastrmactlar  arap  zamki,
karboksimetil seliloz ve nar unu Ggld

kompozitinin en ylksek nem ve lif icerigi ile en
dustik enerji ve buzilme degerlerini sagladigint
bildirmislerdir. Bunun yant sira en yiiksek sertlik,
yapiskanlik ve esneklik bu kompozit grubunda
belirlenmis ve bu grubun kontrol Srneklerine
benzerlik gosterdigi ifade edilmistir. Diger bir
etkili uygulama ise Wang vd. (2018) tarafindan

seltloz nanolifi kullanilarak %50 oraninda yagi
azaltlmis  emdlsifiye sosislerde belirlenmistir.
Sosislerin nem iceriginde artts, pisirme kaybr ve
kirmizilikta  azalma  ile i tekstirel
parametrelerde kontrol 6rneklerine kiyasla daha
yiksek degerlerin elde edildigi tespit edilmistir.

tum

Sonu¢  olarak, az yagh et dUrlnlerinin
formulasyonunda hidrokolloidlerin kullanilmast
fizikokimyasal, tekstirel ve duyusal 6zelliklerde
onemli degisimler meydana getirebilmektedir.
Bunlar arasinda renk degisimleri, azalan pisirme
kayiplar1 ve artan emiilsiyon stabilitesi ile reolojik
ve tekstiirel parametrelerdeki gelisim sayilabilir.
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Duyusal kalite distunildiginde ise kullanilan
hidrokolloid  ile  kullantm  orant  etkili
olabilmektedir. Ayrica, bu stratejinin uygulanmast
emilsifiye tip et uriinlerinde daha kolayken,
tiketici kabuli icin yag gbrintiminin 6nemli
oldugu diger et urtnlerinde daha zor
olabilmektedir.

Yenilebilir Mantarlar

Yenilebilir mantarlarin, protein ve diyet lifi
bakimindan zengin oldugu  bildirilmektedir
(Pérez-Montes vd., 2021). Bu nedenle mantarlar
et urtinlerinde yag ikamesinin neden oldugu
kusurlari azaltmak i¢in buyik bir potansiyele
sahiptir. Fakat et trlnlerinde kullanilacak olan
yenilebilir mantarlarin enzimatik esmerlesmeyi
onlemek icin agartma isleminden gecmesi
gerektigi ifade edilmistic (Kurt ve Gengeelep,
2018). Ayrica, yenilebilir mantarlarda mikrobiyal
bozulmay: engellemek i¢in kullanim 6ncesinde
nem iceriginin azaltilmast gerekli olmakla beraber,
bu islem diyet lifleri ve proteinlerin
konsantrasyonu  acgistndan  da  avantajli
olabilmektedir (Alnoumani vd., 2017). Yenilebilir
mantarlarin bir diger avantaji da yiksek oranda
umami bilesikleri icermesi olup, bu durum et
trinlerindeki  yag ve sodyum igeriklerinin
ikamesinde Urtinde meydana gelen lezzet
degisimini kismen azaltabilmektedir (Dominguez
vd.,, 2022). Yenilebilir mantarlarin saghga olan
faydalar1 bilinmesine ragmen, et uriinlerinde
hayvansal yag ikame maddesi olarak kullanilmalart
oldukea yeni bir yaklasimdir.

Farkli et durlnlerinde yenilebilir mantarlarin
hayvansal yag ikamesi olarak kullaniddig
calismalar Cizelge 2’de verilmistir. Wang vd.
(2019) tarafindan yapilan arastirmada domuz
sosislerindeki hayvansal yagin tamamim ikame
etmek icin ¢ig ve farklt sekilde pisirilmis istiridye
mantart (Pleurotus eryngii) kullandmistir. Mantar
ikamesinin Grtinlerin yag icerigi ve enerji degerini
dustirmesinin yani sira artan protein ve diyet lifi
icerikleri gibi bagka beslenme avantajlart da
sagladigt ifade edilmistir. Ayrica mantatlarin yag
tkame edici olarak kullanilmast domuz eti
sosislerinin rengini olumsuz yénde etkilememekle
birlikte, sosislerin tekstiiriiniin, pisirme kayb: ve
su tutma kapasitesinin mantarlara uygulanan 6n

isleme baglt olarak degiskenlik  gOsterdigi
bilditilmigtir. Diger yandan yagin mantar ile
ikamesinin sosislerin duyusal kalitesinde azalmaya
yol actigt da gozlenmistir. Yang vd. (2019)
yaptiklart bir arastirmada yag ikame maddesi
olarak Flammulina velutipes mantarinin emilsifiye
sosiste kullanimi ile #iriin tzerindeki etkilerini
incelemiglerdir. Hayvansal yag yerine mantar
kullanilarak dretilen sosislerin nem ve protein
iceriginde artis, yag iceriginde azalma gorildigi
bilditilmigtir. Ayrica artan ikame orant ile pisirme
kayiplar1 6nemli 6l¢tide azalmis, ikame miktart
%20'den az oldugunda ise sosislerin sertlifi ve
cignenebilirligi azalmasina ragmen elastikiyet ve
kohesivlik gelismistir. Aragtirmacilar emilsifiye
sosislerde duyusal 6zelliklerde olumsuz bir etki
olmadan %20 veya daha az bir seviyede yag
ikamesi olarak Flammmulina velutipes mantarinin
etkili ~bir sekilde kullanilabilecegini ifade
etmislerdir.

Patinho vd. (2021) dana burgerlerdeki yag icerigini
%25, %50 ve %75 oraninda pisirilmis mantar
(Agaricus bisporus) ile degistirdikleri bir calismada,
daha yitksek verim ve daha disiik ¢ap kugiilmesi
belirlemislerdir. Burgerlerin pisirme &zelliklerinde
iyilesme oldugu, bununla birlikte daha kirmizi ve
koyu bir renk ile daha yumusak bir tekstiirin
belirlendigi rapor edilmistir. Arastirmacilar, yagin
%50 veya %75 oraninda _Agaricus bisporns ile
degistirilmesinin daha sulu, yumusak ve lezzetli
olarak nitelendirilen burgerlere sebep oldugunu
bildirmislerdir. Baska bir arastirmada ise
emilsifiye sosislerdeki yag iceriginin %30 veya
%50 oraninda ikame edilmesinde farkls iki mantar
(Agaricus  bisporus ve Pleurotus ostreatus) ununun
etkisi incelenmistir. Mantar ununun kullanmmi
sosislerin besin kalitesini artirmis, fakat daha koyu
bir renk ile daha yumusak bir tekstiire sebep
olmustur (Cerén-Guevara vd., 2020). Yine aynt
aragtirmactlar  tarafindan  yapilan bir baska
calismada ise ciger ezmesinde yag icerigi %50
oraninda _Agaricus bisporus ~ve Pleurotus ostreatus
unlari ile ikame edilmistir. Mantar unlarinin
kullanimt emiilsiyon stabilitesini iyilestirmesine
ragmen rengi olumsuz yonde etkilemis, nem,
karbonhidrat, diyet lifi ve protein igeriklerini
artirmistir. Calismada %7,5 oraninda mantar unu
kullaniminin aroma ve tat parametreleri icin kabul
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edilebilir puanlar aldigt bildirilmistir  (Cerdon-
Guevara vd., 2021).

Fu vd. (2021) yaptiklart bir ¢alismada pisirilmis
sosislerde domuz yagi ikamesi olarak Awricularia
cornea mantarinin kullanimim
degetlendirmislerdir. Awuricnlaria cornea kullanimi,
pisirilmis sosislerde protein ve nem iceriginin yant
sira pisirme kaybi, su tutma kapasitesi gibi
teknolojik 6zellikler ile tekstiirel 6zelliklerden

elastikiyet ve cignenebilirlikte artisa neden
olmustur. Ayrica mantar ikameli sosislerin timi
duyusal  acidan  kabul  edilebilir  olarak

degerlendirilmis, bununla birlikte en yiksek
duyusal puanlarin %75 Auricularia cornea kullanilan
grupta elde edildigi ifade edilmistir. See Toh vd.
(2023) yaptiklar bir arastirmada gida uygulamalar
icin yag ikamesi olarak mantardan elde edilen {3-
glukan ve unlarin kullanilabilirligini
incelemiglerdir. B-glukan ve kurutulmus mantar
tozunun pilic koftelerinde kullantmimin  nem
tutmayt lyilestirdigi, pisirme verimini ve gida
matrisinin  genel yapistn1  korudugu  tespit
edilmigtir. B-glukan ekstraktlart ve kurutulmug
mantar tozu ile yag ikameli pili¢ koftelerinin sertlik
ve c¢ignenebilirlik parametrelerindeki artiglarin,
mantarin cinsine ve kofteye eklenen ekstrakt
miktarina gore degistigi ifade edilmistir.

Aragtirmalar incelendiginde et triinlerde bir yag
ikame maddesi olarak mantar kullaniminin, genel
itibariyle protein ve nem icerikleri ile diyet lifi
miktarint artirirken  yag  icerigini  azalttigt ve
béylelikle de besinsel kalitede iyilesme sagladigt
gorilmektedir.  Bununla  birlikte — mantar
kullaniminin oksidasyonu ve mikrobiyal gelisimi
artirarak raf Omrind  azaltabilecegi dikkate
alinmaldir. Duyusal agidan ise kullanilan mantar
cesidine, kullanim oramina ve kullanildigr driine
bagli olarak farkl etkiler bildirilmistir. Sonucta bu
strateji, beslenme agisindan imit verici sonuglar
saglamasina ragmen, fizikokimyasal ve duyusal
Ozelliklerin degerlendirildigi daha fazla calismaya
da ihtiyac vardir.

Organoijeller

Son yillarda hayvansal yagin kivam, gorsellik, renk
gibi Ozelliklerini taklit edebilecek yag ikame
maddelerinin Uretilmesini ve kullanilmasini iceren

stratejilere odaklanan bircok calisma
bulunmaktadir. Bu kapsamda, daha saglikli olarak
nitelendirilen cesitli stvi yaglarin veya bunlarin
kanigimlarinin bir jel a1 icerisinde immobilize
edildigi iki farklt tip yag ikame maddesi dikkat
cekmektedir. Bunlardan = birisi  sivi  yaglarin
oleojelatorler yardimiyla t¢ boyutlu bir ag
icerisinde tutuldugu oleojellerdir. Diger bir jel tipi
olan emilsiyon hidrojelleri ise jellestirici maddeler
kullanilarak  su/yag emilsiyonunun bir jel
yapisinda hapsedildigi maddelerdir (Dominguez
vd.,, 2021a). Emdtlsiyon hidrojelinin
olusturulmasinda kullanilan jellestirici ajanlar,
onceki bolimlerde adi gecen cesitli proteinleri,
polisakkaritleri, hidrokolloidleri ve bunlarin
karisimlarini icermektedir. Onceden ele alinan
bélimlerin aksine, bunlarin kullanimi emilsiyonu
jellestirmek amactyladir. Ayrica, her bir jellestirme
ajaninin - veya oleojelatoriin - tird, Ozellikleri,
kombinasyonu ve oranlart hem emiilsiyon
hidrojellerinde hem de oleojellerde farklt jel
Ozelliklerinin elde edilmesiyle sonuclanmaktadir.
Oleojellerin yag icerigi genellikle %90'dan fazla
oldugu icin kullanildigi triinlerde toplam yag
iceriginde 6nemli bir azalma olmadigi, hidrojel
emilsiyonlarinda ise yag iceriginin yaklasik %050
veya daha az olmast sebebiyle nihai Grindeki
toplam yag iceriginde 6nemli bir azalma meydana
geldigi bildirilmektedir (Dominguez vd., 2021a).

Oleojellerin -~ veya  emdlsiyon  hidrojellerinin
Ozelliklerini  ve  potansiyel  kullanimlarini
derinlemesine tartisan ¢ok sayida inceleme

calismast mevcuttur (Lopez-Pedrouso vd., 2021;
Dominguez vd., 2021b; Herrero ve Ruiz-Capillas,
2021; Serdaroglu, 2021; Abdullah vd., 2022; Li
vd., 2022).

Farkl et tiriinlerinde organojellerin hayvansal yag
ikamesi olarak kullanildigt ¢ok sayida caligma
bulunmaktadir (Cizelge 2). Sigir eti burgerlerinde
hayvansal yagin %50'sinin soya fasulyesi yagt
oleojelleri ile degistirildigi calismalardan birinde
jellestirme ajani olarak etil seliloz ve adipik asit
karisimi (Adili vd., 2020) digerinde ise karnauba
mumu ve adipik asit kullanilmistir (Aliasl khiabani
vd., 2020). Her iki calisgmada da yagin ikame
edilmesiyle et drintinin sertligi artarken, sarilikta
artts ve kirmuzilikta distis oldugu bildirilmistir.
Ayrica burgerlerin genel kabul edilebilitliginde
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azalma oldugu tespit edilmistir. Bagka bir
calismada domuz eti burgerlerinde yag ikamesi
i¢in balmumu veya etil seliloz kullanilarak bir yag
karisimi (zeytin, keten ve balik) ile yapilan oleojel
kullantlmistir  (Gémez-Estaca vd., 2020). Bu
calismada, burgerlerde oleojellerin kullaniminin
SFA’y1 6nemli 6lctide azaltirken, tekli doymamis
yag asitleri (MUFA) ile coklu doymamis yag
asitlerini (PUFA) artirdigi bildirilmistir. Bununla
birlikte oleojel iceren burgerlerde duyusal acidan
tat parametresinde distik puanlar elde edilmesi
nedeniyle, genel kabul edilebilirlikte bir azalma
oldugu ifade edilmistir. Gao vd. (2021) tarafindan
yapilan bir calismada ise balmumu ve kolza yagt
ile olusturulan oleojeller si@ir kalp et
burgerlerinde yag ikamesi olarak kullandmistir.
Burgerlerde oleojel kullaniminin  patlaklik ve
sarilik parametrelerinde artis meydana getirdigi
belirlenmistir. Diger yandan yagin oleojelle ikame
edilmesi nem iceriginde artisa ve toplam yag
iceriginde azalmaya neden olurken, protein
iceriginde  bir  degisim  gbzlenmemistir.
Burgerlerde yapilmis bu iki ¢alismada da
hayvansal yag yerine oleojel kullanimiyla sertligin
azaldigi, lipid oksidasyonunun arttg tespit
edilmistir. Bu stratejiyle Palamutoglu (2021)
tarafindan yapian bir diger arastirmada ise
aycicegi/kimyon yagt karisimi ve karnauba mumu
ile duretilen oleojel, dana eti koftelerindeki
hayvansal yagin ikamesi i¢in kullandmistr.
Calismada lipid oksidasyonunda 6nemli bir artis
ve sertlikte azalma gézlenmisken, duyusal agidan
genel kabul edilebilirlikte artis saglandigi tespit
edilmistit.

Ferro vd. (2021) yaptiklart bir arastirmada gliseril
monostearat ile immobilize edilmis aygicek yagi
oleojelini salamlarda kismi veya tam yag ikamesi
i¢in kullanmuslardir. Oleojel kullaniminin toplam
yag icerigini degistirmedigi, ancak yag profili
acisindan SFA'y1 azaltarak, MUFA veya PUFA'y1
artirdi@t belirlenmistir. Aycicek yagt oleojeli iceren
salamlarda renk parametrelerinden sariligin artss,
kirmiziligin ise azalma gosterdigi fakat duyusal
olarak kontrole kiyasla herhangi bir farkliik
olmadigt bildirilmistir. Kuru fermente sosislerde
zeytinyagi-chia yagi karigimi ve balmumu ile
olusturulan oleojelin (Pintado ve Cofrades, 2020)
ve keten tohumu yagt ve balmumu veya sterol

bazlt oleojelatdtler (y-oryzanol & B-sitosterol) ile
olusturulan oleojellerin kullanildigt (Franco vd.,
2020) calismalar mevcuttur. Pintado ve Cofrades
(2020), %80 oraninda hayvansal yag ikamesinin
toplam yag iceriginde azalmaya ve lipid
oksidasyonunda bir artisa neden oldugunu,
Franco vd. (2020) ise hayvansal yagin %20 veya
%40 oraninda degistirilmesinin yag iceriginde
herhangi bir etki olusturmadigini ifade etmislerdir.
Her iki calismada da yeniden formile edilen
sosislerde  PUFA miktarinin  arttit, SFA  ve
MUFA'da bir azalma goruldugi bildirilmistir.
Bununla birlikte, oleojelatér olarak balmumunun
kullanilmasi, kuru fermente sosislerde nem
icerigini ve sariligl artirirken, sertligi azaltmis
béylelikle genel kabul edilebilirlikte azalma
meydana geldigi bildirilmistir. Martins vd. (2020)
ise keten tohumu yagi ve balmumu ile olugturulan
oleojelin domuz cigeri ezmesinde kullaniminin
nemde artisa, sarilik ile protein ve yag iceriklerinde
azalmaya neden oldugunu bildirmislerdir. Bu
calismada da PUFA'da 6nemli bir artis, SFA ve
MUFA'da ise azalma gorilmistir. Bununla
birlikte —ezmelerin  sertliginde ve  duyusal
kabuliinde bir azalma oldugu tespit edilmisgtir.

Sonug¢ olarak et uUrtinlerinde yag ikame maddesi
olarak oleojel kullanim stratejisinin, tekstiirel ve
fiziksel Ozelliklerde degisimlere neden olabildigi
gorilmektedir. Ozellikle iirtinlerin sertligindeki
azalma ve renk acisindan sariligindaki artig dikkat
cekmektedir. Ayrica urinlerdeki lipid
oksidasyonunda da artis bildirilmektedir. Yitksek
yag icerigi (yaklasik >%90) nedeniyle oleojel
kullanimi et Urinlerinde toplam yag icerigini
6nemli oranda degistirmemekte fakat SFA'da net
bir azalma, MUFA ve/veya PUFA'da artis
saglamaktadir. Bitin bunlarla beraber driintin
genel kabul edilebilirliginde bir azalma oldugunu
da vurgulamak gerekir.

Oleojeller kadar hidrojellerin de burger ve sosisler
gibi bir¢ok et triniinde yag ikamesi olarak
kullanildigt ¢alismalar bulunmaktadir. Burgerlerin
hidrojeller ile yeniden formiile edilmesinde aljinat
bazli Prosella® adl ticari bir jellestirici maddenin
yaygin olarak kullanildigi g6rilmektedir. Bu
jellestirici madde ile farkli yaglar kullanilarak
olusturulan hidrojellerin bir hayvansal yag ikamesi
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olarak farkhi formiilasyonlara sahip burgerlerde
kullantmina  yonelik ¢cok  sayida  calisma
bulunmaktadir (Barros vd., 2020; 2021; Cittadini
vd., 2021; Teixeira vd., 2021; Foggiaro vd., 2022).
Bu ¢aligmalarin bircogunda lipid oksidasyonunun
hidrojel kullanimindan etkilenmedigi
bildirilmistir. Diger yandan renk acisindan 6nemli
degisikliklerin meydana geldigi tespit edilmistir.
Hidrojel kullanilarak yagin ikame edilmesi sigir eti
ve domuz eti burgerlerinde parlakhigr ve sarilig
artirirken (Barros vd., 2020; Foggiaro vd., 2022),
at etinden dUretilen burgerlerde parlakligt ve
kirmiziligy azaltmistir (Cittadini vd., 2021). Ayrica
kegi eti burgerlerinde sarihg1 ve kirmuizihgt artirdigy
gbzlenmistir  (Teixeira vd., 2021). Bu renk
farkliliklart muhtemelen kullanilan et tiirantn yant
sira hidrojel olusturmada kullanilan yaglarin renk
Ozelliklerinden kaynaklanmaktadir. Calismalarda
belirlenen bir diger dikkat cekici sonug ise
hayvansal yagin hidrojel kullanidarak ikame
edilmesinin  tekstirel — Ozelliklerde — Gnemli
degisimlere neden olmamasidir. Bununla birlikte
genel olarak burgerlerin timinde nem igeriginde
artts, toplam yag icerigi ve enetji degerinde bir
azalma meydana gelmis, protein igerigi ya
degismemis ya da azalma egilimi gOstermistir.
Ayrica tim ¢alismalarda kullanilan hidrojele baglt
olarak SFA iceriginde azalma, MUFA ve/veya
PUFA igeriginde artis ile lipit profilinde gelisme
gozlendigi bildirilmistir.

Benzer sonuglar burgerlerde farkli jellestirici
maddeler kullanilarak olugturulan hidrojellerin
kullanddigi diger bazt arastirmalarda da tespit
edilmistir. Ornegin, jellestirici ajanlar olarak gellan
sakizt ve kestane unu kullanilarak chia yagindan
olusturulan emiilsiyon hidrojelinin domuz eti
burgerlerinde hayvansal yag ikamesi olarak
kullanddigi bir calismada patlaklik ve sarilikta
artty, kirmizilik ve sertlikte ise azalma tespit
edilmistir (Lucas-Gonzilez vd., 2020). Ozer ve
Celegen (2020) tarafindan yapilan bir calismada
ise dana eti burgerlerinde hayvansal yagin kismen
veya tamamen aljinat ve karragenanla olusturulan
zeytinyagt  emilsiyon  hidrojeli ile ikame
edilmesinin, lipit oksidasyonunu etkilemedigi,
kirmiziiginda  ve  parlakliginda
degisikliklere neden oldugu ve sertligi azalttigi
bildirilmistir. ~ Ayrica yag asidi  profilinde

urunun

iyilesmenin (SFA'da azalma, MUFA ve PUFA'da
artts) yant sira nem igeriginde arttg, yag icerigi ve
enerji degerinde ise dusiis tespit edilmistir. Diger
yandan arastirmada hidrojel kullanilarak tretilen
burgerlerin tliketici tarafindan kabul edilebilitlik
puanlarinin, kontrol numunelerine kiyasla daha
distik oldugu ifade edilmistir.

Sosis uretiminde domuz derisi, bambu lifi ve

inilin  kullanidarak  olusturulan kanola yagt
hidrojelinin  hayvansal yag ikamesi olarak

kullanildigy bir calismada, %50 oraninda yapilan
ikamenin genel kabul edilebilirlikte 6nemli
farkliliklar olusturmadigi, fakat %100 ikamenin
azalmaya yol actigi gbzlenmistir (dos Santos vd.,
2020). Diger bir ¢alismada ise intilin, yumurta aki
tozu ve jelatin karisimi kullanilarak yer fistigr ve
keten tohumu yagi ile hidrojel olusturulmus ve
emilsifiye edilmis sosislerde yag ikamesi olarak
kullamlmistir  (Nacak vd., 2021). Sosislerde
hayvansal yagin kismen veya tamamen hidrojel ile
degistirilmesinin urlinin genel kabul
edilebilirligini artirdig tespit edilmistir. Hayvansal
yagin  zeytinyagt hidrojeli ile ikamesinin
arastirlldigt bazt ¢alismalarda ise farkl jellestirici
ajanlar kullandmigtir. Yapilan bir ¢alismada soya
proteini izolat1 ve aljinat bazli jellestiriciler ile
olusturulan zeytinyagt hidrojeli frankfurter tipi
sosislerde (Pintado vd., 2021), bir diger ¢alismada
ise chia misilaji, aljinat bazli ajan, peynir alt1 suyu
proteini ve/veya kollajen karigimi ile olusturulan
zeytinyagt hidrojeli salamlarda  kullanilmistir
(Camara vd., 2021). Frankfurter tip sosislerde tam
ikamenin titketici kabulinde azalmaya yol agti,
bununla birlikte salamlarda duyusal kalitenin

degismedigi bildirilmistir.

Paglarini vd. (2022) yaptiklart bir arastirmada
salamlarda besin profilini gelistirmek icin soya
proteini ve inilin kullanilarak soya fasulyesi yagt
hidrojeli kullanimini incelemislerdir.
Aragtirmactlar hem tam hem de kismi yag
ikamesinin duyusal puanlamada distislere sebep
olmasina ragmen kontrol numunelerine gore
anlaml bir fark olusturmadigini ifade etmislerdir.
Incelenen bu galismalarin tiimiinde genel olarak
hidrojel kullantiminin triinlerde lipid
oksidasyonunda 6nemli bir artisa sebep oldugu,
parlaklikta artis ve kirmizilikta ise azalmaya yol
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actigt  bildirilmistir.  Ayrica  Urlinlerin - nem
iceriginde artt, toplam yag igerigi ile enetji
degerinde dusts gozlenmistir. SFA'da azalma,
MUFA ve/veya PUFA'da bir artis oldugu, ancak
lipit profilinin Urtnlere gére farklilik gosterdigi,
bunun da kullamlan yaga bagli oldugu
bildirilmistir. Diger yandan hidrojel kullanimi ile
salamlarda sertlik azalirken, emtlsifiye sosislerde
artmis, Frankfurter tipi sosislerde ise farklhilik
gbzlenmemistir.

Hayvansal yag yerine emilsiyon hidrojelleri
kullanilarak yeniden formile edilmis taze veya
fermente sosisler tizerine yapilmis calismalar da
bulunmaktadir. Pintado vd. (2020) tarafindan
yapian bir calismada jellestirici ajanlar olarak
aljinat, chia unu veya yulaf kepegi kullanilarak
zeytinyagt hidrojelleri  olusturulmus ve taze
sosislerde (longaniza) %90 oraninda hayvansal
yag yerine kullanilmistir. Hidrojel kullanimi
sosislerin tekstiri tGzerinde herhangi bir etki
meydana getirmezken, lipit oksidasyonunu ve
kirmuziligs  (chia unu  kullamlan  hidrojelde)
azaltmis, sarihgl ise artirmistir. Ayrica nem
igeriginin artti@l, protein ve yag icerigi ile enerji
degerinin distugd, lipit profilinde ise doymus yag
asitlerinin ~ azaldig  bildirilmistir. ~ Oztiirk-
Kerimoglu vd. (2021) 1s1 islem gérmis sucukta
inilin, jelatin, yumurta aki tozu ve mikrobiyal
transglutaminaz jellestirici ajanlarinda immobilize
edilmis yer fistig1 ve keten tohumu yagi karisimi ile
olusturulan hidrojelleri kullanmiglardir.
Aragtirmacilar oksidasyon, nem icerigi, protein ve
PUFA'da 6nemli bir artis, yag icerigi, enerji degeri
ve SFA'da ise azalma bildirmislerdir. Bununla
birlikte yer fistig1 ve keten tohumu ile olusturulan
emtlsiyon hidrojel kullanimimin 1s1l islem g6rmiis
sucuklarin genel kalitesini etkilemedigini tespit
etmislerdir. Benzer sonugclarin elde edildigi kuru
fermente sosislerde yapilan bir bagka arastirmada
soya proteini izolati ve jelatin ile jellestirilen
zeytinyagt ve chia yagt emiilsiyon hidrojel karisimi
kullandmistir  (Pintado ve Cofrades, 2020).
Duyusal analiz sonucunda zeytin ve chia yagi
emilsiyon hidrojel kullaniminin kuru fermente
sosislerde genel kabulde 6nemli bir diistise neden
oldugu belirlenmistir.

Vargas-Ramella vd. (2020b) ticari bir jellestirici
ajan olan Prosella® kullanarak zeytin, kanola veya
soya fasulyesi yaglart ile olusturulan hidrojellerin
hayvansal yag ikame maddesi olarak kuru
fermente sosislerde etkilerini incelemislerdit.
Calismada lipid oksidasyonunda herhangi bir
degisiklik olmadigt bildirilmisken, yag icerigi ve
SFA'da azalma ve protein, MUFA ve/veya
PUFA'da ise artts oldugu gozlenmistir.
Arastirmada ilgi ¢ekici bir sonug¢ olarak hidrojel
kullaniminin kuru fermente sosislerin genel kabul
edilebilirligini artirdig1 tespit edilmistir. Zampouni
vd. (2024) yaptiklari arastirmada zeytinyagt bijelini
sosislerde domuz sirt yagi ikamesi olarak
kullanmiglardir.  Calismada  bijel  kullanilan
sosislerin  agirlik  kaybi, nem igerigi ve su
aktivitesinin arttug, fakat renk Ozelliklerinde
kontrole gére 6nemli bir degisimin olmadigt ifade

edilmistir. Benzer bir c¢alisma Ghiasi ve
Golmakani  (2022)  tarafindan  sigir et
burgetlerinde hayvansal yag ikamesi olarak

etilseliiloz bazli oleojel ile nisasta bazli hidrojelden
elde edilen aycicek yagr bijeli kullandarak
yapilmustir. Arastirmada, burgerlerde hayvansal
yag ikamesi olarak %75 oleojel fraksiyonlu bijel
kullaniminin uygun oldugu, ayrica %50’ye kadar
hayvansal yag ikamesinin kabul edilebilir duyusal
Ozellikler sergiledigi ifade edilmistir.

Et drinlerinde hayvansal yag yerine hidrojel
kullaniminin, hidrojel olusturmada kullanilan
jellestirici maddelere ve yaglara bagh olarak
triinlerin tekstiir ve renk parametrelerinde 6nemli
degisimlere neden  oldugu  gorillmektedir.
Emilsiyon hidrojellerinin distik yag icerigi (%20-
50) et driiniiniin toplam yag iceriginin azalmasini
saglarken, yiksek su igerigi (~%>50) nem
iceriginde artisa neden olmaktadir. Konu ile ilgili
yaptlan bazi galismalarda duyusal agidan genel
kabul edilebilitlikte azalma oldugu bildirilmis

olmasina ragmen, genel olarak emilsiyon
hidrojellerinin ~ kullanimi  Grlnlerin ~ duyusal
kalitesini korumus veya artrmustir. Ayrica,

hidrojel kullaniminin SFA'y1 azaltmast ve MUFA
ve/veya PUFA'yt artirmast urtnlerin  lipid
profilinde belirgin bir iyilesme saglamustir.
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Bu calismada, et drlnlerinde yag ikame
maddelerinin  kullanimi Gzerinde durulmus ve
hayvansal yag miktarinin azaltilmast veya ikamesi
Uzerine yapilmis arastirmalar hakkinda 6zet
bilgiler sunulmustur. Bu kapsamda bir hayvansal
yag ikame maddesi olarak diyet liflerinin kullanimi
kalite Ozellikleri dikkate alindiginda az yagh et
uriinleri Uretmek icin etkili bir strateji olarak 6n
plana c¢ikmaktadir. Kinoa ve chia gibi tahillar,
driinlerde yagin azaltlmasina ilaveten besinsel
avantajlar saglamasi nedeniyle bir baska etkili
yaklasim olarak gbze carpmaktadir. Hayvansal
proteinler,  hidrokolloidler — ve  yenilebilir
mantarlarin et Grlnlerinde yag azaliminin neden
oldugu teknolojik  ve duyusal kusurlar
azaltabildigi  belirlenmistir.  Et  Grlinlerinde
hayvansal yagin ikame edilmesinde, lipit profilinin
gelistirilmesi ve insan sagligi icin besleyici acidan
avantajhi  drinlerin @ elde  edilmesi  de
istenebilmektedir. Bu amaca et Urlnlerinde
hayvansal yaglarin yerine w-3 ve w-9 yag asitleri
bakimindan zengin sivi yaglarin oleojel ve hidrojel
formunda kullanilmastyla da ulasilabilir.

Yag ikamesi olarak kullanilan maddelerin yiiksek
su ve yag baglama kapasiteleri emtlsifiye et
trtinlerinde emiilsiyon kararliligint artirarak hem
gorinimde  hem de dokuda iyilesme
saglayabilmektedir. Ayrica diyet lifi, tahilar, vb.
gibi ikame maddeleri, antioksidatif Ozellikleri
nedeniyle, Grtinlerin oksidatif stabilitesi tizerinde
olumlu bir etkiye de sahiptir. Emilsifiye et
triinlerinde arzu edilen 6zellikler korunarak yag
ikame maddelerinin kullanilmast nispeten daha
kolay bir uygulama olup, gézle gorilebilir yaglarin
istenildigi et Griinlerinde, hayvansal yaga benzer
gorinim  Ozelliklerine  sahip  yag  ikame
maddelerinin  kullamlmas:  gerekmektedir. Bu
kapsamda hidrojellerin kullanimi, disiik tretim
maliyetleri, kati benzeri 6zellikleri hem hidrofilik
hem de lipofilik bilesikleri ¢6zme olasiliklart ile
hayvansal yagi taklit etme kapasiteleri nedeniyle
one cikmaktadir. Et drtnlerinde yag ikamesi
olarak kullanilacak maddelerin seciminde hem
arin 6zelliklerinin hem de tuketici tercihlerinin
dikkate alinmast gerekmektedir. Bu kapsamda
cesitli et tirtinlerinde farkli yag ikame stratejilerinin

tretim ve depolama boyunca arastirildigi yeni
calismalara da ihtiya¢ duyulmaktadir.

CIKAR CATISMASI BEYANI
Yazarlar arasinda cikar ¢atismast
bulunmamaktadir.

YAZARIARIN KATKISI
Makalenin  detlenmesinde, yazilmasinda ve
yayinlanmasinda tim yazarlar katki saglamislardir.
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ABSTRACT

Due to the increase in the world population, the amount of meat used in human consumption has also
increased in recent years. On the other hand, it is clear that animal-based meat production cannot sustain
this growth and results in more pollution, land and water use, greenhouse gas emissions and biodiversity
loss than the pollution occurring in plant food production. For this reason, there has recently been a trend
towards new protein sources that meet the protein requirements of the human diet and improve animal
welfare without increasing the carbon footprint. To respond to this increase and to to mitigate the adverse
effects associated with animal production, plant-based meat production (PBM) has recently received
attention. Here we have tried to provide detailed information about the production methods, product
features and consumer preferences of PBM alternatives.

Keywords: Plant based meat, product features, consumer preferences, production methods

BiTKi BAZLI ET: ETE SURDURULEBILIR BiR ALTERNATIF

oz

Son yillarda artan diinya nifusuna baglt olarak insan beslenmesinde kullanilan et miktar1 da artis
gostermektedir. Buna karsin hayvansal et tretiminin bu artis1 karsilayamayacagl ve bitkisel gida
tretiminde meydana gelen kirlilikten daha fazla kirlilige, arazi kullanimina, su kullanimina, sera gazi
olusumuna ve biyolojik cesitlilik kaybina yol agmakta oldugu gercegi ortadadir. Bu sebeplerle insan
beslenmesinde protein ihtiyacint karsilayacak ve karbon ayak izinin artisina yol acmayacak ayrica
hayvan refahini iyilestirecek yeni protein kaynaklarina yénelim son zamanlarda artis g&stermistir. Bu
artist karsilayabilmek ve hayvansal tiretimde meydana gelen olumsuzluklart bertaraf etmek icin bitki
bazli et (BBE) iiretimi son zamanlarda ilgi uyandirmaktadir. Tiiketicinin et yerine bitki bazlt yapay et
(BBE)’i tercih etme ya da etmemesinin sebeplerinin ve tercih ettiginde kendisine nasil fayda
saglayacaginin bilinmesi gerekmektedir. Burada bitki bazli et alternatiflerinin Gretim yontemleri Griin
Ozellikleri ve tiiketici tercihleri ile ilgili detaylt bilgiler vermeye calistik.

Anahtar kelimeler: Bitki bazli et, Griin 6zellikleri, tiketici tercihleri, Giretim yontemleri
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INTRODUCTION

It is estimated that food production accounts for
20-25% of human greenhouse gas emissions, with
most of the carbon footprint coming from animal
production (Bhattachatyya et al., 2023; Ahmad et
al., 2022). It is reported that the world population
will reach 9 to 10 billion people by 2050, the
global demand for meat will reach 455 million
tons, and the demand for food will increase by
98% (Rubio et al, 2020; Bhattacharyya et al.,
2023). In this sense, the biggest challenge for
global food security is meeting the demand for
protein in a healthy and environmentally friendly
way. In livestock production, it is reported that
81,7% of protein is lost during the conversion of
feed and grass protein into meat protein (Zhang
et al., 2022). Moreover, without alterations to
current food production and supply systems, the
rapid increase in global demand for animal
protein is anticipated to be inconsistently fulfilled
(Huang et al, 2022). In particular, livestock
farming causes more pollution, land and water
use, greenhouse gas emissions, and biodiversity
loss  than  plant-based food production
(McClements & Grossmann, 2021). Furthermore,
producing one unit of plant-based protein
requires only one-twentieth of the land resources
needed to produce an equivalent unit of
conventional meat protein (Papies et al., 2020).
For these reasons, there has recently been a trend
towards new protein sources that meet the
protein needs of human nutrition and improve
animal welfare without increasing the carbon
footprint. Reflecting this trend, plant-based meat
alternatives and cell-based meat have recently
been launched to meet consumer demands and
shape the future of foods (Kumar et al., 2022;
Wang et al., 2023).

Extensive land wusage is often leading to
deforestation through the process of clearing land
for grazing purposes. Livestock production
systems also disrupt nitrogen and phosphorus
cycles, affecting air, water and soil quality. This
means that a transition to sustainable production
and a shift of consumers to sustainable foods can
prevent future environmental crises. Although
animal-based meat is a valuable source of
nutrients, reducing meat consumption s

necessary because of the negative impacts of meat
consumption on the environment and human
health (Bhattacharyya et al., 2023). Today, as the
world's population grows, our food choices
influence not only our health and well-being, but
also climate change and the future of our planet.
Global food and agticultural productions account
for a third of all greenhouse gas emissions, and
animal-based meat production causes twice as
much pollution as plant-based food production
(Bhattacharyya et al, 2023). Compared to
traditional animal-based proteins, the production
of alternative plant-based proteins results in
significantly fewer greenhouse gas emissions (e.g.
1/8 CO: equivalent per kilogram for chicken,
1/12 for beef and 1/9 for pork). (Ye and Mattila
2022). Excessive meat consumption has also been
associated with several health problems. Red meat
contains high amounts of cholesterol and long-
chain saturated fatty acids, so
consumption of red meat may increase the risk of
chronic diseases (Godfray et al., 2018). More than
1.8 million people die from ischemic heart disease
every year, and a quarter of them are linked to
excessive consumption of certain meat products
(Rubio et al., 2020). In addition, consuming fatty
meat increases the risk of cardiovascular disease
and cancer, and consuming wild meat increases
the risk of transmission of the virus from wild
animals to humans. The results of a clinical trial
reported that participants who used plant-based
meat instead of animal-based meat for eight
weeks exhibited a lower risk of cardiovascular
disease (for example, reduction in fasting serum
trimethylamine-N-oxide levels) (Crimarco et al.,
2020).

excessive

It is believed that the health and environmental
impacts of animal meat production and
consumption can be eliminated by consuming
sustainable foods such as plant-based meat
alternatives to animal protein sources.

PLANT BASED MEAT PRODUCTION

Plant-based meats (PBM) are made from plant-
based ingredients (such as beans, legumes, lentils
and grains) and provide a sustainable source of
protein that is similar to animal meat in texture,
flavor, color and nutrition profile (Santo ve ark.,
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2020). Innovations in protein ingredients evolve
with diverse portfolios through the use of new
proteins such as fava bean protein and mung bean
protein, as well as microalgae, seaweed and fungi,
and sweet lupine (chosen for its lack of alkaloids)
(Boukid 2021). Besides all these plant protein
sources, insects and single-cell proteins have
recently gained interest as alternative protein
sources due to their high nutritional value and
protein content, sustainability and affordability
(Boukid 2021). Commonly used plant protein
sources are cereal (rice, wheat, oat, batley, core),
legumes (soy, peas, lentils, beans, edamame), oil
seeds (sunflower, sesame, canola, coconut), green
leaf (beet, alfalfa, algae, duckweed), nuts (peanut,

almond, pistachio, macadamia), pseudo cereal

(chia, foxtail, quinoa), and others (mushroom,

potato) (Wang et al., 2023).

In a study measuring the effectiveness of
consumer reactions to plant-based burgers, 368
consumers rated images of the same plant-based
burger online, along with information about the
type of plant protein (soy, pea, or wheat). Plant-
based protein type (soy, pea and seitan (wheat))
had no effect on consumer response, but meat
reduction attitudes had a significant and strong
impact (Moussaoui et al., 2023).

Table 1 lists the most commonly used protein
sources for plant-based meat production, their
functional properties and their uses in plant-based
meat production.

Table 1. Summary of already used protein ingredients for meat analogue applications
(Kyriakopoulou et al., 2021).

Protein Composition . . L
. 0 p Functionality Application in Meat Analogues
Ingredient (Yow/w)
Structuring process: Extrusion, spinning,
Soy isolate freeze structuring, shear cell
(alkaline/acid 0 . Gelling, Good solubility  Role: Protein source, binder, texture, base
o ~90 % protein . . . .
precipitation and emulsification for fat substitutes, emulsifier
treatment) Products: Burger patties, sausages, minced
meat
Soy isolate 0 . Decreased solubility, ~ Structuring process: Shear cell, Extrusion,
y ~90 % protein, . . .
(additional heat good gelling and Role: Texture, Protein source, binder, base
denatured due to ¢ . . .
treatment/ increased water holding for fat substitutes Products: Burger patties,

heat treatment

toasted isolate) capacity minced, sausages, meat
Process: Shear cell, Extrusion,
Sov concentrate ~70 % protein Good texturization Role: Protein source, binder, texture
y °P properties Products: Burger patties, sausages, muscle-
type products, minced meat
Sov milk sprav  >45% cotein Good emulsification  Process: Freeze structuring
dri}e 4 row derp y ~30 0; faf > properties, high Role: Texture, emulsifier Products:
p ’ solubility Production of yuba and tofu
~43-56% .
. o . . Process: Extrusion
Soy  flour/meal protein, ~0.5-9% Native protein, Water Role: Binder. Texture
fat, ~3-7% crude  binding capacity and fat ) ’ .
defatted fibre. >30% total  retention Products: Burger patties, sausages, muscle-
carbc,)hy drase type products, minced meat
75-80% protein, Dough forming/ Cross- Structuring process: Shear cell, Extrusion
Wheat  Gluten 15-17% linking capacity via S-S Role: Texture, Adhesion
isolate carbohydrates, bridges, binding, low Products: Muscle type products, Burger
5-8% fat solubility patties,

Pea isolate

~85% protein

Water and fat binding,
emulsification, and firm
texture after thermal
processing

Process: Spinning, extrusion, shear cell
Role: Binder, emulsifier, texture Products:
Burger patties, sausages, minced meat,
muscle-type products
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Yang et al. (2023) presented the contents of four
different plant-based meat analogs purchased
from the market in America and China (Table 2).
In their study, the protein level of meat was higher
than 25 g/100 g, and the protein content of
selected plant-based meat analogs was between
14.1-19.8 ¢/100 g. The average sodium content of
the meat analogs used in the study was roughly 7.9
times higher than that of meat. Compared with
red meat, plant-based meat analogs presented

lower protein digestibility and released less
bioactive peptides after in vitro digestion. In this
instance, the consumption of plant-based meats
presents certain drawbacks when compared to the
consumption of animal meat in the human diet.
PBMs accessible in the market mimic meat in
three forms: grounds (such as patties, burgers, and
nuggets), emulsions (sausages), and loose
“crumbles” (chili meats or taco) (Pingali et al.,
2023).

Table 2. The ingredient of the four plant-based meat analog products (Yang et al., 2023).

Water, Methyl cellulose, Rapeseed oil, Refined coconut oil,
Natural flavors, Rice protein, Cocoa butter, Potato starch,
Phospholipid, Pea protein, Concentrated apple, lemon and
pomegranate juice, Concentrated beet juice, Minerals and salt

Water, Soy leghemoglobin, Sunflower oil, Coconut oil, Zinc
gluconate, Natural flavors, Potato protein, Cultured glucose,
Yeast extract, Modified starch, Salt, Soy protein, Thickener
(E461), Antioxidant (E3006), Isolated soy protein, Niacin,
Vitamin B1, B2, B6, B12, etc.

Water, Soy protein, Guar gum, Cheese, Protein powder,
Starch acetate, Protein solution, Sunflower oil, Spices, Acid
hydrolyzed vegetable protein, Methyl cellulose, Edible
glucose, Coconut oil, Salt, Yeast extract, Arabic gum, Beet
juice extract, 5'-disodium nucleotide.

Product Country Ingredient
P1 America
etc.
P2 America
P3 China
P4 China

Water, Isolated soy protein, Beet powder, Vital wheat gluten,
Methyl cellulose, Vegetable oil, Edible glucose, Yeast extract,
Pea protein, Lohan-kuo extract, Arabic gum, Starch acetate,
Spices, Salt, etc.

Plant and fungi-based meat products incorporate
the flavor, texture, and/or nutritional properties
of meat, but have different compositions. Plant-
based meat products can be divided into two
flexible categories based on development time
and technological complexity: traditional meat
analogues and new plant-based meats. Traditional
meat analogs have existed for thousands of years
in Asia and include relatively simple derivatives of
soy (such as tofu and tempeh) or wheat (seitan).
On the other hand, new PBMs are characterized
by the design and marketing of products that are
almost equivalent to animal meat in all aspects,
including taste, texture and nutritional value
(Rubio et al., 2020).

Typically, PBM production involves three stages.
-Protein Isolation: Target plant proteins are
extracted from plants, some of which undergo
hydrolysis to improve their functionality such as
solubility and cross-linking capacity.
-Formulation: The texture of the meat is
improved by mixing ingredients such as plant
proteins, food adhesives, plant-based oil and
flour. Nutrients are added to match or exceed the
nutritional profile of the meat.

-Processing: Plant proteins and other ingredients
are mixed to create a meat-like structure through
a protein reshaping processes (including
stretching, kneading, cutting, pressing, folding
and extruding) (Rubio et al., 2020).
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A sustainable substitute to intensive animal-based
meat production ought to be the development of
plant-based meat alternatives with a fibrous and
meat-like texture, that could be produced by

means of extrusion technology, shear cell
technology, self-assembly, spinning
(electrospinning and  wet-spinning), freeze

casting, and by culturing mycoproteins (Zhang et
al., 2022).

Extrusion is one of the cheap and short-term
methods often used in the production of meat
analogues to imitate the structural and textural
properties of meat. The extrusion process can be
divided into two groups based on moisture
content: low moisture extrusion (20-35%) and
high moisture extrusion (50-70%). High moisture
extrusion of plant proteins is suitable for the
production of meat analogues due to the targeted
fiber structure that the cooling zone of this
extrusion can provide. The of high
temperature and pressure causes changes in
protein structure, gelatinization of starch, and
destruction of anti-nutrient compounds in the
process (Aydar et al., 2023).

use

The machines currently used for the production
of PBMs are mainly divided into single-screw
extruders and twin-screw extruders, depending on
the number of screws (Wang et al., 2023). For
high moisture extrusion, an interlocking and co-
rotating twin-screw extruder is used, which
mainly consists of the screw in the extruder barrel
and the cooling die installed at the end.
Approximately five steps are required for protein
texturing from raw materials to the final extruded
product, including raw material supply, mixing
with water, melting, mold forming (die) and
cooling (Zhang et al., 2022).

Innovative technologies are used to improve the
organoleptic properties of PBMs include
mycelium cultivation, 3D printing, shear cell
technology and recombinant proteins (Rubio et
al., 2020).

Traditionally, plant-based meat alternatives have
been developed based on recipes that have been
around for decades. The quality characteristics of

meat substitutes, such as consistency, taste and
color, depend on the choice of ingredients. The
average consumer's choice of alternative meats is
heavily influenced by excellent taste and flavor.
Flavors, spices and precursors are used together
with iron complexes to mimic the taste of meat
(Ahmad et al, 2022). The meat alternative
formula contains approximately 50-80% water, 4-
20% non-textured protein, 10-25% plant protein,
3-10% flavor enhancing additives, 0-15% fat, O-
5% coloring agents (beet juice, carrot juice extract,
lactoferrin and red yeast rice) and 1-15% binding
substances. When combined, these ingredients
provide meat alternatives with the essential
sensory and textural properties. The high water
content not only reduces costs, but also provides
the required hydration, works as a softener during
the process and aids emulsification. Protein added
for nutrition provides texture, taste and physical
appearance. Textured proteins can be replaced by
mixing proteins from non-meat sources with
meat or by replacing meat entirely with textured
proteins to produce vegan and vegetarian foods.
Meat extenders do not have the appearance,
texture or taste of meat when cooked, but when
mixed with meat they improve the overall quality
characteristics of the product. Meat alternatives,
on the other hand, are designed to mimic the
texture, appearence, taste and color of meat when
cooked without meat-containing ingredients (Sha
and Xiong, 2020). Studies have shown that the
addition of red beet, monascus tred, oleoresin
paprika, sorghum, and cacao to PBM as a single
pigment does not adequately mimic the target
color values for the exterior and interior of
cooked meat. It has been shown that the cooked
color of PBM can be achieved by using an
optimized mixing ratio of red beet and cacao
pigments (0.4 to 1.5 mg/g red beet and 1.1 to 1.3
mg/g cacao pigments). Furthermore, sensory
evaluation showed that the color of PBM with
optimum pigments was most similar to a beef
patty, increasing the general acceptability of the
improved appearance properties (Bakhsh et al,,
2022; Ryu et al., 2023).

PBMs ate frequently labeled using vegan and/or
meat-like names (for example vegan meatloaf or
soy burger). There is no clear definition of what
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the term "vegan" means and no regulation
explaining whether PBM can be labeled using
meat-like names (Domke, 2018). Lima et al,
(2023) found that the labels of 59 plant-based
products sold in ten supermarkets in Brazil
frequently included the phrase 100% vegetable.

Whole-muscle meat, on the other hand, has a fine
texture that is microscopically similar to
myofilaments in terms of tenderness as well as
juiciness, making it difficult, if not impossible, to
make from plant proteins. As a result, product
development research on plant-based substitutes
has been generally limited to restructured or
reconstructed  products.  These  meat-free
products can be divided into two main groups:
coarse-grained  products and  fine-grained
products. Coarse-grained products include
meatless burgers, patties, sausages and chicken
nuggets. Fine-grained products are frequently
emulsified products such as sausages and
alternative salami. (Sha & Xiong, 2020).

Plant-based meat analogs contain proteins, fats or
oils, carbohydrate sources, flavourings, coloring
and binding agents. All these factors can
contribute to meat analogues that resemble
animal meat in terms of nutritional, textural and
organoleptic properties. For instance, protein
sources such as soy, gluten and pea proteins have
nutritional and texturizing properties. They are
also used for their other functional properties
such as water and oil binding, emulsification,
foam stabilization and gel formation during
processing. Fats increase the juiciness, tenderness,
nutritional value and overall taste of emulsion-
type meat analogues. They are also significant
components as key determinants of storage

stability (Chen et al., 2023).

Animal meat products are commonly accepted by
consumers due to the chewy taste provided by
their fibrous structure. Although commercially
available plant-based protein meats can largely
mimic the fibrous taste of different animal meat
products, there are still some problems with the
overall texture and quality. Although some
reconstituted ground meat products have been
produced commercially in imitation of animal

meat, whole meat (e.g. steak) has a complex
hierarchical structure of muscle tissue, adipose
tissue and connective tissue surrounding the
muscle fibers. The complexity of muscle fibers
makes it very difficult to fully understand their
physical, chemical and functional properties. How
to convert plant globular proteins into meat-like
fibers to meet tissue necessities is a vital area of
future research (Liu et al., 2023).

Most meat substitutes ate derived from soy
protein because it has particularly desirable
properties and are available at low prices. In
addition to soy protein, other proteins from
oilseeds and proteins obtained by fermentation by
microorganisms on vatrious substrates are used in
the production of meat substitutes. Currently,
meat substitutes are produced using proteins
derived from cereals such as corn, rice, wheat,
defatted oilseeds, bean flour and cereals, defatted
derivatives of soy flour and wheat flour, soy
protein  concentrates and  wheat flour.
Fermentation technology is also used to create
meat color (Ou et al., 2023).

When the raw materials are heated, chemical
changes occur that change the spices and flavors
added to the premix. In addition, depending on
the nature of these compounds, complex
chemical reactions can occur at high pressure and
temperature, releasing volatile components and
causing significant loss of taste. In addition, heat
treatment such as extrusion causes flavor
components such as salt, acid compounds and
sugar to interact with the protein network, leading
to changes in taste quality and, as a result, changes
in structural and textural characteristics. It can
also affect Maillard or other chemical reactions
(Ahmad et al., 2022). For this reason, it is very
important to optimize the flavor and taste quality
of plant-based meat and to control the quality of
raw materials and the appearance of flavor.

The main  organoleptic ~ (i.e.  sensory)
characteristics of meat are appearance, aroma,
taste and texture. Depending on the product,
PBMs aim to mimic the appearance of raw or
precooked meat. Heat-stable fruit and vegetable
extracts (e.g. apple pulp, beet juice) or
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recombinant heme proteins (e.g. LegH) are used
to both regenerate the color of fresh meat and
turn it brown when cooked. Some newer PBM
products display visible semisolid plant-based oils
(e.g., coconut oil, cocoa butter) to mimic the
appearance of oil. Engineering is essential to
comprehensively express the taste, smell, flavor
and aroma of meat. Meat analogues contain flavor
additives to add, enhance or mask specific flavors
and typically represent 3 to 10% of the product.
Many plant proteins have a bitter and astringent
taste and require post-processing to selectively
remove these compounds. Soy products in
particular have a strong grassy, beany and bitter
flavor related to saponin, lipoxygenase, and
isoflavone compounds, which can be reduced by
heating or germination. Developed in the 1980s,
synthetic meat flavors consist of sugars, amino
acids, nucleotides, glycoproteins, monosodium
glutamate, salt and fat and have been shown to be
equal to or better than meat extracts via sensory
panels. Recombinant protein additives such as
LegH can affect both the taste and color of PBMs.
PBM texture may be affected by high moisture
extrusion mycelium cultivation, shear cell
technology, and 3D printing. Shear cell
technology, extrusion and 3D printing are based
on applying thermal, mechanical, and shear
stresses to protein mixtures to obtain semi solid
fibrous structures. Although many strategies are
existing to design and tune the structure of plant
proteins, it can be challenging to balance
processing techniques to achieve the preferred
mechanical ~ properties  while  maintaining
nutritional  value. In contrast, mycelium
cultivation includes the growing filamentous
fungi, some strains of which resemble the
microstructure of meat. Quorn™, a fungal based
meat analogue, has provided alternative to
meatballs, chicken nuggets, and minced meat
since the 1960s. New startups grow mycelium to
produce high quality meats such as steaks (Rubio
et al,, 2020).

THE PLACE OF PLANT BASED MEAT IN
NUTRITION

The main plant proteins used in PBM
formulations (pea, soy, and wheat) provide the
same level of total protein content as animal meat.

However, complementing more than one plant-
based protein is often necessary to provide a
balanced amino acid profile. For example, legume
proteins (low in sulfur containing amino acids and
high in lysine) and grain proteins (low in lysine
and high in sulfur containing amino acids)
proteins are suitable complements. Factors that
reduce nutrient bioavailability of plant proteins
after ingestion include protein structure,
proteolysis-resistant structures, and antinutrients
(such as tannins, phytates, and lectins). Some
processing techniques such as soaking, heating,
sprouting have been shown to increase
digestibility (Rubio et al., 2020).

Nutrition also varies between traditional and new
PBM products. For instance, tofu (traditional
PBM) and Impossible™ (new PBM) share several
benefits over animal meats, such as containing
dietary fiber and mineral contents and lack of
cholesterol. However, tofu-specific benefits
include fewer calories, less fat, and no sodium.
Impossible™-specific benefits include higher
protein and vitamin B12 content. Concerns about
the inclusion of LegH in PBM have been
expressed with reference to correlations between
heme iron intake and increased risk of diabetes
(Rubio et al., 2020). Yeo et al., (2023) reported
that, compared to meat products commonly
consumed in Singapore, plant-based meat
analogues contained significantly higher calcium,
manganese, iron, magnesium, sodium and copper
than meat products. They also reported that meat
products had significantly higher mean potassium
concentration compared to PBM.

Besides appearance, texture and flavor, nutritional
value is also a crucial factor in why consumers
select plant-based meat analogs. In a study on the
nutritional composition of meat products and
traditional meat products, Bohrer (2019) found
that meat-like products were lower in saturated
fatty acids and cholesterol and higher in
carbohydrates and dietary fiber than traditional
meat products. Zhou et al. (2021) investigated the
in vitro digestion properties of beef and beef
analogs. The results showed that the beef analog
protein was digested faster in the stomach, but the
protein and fat digestibility of the beef analog was
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lower. In a study by Xie et al. (2022), plant-based
analogues of beef and pork were found to have
lower digestibility and release fewer potentially
bioactive peptides than beef and pork.

CONSUMER OPINIONS ABOUT PLANT
BASED MEAT

Plant-based products contain a wider range of
phytochemicals and nutrients than animal meat.
PBM meat reduces greenhouse gas emissions by
78-96%, resulting in a lower carbon footprint
than conventional meat. Additionally, PBM
production is more sustainable because it causes
less damage to biodiversity. Plant-based meat
alternatives, as sustainable products, have
received increasing attention in recent years due
to their potential to decrease the environmental
impacts during production and consumption.
Yet, it is hard to convince consumers of
sustainable  consumption  through  PBM.
Consumers believe that PBMs are better for the
environment and their health, but only a minority
choose to buy PBMs. Moreover, meat
consumption can only be reduced if meat
consumers are convinced that sustainable food
consumption brings environmental and personal
benefits. Therefore, understanding consumers'
perceptions of PBM 1is crucial from both
environmental and marketing perspectives
(Bhattacharyya et al., 2023). In a study conducted
in South Africa, Szejda et al. (2021) reported that
knowing about PBM has a significant positive
relationship with PBM purchase intention. A
recent study using Nielsen Consumer Panel data
(Cuffey et al., 2021) shows that the majority of
consumers did not consume PBMs until 2019. It
also found that PBM spending among consumers
dropped 75% after the first purchase, indicating
that most consumers are buying PBM to try it out
rather than consuming it on a regular basis.

Based on home scanner data for nearly 39 000
households in the United States from 2018 to
2020, 80% of households never purchased PBM
and instead purchased only ground beef.
Additionally, 17% of households purchased both
ground beef and PBM. Of the remaining
households that bought PBMs during the survey
period, 40% were novelty seeking and one time

purchasers (Neuhofer ve Lusk, 2022). Zhao et al.
(2022) analyzed market spending data from 2017
to 2020 to evaluate consumers’ PBM demand in
the United States. According to data, US
consumer purchasing patterns indicate that PBM
is a complementary product to beef and pork and
a substitute for chicken, turkey and fish.

Motivators ~ behind  consumer  purchase/
consumption of plant-based meat substitutes may
relate to traditional factors (taste, cost and
convenience) and/or emerging factors (health
and fitness, environment, safety, animal welfare
and familiarity). Demotivators behind consumer
purchase/consumption of plant-based meat
substitutes may relate to health, environmental
awareness, familiarity, meat attachment, meat
enjoyment, men food, and food nephobia

(Boukid 2021).

To be successful, plant-based meat alternatives
must taste like meat. Taste (including mouthfeel)
is very important in motivating regular meat
consumers to change their eating habits by
reducing meat consumption (Tuorila &
Hartmann, 2020). Ideally, it is significant to mimic
the properties of meat products before, during
and after cooking. For instance, a beef steak
analogue ought to be shiny, pinkish-reddish and
tough before cooking, while becoming dull,
brownish, tender and juicy after cooking, and this
transition should take place under the same time
temperature conditions as seen in a real beef steak
(McClements and Grossmann, 2021). According
to an online survey study with participants from
Germany (N= 1039), meat substitutes have the
best chance of effectively replacing meat when
they thoroughly resemble highly-processed meat
products in texture and taste and are offered at a
competitive price. It is therefore recommended
that alternative meat producers focus on imitating
processed meat products rather than imitating
cuts of meat such as steak or escalope (Michel et
al., 2020).

Despite increasing consumer awareness of
environmental issues, the consumption of plant-
based protein foods instead of meat appears to
face several obstacles in Western countries.
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Consumers are reluctant to make this dietary
change because of the traditional pleasure of
eating meat, its nutritional and sensory appeal,
and the convenience it provides (Kyriakopoulou
et al.,, 2021). Even though many companies and
researchers have produced plant-based meat
analogs, there are still alterations in color, texture,
smell, taste, flavor, mouthfeel, and nutritional
properties compared to animal-based meat (Wen
et al., 2023). Schouteten et al. (2016), in a sensory
panel study comparing animal, plant and insect-
based burgers, stated that animal burgers were
associated with the emotional terms ‘satisfied,
happy and pleasant', whereas plant burgers were
associated with 'disappointed, insecure and
displeased'. However, beef-like products are
produced today, and extensive research is needed
on consumer acceptance of these products. Neff
et al. (2018) reported that interest in purchasing
plant-based meat varies by age, gender, income,
education and region.

Bryant et al. (2019) in a cross-country (US, China,
and India) study found that the attitudinal
determinants of purchasing similar meat in the US
were attractiveness, excitement, and low disgust,
whereas in China, health, appeal, taste, and
sustainability were the primary determinants; and
in India, sustainability, excitement, necessity, and
goodness were predictors of intention to
purchase plant-based meat. In a hypothetical
choice experiment, Slade (2018) offered
consumers the option of purchasing burgers
made from beef, plant-based protein, or cultured
meat. Willingness to purchase plant-based and
cultured meat burgers was reported to be linked
to age, gender, views on other food technologies,
and attitudes toward the environment and
agriculture. Although consumers in this study
were told that all burgers tasted the same, their
preference for beef burgers was clear. A mixed
logit model predicts that if prices were the same,
65% of consumers would not buy a beef burger,
21% would buy a plant based burger, 11% would
buy a cultured meat burger, and 4% wouldn't buy
one.

The best-selling category of plant-based meat
alternatives is burgers and patties ($120 million).

Are plant-based meat products really good for the
wortld? How serious is the situation in real meat
production? How does it taste and look, does it
have the texture of meat and the experience of
cooking or eating real meat? What ingredients
does it consist of? Are allergen warnings correctly
stated on the label? In what quantities are the
various additives used to create meat-like texture,
juiciness and taste? Make sure that plant based
meat is not a laboratory mixture of chemicals and
that its ingredients contain the same amount of
protein as real meat burgers. Is the source of plant
protein used correctly stated? It is emphasized
that these questions of consumers tregarding
nutrition, food safety, clean labeling, and cost and
consumer self-confidence need to be answered.
(Ahmad et al., 2022).

Estell et al, (2021) a plant based diet was
explained as ‘following a vegan diet’ (55.3%, n =
352), 38% (n = 244) of participants expressed a
plant based diet as “following a flexitarian diet’ and
27.8% (n = 177) explained it as ‘a vegetarian diet’.
In open-ended responses, the most common
sources of plant protein were tempeh, legumes,
tofu, nuts, soy, whole grains, vegetables, and meat
substitutes.

Van Loo et al. (2020) in their results from random
parameter logit models indicate that, constant
prices and conditional on choosing only a food
product, 72% preferred farm raised beef and 28%
preferred one of the alternatives, 16% plant based
(pea protein) meat substitute, 7% plant based
(animal like protein) meat substitute and 5% lab
grown meat. With the addition of brand names
(Certified Angus Beef, Impossible Foods, Beyond
Meat and Memphis Meats), the percentage of
farm-raised beef selection has increased to 80%.
Environmental and technical information had
little influence on the market conditional potrtion,
but reduced the proportion of individuals who did
not buy the option, showing that the information
appeals more individuals to the market. Even
though plant-based and lab-grown alternatives
have seen noteworthy price discounts (50%),
farm-raised beef sustains the largest market
portion. Vegetarians, men, and the young and
well-educated individuals are relatively more likely
to prefer plant-based and lab-grown alternatives
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to farm-raised beef. Judge and Wilson (2019)
reported that female consumers prefer plant-
based foods more than male consumers.

Studying 526 consumers in Beijing, China, Wang
et al,, (2022) investigated how food characteristics
and information influence consumers' food
choices regarding plant-based meat products. A
discrete choice experiment was conducted using
burgers with five characteristics (meat patty,
sodium content, energy, flavor and price) as
primes. To help examine the role of information,
consumers were randomly presented with
individual messages about food safety, nutrition,
and environmental issues related to eating plant-
based meat. This study shows that consumers in
Beijing have relatively low knowledge of plant-
based meat and have a negative preference for
eating  plant-based meat compared to
conventional meat. Nevertheless, although
consumers' willingness to pay for plant-based
meat increased significantly after receiving
nutritional information, they did not respond to
the provision of food safety or environmental
information. These findings propose that to
support plant-based meat consumption, at least in
the context of Beijing, China, information should
be presented that is closely related to consumers'
personal interests rather than the "public
interest."

Seo et al. (2023) conducted a study using
behavioral evidence theory to understand how
PBM alternatives and characteristics influence
consumer decision-making processes in a
foodservice context. The results of the study
showed that reasons "for" and "against" the use
of PBM were significantly related to attitudes.
Additionally, when the responsibility attributed to
environmental problems was evaluated to
investigate whether it could lead to more positive
attitudes towards PBMs, it was reported that as
the attributed responsibility increases, the health
benefits operate more strongly, and low product
availability and its negative impact on attitudes
decrease as the attributed responsibility increases.
Cor van der etal., (2019) reported that, in addition
to different levels of technological innovation, a
variety of social and institutional changes are

needed for meat alternatives to achieve greater
success. In Western societies, meat is deeply
institutionalized. Eggs, dairy products, and
cultured meat also fit into current dietary patterns.
Significant changes in insect and algae
consumption are required, and while legumes and
plant-based alternatives are now institutionalized
options, niche products have existed or remain,
although there are signs of increasing social value
(Cot van der et al., 2019).

CONCLUSION

Plant-based meat has taken a significant place as a
choice rather than meat not only for vegetarians
and vegans, but also for all consumers, as
consumers' awareness of the negative effects of
meat consumption on health and the
environment has increased in recent years. Yet, to
sustain this increase in consumption, the basic
taste and texture that determine consumer
preference must be improved. Developing
ingredients that provide the desired meat-like
texture and flavor as well as selecting/optimizing
processing may be suitable increase strategies. In
PBM production, it is required to use additional
ingredients other than protein to mimic other
sensory properties of meat such as color, aroma
and mouthfeel. The diversity in ingredients and
functionality requirements across different types
of plant-based meat analogues (sausage and
burger) complicates product development. It
should also be emphasized that high-tech and
potentially disruptive new options in PBM require
a high degree of social coordination to make them
feasible. Considering that recent studies have
focused on the analysis of nutritional composition
differences between plant-based and animal-
based meat, a detailed comparison of their
nutritional and digestive properties would be
more useful for optimizing plant-based meat
formulations and developing healthy products.
Additionally, future events and policies are
needed to clarify regulatory uncertainties
surrounding  plant-based  analogues. Food
labeling, health and nutrition claims ensure that
consumers' trust in this product is placed on a
solid and transparent basis.
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ABSTRACT

The effects of rice flour substitution with hazelnut skin (HS), hazelnut flour (HF), and HS-HF blend (1:1,
w/w) at petcentages of 0%, 5%, 10%, 15% (w/w) on gluten-free cake batters were studied from a rheological
standpoint. Replacement with 5% HS increased Power-Law consistency index (K), reduced specific gravity
and resulted in the highest cake volume. Increasing levels of HS gradually increased specific gravity, water
activity, and reduced tan J, leading to cakes with lower volume, datker (lower L¥) colort, harder texture. HF
addition increased tand (at >5%) and specific gravity, producing cakes with lower volume, but similar color
and texture to those of control. HS-HF blend improved cake color and hardness compared to HS added
alone. Strong cotrelations were found between G'(®) slope and cake volume (+=0.9939 for added HS, r=-
0.9408 for added HF), the exponent « and cake volume (+=0.9447 for added HS, r=-0.8668 for added HF).
Key words: Rice cake, hazelnut skin, fiber, rheology, baking

GLUTENSIZ KEKLERDE FINDIK UNU VE FINDIK ZARI KULLANIMI:
HAMUR REOLOJISININ KEK KALITESI iLE KORELASYONU

oz

Pirin¢ ununun %0, %5, %10, %15 (g/g) oranlarinda findik zari (FZ), findik unu (FU) ve FZ-FU
karigimt (1:1, g/g) ile degistirilmesinin glutensiz kek hamurlart tzerindeki etkileri reolojik agidan
degerlendirilmistir. 5% oraninda FZ ilavesi ile Power-Law konsistens indeksi artmis, 6zgul agirlik
azalmis ve en yiiksek hacimli kek elde edilmistir. Artan oranlarda FZ ilavesi hamurun 6zgil agirlik ve
su aktivitesinde kademeli bir artisa neden olurken, tand degerini azaltmistir. Boylece daha dusik
hacimli, koyu renkli (dustik L*), kat1 tekstiire sahip kekler elde edilmistir. FU ilavesi tand (>5%) ve
Ozgul agirhgy artirarak daha distik hacimli, fakat renk ve tekstiir agisindan kontrolle benzer
Ozelliklerde kekler elde edilmesini saglamistir. FZ-FU karisimt ise, tek bagina FZ ilavesine kiyasla,
keklerin renk ve sertlik degerlerini gelistirmistir. Ayrica, G'(®) egimi ile kek hacmi (t=0.9939 FZ
ilavesi icin, r=-0.9408 FU ilavesi icin), katsay1 « ile kek hacmi (r=0.9447 FZ ilavesi icin, r=-0.8668
FU ilavesi icin) arasinda kuvvetli korelasyonlar tespit edilmistir.

Anahtar kelimeler: pirin¢ keki, findik zar1, lif, reoloji, pisirme
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INTRODUCTION

Gluten-free baked products have been widely
consumed due to increasing prevalence of celiac
disease, non-celiac gluten sensitivity, and due to
the growing trend towards following a healthier
diet (Xu et al., 2020; Gazza and Nocente, 2022).
Thus, these products constitute one of the most
rapidly growing segments of food industry.
Consumers demand gluten-free baked products
with similar texture, color, and flavor to those of
wheat flour-based baked products (Gasparre and
Rosell, 2023). This demand triggers a
technological challenge in food industry for the
manufacturing of gluten-free baked products.
Besides the technological issues encountered
during the processing of gluten-free baked
products due to the lack of gluten in dough/batter
systems that result in poor physical characteristics
in the product (Yazar et al, 2017; Yazar and
Demirkesen, 2023), gluten-free baked products
often tend to have reduced quantities of proteins,
B vitamins, iron, and fiber compared with
products containing gluten, as they are prepared
with gluten-free cereals and commercial grain
products (Gularte et al., 2012). Gluten-free diet is
often characterized by an excessive consumption
of energy, proteins, and fats, and a reduced intake
of complex carbohydrates and dietary fiber
(Sabanis et al., 2009). Therefore, it is an ongoing
need to re-design gluten-free formulations to
obtain gluten-free baked products with similar
nutritional composition and physical quality
characteristics to those of their wheat-based
counterparts (Gularte et al., 2012; Ozyigit et al,,
2020). For this purpose, replacing common
gluten-free ingredients with nuts was suggested to
be a valuable strategy to produce healthier gluten-
free baked products (Tuna et al., 2023).

Hazelnut (Corylus avellana 1..) is one of the most
popular tree nuts consumed worldwide, ranking
second in tree nut production after almond (Del
Rio et al.,, 2011; Cikriker et al., 2016). Turkey is the
major producer of hazelnuts with the production
rate corresponding to 63.9% of the total
production in the world in 2022 (FAO, 2024).
Hazelnut consists of a green leafy cover, a hard
shell with a smooth surface, dark brown pellicular
pericarp (also known as skin or testa), and an

edible kernel (Contini et al., 2008; Cikriket et al.,
2016). Hazelnut kernel was reported to be a
source of flavonoids including monomeric flavan-
3-ols, B-type procyanidins, and prodelphinidins
(Del Rio et al.,, 2011). Total dietary fiber content
of hazelnut was found as 17.8%, the majority of
which (>96%) was insoluble fibers. The dietary
fibers hazelnut was suggested to have potential to
improve large bowel function (Tuncil, 2020).
Hazelnut skin constitutes around 2.5% of the
whole hazelnut and it is a by-product obtained
during the roasting process (Del Rio et al., 2011;
Cikriket et al., 2016). Roasted hazelnut skin was
found to be an excellent source of phenolics, and
its dietary fiber content was reported as 69.8%,
that was mainly composed of insoluble fibers
including lignin (55%) and fiber polysaccharides
such as cellulose, pectic polysaccharides, and
xyloglucans (45%). Thus, hazelnut skin can be
considered as a value-added co-product for use as
a functional food ingredient with prebiotic
properties and antioxidant activity (Pelvan et al.,
2018; Tungil, 2020).

The information discussed above have cleatly
showed that the addition of hazelnut flour and
hazelnut skin could improve the nutritional value
of gluten-free baked products. Besides their high
nutritional value, hazelnuts were also suggested to
contribute to the flavor and texture of bakery
products (Dervisoglu, 2006). For this purpose,
hazelnut flour with skin were added in gluten-free
bread (Tuna et al., 2023) and gluten-free cookie
(Dogruer et al., 2023) formulations. These studies
evaluated the impact of added hazelnut flour on
the rheological properties of doughs using
empirical methods and on the physical properties
of the resulting baked products. On the other
hand, different forms of fibers obtained from
hazelnut skin was used in wheat flour-based cake
formulations and the impact of these fibers were
evaluated in terms of linear viscoelastic properties
of batters, physical properties and staling rates of
cakes (Cikrikger et al., 2016). The impact of added
hazelnut skin on the empirical rheological
properties of wheat flour dough was studied
(Ani, 2007; Durmus et al., 2021). These studies
have revealed that hazelnut flour without skin and
hazelnut skin were not used in gluten-free
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formulations. Therefore, this study focused on
the impact of hazelnut flour (without skin) and
hazelnut skin on the physical quality
characteristics of a model rice flour-based gluten-
free cake. For this purpose, flow and linear
viscoelastic properties of cake batters with added
hazelnut flour and hazelnut skin were studied and
the correlations of the rheological properties with
the physical cake characteristics were discussed.

MATERIALS AND METHODS

Materials

Rice  flour  (Kemton,  Ankara,  Turkiye)
[11.78%+0.19% moisture determined using the IR-
35 rapid moisture analyzer, 8.78+0.62% protein
determined according to the Kjeldahl method
with the conversion factor of 6.25, AACC
approved method no. 46-10.01 (AACC, 2010),
1.4120.26 % fat determined according to the
AACC approved method no. 30-20.01 (AACC,
2010), and 0.49£0.05% ash determined according
to the AACC approved method no. 08-01.01
(AACC, 2010)], sugar, eggs, milk, sunflower oil,
baking powder, and hazelnuts were purchased
from a local market. Hazelnut flour (3.31£0.04%
moisture, 17.5£0.56% protein, 64.6£0.42% fat
and 2.43%0.04% ash) was produced by roasting at
105°C for 10 minutes, grinding, and grading the
hazelnuts through a 10-mesh sieve (2 mm
opening size). Hazelnut skin (HS) was obtained
from Fiskobirlik- Hazelnut Agriculture and Sales
Cooperatives (Giresun, Turkey). Hazelnut skin
with 8.29£0.05% moisture, 1.820.08% protein,

11.84£0.25% fat, 2.1+0.02% ash, and 68%1.11%
dietary fiber [determined according to the AOAC
method no. 99143 (AOAC, 2000)] was also
graded using a 10-mesh sieve prior to its use in
gluten-free cake formulations.

Methods

Batter and cake preparation

A gluten-free cake formulation containing 100%
rice flour, 87.5% sugar, 51.5% egg, 50%
sunflower oil, 27.5% milk, and 2.5% baking
powder was used in the experiments (all
petcentages are given on flout weight basis, w/w).
Hazelnut skin (HS), hazelnut flour (HF), and a
mixture of both [HS:HF, 1:1 (w/w)] were added
in gluten-free cake formulations at different
percentages (0%, 5%, 10%, and 15%). The recipes
for control and other gluten-free cake samples
with hazelnut skin and flour were given in Table
1. The basic recipe used for control was adapted
from the rice flour-based gluten-free cake
formulations used in previous studies (Gémez et
al., 2010; Ronda et al., 2011; Gularte et al., 2012).
For the preparation of gluten-free cake batters,
eggs were mixed for 4 minutes at high-speed using
a mixer (Kitchen Aid K45, St. Joseph, MI, USA).
Then, sugar was added, and the mixture was
mixed for 3 minutes again at high speed.
Sunflower oil and milk were then added into this
mixture as mixing continued at medium speed for
2 minutes. Finally, all other dry ingredients were
added into the mixture and mixed at low speed
for 1 minute.

Table 1. Formulations of Gluten-free Cakes with Hazelnut Skin and Hazelnut Flour (on rice flour
basis, w/w)

HS HS HS-
. HS , \ HF HF HF HS-HF HS-HF
Formulation  Control 5% A0%)  (A5%) (5, A% A% (5% 10%) gl;/)

0
Rice flour 200 190 180 170 190 180 170 190 180 170
Hazelnut skin = 0 10 20 30 0 0 0 5 10 15
Hazelnut 0 0 0 0 10 20 30 5 10 15
flour
Egg 103.05  103.05  103.05 10305 103.05 10305 10305 103.05 103.05 103.05
Sugar 175 175 175 175 175 175 175 175 175 175
Sunflower oil 100 100 100 100 100 100 100 100 100 100
Milk 55 55 55 55 55 55 55 55 55 55
Baking 5 5 5 5 5 5 5 5 5 5
powder
Total (g) 63805 63805 63805 63805 63805 63805 63805 63805 63805  638.05

HS: hazelnut skin, HF: hazelnut flour

519



520

G. Yazar

Cake batter samples of 300 g were baked in
duplicates in a convection oven (Vestel- AFB
902E, Turkiye) using disposable aluminum cake
pans with the diameter of 14 cm. The baking
mode of top-bottom heating was chosen, and the
temperature was set to 170°C for 35 minutes.
After baking, cake samples were removed from
the pans and set aside at room temperature for 1
hour to cool down. The cakes were then covered
with plastic wrap to prevent them from drying.

Cake batter properties

Moisture content and water activity

The moisture contents of cake batters were
determined using the IR-35 Moisture Analyzer
(Denver Instrument, Denver, CO, USA). This
method is based on drying the sample under
infrared bulb and measuring the percent moisture
on a gravimetric balance once the sample weight
is stabilized (McCartney and Tingley, 1998).
Water activity of cake batters was measured using
a water activity meter (Testo AG 400, Lenzkirch,
Germany) to evaluate how the free water in the
batter systems changed when rice flour was
replaced with HS and HF.

Flow behavior

The rheological testing to characterize the flow
behavior of gluten-free cake batter samples with
added HS and HF was conducted at 25°C with
Brookfield =~ RVDV ~ III  ultra-theometer
(Brookfield Engineering, MA, USA) using the
small size sample adaptor with the spindle SC4-
28. Shear stress and apparent viscosity were
measured as a function of shear rate over the
range of 0.1-10 s (Christaki et al., 2017). The
obtained data were fitted to the Power Law model

(Eq. 1):
r=Ky" )

where K is the consistency index (Pa.s), n is the
flow behavior index, 7is the shear stress (Pa) and
¥ is the shear rate (1/5s).

Linear viscoelastic behavior

Small amplitude oscillatory shear tests were
conducted at 25 °C using the Haake Mars
Rheometer (Thermo-Fisher Scientific, Germany).
Batter samples were prepared just before the

rheological testing. A 40 mm parallel plate
geometry with smooth surface and a gap of 1 mm
were used. Strain sweep tests were conducted to
within the strain range of 0.01% to 100% at 1 Hz
frequency to determine the linear viscoelastic
region for the gluten-free cake batter samples
studied. Frequency sweep tests were conducted
within the frequency range of 0.1 to 10 Hz at a
constant strain amplitude (y: 0.1%) determined in
the linear viscoelastic region. Frequency sweep
data [G' (Eq. 2), G” (Eq. 3), tan 6 (Eq. 4)] were
fitted to the Power Law model (Yazar and
Demirkesen, 2023):

G'(w)=GCGor. @ 2
G"(@)=GC"w. @ 3)
tand (@) = f;((z)) = (Z—)ml @ = (tand)o1 . & )

whete G'o1 is the elastic modulus (Pa), G" w1 is the
viscous modulus (Pa), and (tand)e1 represents the
loss tangent at a frequency of 1 Hz; while wis the
angular frequency (rad/s). The a4, b, and ¢
exponents quantify the dependence degree of the
moduli and the loss tangent to the oscillation
frequency (Ronda et al, 2017; Yazar and
Demirkesen, 2023).

Specific gravity

Specific gravity values of gluten-free cake batter
samples were measured by dividing the weight of
a certain volume of cake batter by the weight of
distilled water with the same volume (Turabi et al.,
2008). The measurements were conducted in
duplicates.

Cake guality evalnation

Volume and density

Cake volume was determined according to
rapeseed replacement method [AACC method
10-05.01 (AACC, 2010)]. After the cake samples
were baked and cooled down for 1 hour, their
weights were measured. Cake density was
calculated as the ratio between the weight of the
cake and its volume (Gémez et al., 2010; Gularte
et al., 2012).
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Volume, symmetry, and uniformity indices
Volume, symmetry, and uniformity indices of the
cake samples was measured according to the
AACC method 10-91.01 (AACC, 2010). For the
evaluation of these parameters, cake samples were
cut vertically through the center and the heights
of cake samples were measured at three different
points (B, C, and D) along the cross-sectioned
cakes using the template provided by the method.
Volume index (Eq. 5), symmetry index (Eq. 06),
and uniformity index (Eq. 7) were calculated as
follows:

Volume index = B+ C+ D 5)
Symmetry index = 2C— B - D (6)
Uniformity index = B— D )

where Cis the height at center, B and D are the
heights at three-fifths of distance from center to
edge (Cloke et al., 1984).

Textural properties

Crumb texture was determined by TA-XT2
texture analyzer (Stable Microsystems, Surrey,
UK), 24 h after baking. Center of cake samples
were cut into cube shapes with the dimensions of
35 x 35 x 35 mm and were compressed to 50% of
their original thickness at a speed of 2 mm/s, with
a 30 s delay between first and second
compressions. A 75-mm aluminum compression
platen probe and a load cell of 50 N were used.
Hardness (N), springiness, cohesiveness and
resilience values for the gluten-free cake crumb
samples were calculated on the “Texture Profile
Analysis” test graph (Gulerta et al., 2012). Mean
values of eight measurements (2 cubic slices from
the central part of the cake halves were collected
from the duplicates of each baking test) were
presented along with the standard deviations.

Color analysis

The surface and the crumb color of the cake
samples were determined using the Minolta CR-
400 chromameter (Minolta, Osaka, Japan).
Readings were obtained in quadruplicate for each
sample to quantify the differences in color
between the cake samples with the addition of HS
and HF, and they were provided as L*, a*, b*
parameters according to the CIELAB system of

color measurement. The a* value is a measure of

greenness (-100) to redness (+100), the b* value
ranges from -100 (blueness) to +100 (yellowness),
while the L* value indicates the lightness on a
scale ranging from 0 (black) to 100 (white)
(Sabanis et al., 2009).

Statistical analysis

OriginPro 8.6 (Northampton, MA, USA) was
used for statistical analyses with 95% confidence
level. One-way analysis of variance (ANOVA)
and Tukey’s comparison tests were applied
(P <0.05) to compare the data obtained for
gluten-free batter and cake samples with HS and
HF. Lettering system was used to show significant
difference between samples.

RESULTS AND DISCUSSION

Cake batter flow behavior

The apparent viscosity curves of cake batters with
added HS, HF, and HS-HF blend on an equal
weight basis in comparison to control were shown
in Figure 1. A decrease in apparent viscosity with
increasing shear rate was observed for all cake
batters (Figure 1a,b,c), suggesting a shear thinning
behavior for gluten-free cake batters with and
without HS and HF. Shear thinning behavior
mainly arises from the alignment
microstructures in a material being deformed in
the direction of flow (Duvarct et al., 2019). As the
shear rate is increased further, the alignment with
the flow becomes more complete, and the shear
viscosity decreases further (Hyun, 2002). Similar
behavior was previously found for gluten-free
cake batters (Sakiyan et al., 2004; Turabi et al.,
2008; Ronda et al., 2011). Gluten-free cake batter
with 15% added hazelnut skin showed the highest
apparent viscosity values within the studied shear
rate range (Figure 1a) when compared to control
and other batter samples.

Flow curves of cake batters were given in Figure
2. Batters with HS, especially at 15% (Figure 2a),
and control showed slightly higher shear stress
values when compared to batters with HF (Figure
2b) and HS-HF blend (Figure 2c). The shear
stress (0) versus sheat rate () data obtained for
the gluten-free cake batters provided a good fit (12
= 0.9930-0.9998) for the Power Law model (Eq.

of
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1). The consistency index (K) and flow behavior
index (n) for different batter formulations were
shown in Table 2. The flow behavior index of
batters ranged from 0.43 to 0.66. Flow behavior
index values less than 1.0 indicates shear thinning
behavior (Sahin, 2008), suggesting all gluten-free
batter samples showed shear thinning behavior as
also revealed by the apparent viscosity curves
(Figure 1). The gluten-free cake batter with 15%
hazelnut skin showed the lowest flow behavior
index (0.43) and the highest consistency index
(61). Addition of HS resulted in higher K values
in gluten-free cake batters (42.2- 61.0) compared
to control (42.5), batters with HF (34.0- 40.3), and
batters with HS-HF blend (36.6-40.6). However,
a decrease was found in K with the addition of HS
at 10%, which was indicative of a more fluid-like
behavior (Table 2). Insoluble dietary fibers,
especially of a coarse particle size, was suggested
to create rupture points in the dough matrix

(Foste et al., 2020). Thus, the decrease in K with
10% added HS could be attributed to the
disruptive effect of insoluble fibers on the
continuity of the batter system. Insoluble fibers
have been characterized by their water binding
capacities (FOste et al., 2020) and this capacity was
reported to increase with the increasing particle
size of the fiber (Gémez et al, 2010). As the
added HS (particle size < 2 mm) increased to
15%, the high water absorption capacity of fibers
suppressed the disruptive effect on the batter
matrix and thus, K significantly increased
(p<0.05). Consequently, shear stress, apparent
viscosity, and Power Law indexes collectively
pointed out to a decrease in the flow behavior of
rice flour-based gluten-free cake batters with 15%
added hazelnut skin, while suggesting an increase
in the flowability with the addition of hazelnut
flour.
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Figure 1. Apparent viscosity versus shear rate for the rice flour-based gluten-free cake batters with
hazelnut skin (a), hazelnut flour (b), and blends of hazelnut skin and flour [1:1, w/w ()] at different
petcentages (0%, 5%, 10%, 15%, w/w)
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Figure 2. Flow curves of the rice flour-based gluten-free cake batters with hazelnut skin (a), hazelnut
flour (b), and blends of hazelnut skin and flour [1:1, w/w (c)] at different percentages (0%, 5%, 10%,
15%, w/w)

522



Hazelnut skin and flour in gluten-free cakes

Batter viscosity and flow behavior mainly
depends on the water binding capacity of the dry
ingredients (Dogan et al.,, 2005). Hazelnut skin
was considered to increase batter viscosity by
decreasing the amount of free water in the batter
system due to its rich fiber content (=68%), that
was reported to range between 58.3%- 69.8%
(Montella et al., 2013; Tungil, 2020). Even though
the moisture contents of cake batters were
comparable to each other (Table 3), the
significantly lower (p<0.05) water activity (aw)
found for the gluten-free cake batter with 15% HS

(Table 3) supported the idea behind the higher
viscosity observed for this cake batter. An
increase in cake batter viscosity was also reported
in other studies with the addition of insoluble
fibers (Lee et al., 2004; Gémez et al., 2010) in cake
formulations. On the other hand, the decrease in
K values of gluten-free cake batters with added
hazelnut flour was attributed to its high oil
content. Hazelnuts contain around 57-69% of oil
(Turan et al, 2015) and increasing the oil/fat
content in cake formulations was previously
shown to decrease batter viscosity (Prakash et al.,
2001; Sakiyan et al., 2004).

Table 2. Properties of Cake Batters with Hazelnut Skin and Hazelnut Flour. The index and moduli
presented correspond to the fitting of experimental measurements to Power Law Model [t = Ky™;
Glw) = G'o.or; G (@) = G . a; tand(®) = (tand)w1.0°)]

Sample Flow bebavior Viiscoelastic bebavior
K (Pas) n r” G'w(Pa) @ r Vor(Pa) b 7 (tand)wr ¢
Control 425 057  0.9981 98.01  0.64 0.9948 11257 0.62  0.9998 115  -0.01
Hazelnut skin
5% 499 050  0.9978 90.31 072 0.9763 111.88  0.64 0.9938 126 -0.07
10% 422 055  0.9998 7527  0.71 0.9846 9144  0.67 0.9961 121 -0.04
15% 61.0 043  0.9939 98.70  0.64 0.9842 111.65  0.62  0.9968 115 -0.02
Hazelnut flour
5% 340  0.66  0.9930 99.32  0.61 0.9923 107.75  0.57  0.9997 1.08  -0.03
10% 36.8 056 0.9991 61.17  0.65 0.9960 74.67  0.61 0.9988 122 -0.03
15% 403 055 0.9995 64.98  0.70 0.9826 7745  0.62 0.9971 119  -0.07
Hazelnut skin
+ hazelnut flour
5% 36.6 055  0.9995 79.29  0.66 0.9854 8585  0.62 0.9964 1.08  -0.03
10% 40.6 056 0.9996 69.05  0.69 0.9600 7415  0.63 0.9884 1.10  -0.06
15% 387 055  0.9997 61.17  0.68 0.9912 79.01  0.64 0.9980 130 -0.04

Viscoelastic behavior of gluten-free cake
batters

Viscoelastic parameters fitted to the Power-Law
model along with the exponents were also
provided in Table 2 to describe the viscoelastic
responses of gluten-free cake batters with added
HS and HF. Control batter had the highest G’
and G” 1 values, and the cake batter with 15% HS
showed almost identical viscoelastic behavior to
that of control. Increasing percentages of HF in
gluten-free cake batters resulted in a decrease in
both G'e1 and G"¢1. For all batter formulations,
viscous modulus G"1 values were higher than
elastic modulus G'41, which resulted in (tand)e1
values greater than 1, ranging between 1.08 and

1.30 (Table 2). Ronda et al. (2011) also fitted the
frequency sweep data obtained for rice flour-
based glute-free cake batters with added proteins
to the Power-Law model and found (tand)e:
values above 1. It should be noted that the tand
obtained for gluten-free cake batters might vary
depending on the cake formulation and the
frequency sweep testing protocol, including the
type of geometry and the gap used. Loss tangent
(tand) has been described as the ratio of viscous
to elastic components of a viscoelastic behavior
(G"/G"). Since 0<0<90° for viscoelastic matetials,
tand can range from zero to infinity. A solid-like
viscoelastic material exhibits phase angle smaller
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than 45° (tand<1), while a liquid-like viscoelastic
material exhibits phase angle greater than 45°
(tand>1) (Duvarci et al.,, 2019). The loss tangent
data obtained for the gluten-free cake batters
through the frequency sweeps [tand (w)] were
shown in Figure 3. Tand values ranged from 1 to
2 for all batter samples, suggesting liquid-like
linear viscoelastic behavior (G">G'). The lowest
tand values were obtained for the batters with 5%
HF, 5% HS+HF, and 10% HS+HF, while the
highest tand was found for the batter with 15%
HS+HF (Figure 3). These results showed that the
highest degree of liquid-like viscoelastic behavior

in gluten-free cake batters occurred with the
addition of 15% HS+HF. On the other hand,

tand values of control and batter with 15% HS
overlapped throughout the whole frequency
range (Figure 3), which was indicative of a similar
viscoelastic response for these gluten-free cake
batters.

The lowest exponent values, especially a and b,
were observed for the gluten-free cake batter with
5% HF (Table 2), suggesting the least degree of
frequency dependency for this sample.
Considering the lowest (tand)w1 was also found
for cake batter with 5% HF (Table 2), it can be
concluded that replacing 5% of rice flour with
hazelnut flour in the given gluten-free cake
formulation contributed to the molecular
interactions in the batter system.
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2 5 —A-5% HS —A-5%HF 5% HS+HF
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Figure 3. Tand values for gluten-free cake batters with added hazelnut skin (HS) and hazelnut flour
(HF) versus frequency (: 0.1-10 Hz)

The magnitude of the slope of log G’ versus log
o in the frequency sweeps provides useful
information about the structures of biopolymers.
Strong gels (elastic gels or true gels) with a 3D
network when log G’ versus log ® or log G”
versus log o plots give nearly zero slopes, while
for weak gels and highly concentrated solutions
the plots have positive slopes approaching 2
(Georgopoulos et al., 2004). In other words, the
increase in G’ slope versus frequency is indicative
of an increase in viscous flow properties. The

slope of G’ versus the applied frequency for the
gluten-free cake batters analyzed in this study

ranged from 0.62153%£0.01 to 0.83181%0.02
(Figure 4). The lowest G’ slope was found for the
batter with 5% hazelnut flour, which was even
slightly lower than that of control. The slope of
G' remained the same with the added 10%
hazelnut flour, but significantly increased when
the hazelnut flour percentage increased to 15%
(Figure 4). These findings revealed the slight
thickening of the rice flour-based gluten-free cake
batter when hazelnut flour was added up to 10%.
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On the other hand, addition of hazelnut skin even
at 5% resulted in a sharp increase in the slope of
G' versus frequency. However, as the percentage
of added hazelnut skin increased to 10% and 15%,

the slope of G’ gradually dectreased, suggesting an
increase in the elastic component of the cake
batter that resulted in a viscoelastic response
similar to that of control (Figure 4). Fiber
macromolecules were suggested to impact the
linear viscoelastic properties of dough/batter
systems by competing for water due to their
varying water binding and gelling capacities
(Yazar and Demirkesen, 2023). Thus, the decrease

in the G’ slope of the cake batter with 15%
hazelnut skin was attributed to the significantly
lower water activity when compared to batters
with lower percentages of added HS (Table 3).
The decrease observed in the G’ slope with
respect to increasing percentages of added HS
concurred with the decteasing tand values as the
added HS percentage increased from 5% to 15%
(Table 2 and Figure 3). Addition of fibers in
different gluten-free dough/batter systems was
also reported to cause a decrease in tand (Ronda
et al,, 2013; Djordjevi¢ et al., 2018).
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Figure 4. G' slopes for rice-flour based gluten-free cake batters with added hazelnut skin (HS) and
hazelnut flour (HF) versus frequency (o: 0.1-10 Hz)
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The highest G’ slope versus frequency was found
for the gluten-free cake batter with 10% HS+HF
(Figure 4), indicating the highest degree of fluid-
like behavior occurred when the combination of
HS+HF (1:1, w/w) was added at 10%. This
finding revealed that the fluidity enhancing effect
of 5% HS addition on the rheological properties
of gluten-free cake batter became even more
pronounced when 5% of rice flour was replaced

with HF.

Specific gravity

The specific gravity values of the gluten-free cake
batters were given in Table 3. Control batter had
a specific gravity of 0.89. Replacing 5% of rice
flour in cake batters with hazelnut skin resulted in

a significant decrease (P <0.05) in the specific
gravity of batters compared to that of control.
Low specific gravity is desired in cake batters as it
is associated with higher degree of air
incorporation in the batter (Turabi et al., 2008).
Thus, the results obtained in this study showed
that the addition of hazelnut skin at 5% improved
air incorporation in cake batters. The contribution
of fibers to air incorporation into batter systems
was attributed to the networks being formed
upon the hydration of fibers, which might show
emulsifying properties (Sabanis et al., 2009).
However, specific gravity of batters started to
increase gradually (P <0.05) as the percentage of
added hazelnut skin increased above 5% up to
15% (Table 3), suggesting a decrease in the
amount of air incorporated in batters.

Table 3. Quality parameters of cake batters with hazelnut skin and hazelnut flour

Sample Moisture (%o) Ay specific gravity
Control 24.19%0.04ab 0.8910.0014¢ 0.89010.00>
Hazelnut skin
5% 24.3210.04> 0.87£0.00284 0.850%0.002
10% 23.971+0.13ab 0.8610.0028¢d 0.865%0.002
15% 24.331+0.18b 0.81£0.0007a 0.895%0.00bc
Hazelnut flour
5% 23.68%+0.082 0.87+0.00214 0.910%0.00<
10% 24.10£0.16b 0.87£0.00424 0.915%£0.00d
15% 23.7410.20ac 0.85+0.0014bc 0.940%0.00¢
Hazelnut skin
+ hazelnut flour
5% 24.8610.164 0.85%0.0000b 0.860%£0.002
10% 24.2010.06b< 0.85+0.0007> 0.865%0.002
15% 24.111+0.05ab 0.8610.0084¢d 0.885%0.00p

Columns with different letters are significantly different (P <0.05).

On the other hand, replacing rice flour with
hazelnut flour resulted in higher specific gravity
values in gluten-free cake batters when compared
to control batter (P <0.05). And the specific
gravity values of gluten-free cake batters
continued to increase gradually as the added
hazelnut flour percentage increased (Table 3).
These results pointed out to a reduction in air
incorporation in batters with hazelnut flour when
compared to control, in opposite to what was
observed with the addition of hazelnut skin.
Hazelnut flour particles were not able to aerate

the batter system as they were dense due to their
high oil contents.

Cake quality evaluation

Quality characteristics of cakes with HS, HF, and
HS+HF blend (1:1, w/w), including density,
volume index, crust and crumb color, were
provided in Table 4.

Volume, symmetry, and uniformity indices

Fiber enriched gluten-free cake sample with 5%
HS had significantly higher (P <0.05) volume
index when compared to control (Table 4),
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concurring with the lower specific gravity found
for the batter with 5% HS (Table 3). When added
at low percentages, HS was found to favor the air
incorporation in the batter, leading to an increase
in volume index. Besides, the increase observed in
the consistency index, K (Table 2) and apparent
viscosity (Figure 1a) with the addition of 5% HS
seemed to favor the entrapment of air bubbles in
the batter during baking, which also improved the
volume index. The consistency of batters, like
specific gravity, is a very important physical
property affecting end-product quality since it
controls retention of the small bubbles that have
been initially incorporated into the batter during
mixing (Turabi et al., 2008). Replacing the rice
flour in cake formulations with HS at 10% and

15% resulted in volume index similar to that of
control (P >0.05), pointing out to a gradual
decrease in volume index as the percentage of
added HS increased above 5%. Sudha et al. (2007)
also reported a decrease in cake volume with
respect to increasing levels of added apple
pomace in the formulation due to strong water
binding properties of this fiber. Besides, insoluble
dietary fibers, especially those with a coarse
particle size, were suggested to create rupture
points in dough/batter matrix, favoring gaseous
release caused by an impaired gas retention
capacity (Foste et al., 2020). The findings in this
study showed that replacing rice flour with HS at
percentages above 5% gradually diminished gas
retention in the batter.

Table 4. Quality Parameters of Cake Samples with Hazelnut Skin and Hazelnut Flour

somple Density 5o e b V oume Color (crust) Color (crumb)
(g/emd) index (cm) L " o L* " b
Control ~ 0.56+0.009°¢  3.4+0.00%° 355£0.07%0  3.3+0,00% 10.25£00720¢  47.02+1.95%  1258£037¢  1893+0.629  69.65:061"  -2.52+0.39°  19.91+0.48
Hazelnut skin
5% 0.51+0.008* 3.55+0.212 3.85+0.07 3.6+0.14% 11+0.28¢ 42.10+0.17° 10.74+0.22° 15.99+0.27¢  46.26+0.44° 3.83+0.34¢ 11.17+0.41¢
10% 0.54+0.006%° 3.5+0.00° 3.7+0.14%0 3.45+0.0720 10.65+0.210¢d 41.09+1.21° 9.58+0.30° 15.25:0.42¢  36.72+0.98° 5.10+0.15° 8.08+0.43¢
15%  0.56+0.001°¢  3.3+0.00%° 35540070 345+0.07%°  10.3+0.00°¢ 37.46+2.02% 8.60+0.08° 1342+042°  33.96+0.14*°  6.06+0.159 7.34+0.34°
Hazelnut flour
5% 0.57+0.004%¢ 3.4+0,00%° 3.450.07° 3.3£0.00%° 10.15+0.0720¢ 48.17+0.40° 15.44+0.27" 2343:0.19"  71.03+0.33' 0.06+0.24° 20.15+0.179
10% 0.58+0.006%¢ 3.25:0.0720  3.45+0.07° 3.4+0,0020 10.1+0.0020 52.74+0.66 14.65+0.54° 2298+0.82"  69.35+0.64" 0.21+0.18 20.03+0.469
15% 0.61+0.009¢ 3.1+0.00° 3.4+0.00° 3.2+0.00° 9.7+0.00° 51.94+0.63" 14.38+0.17° 17.75+0.36" 65.63+0.099 2.55+0.26° 15.53+0.29
Hazelnut skin + Hazelnut flour
5% 0.54+0.0072° 3.4+0,00%° 3.740.14%0 3.6+0.14% 10.7+0.00°¢ 45.61+0.33°¢ 11.37+0.33° 12131023  52.14+1.29f 3.46+0.24¢ 8.21+0.29¢
10% 0.55+0.009° 3.540.14% 3.640.14% 35:0.14%0 10.6+0.140¢d 45.10+0.81%4 9.76+0.40° 11.17+0.61°  44.29:0.60¢ 5.20+0.25% 6.69:0.06
15% 0.56+0.0120¢ 3.35:0.072°  3.65+0.07%°  3.35+0.07%° 10.3+£0.215¢ 44.57+0.91¢ 8.39+0.67° 9.8+0.37% 40.41+0.72° 5.62+0.30% 4.96+0.22%

Columns with different letters are significantly different (P <0.05).

The volume index values of gluten-free cakes
decreased  gradually with the increasing
percentages of added HF ranging from 5% to
15%. However, this decrease was not significant
(P >0.05), indicating the volume indices of cakes
were not significantly affected by the replacement
of rice flour with HF at percentages up to 15% (P
>0.05). The increasing specific gravity of cake
batters with added HF, which was indicative of
reduced aeration in batter, was concurrent with
the lower volume index values obtained with the
addition of HF. However, it should be noted that
starch gelatinization occurring during baking
played a major role in determining cake quality
(Wilderjans et al., 2008). The proximate analyses
conducted for the rice flour used in this study
suggested a carbohydrate content of 77.5% based
on the “by difference” method introduced by

Atwater and Woods (1896). Rice flour was
reported to contain around 78% of starch on 14%
moisture basis (Amagliani et al., 2017), concurring
with the carbohydrate content of the rice flour
used in this study. On the other hand, the
proximate analyses revealed a much lower
carbohydrate content for the hazelnut flour
(without skin) used in this study, that was around
12%. Ultimately, denser hazelnut flour particles
that were rich in fat and low in starch content
could be the reason behind the decrease in the
volume indices of cakes with added HF. Even
though, hazelnut flour particles lacked the ability
to aerate the batter (Table 3), the high amount of
starch in rice flour might have compensated the
detrimental effects of hazelnut flour on cake
volume for the replacement ratios of up to 15%.
Thus, addition of HF caused a significant increase
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(P <0.05) in cake batter specific gravity, while
resulting in no significant decrease (P >0.05) in
cake volume index.

The volume index values suggested a significant
difference (P <0.05) in comparison to control
only for the cake sample with 5% added HS.
Therefore, replacing the rice flour in cakes with
the HS+HF blend on an equal weight basis (1:1,
w/w) caused no significant change in the volume
index of cakes at percentages up to 15% (P
>0.05).

The AACC template method (10-91.01)
parameters (B, C, D) used to determine the
volume index values of cake samples were also
provided separately in Table 4. These parameters
indicated that none of the gluten-free cake
samples with added HS, HF, and HS+HF blend
collapsed after baking, as evidenced by the C
values being higher than B and D values leading
to positive symmetry index values for all cake
samples. The uniformity index was 0.1 cm for
control; while it ranged between -0.15- 0.05 cm, -
0.15- 0.1 cm, and -0.2- 0 cm for the cakes with
HS, HF, and HS+HF blend, respectively (Table
4). For the optimum cake, the uniformity index
was suggested to be zero because positive or
negative values occurred when one side of the
cake was higher than the other one (Cloke et al.,
1984). Thus, the optimum uniformity index
values were obtained for the cakes with 10% and

15% of added HS+HF blend (Table 4).

Cake density

The decrease in cake density expresses that more
air was incorporated into the batter, which results
in higher cake volume, suggesting a negative
correlation between cake density and volume
index (Sabanis et al., 2009; Gémez et al., 2010).
Cake sample with 5% HS, which had the highest
volume index (11.0£0.28 cm), also had the lowest
density with 0.51£0.008 g/cm? (Table 4). A
gradual increase was recorded in cake density as
the percentage of HS increased from 5% to 15%
(Table 4). Increasing levels of fiber in cake
formulations was suggested to increase batter
density by disrupting the batter structure and thus
leading to the release of the trapped air or COz

from the batter system (F&ste et al., 2020; Kirbas
et al,, 2019). Thus, cake volume decreases and
results in an increase in cake density. Even
though, increasing HS levels in cakes gradually
increased cake density, the density and volume
index of the cake with 15% HS were not
significantly different (P >0.05) from those of
control (Table 4). On the other hand, the cake
sample prepared with 15% HFI addition showed
the highest density (0.61£0.009 g/cm?3), while
having the lowest volume index (9.7£0.00 cm).

Crust and crumb color characteristics

Color is an important characteristic for baked
products as, along with texture and aroma, it
contributes to consumer preference. It depends
on physicochemical characteristic of the dough
(water content, pH, reducing sugars and amino
acid content) and on the operating conditions
applied during baking such as temperature,
relative humidity, modes of heat transfer (Sabanis
et al., 2009). The L*, a*, b* values for crust and
crumb of the cakes with added HS and HF were
given in Table 4. A significant decrease was
observed in the I*, a*, b* values for crust as the
percentage of added HS increased (P <0.05).
These results showed that the cake crust became
darker, as evidenced by the lower L*, with
increasing percentages of added HS. The
darkening of the crust for gluten-free breads
(Sabanis et al., 2009; Gl and Sen, 2017) and layer
cakes (Gomez et al., 2010) with increasing levels
of added fiber was also reported in literature. The
darker crust color obtained for cakes in the
presence of added fibers was not reported to be
due to the original color of the fiber; instead, it
was mainly associated with the Maillard and
caramelization reactions (Gémez et al.,, 2003).
Fibers were suggested to change the pH of the
batter by acting as a buffer or to change the
available water in the batter, which might both
affect the Maillard reactions and their resulting
effects on crust color (Gémez et al., 2010). The
decrease found in the a* values of the cake crust
with increasing levels of HS pointed out to a
decrease in the redness of crust color, that led to
the formation of a brownish red. This was
indicative of more brownish crust formation with
added HS. The decrease in the b* values with
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increasing levels of HS was indicative of a
tendency towards the blue hue, suggesting a
darker yellow colot.

Crumb color depends to a high extent on raw
materials since the increase in temperature is not
high enough to give Maillard or caramelization
reactions (Gomez et al., 2010). The L*, b* values
for crumb decreased as the percentage of added
HS increased (P <0.05), while the a* values for
crumb showed an increasing trend (P <0.05).
These parameters suggested a darker, less
yellowish (brownish), and more reddish crumb in
cakes due to the natural brown color of HS.
Cikriket et al. (2016) also reported a decrease in
L*, and an increase in a* values of cake crumbs
when 10%-20% of wheat flour was replaced with
different forms of HS. A decrease in b* values
were only found with the addition of
microfluidised HS. Anil (2007) replaced 5% and
10% of wheat flour in bread with HS and found
lower L* and b* values along with higher a* values
for the crumb, concurring with the findings of
this study.

Replacing the rice flour with HF in gluten-free
cake formulations resulted in closer L* a* b*
values of both crust and crumb to those of
control when compared to cakes with added HS
(Table 4). This was indicative of lighter crust and
crumb colors for the cakes with HF than those of
the cakes with HS (P <0.05). At higher levels of
added HF (>10%), lower L* and b* values were
obtained for the crumb when compared to those
of control (P <0.05), suggesting a slightly darker
creamy color formation in the cake crumb. When
the color parameters for the cakes with the blend
of HS and HF (1:1, w/w) were evaluated, a similar
trend to that observed with the addition of HS
was found for both crust and crumb, indicating
the dominant effect of HS on the color
characteristics of cakes.

Textural properties of cakes

Addition of increasing percentages of HS (5% to
15%) in rice flour-based gluten-free cakes resulted
in a gradual increase (P <0.05) cake hardness
(Table 5). A sharp increase was found in the
resilience, cohesiveness, and springiness of cakes

when 5% of rice flour in the formulation was
replaced with HS. However, the values for these
textural quality parameters decreased gradually as
the amount of added HS in cakes increased up to
15% (Table 5). Nevertheless, the resilience,
cohesiveness, and springiness values of cakes with
HS even at 15% were higher than those of control
(P <0.05). Gularte et al. (2012) also reported an
increase in the hardness and cohesiveness, but a
decrease in the resilience and springiness of rice
flour-based gluten-free cakes when rice flour was
replaced with fibers. The reason behind the
decrease they found in the resilience and
springiness of cakes with added fibers could be
the higher replacement ratio [20% (w/w)] they
used. Replacing flour with fiber (50, 80, 250 pm
sized) at ratios up to 20% was suggested to
improve the volume of wheat flour-based cakes
(Gomez et al.,, 2010). The hazelnut skin used in
this study was coarser with the particle size < 2
mm and the best cake quality in terms of volume
and texture was obtained with 5% added HS
(Tables 4 and 5). Small sized fibers were found to
better improve cake quality (Gémez et al., 2010).
Thus, these findings revealed that the percentage
of the insoluble fiber added in cake formulations
should be lower (i.e., 5%, w/w, on flour weight
basis) for an improved cake quality, if the fiber
particles are coarse.

Replacing rice flour with HF up to 15% did not
significantly affect the hardness of gluten-free
cakes (P >0.05). However, an increase was found

in the resilience, cohesiveness, and springiness of
cakes with HF when compared to control (P

<0.05). The increase in hardness observed for the
cakes with HS was reduced (P <0.05) with the
addition of HS-HF blend (1:1, w/w), but the

hardness values were still higher than that of

control (P <0.05).

A strong negative correlation was found between
cake density and volume index (Table 4) with the
addition of HS, HF, and HS-HF blend (t=-
0.9908, r=-0.9902, and r=-0.9637, respectively).
Cakes with relatively lower volume were found to
be denser and had a packed crumb structure,
which resulted in harder texture (Sabanis et al.,
2009; Aydogdu et al, 2018). However, cake
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hardness and cake density obtained in this study
for the cakes with added HS (r=-0.3094) and HF
(r=-0.4630) provided weak correlations. This was
due to the simultaneous contribution of HS to air
incorporation in the batter and to cake hardness
resulting from its water absorption ability. On the

other hand, HF did not significantly alter cake
hardness due to its high oil content; however, it
showed detrimental effect on cake volume that
led to an increase in cake density. Thus, cake
density and hardness did not show a clear
correlation for the cakes with added HS and HF.

Table 5. Textural quality parameters of gluten-free cakes with hazelnut skin and hazelnut flour

Sample Hardness (N) Resilience Cohesiveness Springiness
Control 1.017£156.62» 0.151%0.007 0.410%0.21~ 0.54210.032
Hazelnut skin
5% 1.69£118.12<d 0.214%0.00" 0.521%0.00¢ 0.726%0.01¢
10% 1.85£57.98d 0.193%0.00+f 0.47910.01¢ 0.682£0.02¢d
15% 1.88£158.344 0.176%0.00° 0.450%0.01> 0.673%0.01¢d
Hazelnut flour
5% 1.067£86.41» 0.189%0.004 0.478%0.01¢ 0.62710.02>
10% 1.021+171.87= 0.18110.00¢ 0.46910.01¢ 0.61410.02>
15% 1.007£49.87» 0.198£0.008 0.50410.004 0.662%0.01¢
Hazelnut skin
+ hazelnut flour
5% 1.366£51.35b 0.232%0.00¢ 0.548%0.00f 0.73210.01¢
10% 1.471+108.81>  0.197£0.00F 0.50210.014 0.704%0.01d¢
15% 1.522£63.92b«¢ 0.194%0.00<f 0.474%0.00¢ 0.69610.03¢4d<

Columns with different letters are significantly different (P <0.05).

Predicting cake
properties
Correlations of the linear viscoelastic
properties of cake batters with cake quality
It has been well established that rheological
properties of dough/batter systems are used to
predict baked product quality (Ronda et al., 2017,
Marchetti et al.,, 2020; Yazar and Demirkesen,
2023). In this section, the correlations of the
Power-Law model parameters obtained in the
linear viscoelastic region for cake batters with
added HS, HF, and HS-HF blend with the
volume and textural properties of the resulting
cakes.

quality through batter

A positive correlation was found between the
Power-Law exponent value “4” and volume
indices (r = 0.9447) of cakes with the addition of
HS, while addition of HF resulted in a negative
correlation between these parameters (r=-
0.8668). Ultimately, no strong correlation was
found between « and cake volume (r=0.3481)
when the rice flour in cake formulations was

replaced with the HS-HF blend (1:1, w/w). When

the correlations of the exponent 4 and (tand)e1
were evaluated, the Pearson coefficients were
r=0.9552, r=0.7061, and r=0.1927 for cake
batters with HS, HF, and HS-HF blend (1:1,
w/w), respectively. High Pearson coefficient, as in
the case for the batters with HS and HF, was
suggested to allow the prediction of loss tangent
from the exponent « and vice versa (Ronda et al.,
2017). The positive correlations between « and

(tand)e1 revealed that the more frequency-
dependent the doughs were, the more fluid-like
behavior they had. Thus, these correlations led us
to the fact that the increase in the fluid-like
behavior of the batter resulted in an increase in
volume for the cakes with added HS at 0-10%
(w/w), while causing a dectease in volume for
those with added HF at 0-15% (w/w). This
finding emphasized the contribution of fibers to
the air incorporation in batter, and thus to cake
volume, as previously reported by others (Gémez
et al., 2010; Kirbas et al., 2019; Ozyigit et al.,
2019). This effect was more evident when HS was
added at 5% and then at 10%, as evidenced by the
specific gravities of these batters (Table 3). The
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water binding ability of HS became more
dominant when rice flour was replaced with HS
at concentrations above 10%. And thus, the cake
batter with 15% HS became less fluid-like and it

had lower tand compated to those with 5% and
10% HS (Figure 3). Viscosity of cake batter is the
controlling factor for the final cake volume.
Higher cake batter viscosities help to retain more
air bubbles in the batter and retard the rise of
bubbles to the sutface during baking. A highly
viscous batter (less fluid-like) can hold the air
bubbles inside; however, the expansion of this
batter is restricted because of its high viscosity
(Sahin, 2008). For this reason, cake batters
became less fluid-like (tand decreased) as the
percentage of HS increased from 5% to 15%,
while the volumes of the resulting cakes
decreased. The strong positive correlation
between the loss tangent and cake volume
(r=0.9978) for the cakes with HS (0%-15%, w/w)
supported this finding. Among the cake batters
with added HS, the highest tand was found for the
batter with 5% (Table 2). And the resulting cake
with 5% HS had the highest volume index (Table
4). Besides, tand values of the batter with 15% HS
and control were the same as shown in Figure 3,
whereas the cakes resulting from these batter
samples had similar (p>0.05) volume indices

(Table 4).

The volume of cakes with added HS showed

strong positive correlation with the slope of G'
obtained versus frequency (r=0.9939), while a
negative correlation was found between these
parameters for the cakes with HF (r=-0.9408) and
a weak correlation (+r=0.4079) was found for the
cakes with HS-HF blend. The correlations of cake
volume index with the slope of G’ versus
frequency were similar to its correlations with the
Power-Law exponent a. And thus, strong positive
correlations between « and the slope of G were
found for the cakes with HS (+=0.9533), with HF
(r=0.8985), and with HS-HF blend (t=0.9462).
These correlations revealed that the Power-Law
exponent « acted as a marker of elastic stability
versus frequency.

The crumb hardness for the cakes with added HF
(0%-15%, w/w) negatively cortelated with the
Power-Law exponent “4” (r=-0.9875). A negative
correlation between crumb hardness and & (r=-
0.68) was also provided by Ronda et al. (2015).
The correlations between cake hardness and &
were positive and weaker for the samples with
added HS (t=0.4772) and HS-HF blend
(r=0.7392). These correlations showed that the
increase in the exponent 4, indicative of viscous
decay versus frequency, resulted in the reduction
of cake hardness when the rice flour in cake
formulation was replaced with HF. The
correlation between these parameters shifted
from negative to positive when rice flour was
replaced with HS due to the water binding ability
of HS. This means the viscous decay of cake
batter might increase with added HS; however, it
absorbs the available water in the batter system
during baking, leading to an increase in cake
hardness. Insoluble dietary fibers, such as HS,
were reported to have high water absorption and
high swelling properties without an increasing
effect on viscosity (Foste et al., 2020). However,
at percentages as high as 15% of rice flour
replacement with HS, the binding of the available
water in batter became evident even before
baking (Table 3) and thus the exponent 4 showed
a drop (Table 2), which explains the reason
behind the weaker correlation obtained between &
and cake hardness for the cakes with HS.

Correlation of specific gravity of cake batter
with cake volume

Specific gravity has been regarded as an important
batter property that helps predicting the resulting
cake volume. Specific gravity values found in this
study showed strong negative correlations with
the volume indices of cakes with added HS (r=-
0.9798), HF (r=-0.9563), and HS-HF blend (r=-
0.9978) at ratios ranging from 0% to 15% (w/w)
to replace rice flour in formulations. Low specific
gravity in cake batters was associated with high
volume in the resulting cakes, suggesting a
negative correlation between the specific gravity
of batter and the volume of the resulting cake
(Turabi et al., 2008; Matos et al., 2014; Kirbas et
al., 2019). The highest specific gravity was
obtained for the cake batter with 15% HF (Table
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3) and thus the resulting cake with 15% HF
showed the lowest volume index (Table 4). On
the other hand, the cake batter with 5% HS
having the lowest specific gravity (Table 3)
resulted in the cake sample with the highest
volume (Table 4).

CONCLUSION

Replacing rice flour with hazelnut skin (particle
size £ 2 mm) in gluten-free cake formulations
improved air incorporation into batter at 5%, as
evidenced by the lower specific gravity of this
batter compared to control. The specific gravity
of batters with HS increased gradually as the
percentage of HS increased. Increasing levels of
HS, especially at 10%, disrupted the continuity of
batter and imparted a more fluid-like behavior as
evidenced by the decrease in K, G', and G".
However, above 10% of rice flour replacement
with HS, water activity increased, viscosity
increased, tand dropped, and all these changes in
batter collectively pointed out to the dominating
effect of water binding ability of hazelnut skin.
Thus, the highest volume in the resulting cakes
was obtained with 5% HS. Even though, the cake
with 5% HS had the highest volume, its hardness
increased compared to control, which could be
attributed to the high water binding and swelling
propetties of insoluble fibers during baking. The
color parameters L*, b* were lower, while a* was
higher for the crumb of the cakes with added HS,
suggesting a darker and brownish crumb color in
comparison to that of control.

Rice flour-based cakes became denser and had
lower volumes compared to control when rice
flour was replaced with HF at percentages up to
15%. However, the hardness of cakes was not
affected by the addition of HF due to its high oil
content. Besides, the color characteristics of the
cakes with HF were similar to those of control.
And therefore, to balance the conflicting effects
of HS and HF on gluten-free cake volume and
texture, this study showed that replacing 5% to
15% of rice flour with the blend of HS-HF on an
equal weight basis (1:1, w/w) could be an
alternative to improve the volume, texture, taste,
while enhancing the nutritional profile of gluten-
free cakes. The only drawback in terms of

consumer acceptance has been considered to be
the datrker color imparted by the added hazelnut
skin to the cakes, especially to the crumb, which
can be easily eliminated by the addition of cocoa.
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oz

Aptamerler, tek sarmalli, kisa, sentetik niikleik asit dizileridir. Cesitli hedef molekiillere karsi yiksek afinite
gOsteren ve spesifik olarak baglanan aptamerler, gidalarda bulunabilecek patojen mikroorganizmalar,
biyotoksinler, alerjenler, pestisitler ve agir metaller gibi gesitli risk faktdrlerinin hassas bir sekilde tespiti igin
kullandmaktadir. Gida giivenligi acisindan risk olusturan molekiillere spesifik olarak baglanan aptamerlerin
secilmesi SELEX adt verilen bir siirecle gerceklestirilir. Secilen aptamer, hedef molekil ile 6zglin olarak
etkilesime girer ve bu etkilesim elektrokimyasal, optik veya diger biyosensor teknikler kullanidarak
olculir. Gida analizlerinde kullanidan geleneksel yontemlere kiyasla daha hizli sonuglar veren, yiksek
Ozgullige ve duyarlihifa sahip aptamer tabanl yontemlere duyulan ilgi giderek artmaktadir. Bu derlemede
aptametrlerin genel 6zellikleri ve SELEX prensibiyle tiretimleri 6zetlenmis ve gida giivenligi alanindaki
uygulamalarina 6rnekler verilmistir.

Anahtar kelimeler: Aptamer, SELEX, biyobelirte¢ molekiilii, biyosensér, kontaminasyon, gida giivenligi

APTAMER BASED IDENTIFICATION METHOD AND ITS APPLICATIONS IN
FOOD SAFETY

ABSTRACT

Aptamers are single-stranded, short, synthetic nucleic acid sequences. Aptamers, which show high
affinity and specific binding to various target molecules, are used for the sensitive detection of various
risk factors such as pathogenic microorganisms, biotoxins, allergens, pesticides and heavy metals that
may be present in foods. The selection of aptamers specifically binding to molecules that pose a risk
in terms of food safety is carried out through a process called SELEX. The selected aptamer interacts
specifically with the target molecule and this interaction is measured using electrochemical, optical,
or other biosensor techniques. There is a growing interest in aptamer-based methods with high
specificity and sensitivity, which provide faster results compared to conventional methods used in
food analysis. This review summarized the general properties of aptamers and their production by
the SELEX principle and given examples of their applications in food safety.

Key words: Aptamer, SELEX, biosensor, biomarker molecule, contamination, food safety

* Yazismalardan sorumlu yazar / Corresponding author:
><: melikeccanpolat@gmail.com 78 (+90) 352 207 6666 / 32729

Melike Canpolat; ORCID no: 0000-0003-0345-465X
Zulal Kesmen; ORCID no: 0000-0002-4505-6871



Gida guvenliginde aptamer tabanli ydontemler

GIRIS
Kuresellesme, hizli kentlesme ve nufus artisina
paralel olarak gida kaynakli hastaliklar diinya
capinda giderek 6nemli bir halk saghgi sorunu
haline gelmistir. Bu durum halk saglhg: acisindan
oldugu kadar ekonomik kayiplarin &nlenmesi
bakimindan da kritik bir konudur. Gida kaynaklt
hastaliklar yalnizca az gelismis veya gelismekte
olan tlkelerde degil ayni zamanda gelismis
tlkelerde de siklikla rastlanilan bir problemdir
(Kalita vd., 2023). Gida tretim siirecinde, bitkisel
ve hayvansal hammaddelerin tretimi, islenmesi,
depolanmasi ve tasimnmasi sirasinda, insan saglig
icin risk olusturabilecek cesitli etkenler gidalara
bulasabilir. Bu risk faktorlerinden en 6nemlileti,
pestisit ve veteriner ila¢ kalintilari, agir metaller,
patojen  mikroorganizmalar ve  mikrobiyel
toksinlerdir. Bunlarin disinda bir kisim alerjenler
de duyarh kisiler tzerinde etkili olabilmektedir
(Schmitz vd., 2020). Dolayistyla akut veya kronik
hastaliklara neden olan bu risk faktotlerinin hizlt
ve c¢oklu analizini yapabilen givenilir tespit
yontemlerine olan ihtiyag giderek artmaktadir.
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Aptamer  tabanli  sistemler,  aptamerlerin
enstrimental  cihazlara  entegre  edildigi
sistemlerdir. Diger analiz yontemlerine gére daha
yiksek bir dogruluga ve hizli tespit yetenegine
sahip olan aptamer tabanli sistemlerin, son yillarda
gida  kalite ve giivenliginin  kontrolinde
kullanimina yonelik yogun calismalar
yapilmaktadir (Altalbawy vd., 2024).

APTAMER TANIMI VE APTAMERLERIN
GENEL OZELLIKLERI

Aptamerler belirli bir hedefe secici olarak
baglanabilen kisa, sentetik, tek iplikli DNA
(ssDNA) veya RNA molekilleridir. Kelime
manast “uygun parcactk” olan aptamer terimi, ilk
kez 1990’lt yillarda kullanilmaya baslanmistir (Zhu
vd., 2023). Aptamerler aminoasit, protein, kiiciik
metal iyonu, organik molekil, bakteri, viras, bitki
ve hayvan hiicresi gibi ¢esitli hedeflere spesifik
olarak baglanabilmektedir (Sekil 1A). Bugtine
kadar bahsedilen bu hedeflere spesifik binlerce
aptamer Uretilmistir (Lee vd., 2023).
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Sekil 1. A) Aptamerlerin baglandigr hedefler, B) Aptamerlerin olusturdugu yap1 6rnekleri

Aptametler, hedef molekiile karst
konformasyonel adaptasyon saglamak icin yapisal
degisim gecirerek hedefe uygun bir baglanma alant
olusturabilmektedir. Aptamerler bu baglanma
alanlarinin  olusumu icin; loop, pirin igerigi
bakimindan zengin ¢ikinti, hairpin yapist, dortli
loop, pseudoknot, kissing kompleks ve G-
quadrupleks olarak isimlendirilen 3 boyutlu
yapisal motifleri igerirler (Sekil 1B) (Khan vd.,
2022; Mahmoudian vd., 2024). Aptametler, sahip
olduklart bu molekiler yapilar sayesinde hedef

molekdl ile etkilesime girerek yiksek afinite ve
Ozgilliikle hedeflerine baglanabilmektedir (Zhang
vd., 2021a).

Aptamerlerin  hedeflerine yiiksek afinite ve
Ozgullikle baglanma  6zelligi, c¢ogu
antikorlara benzetilmekte ancak aptamerlerin
antikorlara kiyasla bazi avantajlarinin  oldugu
bildirilmektedir ~ (Koerselman  vd.,  2023).
Aptamerlerin  baglica  avantaji,  Uretiminde
hayvanlarin kullanilmamast ve in vivo kosullara

zaman
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ihtiya¢ duyulmamasidir. Bu nedenle aptamerlerin
tretimi antikorlara kiyasla daha az maliyetle ve
kisa stirede gergeklestirilir. Yalnizca imminojenik
molekillerle etkilesime girebilen antikorlara
karsin aptamerler hem immiinojenik ve hem de
immiunojenik  olmayan hedef molekiillerle
etkilesim gdsterebilmektedir. Aptamerlerin diger
bir 6nemli avantajt da ytiksek sicaklik ve genis bir
pH araliginda (=4-9) stabil olmalaridir. Bunun
aksine antikorlar, yiksek sicakliga duyarlt
olduklarindan geri doniisimsiiz denatiirasyona
maruz kalabilirler (Koerselman vd., 2023; Tang
vd., 2023a; Musumeci ve Montesarchio 2023).
Aptamerlerin  antikorlara  karst  en  buyik
dezavantaji ise, niikleazlara karst dayaniksiz

olmalaridsr. Ancak bazt kimyasal
modifikasyonlatla aptamerlerin niikleaz stabilitesi
artirilabilmektedir (Koerselman vd., 2023).
APTAMER TESPIT
MEKANIZMASI

Aptamer tabanli tespit icin ilk agama, hedef analite
spesifik olarak baglanacak aptamerin secilimidir.
Sonrasinda secilen aptamer bir enstrimental
cihazla kombine edilmektedir. Bunun sebebi
aptamer-hedef baglanmasi sonucunda olusan
verilerin ancak bir enstriimental cihazla analiz
edilebilmesidir (Sekil 2) (Verdian vd., 2019; Zhao
vd., 2023).
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Sekil 2. Aptamer Tabanl Tespit (Verdian vd., 2019)

Aptamer segilimi
Aptamerler, Ussel  zenginlestirme  yoluyla
ligandlarin sistematik evrimi (SELEX=S8ystematic

enrichment) adi verilen bir in vitro yontemle elde
edilmektedir (Sekil 3) (Wolter ve Mayer, 2017; Qi
vd.,, 2022).
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Sekil 3. Aptamerlerin in vitro se¢im déngusii (Wolter ve Mayer, 2017)
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Aptamer secilimini saglayan her bir SELEX
dongtsi, 5 temel asamay1 icermektedit. Bunlar;
-DNA veya RNA kiitiphanesinin olusturulmast
-Olusturulan kitiphanenin hedef molekil ile
etkilesimi

-Hedefe baglanan ve baglanmayan aptamerlerin
ayrilmast

-Hedefe spesifik olarak baglanan aptamerlerin
PCR ile amplifikasyonu

-Hedefe spesifik baglanma 6zelligi  gésteren
aptametlerin  klonlanmast ve baz dizilerinin
belirlenmesidir (Oliveira vd., 2022).

DNA veya
olusturulmasi
SELEX’in ilk basamag, DNA veya RNA
kiitiphanesinin olusturulmasidir. Bu asamada,
rastgele siralanmig 10'4-10'6 farklt oligontkleotid
iceren bir kiitliphane kimyasal olarak sentezlenir.
Genellikle  bu  oligoniikleotid  dizilerinin
merkezinde rastgele siralanmug 30 ia 50
niikleotitten (nt) olusan bir bélge bulunur (Manea
vd., 2024). Dizilerin 5've 3' uglarinda ise PCR
amplifikasyonunu saglamak icin 18 ila 21 nt’den
olusan primer baglanma bolgeleri bulunur
(Komarova ve Kuznetsov, 2019; Mili vd., 2024).
DNA veya RNA aptametlerinin se¢iminde hemen
hemen ayni protokol uygulanir, ancak DNA
SELEX islemine baslamadan o6nce cift zincirli

RNA kiitiiphanesinin

RNA veya ssDNA U Boyutlu Yapiya Katlanma

B L S T

sssssenenssntne

sssssenentrsnes

B e ST

DNAlarin, tek zincitli RNA’lara dontstirilmesi
gerekir.  Bu amacla, DNA’nin  RNA’ya
transkripsiyonu  saglayacak olan T7 RNA
polimerazin tanima bélgesi olan T7 promotori,
dizinin 5' ucuna eklenmektedir (Zou vd., 2019;
DeRosa vd., 2023; Wang vd., 2024).
Olusturulan hedef ile
inkiibasyonu

Aptamer seciliminde ikinci asama, DNA veya
RNA kiitiiphanesinin uygun tampon ve sicaklik
kosullart altinda hedef molekdl ile inkiibe edilerek
etkilesiminin saglanmasidir (Zhao vd., 2023). Bu
asamada inkiibasyon ortaminda sadece istenilen
hedef molekiiliin bulunmast ve yeterli miktar ve
saflikta olmasi zorunludur. Bu kosul saglanamazsa
aptamer birden fazla hedefle etkileseceginden
spesifik aptamerin secilimi mimkiin olmayacaktir
(Kohlberger ve Gadermaier, 2022). Inkiibasyon
ortaminda bulunan aptamer, hedef molekulle
etkilesime girdiginde konformasyonel degisiklilik
gecirir ve hedef icin uygun bir baglanma alan
olusturur (Sekil 4) (Darmostuk vd., 2015; Onas
vd., 2022). Aptamerin  olusturdugu  bu
konformasyonel yapi, i¢inde bulundugu cevresel
kosullara (6rnegin tampon ¢Ozeltinin bilesimi,
sicakllk  ve  pH  deger)) bagh  olarak
degisebilmektedir (DeRosa vd., 2023).

kiitiphanenin

Hedefi Tanima

Sekil 4. Aptamer-Hedef Interaksiyonu (Darmostuk vd., 2015)

Bu baglanma alanin olusmasinda etkili olan
birtakim faktorler s6z konusudur. Bunlardan
birincisi, aptamerlerin Watson-Crick eslesmesi
sergilemeyen baz ciftlerine (Ornegin; Wooble baz
ciftleri ve Hoogsteen baz eslesmesi) sahip
olmasidir. Bu baz ciftleri nedeniyle aptamerlerde
olusan genis oluklar, hedef icin uygun tanima ve
baglanma alanlari olusturur (Seelam vd., 2019;
Zhu vd., 2023). Ayrica aptamerlerin hedeflerine

baglanmak icin kullandigt bazi 6zel baglar ve
etkilesimler de bulunmaktadir. Oligoniikleotid
aptamerleri, baz eslestirmesi, istifleme,
DNA/RNA  seker Dbiziilmesi, hidrofobik,
elektrostatik, kanonik olmayan intra molekiler
etkilesimler, Van der Waals ve hidrojen baglar1 ile
bir araya gelip 3 boyutlu yapilarint olusturur. Bu
t¢ boyutlu yapilar, aptamerin ilgilenilen hedef
molekiille glglii ve spesifik olarak etkilesime
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girmesini saglamakta ve hedefe en uygun
aptamerin segilme olasiligini artirmaktadir (Chen
vd., 2023).

Hedefe baglanan ve
aptamerlerin ayrilmasi
Aptamer seciliminde bir sonraki asama, hedef
molekiile afinite géstererek baglanan aptamerler
ile  baglanmayan  aptamerlerin  birbirinden
ayrilmasidir. Hedef molekiil ile spesifik aptamer
arasinda baglanma gerceklestikten sonra, 6nce
hedefe baglt olmayan aptamerler, sonrasinda ise
hedefe bagh olan aptamerler ortamdan
alinmaktadir. Bu islemlerin gerceklestirilmesinde
membran filtrasyonu, afinite kromatografisi, jel
filtrasyonu,  manyetik  ayirma,  jel/kapiler
elektroforez, akis sitometrisi veya ylizey plazmon
rezonanst gibi ¢esitli teknikler kullanilmaktadir
(Liu vd., 2021a; Kohlberger ve Gadermaier,
2022).

baglanmayan

Hedefe spesifik olarak baglanan aptamerlerin
PCR ile amplifikasyonu

SELEX’in bir sonraki asamast hedefe baglanma
6zelligi goésteren aptamer dizilerinin, polimeraz
zincir reaksiyonu (PCR) ile amplifikasyonudur. Bu
basamakta amag, ylksek baglanma afinitesi ve
Ozgullugtine sahip aptamerleri ¢ogaltmaktir. Bu
amacla hedef molekil ile spesifik baglanma
ozelligi gosteren DNA aptamerler, PCR ile RNA
aptamerler ise ters transkripsiyon (RT)-PCR ile
amplifiye edilirler. Elde edilen cift zincirli DNA
dizileri yeniden tek iplikli RNA haline
donisturalir ve hedef icin yuksek baglanma
afinitesi ve Ozglllik gOsteren aptamerlerin
secilmesi  icin  tekrardan se¢im  déngustine
(SELEX) tabi tutulur. Bu islem yaklagik olarak 20
secim donglsiine kadar uzayabilir (Komarova ve
Kuznetsov, 2019; Khan vd., 2022; Wei vd., 2023).

Uygulanacak  doéngli  sayist  oligoniikleotid
uzunlugu, ortamin pH’sy, iyonik kuvvet,

oligontikleotid kiitliphanesinin 6zellikleri ve hedef
molekiillin konsantrasyonu gibi bazt faktorlere
baglt olarak belitlenir. Aptamerler bir kez elde
edildikten ve dizisi belirlendikten sonra, sinirsiz
miktarda aptamer kimyasal sentez ile kolayca elde
edilebilmektedir (Bottari vd., 2020).

Hedefe spesifik olarak baglanan aptamerlerin
klonlanmas1 ve baz dizilerinin belitlenmesi

Aptamer seciliminde son agama, hedefe kesin
olarak baglanma Ozelligi gOsteren aptametlerin
klonlanmast ve baz dizilerinin belirlenmesidir.
Dizisi belirlenen aptamerler daha sonra stabiliteyi
artirmak ve baglanma 6zelliklerini iyilestirmek icin
gesitli post SELEX modifikasyonlara tabi
tutulmaktadir (Wang vd., 2019; Brown vd., 2024).

Hedefe baglanan ve baglanmayan aptametlerin
ayriminda kisa stirede ve yliksek verimde aptamer
elde edilmesini kolaylastiran yeni SELEX
metotlart gelistirilmistir. Kapiler elektroforez-
SELEX, manyetik boncuk bazli SELEX, hiicre
SELEX yeni gelistirilen SELEX metotlarindan
sadece birkacidir. Ornek olarak hiicre SELEX,
hedef olarak canli hiicrelerin  kullanildigr bir
SELEX stratejisi iken, kapiler elektroforez-
SELEX tekrarlanan dongulerin stiresini kisaltmak
amactyla kapiler elektroforezin kullanildigi bir
SELEX stratejisidir (Wei vd., 2023). Bunlara ek
olarak in vitro dretimin &tesine de gecilerek in
vivo SELEX yontemleri gelistirilmeye
calistlmistir. In vitro secilim ile elde edilen
aptamerlerin in vivo olarak da etkili olup
olamayacagint  belirlemek amaciyla aptamer
secilimi dogrudan canlt bir hayvanin viicudunda
gerceklestirilmistir.  Ancak in  vivo olarak
aptamerlerin seciliminin maliyetli olmasi, giivenilir
olmamast ve uygulanan organizmalara gore
farkliliklar gdstermesi, bu yéntemi biytk 6lctide
sintirlandirmaktadir (Sola vd., 2020; Nasiri vd.,
2024; Li vd., 2024).

Hedef molekiiliin 6zellikleri

Kesfedildigi 1990 yilindan beri SELEX teknolojisi
farkli hedef siniflarina uygulanmustir. Ancak belirli
bir molektli hedefleyip tanimlayacak olan
aptamerin bagarili bir sekilde baglanabilmesi icin
hedef molekulin de bazt 6zelliklere sahip olmast
gerekmektedir. Oncelikle aptamer ile hedef
molekiil arasinda bir yiik etkilesimi bulunmalidir.
Aptamerler, oligoniikleotid karisimi oldugundan
negatif bir ylke sahiptit. Bundan dolay1
aptametler, pozitif yiikli gruplar (6rnegin birincil
amino  gruplarf) veya atomlart  kolayca
hedefleyebilirken, negatif yiike sahip gruplara
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(6rnegin, fosfat gruplart) ve atomlara zayif bir ilgi
duymaktadir (Drees vd., 2023).

Hedef molekil seciminde 6nemli olan bir diger
faktor ise, aptametlerin hedeflerine baglanmak
icin kullandig1 kimyasal baglar ve etkilesimlerdir.
Aptamerler hidrojen bagi, Van der Waals bagy,
kovalent  olmayan  kimyasal  etkilesimler,
hidrofobik ve istifleme etkilesimleri ile hedeflerine
baglanmaktadir. Bu nedenle secilecek olan hedef
molektlin hidrojen alict veya verici belirli
fonksiyonel gruplara veya yapisal motiflere sahip
olmast istenir (Zhang vd., 2023a; Lee vd., 2023).
Ornegin proteinlerde bulunan arjinin aminoasiti,
aptamerin spesifik olarak hedefi tanimasinda
6nemli bir rol oynar. Arjininde bulunan, katyonik
guanidinyum grubu hem RNA hem DNA’daki
bazlarla etkilesime girme yetenegine sahiptir.
Guanidinyum grubundaki pozitif yukli azot,
nikleotidlerin negatif yikli fosfat grubuyla
clektrostatik  olarak  etkilesime  girebilir.
Elektrostatik etkilesimlerin sonuncunda genellikle
aptamerin bazlar ile arjinin arasinda giiclii
hidrojen baglart olugsmaktadir (Fadeev vd., 2022).
Ornegin; Ebola viriisiine spesifik RNA aptameri,
viriisiin glikoprotein yapisinda bulunan arjinin
587 ve arjinin 596 rezidilerine baglanmaktadir.
Baglanmanin, atjininde bulunan NH» grubu ile
aptamerdeki guanin arasindaki hidrojen bagiyla
saglandig1 tespit edilmistir (Teng vd., 2019).

Aptamer tabanl tespit

Hedef molekiillerin kalitatif ve kantitatif analizi
icin aptamerlerin  enstrimental yontemlerle
kombine olarak kullanidmast gerekmektedir.
Bugiine kadar bircok aptamer-hedef molekiil
kompleksinin nicel ve nitel analizinde gesitli
enstrimental cihazlarin kullanilabilecegi
gosterilmistir (Ugurlu vd., 2023).

Hedef molekiillerin aptamerler ile tespitinde 6n
plana cikan enstriimental sistem, aptamer tabanlt
biyosensorler bir baska ifadeyle aptasensorlerdir.
Son on yilda, farkli optik sensétler (floresans,
liminesans, elektrokemiliminesans, Floresans
Rezonans Enerji Transferi (FRET), Yuzey
Zenginlestirilmis Raman Spektroskopisi (SERS),
Yizey Plazmon Rezonanst (SPR)  gibi)
kullanilarak ~ bircok  aptasensér — tasarimi

gerceklestirilmistir (Kara vd., 2023). Ayrica optik
sensOtlerin  disinda Elektrokimyasal Empedans
Spektroskopisi (EIS), Dongiisel Voltametri (CV),
Diferansiyel Puls Voltametri (DPV), Kare Dalga
Voltametri (SWV) ve Alan Etkisi Transistor
(FET) gibi bircok elektrokimyasal biyosensér de
aptasensOr tasariminda kullandlmistir (Wang vd.,
2023a; Huang vd., 2024).

Aptasensorlerde aptamer-hedef baglanmasinin
uygun bir sinyal olusturabilmesi i¢in organik
boyalar veya floroforlar kullanilabildigi gibi grafen
oksit, kuantum noktalari, metal veya silika
nanopartikiiller ~ gibi  nanomateryaller  de
kullanilmaktadir (Ning vd., 2020). Floresans
aptasensotlerde, aptamerlerin hedefiyle
baglanmasi sonucunda floresan sinyal olusumunu
veya sOndirilmesini indiikleyerek 6lgiilebilir bir
veri olusur. Tetrasiklin antibiyotiginin tespiti i¢in
tasarlanan bir floresans aptasensérde, floresans
boya ile aptamer etkilestifinde floresans
yogunlugunun arttudl gbzlemlenmistir. Ancak
ortamda hedef molekiil (antibiyotik) varsa
aptamere  spesifik  bir  sekilde baglanarak
aptamer/boya kompleksinin olusumunu
engellemektedir. Bunun sonucunda floresan
yogunlugu azalmakta ve olusan sinyal degisikligi
ile hedefin varligi tespit edilmektedir (Sekil 5) (Sun
vd., 2018; Zhou vd., 2020).

Aptamerler kromatografi, kapiler elektroforez

veya mikroakiskan sistemlerinin = yani sira
gorintileme  sistemleri ile de  kombine
edilebilmektedi. Aptamerler, floresans

gorintileme sistemi ile birlestirilerek; hiicre ici
iletisim, hiicrelerin kimyasal bilesikletle etkilesimi
ve hicre disina salgt gibi olaylar etkin bir sekilde
gbzlenebilmistir (Lin vd., 2023).

APTAMERLERIN GIDA GUVENLIGI
ANALIZLERINDEKI UYGULAMALARI
Aptamerlerin  ¢esitli enstrimental cihazlar ile
kombine edilmesiyle gelistirilen  sistemler,
gidalarda bulunabilecek pestisit, herbisit gibi zirai
ila¢c kalintilar, veteriner ila¢ kalintilari, patojen
mikroorganizmalar, biyotoksinler, alerjenler ve
organik kirleticiler gibi bir¢ok risk etmeninin
tespitinde kullanilmigtir. Bu uygulamalara ait
ornekler Cizelge 1’de kisaca 6zetlenmistir.
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Sekil 5. Floresans aptasensori ile antibiyotik algilama (Zhou vd., 2020)

Cizelge 1. Aptamer Tabanl Tespit Yontemlerinin Gida Giivenligi Analizlerinde Kullanimi

Pestisit ve Veteriner la¢ Kalintilarinin Tespiti

Ornek Analit 'ljesplt . Dogrusal Aralik Tespit Limiti Kaynak
Yontemi
Msff}lzk Malatyon FRET 0.01-1 uM 1420M  (Chen vd., 2020)
Elma Izokarbofos Floromettik 5-50 pg/L 1.2 pg/L (Gao vd., 2022)
Cay Karbendazim Florometrik 2.33-800 nM 2.33nM (Su vd., 2020)
Sut Diazinon FRET 0.05-500 ng/mL 0.023 ng/mL  (Rong vd., 2020)
Sut Tetrasiklin Florometrik 20 ng/ml.-10 g/ml.  11.46 ng/mL  (Yang vd., 2023)
Stt Streptomisin Kolotimetrik 0.005-6 ng/mL 0.51 pg/mL  (Wang vd., 2020)
Bal Kanamisin Florometrik 5-600 nM 3.6 nM (Li vd., 2023b)
. 1l . (Zhang vd.,
Sut Stlfadimetoksin SERS 1.20-120.00 ng/mL  0.89 ng/mL 2023h)
Balik Kanamisin CV 25-900 nM 13 nM (Yao vd., 2020)
Patojen Mikroorganizmalarin Tespiti
R . Dogrusal Tespit
Ornek Hedef Patojen ’1;;862123{5 .I.1rteesrinl Aralik Limiti Kaynak
pit Stiresi) (KOB/ ml) (KOB/ml)
Sut S. aurens Elektrokemiliiminesans 3.0 10-107 (Liu vd., 2022)
Balik V.parahaemolyticns  Elektrokemiliiminesans 1 1-106 (Wei vd., 2021)
Sut E. ¢l O157:H7 Florometrik 10-100 0.6031 (Zhang vd., 2022)
Sut S. Typhimurium  Kolotimetrik (45 dk) 10-107 7 (Wei vd., 2022)
Tavuk C. jeguni Florometrik 1-107 1 (Liu vd., 2024)
Yagsiz siit P. Aeruginosa Florometrik (1.5 sa) 10-107 1.0 (Zhong vd., 2020)
Biyotoksinlerin Tespiti
« . R . g Tespit
Ornek Analit Tespit Yontemi Dogrusal Aralik o Kaynak
Limiti
1;1;;;‘; Aflatoksin B1 Florometrik 0-180 ng/mL  0.35ng/mL  (Jia vd., 2020)
.. S.anrens
Stt Enterotoksin B SERS 1-750 pg/mL 0.2 pg/mL  (Wang vd., 2022)
< . 0.004
Bugday Zearalenon Florometrik 0.01-100 ng/mL ng/ml. (Ma vd., 2023)
Mistr Fumonisin B1 CvV 10-11-10* g/mL 10 pg/mL  (Zheng vd., 2021)
Mistr unu Okratoksin A Florometrik 9 nM-500 nM 3.9 nM (Yu zvoezghao’
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Gida Alerjenlerinin Tespiti

Ornek Analit Tespit Yontemi Dogrusal Aralik Ef;ﬁg Kaynak
Yumurta Lizozim FRET 2-70 nM 0.07 aM (Ah%Zil)Vd"
) (Torregrosa
Soya unu B-konglutin ICP-MS 0.001-0.08 nM 2pM vd.,2023)
Panna cotta Gluten Elektrokimyasal 1-100 pg/L 34 mg/kg  (Svigelj vd., 2020)
Kurabiye Ara hl Elektrokimyasal 25-800 ng/mL. 11.8 ng/mL (Pan vd., 2024)
Metal Iyonlarinin Tespiti
Ornek Analit Tespit Yontemi Dogrusal Aralik Ef;ﬁg Kaynak
-2
Yeralti suyu Ph* EIS O'Ofgx/lLO 0.8uM  (Yadav vd., 2020)
. 1-10.000 0.045
2+
Sebze Hg Elektrokimyasal amol/L. amol/L (Zhou vd., 2024b)
. 31.3 nM-1000 (Yu ve Zhao
7 2+ b
Gl Suyu Cd SWV oM 90 pM 2024)

Pestisit ve veteriner ilag kalintilarinin analizi
Tarimsal tretim ve hayvancilikta yaygin olarak
kullanilan pestisit ve veteriner ilaglarinin yogun ve
bilingsiz kullanim1 insan saghigt acisindan biytik
bir tehdit olusturmaktadir (Banerjee vd., 2023).
Aptamer tabanlt biyosensdrler pestisit ve
veteriner ilag kalintilarinin tespitinde, hizli ve
hassas olmasinin  yaninda taginabilir  olmast
nedeniyle sahada tespit imkidni da sunmaktadir
(Xie vd., 2022). Pestisit kalintillarinin tespitinde
elektrokimyasal (Himanshu vd., 2024), floresan
Xu vd., 2022), kolorimetrik (Shen vd., 2022),
kemiliminesans (Sun vd., 2024) ve SERS (Yan
vd., 2023) aptasensorleri kullandmistir. Ornek
olarak Mao vd. (2023) elektrokimyasal
aptasensoril kullanarak, asetamiprid kalintisini,
yuksek bir secicilik, tekrarlanabilirlik ve genis bir
dogrusal aralikta belirleyebilmislerdir.
Asetamiprid tespit limiti Enzim-bagl
Immiinosorbent Analizi (ELISA), Diyot dizi
Dedektorla Yiiksek Basinglt Stvi Kromatografisi
(HPLC-DAD), Sivi Kromatografi-Kiitle
Spektrometresi (LC-MS) yontemleri ile 1.35x10-7-
4.49x10-12 M arasinda belitlenirken Fei vd. (2015),
elektrokimyasal aptasensorinin kullanildigi bu
yontemde dogrusal araltk 10 pM-10 pM ve tespit
limiti ise 1.3 pM olarak bulunmustur. Sun vd.
(2024) tarafindan tg¢ farkl sebze (kolza, 1spanak,
marul) Ornegindeki asetamiprid, aptamer tabanlt
elektrokimyasal sensor ile bagaril bir sekilde tespit
edilmis ve sonuglar LC-MS y6ntemi ile elde edilen

sonugclarla kiyaslanmistir. Elde edilen sonuglar
elektrokimyasal aptasensérde asetamipridin geri
kazaniminin LC-MS ydntemine gbre daha yiiksek
oldugunu gbstermistir. Bu ¢alisma  ayrica
elektrokimyasal aptasensoriin iz miktarlardaki
asetamipridi sahada tespit edebilme potansiyelini
ortaya koymustur. Veteriner ilaglarinin tespitinde
de aptamer tabanli ydntemlerin basaril bir sekilde
kullanabilecegi gésterilmistir. Ornegin; B-laktam
grubu antibiyotiklerden biri olan azlosilinin tespiti
icin voltametrik bir aptasensér gelistirilmis ve
hedef antibiyotik i¢in tespit limiti 1.2X10 mg/ml,
analiz stresi ise, 30 ila 50 dakika olarak
bildirilmistir (Chinnappan vd., 2020).

Patojen mikroorganizmalarin tespiti

Gida kaynakli patojen bakteriler diinya c¢apinda
6nemli bir halk saglig1 problemidir. Escherichia coli,
Salmonella spp., Shigella spp., Listeria monocytogenes,
Staphylococens  aurens, Bacillus  cereus,  Clostridinm
perfringens ve Campylobacter jejuni gida  kaynaklt

salginlardan  sorumlu en yaygin  patojen
bakterilerdir. ~ Gida  kaynakli  mikrobiyel
hastaliklarin ~ 6nlenebilmesi amactyla  patojen

mikroorganizmalarin tespitinde hizli sonug veren,
basit ve  glvenilir  yontemlere  ihtiyag
duyulmaktadir. Son zamanlarda aptamer tabanlt
sistemlerin, klinik ve gida kaynakli bakteriyel
patojenlerin  tanumlanmast  i¢in  biyik bir
potansiyele sahip oldugu gosterilmistir. Aptamer
tabanli yontemler, geleneksel yontemlerden farkls
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olarak bakteriyel hedefleri, kiltiire alinmasina
gerek duyulmadan kisa zamanda tespit edebilen
sistemlerdir (Mishra vd., 2023). Bugiine kadar
birbirinden farkli 6zellige sahip aptamer tabanlt
bircok sistem gidalarda bulunan patojenlerin
tespitinde kullanilmistir. Ornegin; gida kaynakli en
yaygin patojenlerden Salmonella spp.nin tespiti
icin EIS aptasensorii gelistirilmis ve tavuk
Orneklerinde test edilmigtir. Bu aptasensor
Salmonella spp.’nin geleneksel yontemle yaklastk 4-
5 giin olan tespit stiresini 2 saate kadar indirmis ve
tespit limiti 2 KOB/ml olarak belitlenmistir (Qiao
vd.,, 2023). Yapian baska calismada ise, L.
monocytogenesin tespit edilebilmesi icin bir floresans

aptasensori gelistirilmistir. Empedans
immiunosensér sisteminde L. monocytogenes’in
tespit limid 4.7x102 KOB/ml bulunurken,

floresans aptasensér sisteminde tespit limiti 8
KOB/mlye dusurulmustir (Liu vd.,, 2021b).
Jiang vd. (2023) tarafindan yapilan bir ¢aligmada
ise, nanozim bazli elektrokimyasal bir aptasensor
gelistirilmis ve L. monocytogenesin tespit limiti 2
KOB/ml olarak bulunmustut.

Biyotoksinlerin tespiti

Mikotoksin, fitotoksin, nérotoksin vb. toksinler,
cesitli organizmalar tarafindan tretilen biyotoksin
sinift toksik maddelerdir. Gidalarla birlikte alinan
biyotoksinler, kronik hastaliklara neden olmakta
hatta yiiksek miktarlarda alinmast durumunda
Olimle  sonuglanan akut hastaliklara  yol
acabilmektedir (El-Sayed vd., 2022). Bu nedenle,
biyotoksinleri hizli bir sekilde tespit eden hassas
ve pratik yontemlere ihtiya¢ duyulmaktadir. Son
yillarda aptamerler, biyotoksinlerin tespitinde
yaygin olarak kullamilan, pahall ve kisa bir raf
sahip antikorlarin yerini alabilecek
alternatif bir molekil sinift olarak 6ne ¢ikmaktadir
(Kadam ve Hong, 2022). Zhang vd. (2021b)
tarafindan yapilan calismada, Fusarium titlerinin
drettigi bir mikotoksin olan T-2 toksininin (T-2)
tespiti  i¢cin  kolorimetrik  bir  aptasensor
tasarlamustir. Altun nanopartikiiller (AuNP’ler) ve
T-2’ve spesifik aptamerden olusan bu sensérde;
AuNP-aptamer kompleksi, ¢ozelti icinde kirmizt
renkte gorintrken, T-2 varhginda aptamerler,
hedefe baglanarak  AuNP’lerin  ylzeyinden
desorbe oldugunda ¢6zelti rengi kirmizidan mora
doéntsmektedir. Renk degisimine baglt olarak T-2

omrune

toksinini  analiz  eden  bu  kolorimetrik
aptasensOrde tespit limitinin 0.124 nM  oldugu
bildirilmistir (Zhang vd., 2021b; Tang vd., 2023b).
Bunun disinda kontamine olmus tahillarda ve
bunlarin driinlerinde yaygin olarak bulunan
aflatoksin B1 (AFB1), fumonisin B1
(FB1), okratoksin A (OTA), zearalenon (ZEN)
gibi mikotoksinlerin tespiti icin de aptasensér
sistemleri gelistirilmistir. Ornegin aflatoksin B1
icin tasarlanan SERS aptasensoriintin, 4.0x10-10

mg/ml seviyesine kadar oleim  yapabildigi
bildirilmistir  (Fan vd., 2023). Ek olarak
aptamerler, alg toksinlerinin tespitinde ve

dekontaminasyonunda da kullamlmustir (Bilibana
vd., 2022). Ornek olarak insan sagligini tehdit
eden ve tespit edilmesi oldukea zor olan kabuklu
deniz toksini DTX-1, gelistirilen
biyokatman interferometri aptasensér sistemi ile
614 pM seviyesine kadar Sl¢tlebilmistir (Li vd.,
2020).

urunu

Gida alerjeni tespiti

Alerjenler genellikle gidalarda eser miktarda
bulunmasina ragmen duyarli olan bireylerin
bagisiklik sistemini uyararak, cilt dokuntisd,
trtiker, ishal, karin agrisi ve hatta anaflaktik sok
gibi  siddetli akut reaksiyonlari  provoke
edebilmektedir (Zhou vd., 2024a). Bu nedenle
bircok iilkede, gidalarin etiketlerinde alerjen
madde beyanit zorunlu kiinmaktadir. Gida alerjeni
olarak kabul edilen bilesenler arasinda yumurta,
stit, yer fisugl, findik, bugday, soya fasulyesi,
kereviz, hardal, susam tohumu, balik, kabuklu
hayvanlar ve yumusakealar bulunmaktadir. Gida
kaynakli alerjik reaksiyonlar, alerjen gidanin direkt
kendisinin tiiketimiyle ortaya ¢ikabilecegi gibi, bu
alerjenleri iceren gida Grtnlerinin tiketimi sonucu
indirekt olarak da ortaya cikabilmektedir. Bu
nedenle gida alerjenlerinin hassas bir sekilde
tespiti buyik bir 6nem arz etmektedir (Calabria
vd., 2022). Son yillarda yapilan bir ¢calismada, fistik
alerjeni olan Ara hl’e spesifik aptamerler iceren
mikroakiskan kagit bazlt analiz cihazt gelistirilmis
ve tespit limiti 11.8 ng/mL olarak bulunmustur
(Pan vd., 2024). Ara hl disinda aptamer tabanl
sensor sistemleri, B-konglutin (act bakla aletjeni),
gluten ve lizozim (yumurta alerjeni) gibi gida

alerjenlerinin tespiti icin de kullandmistir (Hong
vd., 2021; Torregrosa vd., 2023).
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Agir metallerin tespiti

Endistriyel atiklardan, kadmiyum, ctva, kursun
gibi agir metal iyonlari toprak ve suya gecerek
bitkisel ve hayvansal hammaddelere bulasmakta
ve daha sonra gida zincirine dahil olmaktadir. Agir
metaller ayrica pestisitlerden, katki ve ambalaj
maddelerinden de gidalara bulagabilmektedir.
Gidalara bulasan bu agir metal iyonlar insan
saghgint tehdit eden Onemli risk faktorleri
arasindadir (Scutarasu ve Trincia, 2023). Gida
Orneklerinde, bulasan agir metal iyonlatinin tespit
etmek icin Atomik Absorpsiyon Spektrometrisi
(AAS), Atomik Floresans Spektrometrisi (AFS),
spektrofotometri, Eslesmis Plazma-kiitle
Spektrometrisi  (ICP-MS), Endiktif Eslesmis
Plazma-Atomik Emisyon Spektrometrisi (ICP-
AES) yontemleri yaygin olarak kullanilmaktadir
(Sawan vd., 2022). Ancak son yillarda aptamer
tabanli biyosensor sistemlerinin de agir metal
iyonlarinin  tespitinde  basarilt  bir  sekilde
kullanilabilecegi bildirilmistir (Cizelge 1). Ornegin
Yalagandula vd. (2024) tarafindan yapilan bir
calismada g6l suyundaki arsenigin tespitine
yonelik bir EIS aptasensorii gelistirilmis ve bu
aptasensOr ile arsenigin minimum  tespit
konsantrasyonu 0.076 pg/kg olarak belitlenmistit.
Ayrica kursun ve kadmiyumun yiksek segicilik ve
hassasiyetle tespiti icin Qian vd. (2022) tarafindan
elektrokimyasal kagit bazli ¢ip sistemine dayali bir
aptasensOr gelistirilmis ve bu aptasensor ile
kursunun minimum tespit konsantrasyonu 46.23
pmol/L,  kadminyumun minimum  tespit
konsantrasyonu ise 23.31 pmol/L olarak
belitlenmistir. Bunlarin diginda civa ve talyum gibi
diger agir metalllerin tespitine yonelik gelistirilmis
aptamer tabanli yOntemler de bulunmaktadir.
Ornegin Wang vd. (2023b), sularda bulunan
ava’nin belirlenebilmesi icin FET aptasensor
gelistirmis ve tespit limitini 0.02 mg/kg olarak
bildirmistir. Srinivasan vd. (2023) ise nehir
suyunda bulunan talyumun tespitine yonelik
kolorimetrik bir aptasensér tasarlamis ve bu
sensor ile 7.4 pM’a kadar dusuk miktardaki
talyumu tespit edebilmistir.

SONUC

Aptamerler, belitli bir hedefi tanima ve bu hedefe
spesifik bir sekilde baglanma kabiliyetine sahip
olan molekiillerdir. Sahip olduklari egsiz 6zellikler

nedeniyle molekiiler tanima elemant olarak
kullanilan aptamerlerin floresans, elektrokimya,
SERS, SPR, kolorimetri, afinite kromatografisi,
kapiler elektroforez gibi cesitli analiz teknikleri ile
kombine edilmesi, gelistirilen aptasensérlerin
bir¢ok alanda kullaniminmn yolunu agmustir (Xie
vd., 2022; Li vd., 2023a). Gida kalite kontrold,
aptamerlerin potansiyel olarak 6nemli kullanim
alanlarindan biridir. Cok sayida patojen, pestisit ve
veterinerlik ilaci, gida alerjeni, biyotoksin ve metal
iyonunun spesifik ve secici bir sekilde aptamer ve
aptasensorler ile basarli bir gsekilde tespit
edilebilecegi gosterilmistir (Mohamad vd., 2023).
Aptamer teknolojisi sundugu bir¢ok faydaya
ragmen, bugiine kadar yalnizca birkag aptamer
tabanlt Giriin (NeoVentures’in OTA okratoksin A
ve aflatoksin tespit kiti ve afinite kolonu) ticari
olarak piyasaya strilmistir. Hedefine karsi
yiksek afiniteye sahip aptamerlerin {retiminin
6zel bir uzmanhk gerektirmesi, nikleaz
degradasyonuna hassas olmasi ve yitksek maliyet,
aptamerlerin  ticari dretimi  ve kullanimini
stnirlandiran en 6nemli faktorlerdir (Kalita vd.,
2023). Ancak aptamer teknolojisi olduk¢a hizlt
gelisim  gostermektedir.  Gida  kalite  ve
givenliginin  kontroline  yonelik  alternatif
yontemlere duyulan ihtiyag, daha basit, uygun
maliyetli ve pratik aptamer tabanli tanimlama
teknolojilerinin gelistirilmesini ve kullanilmasini
tesvik etmektedir. Bu amagla son yillarda 6zellikle
aptamer tabanli tagmnabilir el cihazlarinin
gelistirilmesine yonelik ¢alismalar artmustir. Diger
taraftan, yeni biyobelirte¢ adaylarinin kesfinde
makine 6grenimine dayali yontemlerin kullanimi,
yiksek spesifiteye sahip aptamerlerin tretimini
kolaylastiracaktir. Bu ve benzeri teknolojik
gelismeler, gida kalite ve glivenliginin kontroliinde
aptamerleri etkin bir arac haline getirerek saglikl
ve givenilir gidalarin tiiketiciye ulastirilmasina
katki saglayacaktir.

CIKAR CATISMASI BEYANI
Yazarlar arasinda cikar
bulunmamaktadir.

catismast

YAZAR KATKILARI
Her iki yazar da makalenin yazilmasinda ve
diizenlenmesinde katki saglamustur.
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ABSTRACT

Herein, the angiotensin I-converting enzyme (ACE) inhibitory activity, antioxidant capacity, total polyphenol
contents (TPC), and phytochemical profiles of polar and non-polar extracts of dried Zzziphus jujuba fruits
were investigated, along with the statistical determination of the main components responsible for ACE
inhibitory activity. The non-polar extract expressed the strongest ACE inhibitory activity (99.81%) among
the extracts. The non-polar extract also exhibited the highest DPPH scavenging activity (ICso of 30.63),
linoleic acid/B-carotene bleaching capacity (89.31%), and TPC (59.47 mg GAE/g). The phenolic profiles of
the extracts were identified by LC-MS/MS, and the presence of seven triterpenoid species in the extracts
was examined using GC-MS techniques. The principal constituents included 19 phenolics, 2 organic acids,
and 4 triterpenoids. A Pearson correlation and principal component analysis were conducted to find the
correlation between individual phenolic compounds and ACE inhibitory activity.

Keywords: Ziziphus jujuba, ACE inhibitory activity, antioxidant capacity, phytochemical profile, Pearson
correlation, principal component analysis
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Chemoinformatic profiles and bioactivities of Ziziphus jujuba

ZIZIPHUS JUJUBA (HUNNAP) MEYVESININ POLAR VE APOLAR
EKSTRAKLARININ ACE INHIBITOR AKTIVITESI, ANTIOKSIDAN
KAPASITESI VE FITOKIMYASAL BILESENLERININ INCELENMESI:
BIYOAKTIVITEDEN SORUMLU ANA BILESENLERIN ISTATISTIKSEL
INCELENMESI

oz

Bu ¢alismada Ziziphus jujnba’nin kurutulmus meyvelerinin polar ve apolar ekstraktlarinin anjiyotensin
I-déniistiiriicti enzim (ACE) inhibit6r aktivitesi, antioksidan kapasitesi, toplam polifenol igerikleri
(TPC) ve fitokimyasal profilleri arastirilmistir ve ACE inhibitr aktivitesinden sorumlu temel
bilesenler istatistiksel olarak analiz edilmistir. En yiiksek ACE inhibit6r aktivitesi (%99.81) meyvenin
apolar ekstraktinda tespit edilmistir. Apolar ekstrakt ayrica en yiksek DPPH radikal sipirme
aktivitesi (ICso : 30,63), linoleik asit/B-karoten agartma kapasitesi (%89.31) ve TPC'yi (59.47 mg
GAE/g) sergilemistir. Ekstraktlarin fenolik profilleri LC-MS/MS ile tanimlanmis ve ekstraktlardaki
yedi triterpenoid tirinin varligt GC-MS teknikleri kullanidarak incelenmis ve 19 fenolik, 2 organik
asit ve 4 triterpenoid tanimlanmugtir. ACE inhibisyon aktivitesinden sorumlu fenolik bilesenlerin
belirlenmesi amact ile Pearson korelasyonu ve temel bilesen analizi kullanilmistir.

Anahtar kelimeler: Ziziphus jujuba, ACE inhibitér aktivitesi, antioksidan kapasitesi, fitokimyasal

profil, Pearson korelasyon analizi, temel bilesen analizi

INTRODUCTION

Hypertension is the most prevalent risk factor for
morbidity and mortality in cardiovascular disease,
affecting one to three adults worldwide. This
common disease leads to stroke, arteriosclerosis,
myocardial infarction, renal disease, and
numerous other health problems. Angiotensin I-
converting enzyme (ACE), a key element in the
renin-angiotensin aldosterone system (RAAS), is
crucial in managing hypertension. ACE converts
inactive angiotensin I to angiotensin II, an
effector molecule that narrows blood vessels and
inactivates bradykinin, the vasodilator, causing
high blood pressure. A group of ACE-inhibiting
drugs is considered in the management of
hypertension, such as captopril, enalapril,
lisinopril, etc. These ACE inhibitors reduce blood
pressure by blocking the production of
angiotensin II and preventing the constriction of
blood vessels. However, these medications have
side effects such as extremely low blood pressure,
coughing, poor taste, and allergic reactions, while
being prescribed frequently because of their well-
known function and ease of availability. On the
other hand, natural hypertension regulators work
well in moderate settings and have few adverse
effects, making them a respectable substitute for
synthetic medications. Therefore, the search for
natural ACE inhibitors has intensified because of
these compounds' cost-effectiveness, safety

record, and possible positive effects (Memarpoor-
Yazdi et al., 2020; Paiva et al., 2023; Zheng et al.,
2017).

Nature is a source of an almost limitless variety of
molecular entities that can be used to produce
new effective medications for a wide range of
illnesses, and other wvaluable bioactive
compounds. Although natural products have long
been part of conventional medical systems since
ancient times, the characterization of compounds
extracted from plants and their usage in modern
pharmaceuticals only began in the mid-nineteenth
century. Since then, 30% of the secondary
metabolites of plants have been isolated and their
biological activities have been revealed (Wink,
2010). Natural product-derived compounds have
emerged as crucial contributors to modern drug
development, particularly in  antioxidant,
antibacterial, and antitumor agents (Hui et al,,
2024; Oliveira et al., 2023). Also, it has been well
documented that plant-based products act as
enzyme inhibitors that bind to enzymes and
decrease or block their bioactivity. Many natural
products  constitute  dynamic  fields  of
pharmacology and biochemistry due to the
discovery and development of enzyme inhibitors
that can be used in the treatment of metabolic
disorders (Saleem et al., 2023).
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Fruits, representing a wide and diverse spectrum
of crops of plant origin, are considered a reservoir
of natural bioactive substances with promising
health benefits. Many fruits contain a high
concentration of anthocyanins, flavonoids,
phenolic acids, vitamins, saponins, carotenoids,
terpenes, sugars, proteins, capsaicinoids, fatty
acids, and alkaloids. Numerous studies have
proven that fruit extracts and their active
components have different bioactivities (Ruiz
Rodriguez et al., 2021). The bioactivity of the
plant extract depends on various factors, such as
time, temperature, solvent concentration, and
solvent polarity. Since no one solvent is likely to
reliably extract every phytochemical contained in
the plant material, using solvents with different
polarities may result in extracting distinct
phytochemicals depending on the chemical nature
of the compounds. To assure the extraction of a
wide range of compounds with varied polarities,
the extraction method should involve different
solvents of increasing polarity, from non-polar
solvents (n-hexane) to more polar solvents
(water) (Gil-Martin et al., 2022).

Ziziphus jujuba (Z. Jujuba), also called jujuba, is one
of the 130-170 species belonging to the
Rhamnaceae family, which is distributed
throughout Asia and the Mediterranean. Z. jujuba
is a small tree or shrub that grows in hot and
subtropical regions globally and produces a bright
red fruit that is utilized as food as well as
traditional medicine. The fruit of Z. jujuba is rich
in fiber, minerals, proteins, sugars, phenolic acids,
carotenoids, vitamins (especially vitamin C),
flavonoids, cerebroside organic acids, and volatile
compounds that provide a pleasant characteristic
aroma (Hernandez et al., 2016). Various reports
have been published on the biological activities of
Z. jujuba such as the antioxidant, anticancer,
antifungal, anti-inflammatory, immuno-stimulant,
hepatoprotective, antiobesity, and gastrointestinal
protective activities (Li et al.,, 2020; Zhu et al,,
2024)

A limited number of studies have proven that
extracts from various parts of the Z. jujuba plant
exhibit ACE inhibitory activities, and these
inhibitory activities are mainly attributed to the

presence of phytochemicals in the extracts
(Kamkar-Del et al.,, 2020; Memarpoor-Yazdi et
al., 2020; Ytcetepe et al., 2023). However, the
components responsible for the actual activity
have not yet been elucidated completely. Herein,
as an initial step in identifying the compounds that
may be responsible for the inhibitory activity of
Z. jujuba for the treatment of hypertension, a
chemoinformatic ~ profile ~ was  produced
employing solvents with varying polarity. The
presence of 53 phenolic compounds in dried fruit
extracts was comprehensively investigated
qualitatively and quantitatively by LC-MS/MS
techniques. The presence of seven triterpenoid
species in the extracts was examined using GC-
MS techniques. The inhibition activities of the
extracts against the ACE were investigated. The
antioxidant activity of the extracts was
determined using DPPH radical-scavenging
activity and linoleic acid/B-carotene bleaching
assay. The TPC of extracts was also examined
using the Folin-Ciocalteu method. A Pearson
correlation analysis was conducted to find the
correlation  between  individual  phenolic
compounds and ACE inhibitory activities.
Principal component analysis (PCA) plots were
created to show the variance among the different
extracts.

MATERIAL AND METHODS

Material

The fresh wild fruits of Z. jujuba were purchased
from a local market in Mersin, Turkiye. The
surface contaminants of the fruits were sorted and
washed with sterile distilled water. The seeded
fruits were freeze-dried and stored without
exposure to light at -80 °C until use.

Moisture content of fruits

The moisture content of fruits was measured
using the gravimetric method (Ng et al., 2022).
The results were given as percentages (%) as
follows (1):

Moisture (%) = (fresh weight -dry weight) / fresh
weight x 100 )

The final moisture content of the freeze-dried
fruits was 13.72+2.59%.
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Preparation of polar and non-polar extracts of
dried Z. jujuba’s fruits

Lyophilized Z. jujuba fruits (25 g) were ground to
powder in a laboratory blender (Waring
Commercial Blender, USA). The yielded powder
(3 g was extracted using 20 mL of either
deionized water or a mixture of ethanol and water
(50:50, v:v) with the help of sonication in an
ultrasonic water bath (SKO6GT Kudos ultrasonic
water bath, Korea) for 30 minutes. During
sonication, the temperature of the ultrasonic bath
was kept in the range of 30—40 °C with the
addition of ice. The extract was centrifuged at
8,000xg (Hanil Science Industrial Combi 514R,
Korea) for 15 minutes. The supernatant was taken
into a different tube. 20 mlL of ethanol-water
(50:50, v:v) or deionized water mixture was added
to the pellet and sonicated again. After repeating
this process three times, the three supernatants
were combined. The extracts were stored at -80
°C until analysis (Meng et al., 2011).

Determination of ACE inhibitory activity of
the dried fruit extracts

The ACE inhibition assay was carried out by
adapting the method reported by Kwon et al.
(20006). 50 pL of the extracts (50 mg dry weight
(DW)/ml.) were added to 200 pL. of NaCl-borate
buffer (0.3 M, pH 8.3) containing 2.0 mU ACE-I
solution and pre-incubated at 25 °C for 10
minutes. 100 pL. of hippuryl-histidyl-leucine (5.0
mM) solution was added to the reaction mixture
and incubated at 37 °C for one hour. 150 pL. of
0.5 N HCl was used to stop the reaction.
Lisinopril was wused as the standard. The
formation of hippuric acid was monitored using
HPLC with a UV detector at 228 nm (Kwon et

al, 2006). The inhibition percentage was
calculated with the following equation:

Inhibition% = [Areacontrol - (Areasamplc -
Areablﬂnk)]/(Areacontrol - Areablank) X 100 (2)

Determination of the antioxidant activity of
the dried fruit extracts

The DPPH free radical scavenging and the
linoleic acid/B-carotene bleaching assay were
used to determine the antioxidant properties of
the extracts (Ciniviz & Yildiz, 2020). Each
experiment was performed in triplicate. BHA

(butylated hydroxyanisole) and BHT (Butylated
Hydroxytoluene) were wused as standard
references.

Total polyphenols content (TPC) of the dried
fruit extracts

The TPC of the fruit extracts was assessed by the
Folin-Ciocalteu method (Ciniviz & Yildiz, 2020),
using gallic acid as a reference compound. The
results were expressed as micrograms of gallic
acid equivalents per liter of the fruit extracts.

Qualitative and quantitative analyses of
phytochemical content of the dried fruit
extracts

Determination of the phenolic components using LC-
MS/MS

The phenolic composition of the dried fruit
extracts was analyzed according to the method
developed and validated by Yilmaz et al. (2018)
and (Yilmaz, 2020) using a Shimadzu-Neexera
model UHPLC (ultra-high performance liquid
chromatograph) combined with a Shimadzu-
LCMS 8040 model triple quadrupole mass
spectrometer. The liquid chromatography system
included an analytical column (Inertsil ODS-4
model C18, 100 mmX2]1 mm, 2um), an
autosampler (SIL-30AC model), binary pumps
(LC-30 AD model), a degasser (DGU-20A3R
model), and a column oven (CTO-10ASvp
model). The final concentrations of the extracts
were 250 mg/L, and all samples were filtered
before the injection. The solvent flow rate was 0.5
mL/min, and the injection volume was 5 mL. The
eluent A contained water, 5 mM ammonium
formate, and 0.1% formic acid; and the eluent B
contained methanol, 5 mM ammonium formate,
and 0.1% formic acid. The gradient elution profile
was as follows: 20—100% B (0-25 min), 100% B
(25-35 min), and 20% B (35-45 min) (Yilmaz et
al., 2018).

Determination of the triterpenoid contents using GC=MS
The presence of seven triterpenoids in the dried
fruit extracts was assessed using an Agilent 7890A
model gas chromatography and an Agilent 5977B
model mass spectroscopy system. A HP-5MS
column (30 m X 0.25 mm X 0.25 um film) was
used for chromatographic separation. Fixed
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helium gas (1 mL/min, 20 psi) was installed as the
carrier gas. The GC oven was preheated to 80 °C
for 2 minutes, then raised to 300 °C at a rate of 5
°C per minute, where it remained for 14 minutes.
The volume of injection was set to 1.0 uL, and the
split ratio was 1:10. The ionization energy of the
electron ionization/mass spectrometer (E1/MS)
was adjusted to 70 eV. MS data were collected by
setting the complete scan mode and scan m/z to
a density of 50-800 atomic mass units (amu). N,
O-bis(trimethylsilyl)trifluoroacetamide (BSTFA)
containing 1% trimethylchlorosilane was used for
the derivatization of samples. The concentration
of the samples was 1000 mg/L (Bakir et al., 2020).

Statistical analysis

The results were displayed as mean values from
the three replications with standard errors (S.E).
A one-way analysis of variance (ANOVA) was
used to assess the statistical differences between
the extracts. Both Levene's test for homogeneity
of wvariances and the Shapiro-Wilk test for
normality were conducted. These tests are
essential to ensure the validity of our analysis. The
results of these tests influenced our approach to
the Duncan analysis by providing insights into the
distribution and variability of the data among
groups. The Duncan multiple comparison test
was used to compare mean values, and variations
between mean values were defined as significant
when P < 0.05. SPSS statistics software, version
22.00 (SPSS Inc., Chicago, IL, USA), was used for
the statistical analysis. The Pearson correlation
coefficient was calculated for correlation analysis
(P < 0.05) (IBM SPSS Statistics for Windows,
Version 28.0. Armonk, NY: IBM Corp).
Significance was based on a confidence level of
95% (P < 0.05). Principal component analysis
(PCA) condenses or summarizes the interactions
between a large number of variables that are
assumed to be connected to a smaller number of
fundamental dimensions to visualize and explain
the data. PCA was used to correlate the data
obtained from phenolic profiles and ACE
inhibition. The software R package version 4.2.0
was used to define PCA plots and analyses with
the libraries “factoextra", "FactoMineR",
"ggcorrplot”, <https://CRAN.R-
project.org/package=here>.

RESULTS AND DISCUSSION

ACE inhibitory activities of the dried fruit
extracts

The inhibition of ACE, a Zn-dependent peptidase
that regulates blood pressure, is a crucial
therapeutic strategy used in the treatment of
hypertension, which is a serious disease that
causes cardiovascular, brain, and kidney damage
(Wu et al., 2022). The inhibition activities of polar
and non-polar extracts against the ACE were
determined as 71.84%1.04% and 99.81%£2.01%,
respectively (Fig.1). The inhibition activity of
non-polar extract was as high as the standard,
lisinopril, a commercial ACE inhibitor. At the
same time, when compared with the literature, the
ACE inhibition activity of the whole fruit
(99.81+2.01%) was found to be higher than the
ACE inhibition activity of methanol extracts
obtained from the seeds (86.04£0.00%) and pulp
(42.74£8.57%) of the fruit by ultrasound-assisted
extraction method (Sensu et al., 2023). The results
of the present study showed that the dried fruit
extracts of Z. jujuba are a promising source to be
used as a dietary supplement or a pharmaceutical
reagent for the treatment of hypertension.

Antioxidant activity and total polyphenol
contents of the dried fruit extracts

The DPPH radical scavenging activity and linoleic
acid/B-carotene bleaching assay were used as
tools to compare the antioxidative activities of the
polar and non-polar extracts. BHA and BHT were
used as standards. The antioxidant activity results
of the extracts are presented in Fig.2A. The
antioxidant activity of non-polar extracts was by
far higher than that of polar extracts. This
difference detected between extracts could be due
to the type of polyphenols released into the non-
polar solvent during extraction. Additionally, the
activity of the non-polar extract may be attributed
to other phenolic compounds that cannot be
screened due to the lack of standards.

The results showed that the radical scavenging
capacities of the polar and non-polar extracts
were 170.30 * 2.88 and 30.64 £ 1.37 pg/mL
(DPPH, ICsp) and 12.08 £ 0.97% and 89.31 £
1.59% (B-carotene). In a study, the antioxidant
activities of the polar and non-polar extracts of Z.
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Jujube furit (without seed) were reported to be 400
pg/mL and 300 ug/mL (DPPH, ICsg) (Lin et al.,
2020). Since the antioxidant activity of a fruit is
affected by many factors such as variety, soil,
100
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Figure 1. ACE inhibition activity of the dried fruit extracts of Z. jujuba. Results are expressed as mean
T standard deviation (n = 3)
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Figure 2. Antioxidant activity (A) and total phenolic content (B) of the dried fruit extracts of Z. jujuba.
Results are expressed as mean + standard deviation (n = 3). Different lowercase letters denote a
significant difference between samples in the same group (P <.001)

The TPC of the extracts is shown in Fig. 2B. The
TPC of the non-polar extract (59.47£1.12 mg
GAE/g) was higher than that of the polar extract
(42.13+2.08 mg GAE/g) (P < 0.05). The effects
of solvent polarity on TPC showed results similar
to those of this parameter’s influence on the

samples’ antioxidant activity. Al-saeedi et al.
(2016) reported that the TPC of fruit extracts
obtained from Z. jujuba using different solvents
(methanol, hexane, ethyl acetate, chloroform, and
water) varied between 16.93 - 187.51 mg GAE/g
and the TPC of water extract was 18.17 mg
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GAE/g. Similar to our results, the amount of
TPC was found to be higher in the nonpolar
extracts than in the polar extract. Due to the
different solvents used, a complete comparison
could not be made, but the TPC of the water
extract was reported to be much lower than in the
present study. (Al-Saeedi et al., 2016).

Phenolic profiles of the dried fruit extracts

To obtain a more detailed phenolic profile of the
fruit of Z. juuba, two solvents with different
polarities were used for the extraction process,
and the phenolic profile of the extracts was
analyzed by LC-MS/MS in comparison with 53
reference compounds. 21 of the phenolic species
were discovered in at least one of the extracts at
different levels. Phenolic compounds found in
the extracts are listed in Table 1. The non-polar
extract was found to have a higher diversity of
phenolic compounds (eighteen distinct species)
than the polar extract (thirteen distinct species).
On the other hand, when the concentration of
species detected in the two extracts was
compared, the polar extract generally possessed
amounts of phenolics that were far higher than
the non-polar extract. The major components
detected in the extracts are as follows: Polar
extract: Quinic acid (84.16 mg/100 ¢ DW),
epicatechin (21.26 mg/100 ¢ DW), fumaric acid
(10.36 mg/100 g DW), catechin (5.90 mg/100 g
DW), aconitic acid (4.04 mg/100 g DW), rutin
(2.18 mg/100 g DW); Non-polar extract: Quinic
acid (36.88 mg/100 g DW), protocatechuic acid
(290 mg/100 g DW). Among the
hydroxycinnamic acids investigated, quinic acid
was the most abundant in the polar extract, with
alevel of 84.26 mg/100 g DW. In contrast, caffeic
acid and p-coumaric acid were only detected in
the non-polar extract. Three hydroxybenzoic
acids (gallic acid, protocatechuic acid, and salicylic
acid) are primarily found in non-polar extracts.
Furthermore, epicatechin, catechin, and rutin
were the most abundant flavonoids in the polar
extract, with levels of 21.26, 5.90, and 2.18
mg/100 ¢ DW, respectively. Remarkably, the
lower values for all organic acids (fumaric acid and
aconitic acid) were obtained in the non-polar
extract. Wang et al. (2016) investigated the
changes in phenolic compounds of Z. jujube fruits

at three different edible maturity stages, using 12
standard phenolics. The results showed that the
phenolic compounds varied with the ripening
stage, and the most dominant flavonoid among
the phenolics examined was rutin, and the most
dominant phenolic acid was caffeic acid, followed
by gallic acid, chlorogenic acid, and p-coumaric
acid (Wang et al., 2016). In a study conducted by
Yan et al. (2022), catechin, epicatechin and rutin
were reported as the dominant species in Z. jujube
fruit among 15 phenolic compounds (Yan et al.,
2022). Quinic acid, which was found to be the
most dominant species in the present study, was
not used as a standard in either study.

Tritetpenoid contents of the dried fruit
extracts

Triterpenoids are a diverse group of secondary
metabolites found in plants. They exhibit a broad
spectrum of potential pharmacological effects
combined with a low toxicity profile.
Triterpenoids are thought to be the primary
functional constituents in Z. jujuba fruit. However,
the content of triterpenoids varies considerably
from region to region and from cultivar to cultivar
(Pan et al, 2023). In the present study, seven
triterpenoid species were screened in the fruit
extracts using GC/MS. The results are given in
Table 2. Oleanonic acid, oleanolic acid, betulinic
acid, and ursolic acid were detected in the non-
polar extract. Oleanonic acid was the dominant
triterpenoid acid in the fruit of Z. jujuba, with a
level of 14.116 mg/100 g DW. A lower
concentration of these acids in Z. Juuba fruit was
previously reported by Song et al. (2020) as
follows: betulinic acid (516.41-4097.96 pg/ g
DW), oleanolic acid (36.70-837.46 pg/g DW),
ursolic acid (5.27-685.33 pg/g DW), oleanonic
acid + ursonic acid (9.83-244.80 ug/g DW) (Song
et al., 2020). In the present study, none of the
species were detected in the polar extract. Due to
their low polarity, the detected triterpeneoids are
practically insoluble in water and the extraction
process requires the use of organic solvents
(Castellano et al., 2022).
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Table 1. Phenolic profiles of polar and non-polar extracts of the dried fruit of Z. jujuba

. M.L F.I. . Quantification
Reference Phenolic Compound (/)" (/)" U (m2/100 ¢ DW)
Simple Phenols Polar extract Non-polar
Phenolic acids extract
Hydroxycinnamic acids
Caffeic acid 179.0 134.0 0.0354 ND 0.04
p-Coumaric acid 163.0 93.0 0.0516 ND 0.36
Quinic acid 190.8 93.0 0.0082 84.26 36.88
Hydroxybenzoic acids
Gallic acid 168.8 79.0 0.0282 0.04 0.16
Protocatechuic acid 152.8 108.0 0.0411 0.28 2.90
Salicylic acid 137.2 65.0 0.0329 ND 0.04
Coumarins
Coumatrin 146.9 103.1 0.0237 ND 0.04
Polyphenols
Flavonoids
Flavones
Luteolin 284.8 151.0/175.0  0.0174 ND 0.01
Flavonols
Kaempferol 285.0 239.0 0.0209 ND 0.14
Nicotiflorin 592.9 255.0/284.0  0.0276 1.14 0.54
Rutin 608.9 301.0 0.0159 2.18 1.22
Quercetin 301.0 272.9 0.0543 0.04 0.64
Flavanones
Hesperidin 611.2 449.0 0.0262 1.78 1.00
Hesperetin 301.0 136.0/286.0  0.0562 ND 0.04
Naringenin 270.9 119.0 0.0521 0.004 ND
Flavanols
Catechin 288.8 203.1 0.0221 5.90 ND
Epicatechin 289.0 203.0 0.0221 21.26 ND
Non-Flavonoids
Tannins
Tannic acid 182.8 78.0 0.019 ND 0.36
Hydroxybenzaldehydes
Protocatechuic aldehyde 137.2 92.0 0.0396 0.072 1.196
Organic acids
Fumaric acid 115.2 40.9 0.0124 10.36 1.988
Aconitic acid 172.8 129.0 0.0247 4.03 0.222
Rutin-D3-I8d 612.2 304.1 ND 1S 1S
Ferulic acid-D3-1S4 196.2 152.1 ND 1S 1S
Quercetin-D3-184 304.0 275.9 ND 1S 1S

*MI (m/z): Molecular ions of the standard analytes (m/z ratio).

b FI (m/z): Fragment ions.

¢U (%): percent relative uncertainty at 95 % confidence level (k = 2).

ND: Not determined.

Epigallocathechin, gentisic acid, chlorogenic acid, epigallocatechingallate,
hydroxybenzoic acid, vanilic acid, syringic acid, vanillin, syringic aldehyte, daidzin, epicatechingallate, piceid, ferulic
acid, sinapic acid, cynaroside, miquelianin, isoquercitrin, o-Coumaric acid, genistin, rosmarinic acid, elagic acid,
cosmosiin, quercitrin, astragalin, fisetin, daidzein, genistein, apigenin, amentoflavone, chrysin, acacetin were not
detected either of the extracts.

1,5-dicaffeoylquinic acid, 4-
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Table 2. Triterpenoid contents of the fruit extracts by GC-MS

Moleculation-/ 5 y Th . . Polar Non-polar
Compounds Re (relative intensity %o) i ree major fr.agmegt rons extract extract
p ¢ Y RSDe m/ % (relative intensity %)

(/3P (mg/100 g DW)
Alphaamyrin _ 17.99 498 (2.5) 0.025 218(100) 203(16.6) 189(183)  NDd ND
Moronic acid 2071 527 21.1) 0020 189(100) 203(403) 40924.3)  ND ND
Oleanonic acid ~ 20.96 527 (12.3) 00235 203(100) 408(64.5) 189(526)  ND 14.116
Oleanolic acid ~ 21.55 601 (2.3) 0026  203(100) 189(31.5) 320228.6)  ND 8.158
Betulinic acid 21.90 601 (4.9 0.019  189(100)  203(34.5) 320(21.8) ND 6.778
Ussolicacid 2255 601 (2.3) 0.015  203(100) 189(32.9) 320(79.6)  ND 9.082
Ursonic acid 22.91 527 (9.5) 0.028  203(100) 320(60.4) 189(24.9) ND ND

aRt: Retention time.

bMother ion(m/z): Molecular ions of the standard compounds (m/z ratio).

<RSD: Relative standard deviation
AND: Not detected

Correlation analysis

Pearson’s Correlation

The potential relationships between specific
phenolic components and the enzyme-inhibitory
properties of the polar and non-polar extracts of
Z. jujuba fruit were highlighted using Pearson's
correlation analysis (Fig.3). The direction of the
correlation is either positive (acquiring a positive
relationship) or negative (acquiring a negative
relationship). 21 of the phenolic compounds
identified in the fruit extracts showed a high
correlation with the inhibition of ACE. Caftfeic
acid, coumarin, gallic acid, hesperetin,
kaempferol, luteolin,  p-coumaric acid,
protocatechuic acid, protocatechuic aldehyde,
quercetin, salicylic acid, and tannic acid showed a
high positive correlation with ACE inhibitory
activity. On the other hand, aconitic acid,
catechin, epicatechin, fumaric acid, hesperidin,
naringenin, nicotiflorin, quinic acid, and rutin
showed a high negative correlation with ACE
inhibitory activity.

Several studies were conducted on the anti-
hypertensive properties of extracts obtained from
different parts of plants. Also, several reports
investigating the ACE inhibitory activity of
individual phenolics revealed that caffeic acid
(Agunloye & Oboh, 2018), coumarin (Ali et al.,
2019), hesperetin (Yamamoto et al, 2008),
protocatechuic acid (Safaeian et al., 2018),
kaempferol, luteolin, and quercetin (Guerrero et
al., 2012) have ACE inhibitory activity, consistent
with our results. On the other hand, it has been
reported that rutin, which was found to have a

negative correlation in the present study, showed
a dose-dependent ACE inhibitory activity;
increasing the concentration from 100 uM to 500
uM increases the inhibition activity from 36% to
87% (Guerrero et al, 2012). The positive
correlation of p-coumaric acid, protocatechuic
aldehyde, salicylic acid, and tannic acid in ACE
inhibitory activity has been shown for the first
time in the literature with the presented study.

Principle Component Analysis

PCA analysis evaluated the relationship between
individual phenols and ACE inhibitory activities.
The first principle component (Dim 1) explained
99.8% of the total variance, while the second
principle component (Dim 2) explained 0.2% of
the variance. Together, PCs 1 and 2 accounted for
100% of the variance. As delineated in Fig.4, both
positions of each phenolic in terms of the positive
and negative sides of the axis are used to visualize
which phenolics are positive contributors and
which are not. A closer arrow denotes a high
correlation, whereas the length of the arrows
shows which variable contributes the most to the
principle component. As shown in the PCA
diagram, along axis 1 of the PCA analysis, 12
phenolics were grouped on the positive side and
strongly contributed to ACE inhibitory activity.
In the negative part of axis 1, nine phenolics
formed an additional group, indicating a negative
correlation with the ACE inhibitory activity.
Upon examination of the biplot, it is apparent that
ACE demonstrates a robust positive correlation
with coumarin, protocatechuic acid, hesperetin,
kaempferol, luteolin, protocatechuic aldehyde,
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quercetin, p-coumaric acid, tannic acid, gallic acid, and rutin. These findings provide valuable
salicylic acid, and caffeic acid. Conversely, a  insights into the associations between ACE
negative correlation exists between ACE and  inhibitory activities and specific compounds
aconitic acid, catechin, epicatechin, fumaric acid,  present in the polar and non-polar extracts of Z.

hesperidin, naringenin, nicotiflorin, quinic acid,  juwuba fruit.
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Figure 3. Pearson correlation of the phenolic compounds and ACE inhibitory activity in the dried fruit
extracts of Z. jujuba (A) and bar graph of Pearson's correlation coefficient (B). The red and blue colot’s
intensity represents higher to lower correlation levels. A correlation coefficient of +1 indicates a
perfect positive correlation.
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Figure 4. Principal component analysis of the phenolic compounds and ACE inhibitory activity in the
dried fruit extracts of Z. jujuba. The figure depicts a biplot generated from data matrices representing
the polar and non-polar extracts of Z. jujuba fruit in conjunction with ACE inhibitory activities. In a
PCA biplot, the angle between the vectors representing the original variables serves as an estimate of
the correlation between those variables. A slight angle signifies a positive correlation, while an angle

near 180 degrees suggests a negative correlation
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CONCLUSION
In the present study, ACE inhibitory activity, the
phytochemical  profile, radical scavenging

capacity, and total phenolic content of polar and
non-polar extracts obtained from the fruit of Z.
Juuba  were investigated, and the main
components responsible for ACE inhibitory
activity were revealed through statistical analysis.
It was proven that the non-polar extract of the
fruit of Z. jwuba exhibited excellent ACE
inhibitory activity, radical scavenging capacity,
and total phenolic content. The non-polar extract
also contained high amounts of oleanonic acid,
oleanolic acid, betulinic acid, and ursolic acid. The
tinding highlights the ACE inhibitory effects of
individual phenolics, including caffeic acid,
coumarin, gallic acid, hesperetin, kaempferol,
luteolin, p-coumaric acid, protocatechuic acid,
protocatechuic aldehyde, quercetin, salicylic acid,
and tannic acid. Based on our results, the fruit of
Z. jujuba could be a promising natural supplement
for the treatment of hypertension. Both the fruit
of Z. Jujuba and its by-products have the potential
to be used in the pharmaceutical and food
industries for future innovations.
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Bécekler antik caglardan beri birgok kiiltiirde yerel mutfagin bir parcast olmustur. Diinyanin bircok
bélgesinde hali hazirda tiketilmekte olan béceklerin besin icerigi, onlarin alternatif protein kaynagi olarak da
dikkat ¢ekmesine sebep olmustur. Diinya nifusunun yaklagtk %10u gidaya erisim konusunda problem
yasamakta, neredeyse 1 milyar insan yetersiz beslenmeye baglt hastaliklarla karst karstya gelmektedir. Artan
niifusun gida talebini karsilamak icin mevcut gida Gretim modeli yetersiz kaldig1 gibi, niifusa bagh olarak artan
tarimsal tiretim de atmosfere daha fazla sera gaz1 salinimina sebep olarak kiiresel 1sitnmayr hizlandirmaktadur.
Bécekler yiksek protein igerikleri sayesinde ntfusun protein ihtiyactu karstlamak igin geleneksel hayvan
proteinlerinin yerini alabilecek potansiyele sahiptir. Ancak bu hususta yetkili otoritelerin gida glivenligi
endiseleri oldugu gibi, tiiketici kabuliinde de zorluklar bulunmaktadir. Uretim modelleri ve ileri isleme
teknikleri ile gida glivenligi endiselerinin, farkli pazarlama ve market stratejileri ile de tiiketici kabuliinde
yasanan zorluklarn dstesinden gelmek miimkiindiir. Bu detlemede alternatif protein kaynagi olarak
yenilebilir béceklerin potansiyeli ve yenilebilir boceklere olan tiketici tutumu degerlendirilmistir.

Anahtar kelimeler: Yenilebilir bécekler, alternatif protein kaynaklari, titketici kabulii

EDIBLE INSECTS AS ALTERNATIVE PROTEIN SOURCES AND CONSUMER
ACCEPTANCE

ABSTRACT

Insects have been a part of local cuisine in many cultures since ancient times. The nutritional content
of insects, which are currently consumed in many parts of the wotld, has attracted attention as an
alternative protein source. Approximately 10% of the world's population has problems accessing
food, and almost 1 billion people face diseases related to malnutrition. Just as the current food
production model is insufficient to meet the food demand of the increasing population, increasing
agricultural production in conjuction with population growth accelerates global warming by causing
more greenhouse gas emissions into the atmosphere. Insects have the potential to replace traditional
animal proteins to supply the protein requirements of the population because of their high protein
content. However, in this regard, the competent authorities have food safety concerns, as well as
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difficulties in consumer acceptance. It is possible to overcome food safety concerns with production
models and advanced processing techniques as well as the difficulties experienced in consumer
acceptance with different marketing and market strategies. In this review, the potential of edible
insects as an alternative protein source and consumer attitude towards edible insects were evaluated.
Keywords: Edible insects, alternative protein soutrces, consumer acceptance

GIRIS

Diunya insan gbzinden, her ne kadar biyik bir
gezegen gibi gbrlinse de sinirl kaynaklara sahiptir.
Tarima elverisli topraklarin azlhigl, giin gectikce
artan kuraklk ve iklim degisikligi gibi sikintilar
artan nifusun gida givenligini tehdit etmektedir
(Rezvivd., 2023). Guniimiizde diinya 8 milyardan
fazla insana ev sahipligi yapmakta ve niifusun
2100 yih itibari ile 10 milyarin tzerinde olacagt
ongorilmektedir  (Ritchie, 2023). Nufusu
beslemek icin gida tiretim zincirinin biiylimesi ve
tarimsal faaliyetlerin artmast sera gazi saliniminda
%371’lik bir oranda artisa neden olarak ekosisteme,
biyolojik ¢esitlilige buyitk zarar vermis, asit
yagmurlart sel, kuraklik ve toprak kaymast gibi
cevresel felaketlere yol agmistir (Kusmayadi vd.,
2021). Artan Uretime ragmen diinya nifusunun
%10u  yetersiz beslenme ve gidaya erisim
problemi ile karst karstyadir (Qu vd., 2023).
Neredeyse 1 milyar insan yeterli protein ve ihtiya¢
duydugu kaloriye erisemedigi icin kas ve immun
sistem zayifligi, biyime geriligi gibi yetersiz
beslenmeye  bagl  hastaliklarla  yiz  ylize
gelmektedir (Dogan ve Ozaltin, 2022). Artan
poptlasyon ile strdirilebilir bir gida tretim
sistemi yaratmak giin gectikce daha da zorlasirken,
ontimiizdeki on yillarda gida dretiminin niifusa
baglt olarak dramatik bir sekilde artis gbstermesi
gerektigi  dustnilmektedir (Berners-Lee vd.,
2018).

Modern diinyada bitki ve hayvan kaynaklarin
kullanarak var olan niifusun ihtiyact olan proteini
tretmek stirdiriilebilir olmadigr gibi, geleneksel
yontemlerle ihtiyacin karsilanmast icin verimli ve
buyik tarim arazileri, temiz ve icilebilir su gibi
uygulamalara ihtiya¢ vardir. Giderek artan niifus
ve nifusu etkileyen gida kithgr dusinilduginde
geleneksel kaynaklara alternatif protein kaynaklart
bulmak Gzellikle gelismekte olan tlkeler icin
¢ozllmesi gereken bir problem haline gelmistir
(Cardoso Alves vd., 2023).

Ulkelerin gelismislik diizeylerinin 6lgiitlerinden
biri de hayvansal protein tiiketimidir. Gelismis
tlkelerde hayvansal protein tiketimi daha fazla
iken gelismekte olan tilkelerde hayvansal protein
tiketim miktar1 halen istenen diizeylerde degildir
(Terin ve Bilgic, 2018). Diunya genelinde kisi
basina diigen glnlitk protein tiiketimi ortalamast
83 gram iken, bunun yaklasik %40’1n1 hayvansal
proteinler olusturmaktadir (Ergtin Bayram, 2021).
Ancak giderek artan akademik calismalar
geleneksel hayvansal protein Uretiminin gevreye
ve iklim degisikligine etkileri konusuna igaret
etmektedir (Sanchez-Sabate ve Sabaté, 2019;
Gonzilez vd., 2020). Gintimiizdeki gida tiretim
modeli atmosfere salinan sera gazinin 1/3’linden
sorumlu tutulmaktadir (Crippa  vd., 2021).
Nifusun artist ile birlikte gelen talebi karsilamak
icin Uretimin de iki katina ¢ikacagt ve bu
geleneksel iretim modelinin atmosfere saldig1 sera
gazinda da Uretime paralel olarak artis olacagt
ongorilmektedir (van Zanten vd., 2016). Bu
endiselere ek olarak et ve islenmis et lUriinlerinin
tiketiminin kanser, diyabet ve kardiyovaskiler
hastaliklar gibi kronik hastalik riskini artirdigin
isaret eden calismalar vardir (Almeida vd., 2023).

Alternatif protein kaynagi olarak bitkiler, algler,
fungiler,  mikroorganizmalar ve  bocekler
kullanilabildigi gibi kiltir etini de alternatif
protein  kaynagt  olarak  degerlendirmek
mimkiindir (Grossmann vd., 2021). Bu alternatif
protein kaynaklari birbirleri arasinda icerdikleri
protein miktari, protein kalitesi ve proteinlerin
aminoasit profili gibi faktorler ile
karsilastirilmaktadir. Besinsel icerigi haricinde aynt
zamanda bu alternatif protein kaynaklarinin
cevreye olan etkisi, karbon ayak izi, su ve arazi
kullanimi  gibi faktérler de birbirlerine karst
avantajlart ve  dezavantajlar1  bakimindan
irdelenmektedir.
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GELENEKSEL HAYVANSAL
PROTEINLER ILE YENILEBILIR
BOCEKLERIN BESIN DEGERLERI

Geleneksel hayvansal protein tretiminin yarattig
bu sorunlara ve endiselere ¢6zum icin; boceklerin

Onerilen yaklasimlardan biridir  (McClements,
2020). Tuketilebilit bir cok boeek tirii makro ve
mikro besinler yoninden zengindir (Nowak vd.,
2016). Cizelge 1’de yenilebilir bazi bocek turleri ile
geleneksel hayvansal gidalarin  karsilastirilmast

alternatif protein kaynag olarak kullanim:  bulunmaktadir.

Cizelge 1. Yenilebilir bazi bocek tirleri ile bazt hayvan kaynaklarinin besin icerikleri (Orkusz, 2021)

Besin Kaynag Enerji Protein Yag Lif
(kcal /100 @) (2/100 @) (2/100 @) (2/100 @)

Acheta domesticus Y 153 20.5 5.06 4.6
Acheta domesticus 1. 137.5 15.4-17.5 4.4-79 2.3
Tenebrio molitor Y 178 2413 6.14 7.4
Tenebrio molitor L 247 25 12.91 3.52
Gonimbrasia belina 1. 161 35.2 15.2 -
Pyralidae L. 274.7 16.1 24.9 2.1-3.4
Koyun budu 196.56 15.12 15.12 -
Dana budu 85.32 15.72 2.45 -
Kaz eti 140.63 5.78 13.04 -
Ordek eti 199.04 8.64 18.30 -
Tavuk budu 125 17.8 6 -

Y: Yetiskin L: Larva

Yenilebilir 2000’in tzerinde bilinen bocek tura protein, yag, polisakkaritler ile vitamin ve

bulunmakta (Okyere, 2023) ve Tenebrionidae  mineralleri ihtiva etmektedir. Bécekler sadece

familyasinin boécekleri (sart un kurdu Tenebrio
molitor, daha ktgik un kurdu Aphitobins Diainus ve
super kurt Zophobas morio); circir bocekleri gibi
bazi ortopteranlar (ev circir bécegi  Acheta
domesticus; tropikal ev circir bocegi  Gryllodes
sigillatus) ve iki benekli circir bocegi Gryllus
bimaculatus veya goemen cekirge Locusta migratoria
gibi cekirgeler ile biyitk balmumu giivesi Galleria
mellonella gibi bazt Lepidopteran tirleri ve Bombyx
mori gibi ipekbbeekleri yenilebilir bu bocek tirler

besin degerleri yoniinden degil ayrica esansiyel
aminoasitler ve doymamis yag asitleri bakimindan
da zengin bir kaynaktir (Orkusz, 2021). Cizelge
2’de esansiyel aminoasitler bakimindan geleneksel
hayvansal protein kaynaklari ile bécekler arasinda
karsilastirma yapilmistir. Icerdikleri yitksek B12
vitamini, demir, ¢inko gibi mineraller, lif, esansiyel
aminoasitler, omega-3, omega-6 ve antioksidanlar
sayesinde saglik tzerinde de olumlu etkileri
bulunmaktadir (Nowakowski vd., 2022).

arasindadir (Huis vd., 2020). Yenilebilir bocekler

Gizelge 2 Alternatif protein kaynaklarindan elde edilen proteinlerin ve tavuk yumurtast proteininin
aminoasit profili (g/100 g) (Sobczak vd., 2023)

Alg

Tavuk Yumurtast

Protein Kaynag: Bakteri ~ Mantar Kril Bocekler

Proteini
Izolosin 4.7 3.3 1.8 2.5 3.8 5.9
Losin 8.6 5.4 2.9 4 6.5 8.41
Valin 6.2 4.2 2.2 2.6 52 7.25
Lizin 6.3 4.3 3 4.4 5.1 5.95
Fenilalanin+ trozin 9 5.8 3.1 5 9.7 9.97
Metiyonin+ sistein 3.1 2.2 1 2.4 3.5 6.16
Triptofan 0.9 0.8 0.3 0.7 1.2 1.48
Treonin 5.4 3.3 2 2.2 3.7 4.30
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YENILEBILIR BOCEKLERIN SAGLIK

UZERINE ETKILERI
Yenilebilir  boceklerin - saglk Uzerine etkileri
konusunda  bircok calisma  bulunmaktadir.

Ierdikleri kitin, yag asitleri ve glikozaminoglikan
gibi bircok besin maddesi potansiyel olarak insan
saglgt icin yararhidir. Yapilan calismalar yenilebilir
boceklerin bagirsak florasinda bulunan probiyotik

bakterilerin  gelisimini  destekleyerek  diyare,
siskinlik,  antibiyotik ~ yan  etkileri  gibi
gastrointestinal rahatsizlhiklart giderdigini

gostermistir  (Vangsoe vd., 2018). Gokkusag
alabaliklart tizerinde yapilan bir ¢aligmada kara
asker sinegi larvalari ile beslenen alabaliklarin

bagirsak floralarindaki mikroorganizma
cesitliliginin - artu@r  goézlenmis, floradaki bu
cesitlilik  firsatgt  patojenlerin  bakterilerle
rekabetine  yol  acarak  hastaliklara  karst

dayanikliligt artirdigr  gérilmistiic (Bruni vd.,
2018). Circir béceklerinde bulunan
glikozaminoglikan anti-inflamatuar etki
gostererek kronik artrit hastaliklarina karst etki
gostermektedir (Ahn vd., 2014).

Diyabetik farelerde yapilan calismada
glikozaminoglikan takviyesini iceren bir diyetle
tedavi alan diyabetik farelerin, kan sekeri ve LDL-
kolesterol seviyelerinde bir azalma ve antioksidan
enzimlerin (katalaz, stperoksit dismutaz ve
glutatyon peroksidaz) aktivitesinde bir artis
gosterdigi  bulunmustur  (Ahn  vd., 2020).
Yumurta tavuklart Gzerinde yapilan bir ¢alismada
kara asker sinegi larvalariyla beslenen tavuklarin
daha duistk kolesterol ve trigliserit seviyesi
gosterdikleri, kandaki kalsiyjum degerlerinin de
yikseldigi gorilmistir (Marono vd., 2017).
Yenilebilir bécekler zengin vitamin ve mineral
icerigiyle hastaliklarin  6nlenmesi  konusunda
potansiyel bir 6neme de sahiptir. Circir béceginin
zengin  B12 vitamini icerigi 6zellikle yaslh
bireylerde vitamin eksikligine baglt olarak gelisen
bilissel gerilemenin ve kemik kirtlmalarinin
onlenmesi  hususunda  yardimer  olabilir,
kardiyovaskiiler hastaliklarla iliskilendirilen kan
plazma proteini homosistein konsantrasyonunu
azaltarak kardiyovaskiiler hastalik riskini de
azaltabilir (D’Antonio vd., 2023).

Insanlar iizerinde saglik etkilerini inceleyen
kapsamli bir calisma bulunmamakla birlikte
yapilan bazit calismalardan olumlu saglik sonuglart
alinmustir. Ji ve ark. (2022) ipek bocegi (Bombyx
mori) larvalart proteinlerinin  kolon kanseri
htcrelerinin =~ kontrolstiz  ¢ogalmasina  etkisini
inceledikleri ¢alismada, ipek bocegi larvalart
proteininin ~ kolon  kanseri  hiicrelerinde
oksidasyona sebebiyet verdigini ve hicre
apoptozunu artirdigint tespit etmislerdir. 2008
yilinda yine ipek bocegi larvalart ile yapilan bir
calisma (Li vd., 2018) larvadan elde edilen protein
izolatlarnin  hiicre apoptozunu artirarak mide
kanseri tizerinde etkili olabilecegini gdstermistir.
Kim ve ark. (2010) kirlangickuyruklu kelebekler
(Papilio  xuthus) ile yaptiklart calismada izole
ettikleri papain peptitlerinin mantarlara, Gram
negatif ve Gram pozitif bakterilere karst etki
gosterdigini ve insan kirmizi kan hiicrelerine karst
ise hemolitik bir aktivite gostermedigini tespit
etmislerdir. Kan basincin, kan sekerini ve kandaki
lipit konsantrasyonunu diizenledigini gOsteren
cesitli calismalar da vardir (Wang vd., 2011; Wang
vd., 2014; Aznar-Cervantes vd., 2021). Yenilebilir
béceklerin insan diyetinin bir parcast olmast
yayginlastikca alanda yapilan caligmalar artacagt
distinilmektedir (Stull, 2021).

GIDA GUVENILIRLIGI

Biyolojik ve kimyasal riskler

Saglik yararlari ve besin degetleri dustintildiginde
béceklerin  tiketimi  saghikh gibi gézikse de
cevreden kaynakli toksinler, bdceklerin kendi
zararll metabolitleri ve pestisit kalintdarinin
varlig, agir metal Dbirikimleri ve patojen
mikroorganizmalarin  varligi gida  givenilirligi
endiselerinin baglica kaynagidir Murefu vd., 2019;
Henderson, 2022). Yapilan bir calismada un
kurdu ve circir boceklerinde sporlu bakteriler ve
Enterobacter spp. tanimlanmustir  (Klunder vd.,
2012). Bir derlemede, incelenen bazi yenilebilir
boéceklerde tanimlanan bakterilerin ¢cogunlugunu
Bacillus ve Staphylococens cinslerinin olusturdugu
belirtilmistir (Amedi vd., 2016). Poma ve atk.
(2017) bazt yenilebilir bocek tiirleri ile yaptiklart
calismada boceklerdeki agir metaller ve dioksin,
poliklotlu bifeniller (PCB),
diklorodifeniltrikloroetan (DDT) ve pestisit
kalintilarinin seviyesi 6lemiis, s6z konusu kalintt
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miktarlarinin yaygin olarak tiiketilen hayvansal
triinlerden daha disik seviyede oldugunu tespit
etmislerdir. Cizelge 3’de yenilebilir boceklerde

Cizelge 3 Yenilebilir béceklerde gida giivenilirligini tehdit eden potansiyel tehlikeler (Banach vd., 2022)

gida  givenilirligini  tehdit

tehlikeler listelenmistir.

eden potansiyel

Tehlike Tehlike

Alerjenler X Polisiklik aromatik hidrokarbonlar (PAHs) -

Mikroplastikler ve nanoplastikler - Isleme kontaminantlar x*
KIMYASAL TEHLIKE Veteriner ilac kalintilart X
Antinutrientler x* MIKROBIYEL TEHLIKE

Bromlu alev geciktiriciler - Bakteriyel toksinler -

Dioksinler ve poliklorlu bifeniller X GDO -

Agir metaller Parazitler X
Deniz biyotoksinleri - Prionlar X
Mikotoksinler x* Sportlu bakteriler X
Bitki koruma iriinleri ve biyositler X Vejetatif bakteriler X
Bitki toksinleri - Viriisler X

“-” Potansiyel risk bulunmamaktadir. “x” risk vardir.
Avrupa Birligi sinurlart icerinde insan tiketimine
sunulacak yenilebilit bécekler icin herhangi bir
gida guvenilirligi riskinin bulunmamasi, dogru
bilgilendirmenin ve etiketlemenin yapilmasi,
beslenme acisindan bir dezavantaj
bulundurmamast kosulu aranmaktadir
(Anonymous, 2015b). Yeni gida driinlerinin
degerlendirilmesinde Avrupa Gida Giivenligi
Ajanst  (EFSA) aktif rol almakta ve riskin
degerlendirilmesinde  s6z  konusu  gidanin
tanimlanmasi, karakterize edilmesi, Uretim ve
isleme sirasinda olusabilecek risklerin géz 6ntinde
bulundurulmast amaclanmaktadir  (Turck vd.,,

2021).

Kimyasal ve ¢evresel riskleri elemine etmek i¢in
béceklerin  yaban hayattan toplanmast yerine
kapali ve kontrolli bir ortamda tariminin
yapimast ¢evresel bulasanlart engellemek icin bir
¢6zim yolu olustururken, béceklerin belirli bir
diyetle beslenmeleri, kendi metabolitlerinden
gelen toksisiteyi engellemeye yardimct olacaktir.
Uygun isleme metotlart ile muamele edilmesi,
mikrobiyolojik riskler elemine ederek, yenilebilir
bocekler icin yeterli gida glivenilirligi saglayacaktir
(Murefu vd., 2019; Baiano, 2020; Imathiu, 2020).

Alerjenler
Gida alerjisi viicudumuzun zararsiz gidalara ve
gida bilesenlerine gosterdigi savunma sisteminin

k9

x"” risk vardir ve bilgi eksikligi mevcuttur.

bir yan etkisidir. Alerjik reaksiyon savunma
sisteminin gidada bulunan spesifik protein ve
proteinlere vermis oldugu anormal cevap olarak
distnilmektedir (de Gier ve Verhoeckx, 2018).
Yenilebilir béceklerin gida olarak kullamlmasi
besin igerikleri ve sahip olduklart biyoaktif
bilesenler nedeniyle avantajh bulunmasina ragmen
olarak
potansiyel alerjik reaksiyonlarin ortaya ¢tkmasi da

yenilebilir  bdcek  tiiketimine bagl

olasidir (Jantzen vd., 2019).

Bir¢ok bocek proteini alerjen olarak tanimlanmus
ve gida alerjisi, EFSA tarafindan yenilebilir olarak
kabul edilen ik bécek tirt olan Tenebrio molitor
dahil bircok bécek tirinde ortaya konmustur
(Cunha vd., 2023). Yang ve ark. (2023)’nin yaptigi
derlemede yenilebilir béceklerde en yaygin gida
alerjeni olarak tropomyosin (TM) ve arjinin

kinazdan (AK) bahsedilmektedir.

Yenilebilir bécek proteinleri tiiketime baglt olarak
kendi basina gida alerjisine sebep oldugu gibi,
reaksiyon
gostererek alerjiye de sebep olmaktadir. TM ve
AK’nin farelerde yapian calismada serumdaki
histamin ve IgE seviyesini artirdigi gérilmiistir
(Han vd., 2018). Cizelge 4 de yenilebilir bazt
saytlari

diger gida alerjenleri ile gcapraz

bocek turleri  ve
verilmistir.

raporlanan  vaka
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Cizelge 4 Bazt bocek tiirleri ve tiiketime bagh olarak raporlanan vaka sayilari (de Gier Verhoecks, 2018)

Bécek tiri Tiiketilebilir kismin % olarak Raporlanan vaka
ifadesi sayist
Coleoptera (kin kanatlilar) %31 3
Lepidoptera (pul kanathlar) %18 12
Hymenoptera (zar kanatlilar %14 2
Orthoptera (diiz kanatlilar) %13 2
Hemiptera (yarim kanatlilar) %10 11
Isoptera (termit) %3 0
Odonata (kiz bécekleri) %3 0
Diptera (sinek) %02 0
Diger %5 0
YASAL DUZENLEMELER yenilebilir bdceklere 6zel bir atifta bulunan bir

Yenilebilir boceklerin gida olarak insan tiiketimine
sunulmasi hentiz diinya ¢apinda tartistlan bir konu
oldugu icin bir¢ok tlke mevzuatinda bu konuda
bosluklar bulunmaktadir. Literatir aramalarinda
boceklerin insan diyetinin bir pargast olmast
konusunda diinya ¢apinda kabul gérmis bir yasal

diizenleme  olmamakla  birlikte  yenilebilir
béceklerin islenmesi ve pazarlanmast ile ilgili bazt
tlkelerde  yasal  diizenlemeler — mevcuttur

(Lahteenmiki-Uutela vd., 2021).

Asya tlkelerinde yenilebilir bdceklerin tiketimi
yaygin olmasina ragmen konuya 6zel bir yasal
diizenleme bulunmamaktadir. Tayland’da
festivallerde  Ozellikle tercih edilen seyyar
restoranlar yenilebilir bir¢cok bécek tiiriint insan
titketime sunarken, Tayland Gida ve Tlag Tdaresi
bu gida drinlerini  Gida  ve  Tarnm
Orgiiti(FAOYniin  B.E.2522 (1979) yasasina
dayandirarak diger gida olarak
degerlendirmektedir (Halloran vd., 2015). Cin’de
ise yenilebilir béceklerin tiketimi ¢cok yaygin olsa
da bu konuda o&zellikle bir yasal dizenleme
bulunmamaktadir.  Ancak zehirli ve nesli
tikenmekte olan boceklerin tiiketimi yasalarla
engellenmektedir (Wang vd., 2020).

Kanada’da yenilebilir béceklerin insan titketimine
sunulabilmesi icin  bdcek spesifik
bagvurunun yerel otoritelerce  onaylanmast
gerekmektedir. Amerika’da bocekler Gida ve Tlag
Dairesi tarafindan gida katki maddesi siifinda
degerlendirilmekte, bécek bazli gida trtnlerinin
satistna hentiz izin verilmemektedir (Pressman
vd., 2017). Yeni Zelanda ve Avustralya’da ise

turune

yonetmelik  bulunmamaktadir.  Ancak  yeni
gidalarin Uretilmesi hususu genel bir yénetmelik
ile ele alinarak iretilecek Urtinlerin Gretiminde
yiksek hijyen standartlarina uyulmasi ve insan
tiiketimine uygunlugunun gtivence altina alinmast
hususu  bu yonetmelikte vurgulanmaktadir

(Chatlebois vd., 2014; Newsome vd., 2014).

Avrupa Parlamentosu ve Konseyinin yenilebilir
boceklerle ilgili  diizenlemelerinin  tarihgesine
bakildiginda: 2015/2283 sayii tuzige gore
yenilebilir bécekler ve bunlarin parcalart yeni bir
gida olarak kabul edilmekte ve 1 Ocak 2018
tarthinden itibaren yurlrlige giren bu yeni
yonetmelik, yenilebilir bécekler gibi yeni-yenilikei
gidalarin  Avrupa Birligi pazarina sunulmasini
kolaylastirmaktadir (Anonymous, 2015a). Haziran
2021'de, Tenebrio molitor bbceginin larvalart olan
sart un kurdu, AB'de yeni bir gida olarak
onaylanan ilk bécek olurken gbé¢men cekirge
Locusta  migratoria Kasim 2021 tarihindeki bir
dizenleme ile yenilebilir bocekler arasinda izin
verilen ikinci bécek olmugtur. Tropikal ev circir
boécegi  (Gryllodes  sigillatns), kicik un kurdu
(Abphitobins diaperinus), kara asker sinegi (Hermetia
#llucens) ve bal arist (Apis mellifera) icin hali hazirda
basvurular bulunmaktadir (Kréger vd., 2022).

Ulkemizde yenilebilir béceklere ézel herhangi bir
yasal diizenleme bulunmamaktadir. Béceklerden
elde edilen bazi gida katki maddelerinin kullanimt
pratikte gorilse de titketici tepkileri nedeniyle alan
calismast kisithdit.
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TUKETICI KABULU VE YENILEBILIR
BOCEKLER

Hali hazirda batili tlkelerdeki bazi tiiketiciler
yenilebilir bécekleri ve bunlardan islenmis gidalart
tiketirken, dinya genelinde yenilebilir bécekleri
tiketen 2 milyardan fazla insan bulunmaktadir
(Tao ve Li, 2018). 2020 yihinda béeek
proteinlerine olan talep 120 bin ton iken bunun
2030 yilt itibati ile 500 bin tona ulagacagi ve global
market hacminin 8 milyar dolart gececegi tahmin
edilmektedir (de Jong ve Nikolik, 2021; Liceaga
vd., 2022).

Geleneksel hayvansal proteinlere alternatif olacak
kaynaklarin aragtirilmast ve talebin bu yoénde
karsilanmast ile ilgili en 6nemli sorunlardan bir
tanesi tiiketici kabulidiir (La Barbera vd., 2023).
Tiketici kabulinde etkisi bulunan neofobi ve
igrenme faktSrlerinin  Ustesinden gelmek icin
béceklerin nasil gida Grinlerine islenecegi de

arastirmalarin  baska bir konusu olmustur
(Mancini vd., 2019; Patel vd., 2019).
Asya  ilkelerinde  6zellikle Dogu Asya’da

yenilebilir  bécekler uzun yilardir  insanlarin
diyetlerinde yer almaktadir. Asyali insanlarin uzun
yillardir  yenilebilir  b&cekleri  diyetlerinin  bir
pargast haline getirmesinin sebebi, bdceklerin
yalnizca zengin protein kaynaklari olmasi degil
ayrica elzem bir ¢ok besini ihtiva etmesi ve diger
kaynaklara nazaran ucuz, ulusabilir olmasidir
(Raheem vd., 2019). Myanmar, Laos, Tayland,
Endonezya, Kambogya gibi bazt Gilineydogu
Asya tlkelerinde yenilebilir bécekler yiiz yillardir
geleneksel yerel mutfagin bir parcasidir. Bu
tlkelerde tarantula, ipek bocegi larvast, ar1 larvasi,
cekirge, circir bocegi gibi bocekler ve larvalar
atistirmalik olarak tiketilmektedir (Siddiqui vd.,
2023).

Kuzey Amerika tlkelerinde son yillarda yenilebilir
béeeklere ilgi giderek artarken, yapilan calismalar
gen¢ kusagin yenilebilir  bocekleri  tiiketmek
konusunda  daha agtk  fikitli  oldugunu
gostermektedir (Barton vd., 2020). Bu tlkelerde
tiketici kabulu tiketilebilir béceklerin ne sekilde
sunulduguna bagh olarak da degismektedir.
Ornegin circir boceklerinden elde edilen protein
tozu ile Uretilmis protein barlart hem yiksek

protein igerigi hem de strdurilebilirligi nedeniyle
kabul  gbrurken, boceklerin - bitlin  halde
sunuldugu islenmis diger trtnler pek de kabul
gormemektedir (Barton vd., 2020; Ardoin ve
Prinyawiwatkul, 2021).

Giney Amerika dlkelerinde ylz  yillardir
geleneksel protein  kaynagt olarak bdcekler
tiketilmektedir.  Ancak gida  Uretimindeki
modernizasyon ve batililasma ile yenilebilir
boceklere olan ilgi azalmistir. Cevre ve geleneksel
hayvansal protein Uretimi arasindaki iliski
anlasildikca, yenilebilir boceklere olan ilgi de
tiketici diizeyinde artmaya baslamistir (Lucchese-
Cheung vd., 2020).

Afrika tlkelerinde ise kiiltiirtin bir parcast olarak
geleneksel lezzet olarak kabul géren bécekler
yitksek bir tiiketici kabul orant géstermektedir.
Ozellikle besin  kitligt  nedeniyle  yetersiz
beslenmeyle karst kastya kalan Afrika Glkelerinde
yenilebilir bocekler geleneksel hayvansal protein
kaynaklarina alternatif olarak yetersiz beslenme
ile ortaya ¢ikan hastaliklarla miicadele konusunda
umut olmaktadir (Hlongwane vd., 2021).

Yenilebilir  bocekler  ge¢misten — gintmiize,
dinyanin bircok yerinde 6rn. Afrika, Asya ve
Latin Amerika’da tliketilmektedir. Ancak c¢ogu
Avrupalt i¢in yenilebilir bécekleri tiiketmek yeni
ve garip bir diislince olarak gérilmektedir. Bunun
sonucu olarak Avrupa itlkelerinde yenilebilir
boceklerin tiketimine karst tlketicilerin kabul
orant olduke¢a digik bulunmustur (Raheem vd.,
2019). Yapilan bir ¢alismada Ingiltere, Hollanda,
Ispanya, Polonya ve Finlandiya’nin da aralarinda 5
Avrupa tilkesinde 1825 katitimeinin yalnizea %9’u
bocekleri  tlketilebilir  olarak kabul —etmistir
(Grasso  vd., 2019). Avrupah tiketicilerin
boceklere karst olan tutumlarinda en 6nemli etken
tiksinti ve neofobi olmustur. Bécekler Avrupalt
tiketicilerce arzu edilmez ve tiksindirici olarak
nitelendirilirken, yeni bir seylerden korkmak
olarak tanimlanan neofobi yas, cinsiyet ve egitim
durumu gibi faktérlerden etkilenmektedir (van
den Heuvel vd., 2019).

Yenilebilir
kullanildig,

bocekletin hammadde  olarak
atistirmaliklardan et Urlnlerine,
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yenilebilir béeek bazli kurabiyelerden ¢ikolatalara
ve cipslere kadar genis bir driin yelpazesi
bulunmaktadir (Acosta-Estrada vd., 2021). Bu
driinlerin Uretiminde giines altinda, dondurarak,
tepsili kurutucu ve mikrodalga ile kurutma gibi
prosesler  oldugu gibi ultrason  destekli
ekstraksiyon ve soguk atmosferik basinglt plazma
ekstraksiyonu  gibi yeni isleme teknikleri de
kullandmaktadir (Melgar-Lalanne vd., 2019).

Tuketici  kabuliinii artirmak i¢in  yenilebilir
bocekleri hali hazirda tiketilen triinlere benzer
tretmek bagka bir strateji olarak distiniilmektedir
(Pambo vb., 2018). Bu stratejiye uygun olarak
Avrupa’da market raflarinda yenilebilir bocek
icerikli burger, eckmek, biskiivi, kraker, cips,
sekerleme, icecek, pasta, pizza ve benzeri tiriinleri
gérmek mimkindir (Dagevos, 2021).

SONUC VE TARTISMA

Yenilebilir bocekler zengin protein, vitamin ve
mineral icerdikleri sayesinde alternatif protein
kaynaklar1 arasinda yiiksek bir potansiyele sahiptir.
Geleneksel hayvansal protein iiretiminin gevreye
ve insan saghgina etkileri distintlecek olursa
yenilebilir boceklere olan ilginin giderek artacagi
sOylenebilir. Ancak bu hususta en biyik engel
titketici kabulil olarak goriilmektedir. Bir diger
engel ise yenilebilir bdcekler tzerine yasal
mevzuatin  eksikligidir.  Yenilebilir  b&ceklerin
saglik tzerine etkileri hususunda yeterli ¢aligma
bulunmamast gida gtvenilitligi  ve  aletjisi
hususlarinda  endise yaratmakta, bazt bdcek
tirlerinin yerel otoritelerce onaylanmast siirecini
yavaglatmaktadir.  Ozellikle gida  alerjenleri
hususunda yenilebilir bécekler tizerinde in vitro
ve In vivo c¢alismalarin  yapimast Onem
tastmaktadir.

Gida giivenilirligi endiselerinin ve tiketici kabulii
sorunlarinin ¢oztlmest ile yenilebilir béeek igerikli
trtinlerin piyasada gorintrliginin artacagt ve
alternatif protein kaynaklari arasinda 6nemli bir
yer edinecegi sOylenebilir. Nitfusun hizla artmast,
iklim degisikligi, geleneksel gida tedarik zincirinin
gevreye olan etkisi, sera gazi1 salinimi ve temiz su
kaynaklarinin azalmast gibi nedenler geleneksel
gida Uretimine alternatif Uretim modellerine
yonelime sebep olmustur. Artan niifusa baglt

olarak gida talebinin de artmasi, Ozellikle
gelismekte olan ilkeler icin ¢6ziilmesi gereken bir
sorun haline gelmistir. Halihazirda  sonlu
kaynaklarin  kullanildigi mevcut gida Uretim
sistemimiz daha strdirilebilir, karbon ayak izi
daha kiiciik, kaynaklara ve ¢evreye daha saygilt
sistemler ile revize edilmesi gerekmektedir.

Yeni bir gida olarak disinildiginde yenilebilir
bécekler ve bunlardan iretilmis gida {iriinleri,
mevzuatta var olan bosluklar, gida givenilirligi ve
alerjisi hususundaki endiseler ve literatiirdeki bilgi
eksiklikleri nedeniyle gida endiistrisinde yeni yeni
yer bulmaktadir. Yeni olan ¢ogu seye tiketicinin
temkinli  yaklagimi,  “yeni”  sdzcigi  ile
nitelendirilen sey bir gida tirtini oldugunda fobiye
donismektedir. Yenilebilir boceklerin  titketici
kabulinl artirmak icin Grlnlerin insanlatin asina
oldugu iriinlere islenmesi, toz haline getirilerek
belli oranlarla ekmek, makarna vb. Urunlerin
hamurunda kullanilmast gibi pazar stratejileri
mevcuttur.

Gorece yeni olan bu fikir {zerine tiiketici
kabulini artiracak ve gida glvenilirligini
saglayacak isleme yOntemlerini konu alan
calismalar, yenilebilir boceklere olan kamuoyu
ilgisi arttikga artacaktir. Yine tiketici davranslar
konusunda yapilacak caligmalar driin  kabul
edilebilirligi tizerinde yeni pazarlama stratejilerinin
gelistirilmesi konusunda sektore 151k tutacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda cikar ¢atismast
bulunmamaktadir.

YAZAR KATKILARI

Makalenin  derlenmesinde, yazilmasinda ve

yayinlanmasinda tim yazarlar katki saglamuslardir.
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ABSTRACT

Nowadays, there is a growing interest in fully utilizing agro-industrial wastes, with carotenoids gaining
attention as valuable coloring agents. One of the potential sources for carotenoid extraction is lemon peel.
The purpose of this study was to determine optimal extraction techniques for extracting as much carotenoids
as possible from lemon peel. In this context, a comparison was conducted among extracts obtained via
conventional, ultrasound-assisted (UAE), and ultrasound-assisted enzymatic (UAEE) extraction methods.
The highest carotenoid content (0.792+0.01 mg/L) was achieved with UAEE, while the lowest (0.493%0.01
mg/L) was obtained conventionally. UAEE exhibited the highest antioxidant activity values among three
methods: 753.8015.79 mg TE/L (ABTS), 624.64+10.52 mg TE/L (DPPH), and 186.64+1.66 umol TE/L
(FRAP). In conclusion, UAEE showed promise in extracting carotenoids from lemon peel. Thus, by
carotenoid extraction using green technology from waste lemon peels, with higher added value, richer in
terms of phenolic composition and antioxidant properties, has been obtained.

Keywords: Ultrasound, enzyme, extraction, lemon peel

LIMON KABUKLARINDAN KAROTENOIDLERIN YESIL EKSTRAKSIYONU
oz
Giuntumuzde, tarim enduUstrisi atiklarinin tam olarak kullanimina olan ilgi giderek artmaktadir ve
karotenoidler, degerli bir renklendirici ajan olarak dikkat ¢gekmektedir. Karotenoid ekstraksiyonu icin
potansiyel kaynaklardan biri limon kabugudur. Bu calisma, limon kabugundan maksimum miktarda
karotenoid elde etmek i¢in optimal ekstraksiyon prosedurlerini belirlemeyi amaglamistir. Bu baglamda
geleneksel, ultrason destekli (UAE) ve ultrason destekli enzimatik ekstraksiyon (UAEE) yontemleri
ile elde edilen ekstraktlar arasinda kiyaslama yapilmistir. En yiiksek karotenoid igerigi (0.792%0.01
mg/L) UAEE ile elde edilitken, en dusik icerik (0.4931£0.01 mg/L) geleneksel yontem ile elde
edilmistir. En yiiksek toplam fenolik madde miktar1 (TPC) UAEE ile elde edilmistir. Benzer sekilde,
UAEE, t¢ yontem arasinda en yitksek antioksidan aktivite degerlerini sergilemistir: 753.80£5.79 mg
TE/L (ABTS), 624.64£10.52 mg TE/L (DPPH) ve 186.6411.66 pmol TE/L (FRAP). Sonug olarak,
UAEE, karotenoidlerin ekstraksiyonu icin umut vaat etmektedir. Dolayisiyla, atk limon
kabuklarindan yesil teknoloji kullanilarak karotenoid ekstraksiyonu ile daha yitksek katma degerli,
fenolik bilesim ve antioksidan 6zellikler acisindan daha zengin bir tiriin elde edilmistir.
Anahtar kelimeler: Ultrason, enzim, ekstraksiyon, limon kabugu
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INTRODUCTION

Agriculture has been important to humanity in
every age. The agricultural industry is responsible
for generating a wide array of nutrients and
enhancing their diversity through processing,
fulfilling the nutritional requirements of
individuals, and consequently playing a crucial
role in the health and advancement of
communities. Fresh fruits and vegetables
constitute an integral part of agriculture. World
fruit production recorded a growth of 63% from
2000 to 2022, with a total production volume in
2022 of 933 million tons. Turkey is the world's
fourth-largest producer of fruits (FAO, 2022). In
particular, increments became in the production
of mandarin by 58.3%, 74.8% in oranges, 75.8%
in lemons production in the citrus group of fruits
(TUIK, 2023). Turkey is a major producer of
citrus fruits: in the case of lemons (Citrus limon 1.),
more than 1.32 million tons were produced in
2023. Lemon (Citrus limon 1.) is one of the
important citrus plants among the fruit groups
grown all over the world. Lemons include a
variety of bioactive substances that have been
linked to health benefits, including carotenoids,
phenolic compounds, dietary fiber, essential oils,
and vitamins (Benestante et al.,, 2023). Lemon
fruit is used in many food and non-food products
that are sold commercially because of its special
qualities, which include increasing taste and
flavor, supporting health, and having an
appearance. Nonetheless, the leftover peel from
these non-food and food industries is still a source
of valuable bioactive components that can be
used in related sectors such as the pharmaceutical,
cosmetic, home care, and health care industries
(Jagannath and Biradar, 2019). The peels from
lemons make up between 50-70 % of the fresh
fruit mass (John et al., 2017). It has been stated
that the bioactive compounds in peels can help
prevent diseases like diabetes, obesity, blood lipid
reduction, cardiovascular disease, and some types
of cancer (Li et al., 2023). These peels remaining
bioactive components can be used as a source of
vitamin C, carotenoids, and phenolic compounds,
all of which have been shown to have a variety of
health-promoting and antioxidant qualities
(Magalhaes et al., 2023). Lemon peels, which are
waste from households, restaurants, and the

processing industry, can be distributed free of

charge, making them popular sources for
extracting phenolic substances, essential oils, and
producing natural colorants such as carotenoids
(Gtizel and Akpinar, 2017; Weldekidan et al,,

2024).

Carotenoids are a group of pigments found in
many plants, algae, and photosynthetic bactetia.
They are responsible for the yellow, orange, and
red colors in various fruits, vegetables, and other
organisms. Carotenoids, which have an isoprene
skeleton, are composed of 40 carbon atoms. In
recent years, there has been a growing emphasis
on research concerning plant pigments,
particulatly due to their provitamin A activity, and
their recognition as natural antioxidants and
bioactive compounds has elevated their
significance (Ashokkumar et al., 2023). Fruits and
vegetables high in carotenoid antioxidants are
recognized to impact on human health. Citrus
fruits are a staple in people's everyday diets and
contain a considerable amount of carotenoids.
This is why many of articles in recent years have
focused on studying these fruits (Gonzalez-Pefia
et al., 2023).

An important research area with potential
implications for the chemical and pharmaceutical
industries is the extraction of bioactive
compounds from lemon peels. At this point, the
conventional — approach  utilized in  the
pharmaceutical industry involves extracting
bioactive constituents from peels through a
solvent-based method, typically using Soxhlet
extraction or maceration processes. Conventional
extraction methods, which utilize diverse solvents
to extract a range of bioactive compounds from
natural sources, encounter several drawbacks
including excessive solvent usage, extended
extraction durations, and suboptimal extraction
efficacy (Karne et al,, 2023). Researchers have
recently proposed several new extraction
methods, like supercritical fluid extraction,
microwave, enzymatic, and ultrasonic to assess
the comparatively large amount of peels
produced. One of these new techniques,
ultrasound assisted extraction (UAE) is an
inexpensive and simple in compatison with
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traditional extraction methods. Ultrasound is
identified as sound waves with frequencies above
the threshold for human hearing (>16 kHz). It
means to pressure waves with a frequency of 20
kHz and/or mote and in food industry,
ultrasound equipment is used in frequencies from
20 kHz to 10 MHz (Demirdoven et al., 2021). The
primary mechanism of ultrasound extraction is
associated with the cavitation phenomenon,
where small bubbles form within a liquid solvent,
rapidly expand to a critical size, and subsequently
implode (Wang et al., 2015). The utilization of
UAE has the potential to increase the value of
these bioactive compounds, as it represents an
efficient and environmentally friendly process.
The method is characterized a more successful
extraction and the use of moderate extraction
temperatures, which are particularly advantageous
for heat-labile chemicals (Junaid et al, 2023).
Numerous variables are considered critical during
UAE, such as applied ultrasonic power,
frequency, extraction temperatute, reactor
properties, and solvent-sample interaction. It is
believed that the majority of bioactive
compounds are extracted during the first few
minutes of the process (Siddiqui et al., 2023).

Enzymes are regarded as green chemicals and are
a flexible type of biocatalyst because of their
environmental beneficial. Enzymatic extraction
of bioactive substances presents another viable
alternative to conventional extraction techniques.
Given that pectin constitutes a significant portion
of the cell wall in many fruits, including lemon
peel, pectinase is employed for this purpose.
Pectinase is an enzyme that can be utilized to
extract bioactive compounds from a variety of
sources and to maximize fruit juice clarity (Chen
et al., 2023; Radziejewska-Kubzdela, 2023). The
hydrolysis of o-1,4-glycosidic  linkages in
polygalacturonic acid substance (Tapre and Jain,
2014) or pectic acid is catalyzed by the enzyme
pectinase. Pectinase facilitates the breakdown of
pectin in cell walls, leading to a more efficient
release of B-carotene from chloroplasts. Recent
studies have shown that, under specific ultrasonic
intensity conditions, low-frequency
ultrasonication can enhance the activity of
enzyme preparations (Le and Nguyen, 2013; Wu

etal., 2014; Wang et al., 2017; Osete-Alcaraz et al.,
2019; Shahram et al., 2019; Larsen et al., 2021;
Gamage and Choo, 2023). Therefore, ultrasound-
assisted enzymatic extraction (UAEE), which
employs the synergistic interaction of enzymatic
hydrolysis and ultrasound, could fulfil the
requirement for extracting carotenoids from
lemon peels.

In the existing literature, numerous studies have
focused on extracting essential oils and bioactive
compounds, such as carotenoids and phenolics,
from lemon  peel, employing various
methodologies. However, to date, no research has
been conducted on UAE combined with
enzymatic treatment for carotenoid extraction
from lemon peel, nor on the synergistic extraction
models between ultrasound and enzymatic
treatment. Therefore, this study investigates the
extraction of carotenoids as color pigments from
lemon peel, a by-product of the food industry,
utilizing three environmentally friendly methods:
ethanol maceration (conventional), ethanol +
UAE (combined), and UAEE. The aim is to
determine the most effective method for
carotenoid extraction, yielding higher quantities
and antioxidant activity. As far as we know, no
prior research has explored this specific domain,
and the findings from this study regarding 8-
carotene extraction from lemon processing waste
could potentially be applicable at an industrial
level.

MATERIALS AND METHODS

Reagents and Chemicals

Pectinex Ultra Color (Novozymes-Denmark)
enzyme preparate was used for enzymatic
extraction. The enzyme preparate having pectin
lyase and polygalacturanase activity (7700
PECTU/ml) was stored at +4 °C until the
extraction. Folin—Ciocalteau reagent (PubChem
CID 516996); sodium carbonate (Na,COs)
(PubChem CID 10340); potassium persulfate
(K2S208) (PubChem CID 24412); hexane (C¢Hi4)
(PubChem CID 8058); acetone (CsHeO)
(PubChem CID 11434908), ethanol
(CH5CH2OH) (PubChem CID 702) was provided
from Merck Chemicals (Darmstadt, Germany).
Gallic acid (PubChem CID 370); Iron (III)
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chloride (PubChem CID 24380); 2,2- Diphenyl-
1-picrylhydrazyl (DPPH) (PubChem CID
2735032); 2,2-Azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTYS)
(PubChem CID 9570474); 2,4,6-Tripyridyl-s-
triazine (TPTZ) (PubChem CID 77258); Trolox
(PubChem CID 40634) was purchased from
Sigma-Aldrich ~ (Steinheim, Germany). All
chemicals used in this study were of analytical
grade.

Plant Materials

The lemon fruits were provided by a local
supermarket (Tokat, Turkey). The lemons were
washed with plenty of water to remove possible
impurities on the surface. The skins were then
peeled by hand, cut into smaller pieces, and then
dried in a drying oven (Memmert 100-800,
Germany) at 70°C for 8 hours. After being dried
and ground into a powder using a laboratory
grinder (Sinbo, SCM 2934, Turkey), the samples
wetre stored at room temperature (2015 °C) until
the extraction step.

Extraction Processes

Conventional Extraction

In the extraction process, 1 g of lemon peels was
mixed with 20 ml. of the extraction solvent
(ethanol 75% v/v) in a glass beaker and
homogenized with ultra-turrax (IKA T18,
Staufen, Germany) at third level speed
(approximate 21.000 rpm/min) for three minutes.
Then, extraction was carried out using a magnetic
stirrer at 300 rpm and at a temperature of 40°C
for 60 minutes. Following the extraction, the
mixture was centrifuged at 6000 rpm for 10
minutes, and the clear liquid remaining on the
sediment was kept at -18°C until it was further
examined (Chatzimitakos et al., 2023).

Ultrasound-Assisted Exctraction Processes (UAE)

The conventional extraction was combined with
ultrasonication to demonstrate the effectiveness
of ultrasound treatment. The ultrasound-assisted
extraction (UAE) was performed with a
laboratory scale ultrasonic bath (365x278x264
mm, WxDxH, Elmasonic S100H, 37 kHz, Singen,
Germany). The tank of device (281x222x149 mm,
WxDxH) is made of cavitation-resistant stainless

steel the volume of 9.50 liters. Total power
consumption of the device is 550W and
maximum ultrasonic peak performance is 600 W.
The temperature of bath can adjust by rotaty

switch from 30 to 80°C and the change of

temperature was controlled continuously with
water-resistant digital thermometer with a cable
probe during analysis. The lemon peel was mixed
with extraction solvent (ethanol solution, 75%
v/v) at a solid-to-solvent ratio of 1:20 and
homogenized wusing ultra-turrax (KA T18,
Staufen, Germany) at third level speed
(approximate 21.000 rpm/min) for 3 minutes. It
was subjected to UAE in the ultrasonic bath and
sonicated with frequency of 37 kHz for 60
minutes at 40 °C. After UAE process, the mixture
was centrifuged at 6000 rpm for 10 minutes, and
the resulting supernatant was stored at —18°C
until analysis. The extraction process was carried
out by considering similar working conditions in
the literature and supported by preliminary
experiments  (Boukroufa et al, 2017,
Chatzimitakos et al., 2023).

Ultrasound-Assisted Engymatic Extraction Processes

(UAEE)

The interaction between enzyme macromolecules
and ultrasonic has a major impact on the
bioprocess's efficiency (Rokhina et al., 2009; Yun
et al, 2023). Therefore, enzymolysis and
ultrasonication  synergistic ~ models  were
investigated in this study. UAEE was carried out
with a laboratory scale ultrasonic equipment
(365x278x264 mm, WxDxH, Elmasonic S100H,
37 kHz, Singen, Germany). The sample (1 gram)
was mixed with 7 mlL of enzyme (pectinase
solution, 10% v/v) and stirred with ultra-turrax
(IKA T18, Staufen, Germany) at third level speed
for 3 minutes. It was immersed in the ultrasonic

bath and sonicated at a constant temperature of

40°C with frequency of 37 kHz for 60 min at
constant power (550 W). At the end of extraction,
all samples were kept in a water bath at 90°C for
three minutes for enzyme inactivation, and then
cooled approximately at 25°C. Finally, the
samples were centrifuged (Universal 320 R,
Tuttlingen, Germany) at 6000 rpm for 10
minutes. The carotenoid extract was obtained as
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explained for UAE following the centrifugation
and stored at —18°C until further analysis.

Analytical determinations

Total Carotenoid Content

The carotenoid content of the lemon peel extracts
was determined by spectrophotometric method
developed by Lee and Castle (2001). Firstly, 15
ml. extract was mixed with 30 ml. extraction
solvent (hexane/acetone/ethanol; 50/25/25 v/v)
and homogenized with ultra-turrax for 30
seconds. The mixture was centrifuged at 1968Xg
(4000 rpm having 12 X 15 mL tube vessels, EBA
21, Andreas Hettich GmbH & Co. KG,
Tuttlingen, Germany) for 10 min at 5°C. And
then samples were measured at 450 nm
wavelength. The carotenoid content was
calculated in ppm [-carotene according to the
formula Eq. (1), considering the molar absorption
coefficient (E1”; E1.m=2505).

c=(3/p xb)x1000 @

c: unit concentration (w/v)

a: absorbance value

E: molar absorption coefficient, 2505
b: unit optical path length, 1 cm

Antioxidant Properties

Total Phenolic Componnds

The total phenolic compounds (TPC) of the
samples were measured by the Folin—Ciocalteau
method  (Singleton and  Rossi,  1965).
Approximately 500 L. of sample was mixed with
2 mL of Folin—Ciocalteau reagent (10% v/v). The
mixture was stirred with 1 mL of Na,COs solution
(7% v/v) and stored in a light-free environment
at 25°C for 30 minutes. Following this incubation
period, the mixture was analyzed at a wavelength
of 760 nm using a T80+ spectrophotometer (PG
Instruments, Leicestershire, United Kingdom).
Standard curves were generated based on the
concentrations of gallic acid by correlating
absorbance values measured at 760 nm. The
concentration of samples was determined based
on the absorbance values obtained from the
standard curve created with different dilutions of
gallic acid solutions, and expressed as milligrams
of gallic acid equivalent (GAE) per liter of sample.

Antioxidant Activity

The antioxidant activity of the lemon peel extracts
was conducted in accordance with 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid (ABTYS),
2,2-Diphenyi-l-picrylhydrazyl (DPPH) and ferric
reducing antioxidant power (FRAP) methods. For
ABTS method, ABTS radical stock solution was
first prepared. Equal volumes of 2.45 mM K3S,0s
solution and 7 mM ABTS stock solution were
combined, and the mixture was then incubated
for 16 hours at 25°C in darkness to prepate radical
stock solution. Subsequently, the solution was
adjusted to an absorbance of 0.700 at a
wavelength of 734 nm by mixing 1 mL of this
solution with 50 mL of sodium acetate buffer (20
mM sodium acetate, pH 4.5). Then, 100 uL of the
extract was added to 2900 uL of the adjusted
solution and allowed to stand at room
temperature in darkness for 30 minutes.
Following incubation, the absorbance of the
extracts was measured at 734 nm. The obtained
data were then calculated as milligrams of Trolox
equivalents (TE) per liter using a standard curve
(Pajak et al., 2019).

The DPPH radical is among the commonly used
stable radical sources, widely employed for
assessing the ability of antioxidants to donate
electrons and scavenge free radicals. DPPH is
commonly recognized as a method for assessing
the free radical scavenging activities of natural
compounds. The DPPH radical scavenging
assay was evaluated using a previously employed
methodology (Brand-Williams et al., 1995). In
summary, 100 uL. of carotenoid extract was mixed
with 3900 pul. DPPH solution (0.1 mM) and
vortexed. The absorbance of the mixture was
measured using a spectrophotometer at 517 nm
after it was left at room temperature and in the
dark for 30 minutes. The samples were analyzed
for free radical scavenging activity (mg TE/L)
using the calibration curves created for various
concentrations of standard Trolox solutions.

The analysis of the FRAP was conducted
according to Benzie and Strain (1996). In brief,
TPTZ (10 mM), Iron (III) chloride (20 mM), and
buffer solution (0.3 M sodium acetate; pH 3.0)
were mixed in a 10:1:1 ratio to prepare the FRAP



Extraction of carotenoids from lemon peels

reagent. Afterward, 2900 uL. of FRAP reagent was
blended with 100 pL of the extract and incubated
at room temperature for 30 minutes in a dark
environment. The absorbance was measured at
593 nm, and the results were calculated based on
a standard curve as umol TE/L.

Physicochemical Analyses

The pH, titratable acidity (TA) and total soluble
solids (TSS) of carotenoid extracts were
determined according to the AOAC methods
(AOAC, 1995). The carotenoid extracts' pH
values were measured with a pH meter (WT'W
Inolab, Germany). To calculate the TA, the
titrimetric method was employed, and the
obtained TA values were expressed as a
percentage of citric acid (%). The TSS of extracts
were recorded with a digital refractometer (RFM
330; Bellingham Stanley Limited, Atago-Palette,
PR-101, Tokyo, Japan) at 20 °C, and the results
were expressed in °Brix.

Color

CIELAB color co-ordinates were used to
determine the color parameters L* (darkness,
brightness), a* (redness, greenness), and b*
(blueness, yellowness) in the study. The color
measurements were conducted using a Minolta
colorimeter (CR-300, Osaka, Japan). The chroma
(AC) values were determined using lemon peel as
reference material for comparison. The AC and
hue angle values of extracts were calculated
according to Eq. (2) and Eq. (3).

AC=[(a-a,"+(b-byer] @

*

Hue angle=tan™! prs

3)

Statistical Analysis

Statistical analysis was performed to assess the
significance of differences among the obtained
analysis results using ANOVA variance analysis
followed by Duncan Tests. The mean * standard
deviation of three separate experiments was used
to express all results. The statistical software
package SPSS 17.0 for Windows (SPSS Inc,
Chicago, USA) was employed for result
evaluation. The coefficient of determination (R2)

indicated the fit of the polynomial model
equation, and an F-test was used to determine its
statistical significance.

RESULTS AND DISCUSSIONS

Extraction of Carotenoid from Lemon Peel
After extraction by conventional, ultrasound-
assisted extraction (UAE) and ultrasound-assisted
enzymatic extraction (UAEE) methods, 16.1 mL,
5.8 mL, and 17.1 mL of extract were obtained,

respectively. The total carotenoid contents of

these lemon peel extracts are presented in Table
1. The highest total carotenoid content was found
to be 0.792+0.01 mg/L B-carotene following
ultrasound-assisted enzymatic extraction
(UAEE). The lowest value of total carotenoids
was determined as 0.49310.01 ppm B-carotene
with conventional extraction. The results
demonstrated statistically significant differences
between the carotenoid contents of lemon peel
extracts subjected to different extraction methods
(P < 0.05). In our study, the total carotenoid
content of the lemon peel extracts tended to
increase as the ultrasonication process. This could
be elucidated by the cavitation phenomenon,
where microbubbles develop within a liquid
solvent and rapidly enlarge until they reach a
critical size, causing internal rupture. Under these
conditions, the mixture environment experiences
significant shear stress, physically decompose the
cell walls (Lin et al., 2023). Consequently, they
enhance the interface between the solvent and the

targeted chemicals, facilitating the permeation of

the lemon peels by the solvent. Throughout the
extraction process, this occurrence leads to a
more substantial transfer of pigment mass from
within the cell to the solvent, resulting in § -
carotene being more easily released from the
matrix into the extraction medium (Xu et al,
2023). Sun et al. (2011) reported that extending
the ultrasonication time from 20 to 120 minutes
resulted in a significant (P < 0.05) enhancement
in the efficiency of trans B-carotene extraction
from the peel of Bendizao mandarin fruit.
Similarly, Shahram and Dinani (2009) investigated
the extraction of B-carotene pigment from orange
processing waste by combining ultrasonic and
enzymatic processes using ethanol solvent. They
found that the increase in [-carotene content
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extraction with the increase of ultrasonication can
be attributed to the cavitation phenomenon
induced by ultrasound. On the other hand, the use
of enzymes in UAE has become widespread to
perform the extraction process more effectively
and quickly in recent studies (Ricarte et al., 2020;
Umair et al., 2021; Gao et al., 2022; Suo et al.,
2023). In this sense, the synergistic effect resulting
from the using enzymes led to the highest amount
of carotenoids being attained in the extracts
obtained through the UAEE method. Studies on
the increase of extraction efficiency with the use

of enzymes also support the results obtained
(Kumar et al., 2023; Singla et al., 2023). Pectin
lyase and polygalacturonase, which are used as
enzyme in this study, due to their pectin-
degrading activity, increase the breakdown of the
pectic substance. This study hypothesized that the
degradation of pectic substances increases with
the  utilization of  pectin  lyase and
polygalacturonase, enzymes known for their
pectin-degrading activities. Consequently, the
flow of extracts and the carotenoid content
increased with the ultrasound process.

Table 1. Antioxidant Analysis Results of Extracts from Lemon Peel

Carotenoid Extract

Conventional Extraction UAE UAEE
Total Carotenoid Content (TCC) 0.493%0.01¢ 0.589%0.01> 0.792%0.01~
Total Phenolic Content (TPC) 504.01£5.11¢ 559.10£3.53> 1118.31£2.10#
Antioxidant Capacity (ABTS) 418.4119.40¢ 473.28+6.41> 753.80%5.792
Antioxidant Capacity (DPPH) 412.461+10.45¢ 507.25%5.79> 624.64£10.522
Antioxidant Capacity (FRAP) 138.01£1.36b 130.31£0.96¢ 186.64£1.66*

UAE, ultrasound-assisted extraction; UAEE, ultrasound-assisted enzymatic extraction; TCC, mg/L B-carotene;
TPC, mg gallic acid/L; ABTS, mg Trolox/g; DPPH, mg Trolox/L; FRAP, umol Trolox/L.
Results are given as mean T standard deviation. Different letters in the same row indicate significant differences (P

< 0.05).

Antioxidant Properties

The total phenolic content (TPC) in the
carotenoid extracts from lemon peels was
statistically significantly influenced by the applied
extraction techniques and parameters used, as
shown in Table 1. The TPC of the extracts were
ranged from 504.01%5.11 to 1118.31£2.10 mg
GAE/L. UAEE-extracted carotenoids showed
the highest TPC, followed by UAE and
conventional-extracted carotenoids respectively.
These findings are consistent with other studies
utilizing UAEE, where authors generally concur
that the enhanced polyphenol yields result from
the complementary effects of cavitation and
enzymatic hydrolysis (Athanasiadis et al., 2023;
Lin et al, 2023; Mapholi and Goosen 2023).
Three different methods were employed to
evaluate the antioxidant capacities of the extracts
obtained in this study, namely ABTS, DPPH, and
FRAP assays. The antioxidant capacity (ABTS)
content of lemon peel extracts using
conventional, UAE, and UAEE methods were

found to be 418.411£9.40, 473.28%6.41, and
753.80£5.79 mg TE/L, respectively. In the study,
the carotenoid extracts obtained by UAEE
extraction demonstrated the highest antioxidant
capacity value. Similarly, the extract obtained with
the UAEE also showed excellent DPPH radical
scavenging ability (624.64£10.52 mg TE/L)
compared with other extraction methods. The
FRAP assay relies on antioxidants' capability to
convert Fe3* to Fe?t in the presence of TPTZ,
indicating of the potential antioxidant activity of
natural products. As shown in Table 1, the FRAP
values of the extracts obtained by conventional,
UAE, and UAEE methods are 138.01%+1.306,
130.31£0.96, and 186.64+1.66 pmol TE/L,
respectively.  All  results in this section
demonstrated statistically significant differences
in the antioxidant properties of the carotenoid
extracts subjected to different extraction
procedures (P < 0.05). These results agree with
those previously reported studies for carotenoid
extraction with different extraction procedures
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(Tchabo et al., 2015; Jagannath and Biradar, 2019;
Karne et al., 2023; Suri et al., 2023). Dong et al
(2019) similarly investigated phenolic compounds
and antioxidant capacity of Eureka lemon fruits
harvested at different months of the year. The
TEC value in lemon peel was determined to range
from 6.35%0.24 to 7.96 £ 0.17 mg GAE/g, the
ABTS value ranged from 2521%0.27 to
40.55 £ 0.32 pmol TE/g, and the DPPH value
ranged from 8.28+0.19 to 16.49 £ 0.56 pmol
TE/g. In a study conducted by Chatzimitakos et
al. (2023) aimed at defining optimal extraction
procedures and parameters to obtain bioactive
components from lemon peel by-products,
antioxidant activity values were determined as
128.9 umol TE/g (FRAP) and 30.3 pmol TE/g
(DPPH). The results of these related studies and
ours indicate that ultrasound plays a critical role
in extracting the amount of
antioxidants, and enzyme utilization has a positive
effect. In addition, ultrasonication enhances
enzymatic hydrolysis by physically breaking down
particles, increasing substrate-enzyme interaction,
boosting the frequency of collisions between
them, and overcoming the mass transfer
limitations (Mercado-Mercado et al., 2018). In
present study, this ensured better release and
more efficient removal of bioactive compounds,
resulting in an increase in TPC and antioxidant
capacity values. Furthermore, our study revealed
that carotenoid extracts obtained from fresh

maximum

lemon fruit peels exhibited a higher concentration
of antioxidants compared to fresh lemon fruit
peels.

Physicochemical Analyses

The analysis results of physicochemical properties
(pH, titratable acidity, total soluble solids) atre
shown in Table 2. The pH values were
determined to be 4.4510.02, 4.6310.04, and
3.16%0.01 for the conventional, UAE, and UAEE
extraction methods, respectively. As expected, the
titratable acidity value (reported as % citric acid)
of UAEE extracts with a low pH value was
determined to be higher compared to the extracts
obtained by other extraction methods, and the
difference between them is statistically significant
(P < 0.05). It is believed that the reason for this
phenomenon is attributed to a synergistic effect
resulting from the application of ultrasound and
enzymes. This effect facilitates extraction through
cell wall disruption and enhances mass transfer of
organic acids by increasing cell membrane
permeability (Dalagnol et al., 2017; Ladole et al.,
2018; Ma et al., 2022). In this study, a statistically
significant  difference was observed in all
physicochemical analysis results among the three
extraction methods (P < 0.05). The pH, TA, and
TSS values obtained in this study were consistent
with the expected ranges based on similar
investigations conducted on this subject (Bagde et
al., 2017; Chatzimitakos et al., 2023).

Table 2. Physicochemical Analysis Results of Extracts from Lemon Peel

Carotenoid Extract

Analyses Conventional Extraction UAE UAEE

pH 4.4510.02> 4.6310.04 3.16x0.01¢
Titratable Acidity (T'A) 0.46%0.04> 0.28%0.03¢ 2.80%0.01~
Total Soluble Solids (TSS) 21.25%0.062 19.96£0.00p 15.85£0.06¢

TA, citric acid%; TSS, Brix; UAE, ultrasound-assisted extraction; UAEE, ultrasound-assisted enzymatic extraction.
Results are given as mean * standard deviation. Different letters in the same row indicate significant differences (P

< 0.05).

Color

The CIELAB color coordinates were used to
define the color parameters L* (darkness,
brightness), a* (redness, greenness), and b*
(yellowness, blueness) (Meral et al., 2024). When
examining the color values of the carotenoid

extracts (Table 3), it was determined that the
difference between the extraction methods was
statistically significant for all color parameters (P
< 0.05). The lightness factor, L* generally
decreased from the carotenoid extracts obtained
via the UAE method to those obtained via the
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UAEE method in the analysis of the color values.
The decrease in the L* value reflects datkening
caused by carotenoid accumulation in extracts
obtained through wvatious extraction methods
(Ruiz et al., 2005; Sebdani and Abbasi, 2023). The
a* value is associated with colors ranging from
green to red, with negative values representing
green tones and positive values representing red
tones (Aghajanzadeh et al.,, 2023). In the present
study, the positive a* values of the carotenoid
extracts resulted in an increased red color of the
extract. The b* color value took a positive value
in all carotenoid extracts, indicating an increase in
yellow color, with the highest b* value
(32.83+0.09) being reached by the UAEE
method, whete the combination of ultrasound
and enzyme was applied. Research on fruit color
and quality has shown that the use of the color
space, which includes hue and chroma values, is
effective in characterizing fruit color (Garcia et al.,
2016). For example, lemon peel gradually changes
color from green to yellow. In this process, where
the lemon peel color changes from green to

yellow, the chroma value increases and the hue
angle decreases with the accumulation of
carotenoids (Baruah and Kotoky, 2018). In the
extracts obtained from lemon peels there was an
increase in chroma value due to the higher
carotenoid content. While the Hue angle was
lower in the extract obtained by UAE compared
to that of the conventional method, the lowest
value was determined in the UAEE method. In
summary, the color value results determined
within the scope of the study were found to be
consistent with the total carotenoid composition
of the extracts. While the L* and hue angle values
of the extract obtained by UAEE, which had the
highest carotenoid content, were found to be
lower, the a*, b* and chroma values were found
to be higher. Similatly, in a study on the effect of
carotenoid extracts obtained from the flesh and
peel of different apricot varieties on color
components, it was found that there was a good
correlation between carotenoid composition and
L*, a*, b*, chroma value, and hue angle values
(Ruiz et al., 2005).

Table 3. Color Analysis Results of Extracts from Lemon Peel

Carotenoid Extract

Conventional Extraction UAE UAEE
Lx 45.06£0.04b 52.6510.102 33.021+0.10¢
a* 7.89%0.13> 0.72£0.10¢ 13.87£0.072
b* 14.02%0.12¢ 29.75£0.17> 32.831+0.072
Croma Value 16.09£0.14 29.76£0.12a 35.6410.14¢
Hue® 75.1410.13b 88.7510.172 45.3240.19¢

UAE, ultrasound-assisted extraction; UAEE, ultrasound-assisted enzymatic extraction.
Results are given as mean * standard deviation. Different letters in the same row indicate significant differences (P

< 0.05).

CONCLUSIONS

This study investigated, for the first time, the
extraction of B-carotene from lemon processing
waste powder using conventional extraction,
ultrasound-assisted extraction, and a combination
of ultrasound and enzymatic processes. To
achieve this goal, the B-carotene content,
antioxidant properties, physicochemical analysis
and color parameters of L*, a*, and b*, chroma
value, hue angle of the extracts were evaluated.
The findings indicate that both UAE and UAEE
are effective methods for extracting carotenoids

from lemon peel. Comparative analysis of the
extraction methods revealed notable differences
in the obtained results. In UAEE, the 3-carotene
content was found to be approximately 61%
higher than that of the conventional method.
Furthermore, UAEE exhibited a remarkable
121% increase in TPC compared to the
conventional method and a 100% increase
compared to UAE. Regarding antioxidant
capacity, UAEE outperformed conventional
extraction across all assays: 80% higher in ABTS,
51% higher in DPPH and 35% higher in FRAP.
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The increase in ABTS, DPPH and FRAP content
observed with UAEE is consistent with the
higher total phenol concentration estimated by
UAEE, which confirms the typical correlation
between antioxidant activity and TPC. The UAE,
compared to conventional extraction, offers the
advantage of promoting the rupture of the
material's cells and the expansion of the cell walls'
pores, thereby contributing to higher mass
transfer and increased antioxidant capacity of the
extract. These results demonstrate that the
bioactive chemicals’ extraction efficiency and
yield can be significantly enhanced by carefully
selecting the extraction methods and solvent
composition, thus offering a more effective and
energy-efficient approach. In conclusion, these
findings underscore the superior efficiency of
UAEE in extracting bioactive compounds from
lemon peel, presenting UAEE as a promising
approach for enhancing the value and quality of
extracted compounds for vatious applications in
the food and pharmaceutical industries. In
particular, carotenoid extracts from lemon peel
within the scope of study have a potential
application as natural antioxidant and coloring
agent for food formulations compatible with their
acidic structure and it will contribute to the
product protection and minimization of color
losses. In the future, exploring the valorization of
lemon by-products and devising an integrated and
sustainable process for recovering lemon
fractions would be of great interest. This research
will serve as a reference study in the literature,
contributing to the advancement of the 'zero
waste' concept. It aims to reduce the
environmental footprint and promote a circular
economy,  offering  sustainable  solutions
applicable in the food industry.
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