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Microbiological and Physicochemical
Characterization of Honey Samples
from Erzurum

Erzurum iline Ait Bal Orneklerinin Mikrobiyolojik ve
Fizikokimyasal Karakterizasyonu

ABSTRACT

In this study, the physico-chemical and microbiological characteristics of 20 honey samples
stored at room temperature and collected from Erzurum province (Turkey) was studied. Moisture
content varied from 13.80% to 20.60%, refractive index from 1.4850 to 1.5023, ash value from
0.026% to 0.495%, pH from 3.11 to 4.58, total acidity from 14.61 meq/kg to 53.44 meq/kg, total
sugars from 63.89% to 86.49%, reducing sugars 53.38% to 78.29% and sucrose from 0.45% to
21.66%, diastase activity from O to 38.5 °G, 5-Hydroxymethylfurfural from 0.77 to 576 mg/kg. The
color parameters L, a* and b" determined using a colorimeter were within the range of 36.04-
5712, —1.92 to 7.46, and 2.69-22.91, respectively. The least and the highest of total aerobic meso-
philic bacteria, fungi (yeasts and molds), and osmophilic yeast counts were determined to be 1.5 x
10to 1.3 x 108, <10 to 2.6 x 102, <10 to 4.0 x 102 cfu/g, respectively. However, thermophilic Bacillus
spores and coliform bacteria counts were found to be <10 cfu/g in analyzed samples.

Keywords: Color, diastase activity, HMF, honey, microbiological properties, sugar

oz

Bu calismada, oda sicakliginda saklanan ve Erzurum ilinden toplanan 20 adet bal 6rneginin fiziko-
kimyasal ve mikrobiyolojik 6zellikleri incelenmistir. Orneklerin nem igerigi %13,80 ile %20,60 ara-
sinda, kirllma indisi 1,4850 ile 1,5023 arasinda, kil dederi %0,026 ile %0,495 arasinda, pH 3,11 ile
4,58 arasinda, toplam asitlik 14,61 meq/kg ile 53,44 meq/kg arasinda, toplam sekerler %63,89 ile
%86,49, indirgen sekerler %53,38 ile %78,29 ve siikroz %0,45 ile %21,66, diastaz aktivitesi O ile 38,5
°G, 5-Hidroksimetilfurfural 0,77 ile 5,76 mg/kg arasinda degistigi tespit edilmistir. L, a" ve b" renk
parametreleri sirasiyla 36,04-57,12-1,92 ile 7,46 ve 2,69-22,91 aralijinda belirlenmistir. Toplam
aerobik mezofilik bakteri, maya ve kif ve ozmofilik maya sayilarinin en az ve en yliksek dederleri
siraslyla1,5x10ile 1,3 x10%, <10 ile 2,6 x 102, <10 ile 4,0 x 102 cfu/g olarak belirlenmistir. Diger taraf-
tan analiz edilen 6rneklerde termofilik Bacillus sporlari ve koliform bakteri sayilarinin <10 kob/g
olarak belirlenmistir.

Anahtar S6zciikler: Renk, diastaz aktivitesi, HMF, bal, mikrobiyolojik 6zellikler, seker

Introduction

Honey, a viscous, aromatic native sweet product, is manufactured by Apis mellifera bees from the nec-
tar of herbs or from secretions of living parts of plants or excretions of plant-sucking insects on the
living parts of plants, which bees collect, transform by combining with specific substances of their
own, deposit, dehydrate, store and leave in honeycombs to ripen and mature (Golob et al,, 2005). The
essential types of honey according to botanical source are flower honey or sap honey, obtained from
the nectar of plants, and honeydew honey (Golob et al., 2005; Mufioz and Palmero, 2006). Honey is
a widely used food that liked around the world since the earliest times. Honey contains at least 181
substances (Ouchemoukh et al., 2005). It is a semi-solid food (water: 15-18% approx.) which comprises
a complex mixture of carbohydrates, mainly glucose and fructose; other sugars are present as traces,
depending on the floral origin. Moreover, organic acids, lactones, free amino acids, minerals, vitamins
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(vit B,, B,, C, and nicotinic acid), phenolic compounds, enzymes,
and solid particles, mainly consisting of pollen, traces of wax, and
variable amounts of sugar-tolerant yeast and pigments are pres-
ent (Downey et al., 2005; Fallico et al., 2004; Ouchemoukh et al.,
2005; Ozcan et al., 2006). Bees and plants are the sources of
honey components, and honey composition depends to a great
extent on the nectar sources, plant, climate, environmental con-
ditions, and the ability of the beekeeper (Fernandez-Torres et al.,
2005; Ozcan et al., 20086).

Besides its nutritional value, honey also contains bacterial agents
with different floral activity and a limited variety of microorgan-
isms. Spore-forming aerobes and anaerobes are the dominant
microflora in honey. In addition, lactic acid bacteria (LAB), yeast,
and fungi species can be found in honey either as a part of the
existing microflora or as a result of contamination (Lani et al.,
2017). Vegetative forms of bacteria that cause human disease
have not been found in honey. Since bacteria do not multiply
in honey, the high number of vegetative bacteria in honey indi-
cates recent contamination from a secondary source (lurlina &
Fritz, 2005). Microbial contamination occurs in honey from vari-
ous sources. Primary sources of contamination are pollen, water,
digestive system of a honey bee, powder, air, soil, and nectar.
These are relatively difficult to eradicate. Secondary microbial
infections occur during postharvest processing and storage of
honey. It is due to the lack of attention to hygiene, which can be
controlled more easily with good production practices (Lani et al.,
2017). Major microbial contaminants in honey are molds, yeasts,
Bacillus spp., and Clostridium spp.; their numbers are indicators
of the commercial quality and safety of honey. Honey has natural
antimicrobial properties that can delay develops many microbes
(Lani et al., 2017). Microorganisms in honey may influence qual-
ity or safety. These also could cause human illness under certain
conditions (Migdat et al., 2000; Snowdon & Cliver, 1996). Osmo-
philic yeasts are a problem in the honey industry for starting the
fermentation of honey. As fermentation is proportional to the
concentration of yeast, honey with a very high yeast count is not
likely to be palatable or marketable. Honey made from flowers in
humid regions has more yeast and can spoil in the comb (Snow-
don & Cliver 1996).

No published information on the microbiological properties of
honey collected from Erzurum is available. For this reason, the aim
of this work was to determine the chemical and microbiological
properties of honey stored at room temperatures and collected
from Erzurum. The following parameters were analyzed: refrac-
tive index, moisture, ash, sucrose, total and reducing sugars, total
acidity, pH, diastase activity, 5-hydroxymethylfurfural (HMF), color
parameters (L, a* and b’), which are considered the basic param-
eters for characterizing honey. On the other hand, total aerobic
mesophilic bacteria, fungi (yeasts and molds), osmophilic yeast
counts, thermophilic Bacillus spores, and coliform bacteria were
also determined. Thus, results obtained from this work would
probably help to introduce the honey.

Methods

Honey Samples

The present study used 20 honey samples collected in Erzurum
(Turkey). The samples were taken directly from the beekeepers.
All samples were unpasteurized, stored in glass sample jars, and
immediately transferred to the laboratory and kept at room tem-
perature until required for analysis. Analyses were carried out at
least in duplicate.

Chemical Analysis

Moisture was determined by measuring the refractive indices at
20°C with a Carl Zeiss Abbé refractometer, and the correspond-
ing moisture content (%) was calculated using the Wedmore table
(AOAC, 1984). The following parameters were determined accord-
ing to AOAC methods (AOAC, 1984): ash, diastase activity, total
acidity, and pH. Total acidity and pH were measured using an ATI-
ORION 420A pH meter. 5-Hydroxymethylfurfural was measured
by a spectrophotometric method (Cemeroglu, 2010). Sucrose
and total and reducing sugars were estimated by Lane and Eynon
method.? L', &, and b" color parameters were determined using
the Minolta colorimeter (CR-200 Minolta Camera Co., Osaka,
Japan). L is the luminance or lightness component, which ranges
from 0 to 100, and a" and b™ are the two chromatic components
which a: +: red; —: green and b: +: yellow; —: blue.

Microbiological Analysis

Homogenization of Honey Samples

Eleven grams of honey were homogenized for 1.5 minutes with a
Stomacher Lab-Blender in 99 mL of 2.0 % sodium citrate solu-
tion. Serial dilutions were prepared in 0.1 sterile peptone water,
and duplicate plates were used for all microbiological counts.

Microorganisms and Growth Conditions

In the microbiological analysis studied in honey, the media and
conditions of incubation used were as follows: (a) Total aerobic
mesophilic bacteria, plate count agar (PCA, Oxoid), 30 + 1°C/48
+ 3 h (Baumgart et al., 1993). (b) Fungi (yeasts and molds), Yeast
Exract Glucose Chloramphenicol Agar FIL-IDF (YGC Agar, Fluka),
25 + 2°C/3-5 days (Baumgart et al., 1993). (c) Thermophilic Bacil-
lus spores, Casein-peptone Soyameal-peptone Agar (CASO Agar,
Fluka) (dilutions incubated 70 = 1°C/10 minutes), 55 +1°C/72+ 3 h
(Baumgart et al., 1993). (d) Coliform bacteria, Violet Red Bile Agar
(VRB Agar, Merc), 24-48 + 1°C/24 + 3 h (Baumgart et al., 1993). (e)
Osmophilic yeasts, Potato Dexrose Agar (PDA, Merc) (added 60 %
saccharose), 32 + 1°C/48 + 3 h (Baumgart et al., 1993).

Statistical Analysis

To estimate variability in chemical composition and microbiologi-
cal properties of honey samples were determined some statis-
tical parameters including mean, range, standard deviation, and
coefficient of variation for each index Additionally, correlation
was used to determine the possible relationship between the
(a) growth of microbial groups, and (b) presence of indicator and
pathogen (SPSS, 1999).

Results, Discussion and Conclusions

Physicochemical Parameters

Table 1 summarizes the minimum, maximum, mean, standard
deviation, and variation coefficient of the data obtained from
analyses of the selected physicochemical parameters (refrac-
tive index, moisture, ash, pH, total acidity, diastase activity, HMF,
reducing sugar, sucrose, total sugar, L',a" and b color parameters).

The moisture content of honey depends on the harvest season,
climate, moisture content of original plant nectar, degree of
maturity reached in the hive, processing techniques, and storage
conditions, and it is highly important for the shelf life of the honey
during storage (de Rodriguez et al.,, 2004; Downey et al., 2005;
Ouchemoukh et al,, 2005; Ozcan et al.,, 2006). A high moisture
content generally causes the honey to ferment, spoil, and lose fla-
vor, causing honey-quality loss. The refractive index varied from
1.48 to 1.50, and the corresponding moisture content ranged

Food Science and Engineering Research 1 2023 2(2): 28-33 | doi: 10.5152/FSER.2023.1240824
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Table 1.
Some Physical and Chemical Characteristics of Honey Samples

Physicochemical Parameters Minimum Maximum Mean SD Variation Coefficient
Refractive index 1.49 1.509 1.50 478 319.76
Moisture (%) 13.80 20.60 16.28 1.95 12.02
Ash (%) 0.03 0.50 012 0.1 91.08
HMF (mg/kg) 077 576 319 152 48.01
Reducing sugar (%) 53.38 78.29 65.80 5.65 8.60
Sucrose (%) 0.45 21.66 787 6.33 80.53
Total sugar (%) 63.89 86.49 73.67 5.50 147
pH 3N 4.58 3.69 0.42 11.48
Total acidity (meq/kg) 14.61 53.41 2742 10.92 39.83
Diastase activity (°G) 0 39.00 20.45 11.88 58.09
L 36.04 5712 47023 6.73 58.09
a’ -1.92 7.46 0.98 2.49 256.25
b’ 2.69 22.91 13.36 5.55 41.58

Note: G =Gothe; SD = Standard deviation.

between 13.80% and 20.60%; these values are within the range
found by other researchers (Lazaridou et al., 2004; Ouchemoukh
et al,, 2005; Sanz et al., 2005; Yanniotis et al., 2006). Eighteen
samples yielded moisture between 13.80 % and 20.00 %, indicat-
ing a proper degree of maturity. Nevertheless, two samples had
moisture contents slightly above 20%, likely due to earlier honey
extraction from hives. More samples with moisture contents were
below 20%; the maximum value allowed by Turkish Food Codex,
Honey Notification (2000) means that the fermentation ability
is low. Usually, the quality of the studied honey is good because
honey samples have low moisture content.

Sugars represent the largest portion of the honey composition,
and the monosaccharides fructose and glucose are the most
abundant, while small amounts of disaccharides (mainly maltose
and sucrose) are also present; other disaccharides higher sugars
(trisaccharides and oligosaccharides) are also present in small
quantities (Lazaridou et al., 2004; Zamora et al., 2006). Sugars
are the major components of honey. The total and reducing sug-
ars amounts vary from 63.89% to 86.49%, from 53.38% to 78.29%,
respectively. Sucrose contents ranged from 0.45% to 21.66%.
According to the Turkish Food Codex Honey Notification (2000)
el honey can contain up to 5% sucrose. In this research, only six
honey samples showed an appropriate sucrose content ranging
from 0.45% to 3.49%. Other samples have higher sucrose content
than 5%. The sucrose level can increase if the beekeeper overfed
the bees with sugar during the spring (Anklam, 1998). Moreover,
high content of this sugar means an early harvest of the honey
(Azeredo et al., 2003). The sugars content of honey has been
reported by many scientists (Ouchemoukh et al., 2005; Tosun &
Keles 2002; Yilmaz & Yavuz, 1999). Honey is rich in sugar and a
good source of energy. This is very important in human nutrition,
especially for babies, children, and sportsmen, and in situations
demanding urgent energy.

The ash content is a quality criterion for honey botanical origin;
the honeydew honeys have higher ash content than blossom
honeys present (Downey et al., 2005; Ouchemoukh et al., 2005).
Honey has a rather low mineral content that varies widely depend-
ing on the particular botanical origin, pedoclimatic conditions,
and extraction technique (Baumgart et al., 1993). The ash content

Food Science and Engineering Research [ 2023 2(2): 28-33 | doi: 10.5152/FSER.2023.1240824

of the studied honey samples ranged from 0.03% to 0.50%. In the
case of honey, clustering based on the mineral composition can
distinguish honeys by their geographical or floral provenance.

The acidity of honey is due to the presence of organic acids, par-
ticularly the gluconic acid and inorganic ions such as phosphate
and chloride. The pH of honey is affected by conditions during
extraction and storage, which also affects texture, stability and
shelf life (Corbella & Cozzolino, 20086). pH is of great importance
during honey extraction and storage due to its influence on tex-
ture, presentation, and endurance (Ozcan et al., 2006; Terrab
et al., 2002). Acidity in honey was calculated as total acidity. The
mean value for total acidity was found in the range of 14.61- 53.44
meq/kg. Honeys have a pH in the range of 311-4.58. That is, all
honeys were acidic. These results agreed with data reported by
lurlina and Fritz (2005), Ouchemoukh et al. (2005), and Ozcan
et al. (2006). The variation in acidity among different honey types
may be attributed to variations in these constituents due to har-
vest season (de Rodriguez et al., 2004).

5-Hydroxymethylfurfural measurement is used to evaluate the
quality of honey. In fresh foods, the HMF level is close to zero (Kus
et al,, 2005). The HMF content of honey is an indicator of fresh-
ness, and it is known that heating of honey results in the forma-
tion of HMF, which is produced during acid-catalyzed dehydration
of hexoses such as fructose and glucose. Hydroxymethy! furfural
(HMF) is one of the most typical products of degradation, and
several factors influence the formation of HMF in honey: tem-
perature and time of heating; storage conditions; use of metal-
lic containers, and the chemical properties of honey, which
are related to the floral source from which the honey has been
extracted, these indicate pH, total acidity, mineral content; how-
ever, no information on the correlation between chemical charac-
teristics and HMF level of honey is available (Corbella & Cozzolino,
2006; Downey et al., 2005; Fallico et al., 2004; Ozcan et al., 2006;
Spano et al., 2006; Zappala et al., 2005). Its concentration tends
to increase as the honey ages, as a function of the low pH val-
ues, the botanical origin, the humidity, and from thermal and/or
photochemical stress, until it even reaches levels of some tenths
of mglkg (Spano et al., 2006). 5-Hydroxymethylfurfural values
showed between 0.77 to 576 mg/kg. All samples showed low
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HMF content, below the allowable limit of 40 mg/kg (Turkish Food
Codex, Honey Notification, 2000).

Honey diastase activity is a quality factor influenced by honey
storage and heating, thus indicating honey freshness and over-
heating (de Rodriguez et al., 2004). The diastase activity of ana-
lyzed honey samples was between 0 and 38.5 °G. Eighteen honey
samples showed an appropriate diastase number above 8 °G and
only two samples showed values below 8 °G, the limit allowed
by Turkish Food Codex, Honey Notification (2000). These values
are in close agreement with those found by other researchers
(Andrade et al., 1999; Costa et al., 1999; Tosun & Keleg, 2002). One
ofthe samples did not show diastase activity. This shows that the
sample was synthetically produced. Tosun and Keles (2002) have
determined the diastase activities of some honey samples to be
below eight and of one sample to be zero, which is an indication
of overheating or imitation.

The color parameters L, a’, and b" measured using the Minolta
colorimeter were within the range of 36.04-5712 (-1.92)-7.46
and 2.69-22.91, respectively—one of the simplest red compo-
nent and yellow components. The color of honey is related to the
content of phenolics, HMF, pollen, and minerals (Lazaridou et al.,
2004).

Microbial Counts

Twenty honey samples obtained from the Erzurum province of
Turkey were examined for the possible presence of microorgan-
isms. The total bacteria, fungi, osmophilic yeasts, thermophilic
Bacillus, and coliform bacteria counts in analyzed samples are
shown in Table 2. Table 3 shows the correlation results among
microbiological groups. There was a significant correlation
between the total bacteria count and fungi and osmophilic yeasts
(Table 3).

Table 2.
The Results of the Microbiological Quality of Honey

Log,,Microorganisms/g Honey

Organisms x? Range Cve ne %¢
Total bacteria 2.02 178-2.26 2514 20 -

Total coliforms 1.00 1.00-1.00 — 20 100
Fungi 1.21 1.00-1.43 37.81 20 55
Osmophilic yeasts 118 0.97-1.39 3668 20 80
Thermophilus 1.00 1.00-1.00 — 20 100

Bacillus spores

Note: *Geometric mean.

bCoefficient variation

°Number of samples/analyzed

dPercent of samples with negative growth.

Table 3.
Correlation Coefficient between the Microorganisms in Honey
Total Total Osmophilic
Organisms bacteria  coliforms Fungi Yeasts
Total coliforms a
Fungi 0.450" a
Osmophilicyeasts  0.506" a 0.867"
Thermophilus a a a a

Bacillus spores

Note: *Correlation is significant at the p < .05 level"Correlation is significant at
the p < .01 level. 2Correlation is significant at the p > .05 level.

While the least total bacteria count was 1.5 x 10 cfu/g, the high-
est was determined as 1.3 x 10°cfu/g. The fungi count of honey
samples ranged between <10 and 2.6 x 102 cfu/g. The osmophilic
yeasts count of honey samples ranged from <10 to 4.0 x 10%cfu/g.
In addition, 20% of honey samples contained detectable levels of
osmophilic yeasts.

However, fewer than 10 cfu/g were in 80 % of honey samples
(Table 2). Variation in levels of thermophilic Bacillus spores among
samples has not been observed. Counts of thermophilic Bacillus
spores were found below detectable levels in analyzed samples
(<10 cfulg). Coliform bacteria count was also found to be below
detectable level in analyzed samples (<10 cfu/g).

The microorganisms of more interest in honey are total bacte-
ria, fungi, total coliforms, osmophilic yeasts, and bacterial spores.
Honey is expected to present low numbers and little variety of
microorganisms since it possesses antimicrobial properties
that discourage growth, besides a low water activity (Snowdon &
Cliver, 1996). Total bacteria count provides very general informa-
tion and is a general indicator of the microbial quality of honey.
Total bacteria counts of honey samples can vary from zero to
tens of thousands per gram for no apparent reason. Variations in
total bacteria numbers may be due to the sample type, the hon-
ey's age, the time of harvest, and the analytical technique. The
number of total bacteria in the analyzed samples was very low
compared with other research results (Table 2). There was also a
significant (p < .05) correlation between the total bacteria count
and fungi and osmophilic yeasts (Table 3). Fathy and Ashour (1997)
determined that the total honey count reached 2.0 x 10* cfu/mL.
Migdal et al. (2000) found that total count of aerobic bacteria var-
ies from 1.0 x 10 to 4.6 x 10°cfu/g.

As can be seen from Table 2, in the present study, we determined
fungi in 9 (45 %) samples, ranging in number from < 10 to 2.6 x
102 cfulg. There was a significant correlation between fungi and
osmophilic yeasts (Table 3). Migdal et al. (2000) obtained similar
results, with counts between <10 and 9.0 x 10° cfu/g. The num-
bers of osmophilic yeasts were low. The incidence of osmophilic
yeasts varied from sample to sample. There was also a signifi-
cant correlation between osmophilic yeasts and the total bac-
teria (Table 3). Snowdov and Cliver (1996) consider yeasts to be
among the main microorganisms that interfere with the quality
of honey. As fermentation is proportional to the concentration
of osmophilic yeasts, honey with a very yeast count is not likely
to be palatable. Piana et al. (1991) assayed 50 samples of Italian
honey and primarily found osmophilic yeasts in the range of 1.0
to 3.5 x 10%cfu/g. Only 34 of the samples contained osmophilic
yeasts. An average of nine yeast colonies per gram of honey
was found in 35 retail samples tested by Nakano and Sakaguchi
(1991).

Thermophilic Bacillus spores were found below detectable levels
in 20 honey samples analyzed in this research (Table 2). In a study
of the incidence of Bacillus and Clostridium spores in honey fac-
tories and retail outlets, Kokuba et al. (1994) detected no C. botu-
linum but detected spores, most of them of the genus Bacillus, in
67 of 71 (97%) samples.

In the present study, none of the 20 samples contained total
coliforms, in agreement with the data obtained by Snowdov and
Cliver (1996) and Rall et al. (2003) who reported the absence of
pathogenic bacteria in honey. Coliform counts are an indicator of
hygienic quality. Since fecal contamination of honey has not been
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reported, an assay for coliforms could also be used as a general
indicator of fecal contamination as well as sanitation.

Based on the results obtained, we concluded that the microbio-
logical properties of the honey samples collected from Erzurum
are very good. In this study, incidence of coliform bacteria were
determined as low <10 cfu/g, that honeys can have an accept-
able quality with coliform bacteria. The results obtained agreed
with the requirements of the Turkish Food Codex, Honey Notifi-
cation, 2000. Eighteen of the studied samples are found to be
low in moisture and, therefore, safe from fermentation. Never-
theless, two samples had moisture contents slightly above 20%,
likely due to earlier honey extraction from hives. Only six honey
samples showed an appropriate sucrose content; other samples
had higher sucrose content than 5%. All honeys were acidic. All of
the samples showed low HMF content, below the allowable limit
of 40 mg/kg (Turkish Food Codex, Honey Notification, 2000). The
diastase activity of analyzed honey samples was between O and
38.5 °G. Further investigations are required to determine phe-
nolic contents, antioxidant activity, and antimicrobial activity of
honey. The results obtained from this study will also be a guide
for future studies.
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Arastirma Makalesi Research Article

Erzurum Piyasasinda Tuketime
Sunulan Ticari Kefirlerin Mikrobiyolojik
Kalitesinin Arastirilmasi

Investigation of Microbiological Quality of
Commercial Kefirs Consumed in Erzurum Market

oz

Bu calismada dort farkli ticari kefir Erzurum piyasasindan temin edilmis, drneklerin mikrobiyolojik
ozellikleri ve pH degderi arastirilmistir. Buna gore kefirlerin ortalama laktobasil, laktokok ve maya-
kif sayilari sirasiyla 8,88, 8,10 ve 4,75 log kob/mL olarak belirlenmistir. Koliform bakteri grubu ticari
kefir orneklerinin higbirinde bulunmamistir. Kefir drneklerinin pH dederi 4,35 ile 4,56 arasinda
degismekte olup ortalama degeri 4,48 olarak tespit edilmistir. Analiz edilen tim kefir 6rnekleri-
nin mikrobiyolojik dzelliklerinin Tirk Gida Kodeksi Fermente Stit Uriinleri Tebligi'ne uygun oldugu
tespit edilmigtir.

Anahtar Kelimeler: Kefir, mikrobiyolojik 6zellikler, pH

ABSTRACT

In this study, four distinct commercial kefirs were obtained from Erzurum market, and microbio-
logical properties and pH values of the samples were investigated. Accordingly, the average lac-
tobacilli, lactococci, and yeast-mold counts of kefirs were determined as 8.88, 8.10, and 4.75 log
cfu/mL, respectively. Coliform bacteria were not detected in any of the commercial kefir samples.
The pH value of kefir samples varied between 4.35 and 4.56, and the average value was 4.48. It was
determined that the microbiological properties of all kefir samples analyzed were in accordance
with the Turkish Food Codex Communiqué on Fermented Milk Products.

Keywords: Kefir, microbiological properties, pH

Giris

Kefir, asidik ve alkolik fermantasyonun bir araya getirilmesiyle elde edilen tarihi ylzyillar ncesine daya-
nan bir st icecegidir (Assadi vd., 2000). Bu eksi, kivaml icecek Amerika Birlesik Devletleri, Japonya,
Fransa ve Brezilya gibi Ulkelerde de insanlar arasinda populer hale gelmistir (Azizi vd., 2021). “Kefir” ismi
Turkce'de “iyi his” anlamina gelen “keyif” kelimesinden tiretilmistir (Nielsen vd., 2014). Bu trtn farkl
bolgelerde knapon, kefyr, kefer, kiaphur, kepi, kephir ve kipi olarak taninmaktadir (Ahmed vd., 2013). Kaf-
kas Daglari'nda, Orta Asya'da ortaya gikmistir ve binlerce yildir tiiketilmektedir (Otles & Cagindi, 2003).
Bagisiklik sisteminin glglendirilmesi ve sindirim sagliginin iyilestirilmesinin yani sira antimikrobiyal,
antioksidan aktivite, antiviral, antitimor ve antimutajenik de dahil olmak lzere kefirin saghga bircok
yarari vardir (Serafini vd., 2014).

Geleneksel olarak kefir, Lactobacillus, Lactococcus, Streptococcus Leuconostoc ve Acetobacter bak-
terileri ile Saccharomyces, Kluyveromyces, Kazachstania ve Pichia mayalarinin karmasik bir mikrobiyal
simbiyozu ile stitlin kefir daneleri kullanilarak fermente edilmesiyle Gretilir (Miguel vd., 2010, Purutoglu
vd., 2020). Kefir geleneksel olarak koyun sttlnln kefir daneleri ile agilanmasiyla Uretilirken, gind-
mizde inek veya kegi stitlinden de elde edilmektedir (Barukcic vd., 2017). Kefir daneleri, kefiran adi
verilen 6zel bir ekzopolisakkarit matriks icinde bakteri ve maya tirlerinin olusturdugu kompleks mik-
robiyal topluluk iceren, dlizensiz, karnabahar gorinimld, jelatinimsi ve yapiskan yapiya sahip, beyaz-
dan agik sariya kadar degisen renklerde ve farkl boyutlarda (1-4 cm uzunlugunda) olan granullerdir
(Dertli ve Con, 2017, Garofalo vd., 2020, Bicer vd., 2021). Ticari kefir ise dondurularak kurutulmus saf
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ticari kefir kilturleri kullanilarak stitlin fermantasyonu veya daha
biylk olgekte backslopping (Rus yontemi) yoluyla Uretilmektedir
(Garofalo vd., 2020, Biger vd., 2021). Kefirin essiz lezzeti ve aro-
masi, fermantasyon sirasinda kefir danelerinde bulunan laktik asit
bakterileri, mayalar ve asetik asit bakterileri arasindaki simbiyotik
iliskinin bir sonucudur (Unal vd., 2020).

Tirk Gida Kodeksi 30.11.2022 tarih ve 32029 sayi, 2022/44 nolu
Turk Gida Kodeksi Fermente Siit Uriinleri Tebligi'ne gore kefir
“Fermentasyonda, kefir danesine 6zgl karakteristik mikroorga-
nizmalar olan Lactobacillus kefiri, Lactobacillus kefiranofaciens,
Lactobacillus kefirgranum’dan en az ikisini, laktozu fermente
eden mayalardan Kluyveromyces marxianus ve etmeyen mayalar-
dan Saccharomyces spp.yi zorunlu olarak iceren bunun yaninda
Lactobacillus, Leuconostoc, Lactococcus, Acetobacter ve benzeri
bakteri cinslerine ait tirler ile farkli maya tirlerini de bulundurabi-
len kefir danelerinin veya starter kultUrlerin kullanildidi fermente
sUt Grdnd” dir (Anonim, 2022).

Kefirin popdilerliginin giderek artmasiyla Tirkiye'de ticari kefir tre-
timi ve tlketiminde artig olmustur. Bu nedenle ticari olarak Ure-
tilen kefirlerin halk saghgr agisindan kalitesi ve glvenilirligi daha
da 6nemli hale gelmektedir. Bu galismada Erzurum piyasasinda
satilan, farkli firmalara ait sade ticari kefir drneklerinin mikrobi-
yolojik ozelliklerinin mevcut standartlara uygun olup olmadiginin
belirlenmesi amaglanmistir.

Yontemler

Kefir Ornekleri

Bu c¢alismada Erzurum piyasasinda satilan dort farkli firmaya ait
ticari sade kefir ornekleri alinarak orijinal ambalajlari icerisinde
soguk zincirde laboratuvara getirilmistir. Ornekler laboratuvara
getirildikten sonra 1 saat iginde analizleri yapiimistir. Kefirler TK1,
TK2, TK3 ve TK4 olarak kodlanmistir.

Mikrobiyolojik Analizler

10 ml homojen kefir 6rnegi ile 90 mL %0,85'lik steril NaCl ¢ozel-
tisi Stomacher cihazinda homojen edilmistir. Homojenize edi-
len orneklerden seri dilisyonlar hazirlanmis ve bu dillisyonlar
MRS (Merck, Almanya), M17 agar (Merck, Almanya), PDA (Merck,
Almanya) ve VRBA besiyerlerine ekilmistir. Bu besiyerleri laktik
asit bakterilerinin sayimi i¢in 30°C'de 2-3 glin anaerobik kosul-
larda, streptokoklarin sayimi igin 30°C'de 24-48 saat aerobik
kosullarda, maya-kif sayimi icin PDA besiyeri kullanilmis olup
ekim oncesi %10’luk steril tartarik asitten 14 mg/L ilave edilip pH
degeri 3,5’'e ayarlanmig ardindan 25 °C’de 5 giin aerobik kosullarda
inklibe edilmistir. Koliform grubu mikroorganizmalarin sayimiigin
cift tabakali ekim yapilan VRBA besiyerleri 37 °C'de 24-48 saat
inkiibe edilmistir (Unal vd., 2020, Cirpici ve Cetin, 2023). MRS, M17
ve PDA besiyerlerinde yayma yontemi, VRBA besiyerinde dokme
plak ydontemi kullaniimistir (Okstiztepe vd., 2020, Cirpici ve Getin,
2023). inkiibasyon sonrasinda 30-300 koloni iceren petriler
sayllmistir.

pH Analizi
Orneklerin pH degerleri, kalibrasyonu yapilmis pH metre (Hanna
pH-211) kullanilarak belirlenmistir (Cemeroglu, 2010).

Bulgular ve Tartisma

Ticari kefir orneklerine ait kimyasal parametre olan pH degerleri
Tablo 1'de verilmistir. Buna gore calismada incelenen ticari kefir
orneklerinin pH dederlerinin 4,35 ile 4,56 arasinda degisen deder-
lerde oldugu belirlenmistir. Bu sonuglar yapilan bazi galigmalarla

Tablo 1.

Kefir Orneklerinin pH Sonuglari

Kefir 6rnekleri pH
TK1 4,52
TK2 4,48
TK3 4,56
TK4 4,35
En distik 435
En ylksek 456
Ortalama 4,48

Standart sapma +0,09

benzerlik gdstermektedir. Irigoyen vd. (2005) yapmis oldugu
calismada %1 ve %5 kefir danesi katilan kefirlerin pH degerlerinin
siraslyla 4,50 ve 4,40 oldugu tespit edilmistir. Guzel-Seydim vd.
(2005) yapmis oldugu calismada ise 22 saat fermantasyon son-
rasinda ortalama pH degeri 4,55 bulunmustur. Yapilan baska bir
calismada ticari sade kefirlerin ortalama pH degeri 4,54 olup en
az 4,21 en ¢ok 4,72 olarak tespit edilmistir. (Oksiiztepe vd., 2020).
Unal vd. (2020) piyasadan alinan 6 farkli ticari kefirde pH deger-
lerini minimum 4,26, maksimum 4,37 ve ortalama 4,33 olarak
tespit etmislerdir. Cetinkaya ve Elal Mus (2012) yapmis oldugu
calismada ise ticari kefirlerin pH degeri ortalama 4,30°'dur. Bu
degerler bu galismada belirlenen ortalama pH degerinden dislk-
tlr. Hecer vd. (2019) tarafindan yapilan galismada farkli sicaklik-
larda Uretilen kefirlerin pH degerleri 3,90 ile 5,65 arasinda olup bu
degerler genel olarak bu ¢alismadaki pH degderlerinden ylksektir.

Ticari kefir rneklerinin yapiminda kullanilan stitlerin kalitesi, star-
ter kiltlrinin kombinasyonu, fermantasyon siiresi, sitiin maya-
lanma sicakhigi ve kuru madde miktari pH dederindeki farkliliklar
etkileyebilir (Oksliztepe vd., 2020).

Ticari kefir orneklerine ait mikrobiyolojik analiz sonuglari
Tablo 2’de verilmistir. Calismada ticari kefir drneklerinin laktobasil
sayilar1 8,76 ile 9,02 log kob/mL arasinda olup ortalama degerinin
8,88 log kob/mL oldugu belirlenmistir. En yliksek laktobasil sayisi
TK1, en dislk ise TK3 kodlu drnekte tespit edilmistir. Cetinkaya
ve Elal Mus (2012), Bursa'da satilan ticari kefirlerde laktobasil sayi-
larinin en az 1, en ¢ok 8,77 log kob/mL ortalama degerinin ise 7,56
log kob/mL oldugunu bulmuslardir. Elazig’dan temin edilen ticari
kefirlerden yapilan baska bir calismada ise laktobasil sayilarinin en
dUsuk, en ylksek ve ortalama sayilari sirasiyla 6,79, 7,65 ve 7,33
log kob/mL olarak belirlenmistir (Okstiztepe vd., 2020). Piyasadaki

-}I;Zglroézr;)ek/erinin Mikrobiyolojik Analiz Sonuglari (log kob/ml)

Kefir Laktobasil Laktokok  Maya-kiif Koliform
ornekleri sayisl sayisl sayisi bakteri sayisi
TK1 9,02 8,78 5,85 <1
TK2 8,80 8,11 4 <1
TK3 8,76 8,92 515 <1
TK4 8,91 6,60 4 <1

En disik 8,76 6,60 4 <1

En ylksek 9,02 8,92 5,85 <1
Ortalama 8,88 8,10 475 <1
Standart +0,12 +1,06 +0,91 -
sapma
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ticari kefirlerden yapilan basgka bir ¢alismada laktobasil sayilarinin
enaz 8,15 log kob/mL, en ¢ok 9,09 log kob/mL ortalama degerinin
ise 8,47 log kob/mL oldugu bulunmustur.

CGalismada laktokok sayisi 6,60-8,92 log kob/mL arasinda degis-
mekte olup ortalama olarak 8,10 log kob/mL diizeyinde oldugu
saptanmistir. En ylksek laktokok sayisi TK3 ornedinde saptanir-
ken, en distlk laktokok sayisi TK4 kodlu 6rnekte tespit edilmistir.
Piyasadan temin edilen ticari kefir drneklerinin minimum, maksi-
mum ve ortalama laktokok sayilari sirasiyla 8,39, 9,34 ve 8,78 log
kob/mL olarak tespit edilmistir (Unal vd., 2020). Cetinkaya ve Elal
Mus (2012) yapmis olduklari galismada, ticari kefir 6rneklerinin
laktokok sayilarini en diisiik, en yliksek ve ortalama olarak sirasiyla
5,00, 8,80 ve 8,26 log kob/mL olarak bulmuslardir. Irigoyen vd.
(2005) tarafindan yapilan calismada kefir 6rneklerinin ortalama
laktokok sayisi 8,00 log kob/mL olarak bulunmustur. Oksiiztepe
vd. (2020) tarafindan yapilmig olan galismada ise sade kefirler-
deki laktokok sayisi minimum 7,38, maksimum 8,30 ve ortalama
763 log kob/mL olarak tespit edilmistir. Calismadaki kefirlerin
ortalama laktokok degerleri incelendiginde, Unal ve ark. (2020)
ile Cetinkaya ve Elal Mus'un (2012) calismalarindaki degerlerin
altinda oldugu gériliirken, Irigoyen ve ark. (2005) ile Oksiiztepe
ve ark. (2020) galismalarindaki degerlerden daha ytksek oldugu
gorilmektedir.

Tum kefir orneklerinde kif kolonisi gozlenmemis olup inklibasyon
sonrasl besiyerlerinde sadece maya tespit edilmistir. Kefir ornek-
lerinin ortalama maya sayisi 4,75 log kob/mL olarak belirlenirken,
en ylksek maya sayisi 5,85 log kob/mL en diislik maya sayisi 4,00
log kob/mL olarak tespit edilmistir. TK2 ve TK4 6rnekleri en disik
maya konsantrasyonuna sahipken TK1 drnegi en yiiksektir. Unal
vd. (2020) maya sayisini minimum, maksimum ve ortalama ola-
rak sirasiyla 4,38, 5,37 ve 4,91 log kob/mL bulmusglardir. Bagka bir
galismada is maya sayisi minimum dederi icin gozlenmezken,
maksimum 4,56 log kob/mL, ortalama olarak 2,88 log kob/mL
olarak tespit edilmistir (Okstiztepe vd., 2020). Irigoyen vd. (2005)
ortalama maya sayisini 5,00 log kob/mL, Cetinkaya ve Elal Mus
(2012) 6,89 log kob/mL olarak belirtmislerdir. Bu ¢alismadaki
ortalama maya sayilari Okstiztepe vd. (2020)in yapmis oldugu
calismadan ylksek olup diger galismalardan distktir.

Hijyen indikatori olarak koliform grubu bilindigi tzere en dnemli
indikatdér mikroorganizmalardandir (Oksliztepe vd., 2020). Bu
calismada incelenen tim ticari kefir 6rneklerinde koliform bak-
teri tespit edilmemistir. Unal vd. (2020) ve Oksliztepe vd. (2020)
calismalarinda koliform bakteri bulamazken, Ding (2008) ve Ciray
(2017)n yapmis olduklari calismalarda koliform bakterisi bulun-
mustur. Ding (2008) tarafindan yapilan galigmada kefir ornekleri-
nin genel dederlendirmesinde koliform bakteri ile kontaminasyon
dizeyi %32,5 (39/120) olarak saptanmig olup ortalama deger 11,58
MPN/ml'dir. Ciray (2017) tarafindan yapilan galismada ise istan-
bul'dan temin edilen 100 adet kefir ornegindeki koliform grubu
bakteri kontaminasyonu seviyesi ortalama 13 kob/mL olarak
bulunmustur.

Cirpici ve Cetin (2023) tarafindan yapilan baska bir ¢alismada
kefir danelerinden koliform bakteri izole edilmis ve danelerden
iki tanesi kullanilarak kefir Gretilmistir. Uretilen kefirlerde de koli-
form bakterilerinin yliksek konsantrasyonda kefire gectigi tespit
edilmistir.

Turk Gida Kodeksi Fermente Siit Uriinleri Tebligi'ne gore kefirde
bulunmasi gereken toplam spesifik mikroorganizma en az 107
kob/g, mayalar ise en az 10°% kob/g olmalidir (Anonim, 2022). Bu
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belirtilen degerlere bakildiginda analiz edilen tim kefirlerin mik-
robiyolojik kalite parametresinin Tirk Gida Kodeksine uygun
oldugu gortlmistir. Ancak analiz edilen 6rnek sayisinin az olmasi
genelleme yapmak icin sinirlama getirmektedir. Ticari kefirle-
rin halka kaliteli, glivenilir ve saglikl bir sekilde ulastiriimasi igin
Uretimden tiketime kadar tim proseslerde GHP (Good Hygiene
Practice), HACCP (Hazard Analysis and Critical Control Points) ve
GMP (Good Manifucture Practice) kurallarinin titizlikle uygulan-
masi gerekmektedir (Okstiztepe vd., 2020).

Sonug

Calismada kullanilan tim kefir 6rneklerinin laktobasil, laktokok ve
maya-kiif sayilarinin Fermente Siit Uriinleri Tebligi'nde belirtilen
degerlere uygun oldugu belirlenmis olup hicbir kefir 6rnedinde
koliform grubu bakteri tespit edilmemistir. Geleneksel olarak Gire-
tilen bazi kefirlerin koliform grubu bakteri icermesi, halk saghgi
agisindan buytk risk olusturdugu yapilan ilgili literatlr incelen-
diginde goriilmektedir. Uretilen kefirin tiiketiciler icin, dzellikle
de yasgli, kanser, diyabet hastasi, bebek, AIDS, hamile ve emziren
kadinlar gibi hassas poptlasyonlar igin potansiyel bir saglk riski
tasimasi nedeniyle galismada elde ettigimiz veriler dogrultu-
sunda ticari olarak Uretilen kefirlerin tiketilmesinin daha glveni-
lir olabilecegi gorilmektedir. Clinkl ticari kefirlerin tUretiminden
tlketimine kadarki tim proseslerinde GHP (Good Hygiene Prac-
tice), HACCP (Hazard Analysis and Critical Control Points) ve GMP
(Good Manifucture Practice) kurallarinin  titizlikle uygulandigi
disinudlmektedir.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir - B.C.; Tasarim - B.C.; Denetleme — B.C.; Kaynaklar -
B.C.; Malzemeler — B.G.; Veri Toplanmasi ve/veya islemesi — B.B.C.; Analiz
velveya Yorum — B.B.C.; Literatlir Taramasi — B.B.C.; Yaziyl Yazan — B.B.C,;
Elestirel inceleme - B.G.

Cikar Catismast: Yazarlar ¢ikar catismasi bildirmemislerdir.

Finansal Destek: Yazarlar bu calisma igin finansal destek almadiklarini
beyan etmislerdir.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - B.C.; Design — B.C.; Supervision — B.C.;
Resources - B.C.; Materials — B.C.; Data Collection and/or Processing —
B.B.C.; Analysis and/or Interpretation — B.B.C.; Literature Search - B.B.C.;
Writing Manuscript — B.B.C.; Critical Review — B.C.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: The authors declared that this study has received no financial
support.

Kaynaklar

Ahmed, Z., Wang, Y., Ahmad, A., Khan, S. T,, Nisa, M., Ahmad, H., & Afreen,
A. (2013). Kefir and health: A contemporary perspective. Critical
Reviews in Food Science and Nutrition, 53(5), 422—434. [CrossRef]

Anonim (2022). Tiirk Gida Kodeksi Fermente Siit Urtinleri Tebligi (2022/44).
Tarim ve Kdyisleri Bakanhgi.

Assadi, M. M., Pourahmad, R., & Moazami, N. (2000). Use of isolated kefir
starter cultures in kefir production. World Journal of Microbiology
and Biotechnology, 16(6), 541-543. [CrossRef]

Azizi, N. F, Kumar, M. R, Yeap, S. K., Abdullah, J. O., Khalid, M., Omar, A. R,,
Osman, M. A, Mortadza, S. A. S., & Alitheen, N. B. (2021). Kefir and its
biological activities. Foods, 10(6), 1210. [CrossRef]


https://doi.org/10.1080/10408398.2010.540360
https://doi.org/10.1023/A:1008939132685
https://doi.org/10.3390/foods10061210

37

Barukecic, I., Gracin, L., Jambrak, A. R., & Bozanic, R. (2017). Comparison of
chemical, rheological and sensory properties of kefir produced by
kefir grains and commercial kefir starter. Mljekarstvo, 67, 169-176.

Biger, Y., Telli, A. E., S6nmez, G., Turkal, G, Telli, N., & Ucar, G. (2021). Com-
parison of commercial and traditional kefir microbiota using
metagenomic analysis. International Journal of Dairy Technology,
74(3), 528-534. [CrossRef]

Cemeroglu, B. (2010). Gida Analizleri (2. Baski). Gida Teknolojisi Dernegi
Yayinlari, No: 34.

Cetinkaya, F, & Elal Mus, T. (2012). Determination of microbiological and
chemical characteristics of kefir consumed in Bursa. Ankara Univer-
sitesi Veteriner Fakdltesi Dergisi, 59(3), 217-221. [CrossRef]

Ciray, Z. (2017). Piyasada Satilan ticari kefirlerin mikrobiyal Kalitesinin
Degerlendirilmesi (Yiiksek Lisans Tezi). istanbul Medipol tiniversitesi,
saghk bilimleri Enstitlsu.

Cirpici, B. B., & Cetin, B. (2023). Determining the safety of kefir grains for
public health. Food Bioscience, 53, 102648. [CrossRef]

Dertli, E., & Gon, A. H. (2017). Microbial diversity of traditional kefir grains
and their role on kefir aroma. LWT - Food Science and Technology, 85,
151-157. [CrossRef]

Ding, A. (2008). Kefirin bazi mikrobiyolojik ve kimyasal &zelliklerinin
belirlenmesi (Yiiksek Lisans Tezi). Ankara Universitesi, Saglik Bilimleri
EnstitusU.

Garofalo, C., Ferrocino, I, Reale, A, Sabbatini, R., Milanovi¢, V., Alki¢-
Subasi¢, M., Boscaino, F, Aquilanti, L., Pasquini, M., Trombetta, M. F,
Tavoletti, S., Coppola, R., Cocolin, L., Blesi¢, M., Sari¢, Z., Clementi, F,
& Osimani, A. (2020). Study of kefir drinks produced by backslopping
method using kefir grains from Bosnia and Herzegovina: Microbial
dynamics and volatilome profile. Food Research International, 137,
109369. [CrossRef]

Guzel-Seydim, Z., Wyffels, J. T,, Seydim, A. C., & Greene, A. K. (2005). Turkish
kefir and kefir grains: Microbial enumeration and electron

microscobic observation. International Journal of Dairy Technology,
58(1), 25-29. [CrossRef]

Hecer, C., Ulusoy, B. H., & Kaynarca, D. (2019). Effect of different fermenta-
tion conditions on composition of kefir microbiota. International
Food Research Journal, 26, 401-409.

Irigoyen, A., Arana, |., Castiella, M., Torre, P, & Ibafiez, F. C. (2005). Microbio-
logical, physicochemical, and sensory characteristics of kefir during
storage. Food Chemistry, 90(4), 613-620. [CrossRef]

Miguel, M. G. D. C. P, Cardoso, P. G, Lago, L., & Schwan, R. F. (2010). Diver-
sity of bacteria present in milk kefir grains using culture-dependent
and culture-independent methods. Food Research International,
43(5), 1523-1528. [CrossRef]

Nielsen, B., Giirakan, G. C., & Unl{, G. (2014). Kefir: A multifaceted fer-
mented dairy product. Probiotics and Antimicrobial Proteins, 6(3-4),
123-135. [CrossRef]

Okstiztepe, G., Demir, P, Karatepe, P, Alan, S., & Akgdl, M. (2020). Ticari
kefirlerin bazi kalite parametrelerinin incelenmesi. Veterinary Journal
of Mehmet Akif Ersoy University, 5(2), 40—47. [CrossRef]

Otles, S. O., & Cagindi, O. E. (2003). Kefir: A probiotic dairy-composition,
nutritional and therapeutic aspects. Pakistan Journal of Nutrition,
2(2), 54-59. [CrossRef]

Purutoglu, K., ispirli, H., Yizer, M. O., Serencam, H., & Dertli, E. (2020).
Diversity and functional characteristics of lactic acid bacteria from
traditional kefir grains. International Journal of Dairy Technology,
73(1), 57-66. [CrossRef]

Serafini, F, Turroni, F, Ruas-Madiedo, P, Lugli, G. A,, Milani, C., Duranti, S.,
Zamboni, N., Bottacini, F,, Van Sinderen, D., Margolles, A., & Ventura,
M. (2014). Kefir fermented milk and kefiran promote growth of Bifi-
dobacterium bifidum PRL2010 and modulate its gene expression.
International Journal of Food Microbiology, 178, 50-59. [CrossRef]

Unal, F. N, Kalyas, A, Giirbliz, Z., Sengdil, M., & Urkek, B. (2020). Ticari kefirl-
erin bazi kalite parametrelerinin belirlenmesi. Gida, 45, 555-563.

Food Science and Engineering Research [ 2023 2(2): 34-37 | doi: 10.5152/FSER.2023.23010


https://doi.org/10.1111/1471-0307.12789
https://doi.org/10.1501/Vetfak_0000002528
https://doi.org/10.1016/j.fbio.2023.102648
https://doi.org/10.1016/j.lwt.2017.07.017
https://doi.org/10.1016/j.foodres.2020.109369
https://doi.org/10.1111/j.1471-0307.2005.00177.x
https://doi.org/10.1016/j.foodchem.2004.04.021
https://doi.org/10.1016/j.foodres.2010.04.031
https://doi.org/10.1007/s12602-014-9168-0
https://doi.org/10.24880/maeuvfd.704987
https://doi.org/10.3923/pjn.2003.54.59
https://doi.org/10.1111/1471-0307.12633
https://doi.org/10.1016/j.ijfoodmicro.2014.02.024

ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Emre KABIL
Aydin Aytac GURDAL

Yalova Universitesi, Armutlu Meslek
Yiiksekokulu, Gida isleme Blimdi,
Yalova, Turkiye

Gelig Tarihi/Received: 21.08.2023
Kabul Tarihi/Accepted: 14.09.2023
Yayin Tarihi/Publication Date: 28.09.2023

Sorumlu Yazar/Corresponding Author:
Emre KABIL
E-mail: emre.kabil@yalova.edu.tr

Cite this article as: Kabil, E., Girdal, A.A.
(2023). Kaz but etinde tuz oraninin
depolama boyunca bazi fizikokimyasal
ve mikrobiyolojik 6zelliklere etkisi. Food
Science and Engineering Research, 2(2),
38-43.

Content of this journal is licensed under a
Creative Commons Attribution-
NonCommercial 4.0 International License

Arastirma Makalesi Research Article DOI: 10.5152/FSER.2023.23011

Kaz But Etinde Tuz Oraninin Depolama
Boyunca Bazi Fizikokimyasal ve
Mikrobiyolojik Ozelliklere Etkisi

Effect of Salt Level on Some Physicochemical
and Microbiological Properties for Goose Thigh
Meat Storage

6z

Arastirmada farkli oranlarda tuzlanan kaz but etinin vakum ambalajlanip sogukta depolanmasi ve
depolama boyunca renk parametreleri, TBARS (tiyobar btirikasit reaktif maddeler), pH ve TAMB
(toplam aerobik mezofilik bakteri) degerlerinin belirlenmesi amaglanmistir. Tuzlamada, %0, %4, ve
%8 (w/w) oraninda kaya tuzu ete ilave edilmistir. Tuz diflizyonu sonucu vakum ambalajlanan etler
buzdolabinda +4°C’de muhafaza edilmis, 12 gline kadar 3 glin arayla analizler gergeklestirilmistir.
Tuz oraninin artmaslyla L* degerleri 5nemli 6l¢lide azalmistir (p < 0,05). a* ve b* dederleriise %4 ve
%8 tuz oranlarinda farklilik gostermemistir. Tuzlama ile TBARS degerleri 6nemli oranda artarak
kontrol grubunda 0,46 + 0,02 olan deder %4 ve %8 de siraslyla 0,86 + 0,01 ve 0,83 + 0,01 olarak
tespit edilmistir (p <,05). pH dederi depolama sliresi ve tuz ilavesiyle artmis, farkli oranlarda tuz
kullanimiyla degismemistir. TAMB sayisi depolama boyunca artarken, tuz ilavesiyle azalmistir (p
< ,05). Depolama boyunca kontrol grubunda TAMB sayisi 5,07 = 0,20°'den 7,11 + 0,30’a ylikselerek
tuzlanan orneklere gore daha fazla degisim gostermistir.

Anahtar kelimeler: Renk, kaz eti, lipit oksidasyonu, tuz orani

ABSTRACT

In this study, it was aimed to determine the effect of different salt levels on the color parameters,
TBARS (thiobar butyric acid reactive substance), pH, and TAMB (total aerobic mesophilic bacteria)
values of vacuum-packed goose thigh meat during cold storage. Salting process was realized by
adding 0%, 4%, and 8% (w/w) rock salt to the meat. after salt diffusion, vacuum packed meats were
stored in the refrigerator at +4°C and analyses were performed every 3 days up to 12 days. L*
values decreased significantly with the increase in salt content (p <.05). On the other hand, a* and
b* values did not differ in 4% and 8% salt levels. TBARS values increased significantly with salting,
while the value was 0.46 + 0.02 in the control group, and 0.86 + 0.01and 0.83 + 0.01in 4% and 8%
salt levels, respectively (p < .05). The pH value increased with the storage time and the addition of
salt and did not change with the use of salt at different levels. TAMB increased significantly during
storage and also decreased with the addition of salt (p < .05). TAMB increased from 5.07 + 0.20 to
711 £ 0.30 in the control group and showed a greater change compared to the salted samples
during storage.

Keywords: Color, goose meat, lipid oxidation, salt level

Giris
Et ve Urlnleri Uretim teknolojisi geregdi farkli oranlarda tuz icermektedir. Rios-Mera ve ark. (2021)
yaptiklari derlemede, bologna tipi sosisten salama kadar farkli tip et Urlinlerinde yapilan arastirmalarda
tuz oranlarinin ylzde olarak 1,20 + 0,57-5,98 + 0,59 arasinda degistigini bildirmislerdir. Kaz eti
muhafaza slresinin uzatiimasi ve aroma gelisimi icin tuzlanan et Urinleri arasindadir. Bu et insanlar
tarafindan uzun zamandan beri tiiketilmektedir (Oz & Celik 2015). Diinya genelinde kanatli eti Ureti-
mine katkisi dlisiik olan kaz eti Uretimi son yillarda artis trendinde olup Cin ve Misir diinyadaki en buyUk
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Ureticileridir (Wotoszyn ve ark., 2020). Yiiksek doymamis yag asidi
ve protein igerigiyle bilinen kaz eti (Boz ve ark., 2019) lilkemizde
cogunlukla geleneksel yontemlerle tuzlanip kurutulmakla birlikte
son yillarda dondurulmus olarak da satisa sunulmaktadir.

Tuz (NaCl), sahip oldugu bir cok teknolojik islevi ve distik maliyeti
nedeniyle et Urlinlerinin Uretiminde kullanilan temel bir bilesendir
(Pinton ve ark.,, 2020). Bu islevler arasinda urinin lezzetini
arttirma, negatifylkli Cl-iyonlariile tuzlu tadin olugsumu, su aktiv-
itesini dusUrerek istenmeyen mikrofloranin gelisimini engellemek
gosterilebilir (Yalinkilic ve ark., 2023). Ancak yliksek NaCl seviyesi
Urtnlerinin kalitesi ve tiketici saghgl tzerine olumsuz etkiler
yaratmaktadir. Asiri NaCl tiketimi yiiksek tansiyon, kalp-damar
hastaliklari, bobrek hastaliklari, gastrit, gesitli metabolik problem-
ler ve obezite gibi birgcok saglik sorunu olugturmaktadir (Pinton ve
ark., 2021). Diinya Saglk Orgiitii verilerine gére cogu insan giinde
ortalama 9-12 g tuz tiiketmekte ve bu 6nerilen maksimum seviy-
enin (5 g/glin) oldukga Ustiinde kalmaktadir (DSO, 2020). Bunun
yaninda distk sodyum aliminin da insanlarda gesitli problemlere
neden olacagdi belirtiimektedir (Zhang ve ark., 2022). Et Urlnler-
inde sodyum miktarini azaltmak mimkin olmakla birlikte tuzun
Urline kattigi lezzet, su tutma kapasitesindeki degisim, mikrobiyal
aktivitedeki azalma gibi 6zellikler dolayisiyla islem zorlagmaktadir
(Alino ve ark., 2010).

Lipidler et ve Urlnlerinde dogal olarak bulunmakta, bunula
birlikte Uretim esnasinda da bilesime ilave edilebilmektedir (Mari-
utti & Bragagnolo 2017). Lipidlerde bozulmanin temel nedeni
oksidasyon olup bu reaksiyon malondialdehit gibi bilesenlerin
olugsmasiyla sonuglanmakta ve renk tekstlr, aroma gibi ozel-
likleri etkilemektedir (Al-Dalali ve ark., 2021). Ayrica dislk kon-
santrasyonlarda ilave edildiginde bile NaCl lipit oksidasyonunu
ve metmiyoglobin olusumunu tesvik edici etki géstermektedir
(Gheisari & Motamedi, 2010). Boylece renk ve tatta da istenmeyen
degisiklikler meydana gelmektedir (Mariutti & Bragagnolo 2017).
Ayrica tuz miktari ile mikrobiyal aktivite arasinda da dogrudan bir
iliski mevcuttur. Tuz miktarindaki azalma genel olarak mikrobiyal
gelisimi arttirmaktadir (Yalgin & Seker, 2016).

Ulkemizde Kars-Ardahan illerinde yetisen kazlara ait sinirli sayida
calisma bulunmaktadir (Guven ve ark., 2002; Oz & Celik, 2015;
Kamber & Yaman, 2016; Oz ve ark., 2016; Kaban ve ark., 2020).
Ayrica literatlirde kaz but etlerinin farkli oranlarda tuzlanmasi
sonucu muhafaza siiresince meydana gelen bazi degisikliklere
yonelik herhangi bir ¢aligmaya rastlaniimamistir. Bu ¢alismada
Ardahan’in Géle ilgesinden temin edilen kaz but etleri farkli oran-
larda tuzlanip (Kontrol %0, %4, ve %8) vakum ambalajlanarak
+4°C'de muhafaza edilmis ve bu stlire boyunca lipit oksidasyonu,
renk parametreleri, pH ve toplam mezofilik aerobik bakteri sayisi
belirlenmistir.

Yontemler

Materyal

Arastirmada kullanilan kaz but etleri Ardahan’in Gdle ilgesinde
yerel olarak kaz yetistiriciligi yapan bir giftlikten temin edilmistir.
Ayni donemde yumurtadan ¢ikmis ve ayni diyetle beslenmis disi
kazlara ait sag ve sol butlar kesim sonrasi alinarak soguk sartlarda
laboratuvara getirilmigtir.

Tuzlama

Butlar kaya tuzu (Kartuz, Turkiye) kullanilarak %0, %4, ve %8
oraninda tuzlanmistir. Tuzun ete diflizyonu igin 6rnekler +4°C'de
24 saat bekletilmis ardindan vakum ambalajlama yapilarak
+4°C’'de muhafaza edilmistir.

TiyobarbUtirik asit reaktif substans (TBARS), renk parametreleri,
pH ve toplam aerobik mezofilik bakteri sayisi (TAMB) O, 3, 6, 9,
ve 12. glnlerde yapiimistir. Analiz 6ncesi etler kiyma haline get-
irilerek o6rnekleme yapilmistir. Kuru madde, toplam mineral
madde, yag ve protein analizleri sadece islenmemis butta, pH
analiziislenmemis ve tuzlanmig butlarda diger analizler tuzlanmis
butlarda gerceklestirilmistir.

Nem, Yag, Protein ve Kiil Analizi
islenmemis but etlerinin nem, yag, protein ve kiil icerikleri Gokalp
ve ark., (1999) tarafindan verilen metoda gore yapilmistir.

pH Analizi

islenmemis ve tuzlanmis butlarin pH degerlerini belirlemek
amacityla kiyma haline getirilmis 6rnekten 5 g tartilip lizerine 50
mL saf suilave edilmis ve ultraturrax (WiseTis-HG-15D, Daihan Co.,
Wonju, Korea) ile 1 dk. homojenize edilmistir. Ardindan kalibre edi-
len pH metre (Hanna HI 2211, ABD) ile pH degerleri belirlenmistir.

TBARS Analizi

2 g ornek tartildiktan sonra tzerine 12 ml TCA (Trikloroasetik asit)
gOzeltisi (%7,5 TCA, %0,1 EDTA, %0,1 Propil galat 3 mL etanolde
¢OzUlUr) ilave edilip ultraturrax'da (WiseTis-HG-15D, Daihan Co.,
Wonju, Kore) 15-20 saniye homojenize edilmistir. Ardindan homo-
jenize ¢ozelti Whatman 1 filtre kagidindan stizillp stizinttden 3
ml alinarak Gzerine 3 ml TBA (0,02 M) ¢ozeltisi ilave edilmistir. Bu
karisim kaynayan su banyosunda (100°C) 40 dakika tutulup soguk
su igerisinde 5 dakika sogutulduktan sonra 2000g de 5 dakika
santrifij (Tdz5-Ws, Shangay, Cin) islemine tabi tutularak spektro-
fotometrede (Jenway 6300, UK) 530 nm dalga boyunda &l¢im
yapilmis standart kiirve 1,1,3,3,-tetraetoksi propan ile gizilmistir
(Lemon, 1975). Elde edilen veriler mg malondialdehit (MDA)/kg
olarak sunulmustur.

Renk Parametreleri

Butlarin yizey renk yogunluklari kolorimetre cihazi (FRU Wr-10,
China) ile belirlenmigtir. L*, a* ve b* degerleri U¢ boyutlu renk
Oleimind esas alan uluslararasi aydinlatma komisyonu (Com-
mision Internationele de I'E Clairage) tarafindan verilen kriterlere
gore yapilmistir.

Toplam Mezofilik Aerobik Bakteriler

Stomayer posetine 10 gram 6rnek tartiip Gzerine %0,85 NaCl
iceren steril fizyolojik su eklenmistir. Ardindan bu karisim stomay-
erde 2 dakika homojenize edilmis ve bu homojenizat kulanilarak
farkli dilisyonlar hazirlanmistir. Uygun dillisyonlardan Plate Count
Agar (PCA) besiyerine 100 pL ekim yapilip yayllmis ve petriler
37°C'de 48 saat inkiibasyona birakilmistir. Olusan koloniler sayilip
sonug log kob/g olarak verilmistir.

istatistiksel Analiz

Arastirmada tuz orani ve depolama stlresi faktor olarak alinmis
ve analizler Ug paralelli olarak yurttllmuUstlr. Veriler istatistik
programi ile (IBM Statistical Package for the Social Sciences, 27,0)
varyans analizine tabi tutulup énemli bulunanlar (p <,05) Duncan
coklu karsilastirma testi ile degerlendirilmistir. Istatistiksel analiz
sonuglari tablolarda ve grafiklerde, ortalama dederler + standart
sapma olarak gosterilmistir.

Bulgular ve Tartigsma

Ham kaz but etine ait kuru madde, yag, kil ve protein degerleri
Tablo 1'de gosterilmistir. Derisi siyrilmis kaz but etinden kemigin
ayrilmasiyla geride kalan tim et ve yag kitlesinin homojen
hale getirilmesi sonucu elde edilen ylizdesel verilere gére kuru
madde orani 29,40 = 0,43, yag icerigi 9,66 = 0,33, ham protein
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Tablo 1.

Kaz but etinin kuru madde, yag, ham protein, kil ve pH degerleri

% Kuru % Ham

Madde % Yag Protein % Kiil pH
29,40+ 043 966+0,33 20,26+ 0,01 1,02+ 0,03 5,97 +0,02

Note: +=Standart sapma

20,26 + 0,01, kil 1,02 + 0,03, ve pH degeri ise 5,97 + 0,02 olarak
belirlenmistir. Oz ve ark. (2016) kaz but etinde gergeklestirdikleri
arastirmada su, protein ve yag oranlari ile pH degerini sirasiyla
%72,43 £ 1,45, %19,29 + 0,35, %2,37 + 0,65, ve 6,78 + 0,12 olarak
belirlemiglerdir. Diger bir calismada farkl diyetlerle beslenen kaz
but etlerinde su %7115 + 0,09-70,13 + 0,09, protein %19,05 +
0,05-18,89 + 0,03, yag %8,21 + 0,01-8,93 + 0,05 arasinda degisim
goOstermistir (Biesek ve ark., 2020).

Renk degerleri et ve Urlnlerinin kalitesini ve tlketici bedenisini
etkileyen onemli faktdrlerden birisidir. Olgililen parame-
trelerden L* dederi 0-100 arasinda koyudan acgik renge
degisimi; a*+kirmizi, — vyesil degerleri, b* ise+oldudunda
sari, — dederlerde ise mavi rengi ifade etmektedir (Pindi ve
ark., 2023). Sekil 1A depolama boyunca orneklerin L* a* ve b*
degerlerini gostermektedir. Elde edilen verilere gore 0. glinden
sonra L* ve a* dederinde disls meydana gelmis, 9. Gln har-
icinde diger glinlerde sabit kalmistir. b* dederinde ise zamana

bagl istatistiki bir farklilik tespit edilememistir. Orkusz ve ark.
(2017) vakum ambalajladiklari kaz etinin depolama boyunca a*
ve b* dederlerinde istatistiki bir farklilik tespit etmemislerdir.
Sekil 1B tuz oranmin artisiyla L* a* ve b* degerlerindeki
degisimi gostermektedir. Kontrol grubu (%0) en ylksek L*
dederlerini gosterirken tuz oraninin artisiyla bu dederde azalma
gergeklesmistir. Choi ve Chin (2020) de artan tuz igerigiyle L*
ve diger renk degerlerinin azaldi§ini gostermislerdir. Bu durum
NaCl'lin myoglobin oksidasyonu sonucu oksimyoglobinin met-
myoglobine dénlsmesiyle gerceklesmektedir (Pietrasik ve
ark., 2009). Nitekim tuzlama ile kirmizihi§in gostergesi olan +a*
degerlerinde de azalma olusmustur. Yalgin ve Seker (2016) tuzun
L* a* ve b* dederlerini etkilemedigini tespit etmiglerdir.

Farkli oranda tuzlanmig kaz but etlerinin depolama stiresince renk
parametrelerindeki dedisim Tablo 2'de gosterilmistir. L* dederleri
depolama boyunca tim glinlerde tuzlama ile azalmistir. Depol-
ama slresince ise %8 tuz iceren grubun L* de§erinde istatistiki
olarak 6nemli bir degisim gerceklesmemistir. Tuzlama islemiyle O.
gun haricinde a* de@erleri azalmis ancak %4 ve %8 tuz oranlari
arasinda istatistiki bir farklilik gériilmemistir. Benzer sonug, da
Silva Campélo ve ark. (2020) tarafindan da bildirilmistir. Depol-
ama boyunca ise %0 ve %4 tuz oranlarinda degisim olugsmazken
%8 tuz iceriginde sadece 3. glinde azalma gergeklesmistir. b*
degerleri ise farkli tuz igeriklerinde zamanla dnemli bir degisim
gostermemistir.
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a b a
3 40 b b
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oy
2 30
*
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Sekil 1.

Depolama (A) ve tuz oranina (B) gére butlarin renk parametreleri. a-c, A-B, x-y: Farkli harfler istatistiki olarak farklidir (p <,05).

-I—I::Ir)/:ﬁ c?l:anda tuzlanmisg etlerin depolama siresince renk parametrelerindeki degisim

Tuz 0. Giin 3.Giin 6. Giin 9. Glin 12. Giin

L* degerleri

%0 45104171 41,43 +2,06% 40,18 + 1,56 42,32 +2,31248 40,88 + 1,392
%4 36,44 + 2,06 32,47 + 2,07°8¢ 30,35 + 0,16°¢ 34,17 + 1,368 32,56 + 1,11°8¢
%8 31,10 £ 2,30 30,79 +1,31°* 30,10 + 1,10 33,10 £ 1,73 30,53 + 1,25
a* degerleri

%0 16,43 £ 0,70* 15,32 +2,03* 16,57 + 2,36* 16,78 +1,59* 15,61+ 0,44
%4 12,11 + 4,83 10,31+ 0,67 8,06 + 1,90 11,60 +1,61°" 10,45 + 1,33
%8 12,62 + 4,18 9,43 + 1,86 6,74 + 1,64 11,29 + 3,45048 9,38 + 0,81b*®
b* degerleri

%0 2,10 = 0,67 2,89 + 0,92 2,74 + 0,70* 2,22 + 1,443 3,01+ 0,15+

%4 3,21 +1,05%A 3,09 + 0,75 3,45+ 0,45 3,48 £ 0,49% 3,33+ 0,59
%8 3,83 + 0,09 3,06 £ 0,37+ 3,30 £ 0,84* 3,75+ 0,12% 3,49 + 0,47

Note: +=Standart sapma.

abeayni stitunda farkli isaretli olanlar istatistiki olarak farklidir (o < ,05). #B°Ayni satirda farkli isaretli olanlar istatistiki olarak farklidir (p < ,05).
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Sekil 2.
Depolama (A, C, E) ve tuz oranina (B, D, F) gére butlarin TBARS, pH ve TAMB degerleri. a—c: Farkli harfler istatistiki olarak farklidir (p <,05).

Et ve Urlnlerinde lipid oksidasyonu kesimden hemen sonra meydana gelen bir serbest radikal zincir reaksiyonudur (Min &
baslamakta ve daha sonra uygulanan iglemler, tuzilavesive depol- Ahn, 2005). Sekil 2A depolama boyunca TBARS dederlerinde
ama ile artmaktadir (da Silva Campélo ve ark., 2020). Lipid oksi- meydana gelen degisimi gostermektedir. Buna gore TBARS
dasyonu baglama, yayllma ve sonlanma olmak Ulzere ¢ adimda degerlerinde zamanla bir artis meydana gelmistir (p <,05). Orkusz

Tablo 3.
Farkli oranda tuzlanmis etlerin depolama stresince TBARS, pH, ve TAMB dederlerindeki degisim

TBARS degerleri (mg MDA/kg)

Tuz 0. Giin 3. Glin 6. Glin 9. Glin 12. Giin
%0 0,46 + 0,02 0,50 + 0,018 0,57 + 0,01 0,57 + 0,05 0,62 + 0,03
%4 0,86 + 0,01 116 + 0,07 115+ 0,072 1,47 + 0,04 1,41+ 0,07
%8 0,83 + 0,01%® 118 £ 0,10 1,21+ 0,01 1,25+0,02% 1,16 + 0,04
pH degerleri

Tuz 0. Giln 3.Gin 6. Gun 9.GUn 12. Gln
%0 5,98 + 0,05 6,00 + 0,01%* 5,99 + 0,02 6,01+ 0,01 6,02 + 0,02
%4 6,02 + 0,01%¢ 6,09 + 0,01%® 6,08 + 0,02% 6,11+ 0,01*4 6,08 + 0,018
%8 6,07 + 0,02 6,08 + 0,01 6,09 + 0,03 6,08 + 0,02b"® 6,11+ 0,02*
TAMB degerleri (log kob/g)

Tuz 0. Gun 3.Gln 6.Gln 9.Gun 12. Gln
%0 5,07 + 0,20% 5,33 +£0,83%® 6,52 + 0,11 6,93 £ 0,13 711+ 0,30
%4 4,87 +0,10%¢ 5,05 + 0,3125¢ 5,49 + 0,45 5,69 + 0,20 5,89 + 0,10°
%8 4,72 + 0,19¢ 4,92 + 0,20%¢ 5,24 + 0,25 5,57 + 0,28 5,57 + 0,20

Note: +=Standart sapma.
abegyni stitunda farkli isaretli olanlar istatistiki olarak farklidir (p < ,05). #42¢DAyni satirda farkli isaretli olanlar istatistiki olarak farkldir (p <,05).
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ve ark. (2017) vakum ambalajlama ile depoladiklari kaz etinde ben-
zer sonucu rapor etmiglerdir. Sekil 2B ise tuz oranina gére TBARS
degerindeki degisimi gostermektedir. Buna gore kontrol grubuna
gore %4 veya %8 oraninda tuzlama yapildiginda TBARS degerinde
onemli bir artis meydana gelmistir (p <,05). Bu durumun tuzun
prooksidan etkisinden kaynaklandigi distinilmektedir. Tuzun bu
etkisi daha once yapilmis arastirmalarda da bildirilmistir (Lin ve
ark., 2015; Kim ve ark., 2013). Sekil 2C zamanla pH dederindeki
degisimi géstermektedir. O ve 12. glin arasinda pH degderi nemli
Olclide degismistir (p < ,05). Kim ve ark. (2013) ¢calismamiza ben-
zer sekilde arastirmalarinda pH degerinin depolama boyunca
yukseldigini bildirmislerdir. Sekil 2D’ye goére tuzlama ile pH da
artis meydana gelmis ancak tuz oraninin %4'den 8’e ¢ikmasiyla
onemli bir fark olusmamistir. Choi ve Chin (2020) tuz oranindaki
degisimin pH degderinde farkliliga neden olmadigini bildirmislerdir.
Aaslyng ve ark. (2014) da sosis, salam, jambon, bacon gibi gesitli
et Urtnlerinde tuzun pH'y1 etkilemedigini bildirmiglerdir. Sekil 2.E
zamanla TAMB degisimini gostermektedir. TAMB sayisi depol-
ama suresince 6nemli olglide artmistir (p < ,05). Ayrica tuz
ilavesi ile TAMB sayisi 6nemli olglide azalmisg, %4 ile %8 tuz orani
arasinda azalma olmasina ragmen bu far istatistiki olarak 6nemli
cikmamistir.

Tablo 3 farkli oranda tuzlanmis etlerin depolama siresince
TBARS, pH ve TAMB degerlerindeki degisimi gostermektedir.
Tum glinlerde tuzlama ile TBARS degeri 6nemli dlcide artmis (p
<,05), tuz oraninin %4’ten %8’e ¢cikmasiyla ise 0, 3, ve 6. glinlerde
bu degderde onemli bir degisim olmamistir (p > ,05). Depolama
sonunda en dlslk TBARS degeri 0,62 + 0,03 ile kontrol grubunda
tespit edilmistir. Campo ve ark. (2006) ette TBARS dederinin 2,0
mg MDA/kg dederinin altinda olmasi gerektigini soylemislerdir.
Gergeklestirilen calismada tim degerler belirtilen noktanin
altinda tespit edilmigtir.

Kontrol grubu pH degerleri zamanla 6nemli bir degisim
gOstermemistir (p > ,05). %4 ve %8 oraninda tuz iceren gru-
plarda ise 12. gin sonunda baglangica gore farklilik bulunmustur
(Tablo 3). da Silva Campélo ve ark. (2020) farkli oranda tuzladiklari
ette kontrol grubunda 12. glin sonunda pH degerinde farkllik
tespit etmemislerdir. Tablo 3'te O ve 3. glinlerde tuz oranindaki
artigsla TAMB dederi de artmis ancak bu istatistiki olarak 6nemli
bulunmamistir (p >,05). 6, 9, ve 12. glinlerde ise tuzlama ile TAMB
sayisi 6nemli 6lglide azalmistir. Depolama sliresince tim gru-
plarda TAMB sayisi 6nemli dl¢tide artmis olup en buytik fark kon-
trol grubunda (5,07 = 0,20-7,11 £ 0,30) gorulmdustdr.

Sonug¢

Tuz, et igleme teknolojisinde yaygin olarak kullanilan ve etin
cesitli ozelliklerini degistirip muhafaza suresini uzatan, ayrica
lezzeti 6nemli derecede etkileyen 6nemli bir katkidir. Ancak et
Urtnlerinde ylksek oranda tuz bulunmasi insan sagligi Uzerine
gesitli olumsuz etkilere neden olabilmektedir. Gergeklestirilen
aragtirmada kaz but etinin farkli oranlarda tuzlanmasi renk
parametreleri Uzerine onemli degdisimlere neden olmustur.
Aclk rengin gostergesi olan L* dederinin tuz oraninin artmasiyla
azalmistir. Ayrica tuzlama iglemiyle a* dederi de azalmistir. Bunun
yaninda tuzun sahip oldugu prooksidan etki tuzlama islemiyle
TBARS degerlerinin artmasina neden olmustur. TBARS degeri
ayrica depolama sonunda da baslangica gore artig gostermistir.
Tuz su aktivitesini diglrerek mikrobiyal aktiviteyi azaltmaktadir.
Mevcut ¢alismada tuz ilavesi sonucu TAMB sayisinda énemli bir
azalma olmustur. Depolama boyunca da tuz ilave edilen gruplar-
daki TAMB sayisi daha az artmistir.

Food Science and Engineering Research [ 2023 2(2): 38-43 | doi: 10.5152/FSER.2023.23011

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir - EK; Tasarim - E.K; Denetleme - E.K.; Malzemeler -
E.K.; Veri Toplanmasi ve/veya islemesi - E.K.; Analiz ve[veya Yorum - EK,
AAG.; Literatlir Taramasi -E.K.; Yazlyl Yazan - E.K.; Elestirel inceleme; EK,,
AAG.

Cikar Catismasi: Yazarlar gikar catismasi bildirmemislerdir.

Finansal Destek: Yazarlar bu ¢alisma igin finansal destek almadiklarini
beyan etmislerdir.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - E.K,; Design - E.K;; Supervision - EK;;
Materials — E.K.; Data Collection and/or Processing — E.K.; Analysis and/or
Interpretation — E.K., A /AG.; Literature Search — E.K.; Writing Manuscript
— E.K;; Critical Review - E.K.,, AAG.

Declaration of Interests: The authors declare that they have no compet-
ing interest.

Funding: The authors declared that this study has received no financial
support.

Kaynaklar

Aaslyng, M. D., Vestergaard, C., & Koch, A. G. (2014). The effect of salt
reduction on sensory quality and microbial growth in hotdog sau-
sages, bacon, ham and salami. Meat Science, 96(1), 47-55. [CrossRef]

Al-Dalali, S., Li, C., & Xu, B. (2021). Effect of frozen storage on the lipid
oxidation, protein oxidation, and flavor profile of marinated raw beef
meat. Food Chemistry, 376, 131881. [CrossRef]

Alifio, M., Grau, R, Toldra, F, Blesa, E., Pagan, M. J., & Barat, J. M. (2010).
Physicochemical properties and microbiology of dry-cured loins
obtained by partial sodium replacement with potassium, calcium
and magnesium. Meat Science, 85(3), 580-588. [CrossRef]

Biesek, J., KuZniacka, J., Banaszak, M., & Adamski, M. (2020). The quality of
carcass and meat from geese fed diets with or without soybean
meal. Animals: An Open Access Journal from MDPI, 10(2), 200.
[CrossRef]

Boz, M. A, Oz, F, Yamak, U. S,, Sarica, M., & Cilavdaroglu, E. (2019). The
carcass traits, carcass nutrient composition, amino acid, fatty acid,
and cholesterol contents of local Turkish goose varieties reared in an
extensive production system. Poultry Science, 98(7), 3067-3080.
[CrossRef]

Campo, M. M., Nute, G. R, Hughes, S. |, Enser, M., Wood, J. D., & Richard-
son, R. I. (2006). Flavour perception of oxidation in beef. Meat Sci-
ence, 72(2), 303-311. [CrossRef]

Choi, J. S, & Chin, K. B. (2020). Evaluation of physicochemical and textural
properties of chicken breast sausages containing various combina-
tions of salt and sodium tripolyphosphate. Journal of Animal Science
and Technology, 62(4), 577-586. [CrossRef]

da Silva Campélo, M. C., de Medeiros, J. M. S., Rebougas, L. D. O. S, Figuei-
roa, L. V. A, de Oliveira, P. V. C., &da Silva, J. B. A. (2020). Shelf life and
consumer preference for sun dried meat produced with different
levels of sodium chloride. Research, Society and Development, 9(10),
€2039108297. [CrossRef]

DSO (2020). Salt reduction. https://www.who.int/news-room/fact-sheets/
detail/salt-reduction

Gheisari, H. R., & Motamedi, H. (2010). Chloride salt type/ionic strength
and refrigeration effects on antioxidant enzymes and lipid oxidation
in cattle, camel and chicken meat. Meat Science, 86(2), 377-383.
[CrossRef]

Gokalp, H. Y., Kaya, M., Zorba, O., & Tilek, Y. (1999). Et iriinlerinde kalite
kontrolii ve laboratuvar uygulama klavuzu. Atatiirk Universitesi yayin
No: 751, ziraat Fak. Yayin No:318, Ders Kitaplari serisi No: 69, Atatlrk
Univ. Ziraat Fakultesi Ofset Tesisi.


https://doi.org/10.1016/j.meatsci.2013.06.004
https://doi.org/10.1016/j.foodchem.2021.131881
https://doi.org/10.1016/j.meatsci.2010.03.009
https://doi.org/10.3390/ani10020200
https://doi.org/10.3382/ps/pez125
https://doi.org/10.1016/j.meatsci.2005.07.015
https://doi.org/10.5187/jast.2020.62.4.577
https://doi.org/10.33448/rsd-v9i10.8297
https://www.who.int/news-room/fact-sheets/detail/salt-reduction
https://www.who.int/news-room/fact-sheets/detail/salt-reduction
https://doi.org/10.1016/j.meatsci.2010.05.020

43

Guven, A, Gulmez, M., Duman, B., & Sezer, C. (2002). The microbiological
contamination of traditionally processed raw goose carcasses mar-
keted in Kars (Turkey). Internet Journal of Food Safety, 3, 4-T.

IBM Corp. (2020). IBM SPSS Statistics for windows Version 27.0. 1BM Corp.

Kaban, G, Kizilkaya, P, Borekgi, B. S., Hazar, F. Y., Kabil, E., & Kaya, M. (2020).
Microbiological properties and volatile compounds of salted-dried
goose. Poultry Science, 99(4), 2293-2299. [CrossRef]

Kamber, U., & Yaman, H. (2016). Microbiological analysis of dried goose
carcasses. Macedonian Veterinary Review, 39(2), 143-152. [CrossRef]

Kim, H. W, Choi, Y. S,, Choi, J. H., Kim, H. Y., Hwang, K. E., Song, D. H., Lee,
S.Y., Lee, M. A, & Kim, C. J., Lee, M. A, & Kim, C. J. (2013). Antioxidant
effects of soy sauce on color stability and lipid oxidation of raw beef
patties during cold storage. Meat Science, 95(3), 641-646. [CrossRef]

Lemon, D. W. (1975). An improved tbha test for rancidity new series circular.
No. 51. Halifax-laboratory.

Lin, C, Toto, C., & Were, L. (2015). Antioxidant effectiveness of ground
roasted coffee in raw ground top round beef with added sodium
chloride. LWT - Food Science and Technology, 60(1), 29-35. [CrossRef]

Mariutti, L. R., & Bragagnolo, N. (2017). Influence of salt on lipid oxidation
in meat and seafood products: A review. Food Research International,
94, 90-100. [CrossRef]

Min, B., & Ahn, D. U. (2005). Mechanism of lipid peroxidation in meat and
meat products-A review. Food Science and Biotechnology, 14(1),
152-163.

Orkusz, A., Haraf, G., Okruszek, A., & Werenska-Sudnik, M. (2017). Lipid oxi-
dation and color changes of goose meat stored under vacuum and
modified atmosphere conditions. Poultry Science, 96(3), 731-737.
[CrossRef]

Oz, F, & Celik, T. (2015). Proximate composition, color and nutritional pro-
file of raw and cooked goose meat with different methods. Journal
of Food Processing and Preservation, 39(6), 2442-2454. [CrossRef]

Oz, F, Kizil, M., & Celik, T. (2016). Effects of different cooking methods on
the formation of heterocyclic aromatic amines in goose meat. Jour-
nal of Food Processing and Preservation, 40(5), 1047-1053. [CrossRef]

Pietrasik, Z., & Janz, J. A. M. (2009). Influence of freezing and thawing on
the hydration characteristics, quality, and consumer acceptance of

whole muscle beef injected with solutions of salt and phosphate.
Meat Science, 81(3), 523-532. [CrossRef]

Pindi, W., Qin, L. W., Sulaiman, N. S., Mohd Zaini, H., Munsu, E., Wahab, N.
A., & Mohd Noor, N. Q. I. (2023). Effects of salt reduction and the
inclusion of seaweed (Kappaphycus alvarezii) on the physicochemi-
cal properties of chicken patties. Applied Sciences, 13(9), 5447.
[CrossRef]

Pinton, M. B., dos Santos, B. A, Correa, L. P, Ledes, Y. S. V., Cichoski, A. J.,
Lorenzo, J. M., dos Santos, M., Pollonio, M. A. R., & Campagnol, P. C.
B. (2020). Ultrasound and low-levels of NaCl replacers: A successful
combination to produce low-phosphate and low-sodium meat
emulsions. Meat Science, 170, 108244. [CrossRef]

Pinton, M. B., dos Santos, B. A,, Lorenzo, J. M., Cichoski, A. J., Boeira, C. P,
& Campagnol, P. C. B. (2021). Green technologies as a strategy to
reduce NaCl and phosphate in meat products: An overview. Current
Opinion in Food Science, 40, 1-5. [CrossRef]

Rios-Mera, J. D., Selani, M. M., Patinho, I., Saldafa, E., & Contreras-Castillo,
C. J. (2021). Modification of NaCl structure as a sodium reduction
strategy in meat products: An overview. Meat Science, 174, 108417.
[CrossRef]

Wotoszyn, J., Werenska, M., Goluch, Z., Haraf, G., Okruszek, A., Teleszko, M.,
& Krél, B. (2020). The selected goose meat quality traits in relation
to various types of heat treatment. Poultry Science, 99(12),
7214-7224. [CrossRef]

Yalgin, M. Y., & Seker, M. (2016). Effect of salt and moisture content reduc-
tion on physical and microbiological properties of salted, pressed
and freeze dried turkey meat. LWT — Food Science and Technology,
68, 153-159. [CrossRef]

Yalinkilig, B., Kaban, G., & Kaya, M. (2023). Effect of sodium replacement
on the quality characteristics of pastirma (a dry-cured meat prod-
uct). Food Science and Human Wellness, 12(1), 266—-274. [CrossRef]

Zhang, Y., Guo, X., Peng, Z., & Jamali, M. A. (2022). A review of recent pro-
gress in reducing NaCl content in meat and fish products using basic
amino acids. Trends in Food Science and Technology, 119, 215-226.
[CrossRef]

Food Science and Engineering Research | 2023 2(2): 38-43 | doi: 10.5152/FSER.2023.23011


https://doi.org/10.1016/j.psj.2019.11.057
https://doi.org/10.1515/macvetrev-2016-0078
https://doi.org/10.1016/j.meatsci.2013.06.006
https://doi.org/10.1016/j.lwt.2014.08.010
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.3382/ps/pew325
https://doi.org/10.1111/jfpp.12494
https://doi.org/10.1111/jfpp.12685
https://doi.org/10.1016/j.meatsci.2008.10.006
https://doi.org/10.3390/app13095447
https://doi.org/10.1016/j.meatsci.2020.108244
https://doi.org/10.1016/j.cofs.2020.03.011
https://doi.org/10.1016/j.meatsci.2020.108417
https://doi.org/10.1016/j.psj.2020.09.062
https://doi.org/10.1016/j.lwt.2015.12.032
https://doi.org/10.1016/j.fshw.2022.07.007
https://doi.org/10.1016/j.tifs.2021.12.009

ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Muhammet DEMIRBAS
ihsan Glingdr SAT

'Department of Food Technology,
Giresun University, Sebinkarahisar
School of Applied Sciences,
Giresun, Turkey

?Department of Food Engineering,
Atatlrk University, Faculty of
Agriculture, Erzurum, Turkey

This paper is taken from Muhammet
Demirbag’s thesis (“Effects of Storage
on Composition of Kiwi Fruit Jam”)
done in 2010 at Atatlrk University
Graduate School of Natural and Applied
Sciences Department of Food
Engineering under the direction of
Prof. Dr. ihsan Giingér Sat.

Received|/Gelig Tarihi: 03.08.2023
Accepted/Kabul Tarihi: 18.09.2023
Publication Date/Yayin Tarihi: 28.09.2023

Corresponding Author/Sorumlu Yazar:
Muhammet DEMIRBAS

E-mail: muhammet.demirbas@giresun.

edu.tr

Cite this article as: Demirbas, M,

Sat, I,G. (2023). Effects of storage on
antioxidant composition of kiwi
(actinidia deliciosa) jam. Food Science
and Engineering Research, 2(2), 44-49.

Content of this journal is licensed under a
Creative Commons Attribution-
NonCommercial 4.0 International License

rticle Ara§t/rma Makalesi DOI: 10.5152/FSER.2023.23009

Effects of Storage on Antioxidant
Composition of Kiwi (Actinidia
deliciosa) Jam

Depolamanin Kivi (Actinidia deliciosa) Recelinin
Antioksidan Bilesimi Uzerine Etkisi

ABSTRACT

This study was carried out to determine the changes occurring during the production and stor-
age of kiwifruit jam. In the study, the effect of fruit ripeness on jams quality also investigated.
Jams were produced from raw and ripe kiwi fruits at 67, 70, and 73°Bx. The jams were stored at
room temperature for 3 months. In the analysis, it was determined that the antioxidant capacity
of fresh fruits was higher. The antioxidant activity of raw fruits was found to be 76% and the anti-
oxidant activity of ripe fruits was found to be 75%. In ripe fruits, vitamin C, total phenolics and 1,1-d
iphenyl-2-picrylhydrazyl radical (DPPH')-scavenging activity were higher than raw fruits. It was
determined that raw fruits contained 37.02 mg/100 g and ripe fruits contained 58.52 mg/100 g
vitamin C. The antioxidant activity and vitamin C content of the jams decreased during storage.
11-diphenyl-2-picrylhydrazy!l radical-scavenging activity and total phenolic content of the jams
increased during storage.

Keywords: Antioxidant, DPPH* phenolic, kiwi, jam

6z

Bu calisma ham ve olgunlasmis kivi meyvelerinden recgel Greterek farkliliklarini ortaya koymak ve
depolanmasinda meydana gelen degisimleri belirlemek amaciyla yapilmistir. Bu baglamda recel
kalitesine meyve olgunlugunun etkisinin de incelendigi ¢alismada ham ve olgun kivi meyvele-
rinden 67, 70, ve 73 brikslerde receller tretilmistir. Uretilen receller (i ay siiresince oda sicakli-
ginda depolanmistir. Yapilan analizlerde taze meyvelerin antioksidan kapasitelerinin daha yiliksek
oldugu belirlenmistir. Ham meyvelerin antioksidan aktivitesi 76%, olgun meyvelerin antioksidan
aktivitesi 75% bulunmustur. Olgun meyvelerde ise C vitamini, toplam fenolik madde ve 1,1-difeni
|-2-pikril-hidrazil (DPPH") radikali giderme aktivitesi ham meyvelerden daha ylksektir. Ham mey-
velerin 37,02 mg/100 g, olgun meyvelerin ise 58,52 mg/100 g C vitamini igerdikleri belirlenmis-
tir. Regellerin antioksidan aktivitesi ve C vitamini miktarlari depolama stiresince azalmaktadir.
Regellerin DPPH* radikali giderme aktivitesi ve toplam fenolik madde miktarlari depolama stire-
since artis gostermistir.

Anahtar Kelimeler: Antioksidan, DPPH?* fenolik, kivi, recel

Introduction

Actinidia species, known worldwide as kiwifruit, are valued for their sweet, slightly acidic structure, high
nutritional value, and especially high vitamin C content (Salinero et al., 2009). Kiwi fruit, which started
to be cultivated in our country in the early 1990s, has taken its place after tea and hazelnut, especially
in the Black Sea Region agriculture. In addition, kiwi fruit, which was offered to the market by the grain
in the past years in our country, has become sold by weight. In addition, the increase in production
brings along some storage problems. In addition to consumption as fresh fruit, kiwifruit can be pro-
cessed into different products in order to spread consumption to a wider area and to increase diversity
and added value in the food industry and trade.

Fruits and vegetables contain significant amounts of biologically active compounds that fulfill physio-
logical and biochemical functions beneficial to human health. In recent years, the concept of functional
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food has emerged. According to this concept, food can provide
some physiological benefits while meeting nutritional require-
ments. Fruits are excellent foods because they contain low
amounts of calories and high amounts of antioxidants (Tavarini
etal, 2008). Fruits and vegetables have an important place in our
diet as they are rich in various vitamins, minerals, phenolic sub-
stances, and dietary fiber. Many fruits and vegetables contain sig-
nificant amounts of certain vitamins. Others are the main source
of essential minerals for humans. They also help digestion due
to the organic acids and cellulose they contain. Especially fresh
fruits have a natural laxative effect (Demirci, 2003).

Fruits and vegetables are processed by various methods to
increase their consumption and flavor as well as to extend their
shelf life (Oey et al., 2008). Today, consumers pay more atten-
tion to food safety and quality. As a result, many consumers have
turned to less processed and quality-preserved foods. In order to
develop an effective heat treatment technology for the produc-
tion of foods with high organoleptic properties and nutritional
quality, the functional changes of heat-treated foods need to be
extensively investigated (Roy et al., 2007).

For centuries, various fruits have been used to cure some ail-
ments (Bayram et al., 2019). In recent years, food scientists and
nutritionists have reported that daily fruit and vegetable con-
sumption reduces the risk of many diseases such as cancer and
cardiovascular diseases (Du et al., 2009). These beneficial effects
are attributed to the various antioxidants contained in fruits
and vegetables. Antioxidant compounds including polyphenols,
ascorbic acid, carotenoids, and tocopherols scavenge radicals
in various ways. Fruits are the main source of antioxidants in the
human diet. Kiwifruit, one of today’s most popular fruits, is char-
acterized by its high vitamin C content and is abundant in other
beneficial compounds such as vitamin E, carotenoids, flavonoids,
and minerals. It also contains significant amounts of chlorophyll
and carotenoid pigments (Tavarini et al., 2008). Kiwi consump-
tion is reported to have a preventive effect against many types of
cancer. Especially its protective effect on digestive system can-
cers attracts attention (Collins et al., 2003).

Kiwifruit is known to be a good source of vitamin C like cit-
rus fruits. The fruits of Actinidia spp. are superior sources of
vitamin C as citrus fruits. The most widely cultivated Actin-
idia species is A. deliciosa cv. Hayward. This variety is grown
commercially in many countries due to its fruit size, high pro-
ductivity, and storability (Ferguson, 1999). This fruit, which is
consumed with pleasure, also contains coumarins called fraxin
and esculin, which are known for their nutraceutical properties
(Hirsch et al., 2002).

Fruits and vegetables are difficult to store fresh for long periods
without spoiling, so they are processed into a variety of products
to produce different products. Fruits are rendered resistant with
high levels of sugar and transformed into a variety of products,
most of which are not directly related to the fruit from which they
are produced in terms of their qualities, usually to be consumed
for breakfast. These products are generally divided into groups
such as jam, marmalade, and jelly. Jam is a viscous product pre-
pared by adding sugar to the fruit in the form of whole, half, sliced,
or smaller pieces, with or without seeds and pits, with or without
shells (Cemeroglu, 2004).

Kiwifruit is generally consumed as fresh fruit. Processing prac-
tices and scientific studies on this subject are not sufficient.

Therefore, in this study, in which kiwi fruit was processed into
jam, which is a durable product, and composition analyses were
performed at certain intervals, it was tried to reveal what changes
occurred in its components as well as protecting the product
with processing and storage.

Methods

Material

A. deliciosa cv. Hayward fruit, which was used as research mate-
rial, was obtained from Erzurum market. Kiwifruits to be pro-
cessed into jam were classified as immature and ripe. Fruits with
a firm-hard texture and sour taste were accepted as raw. Fruits
were considered ripe when the skin could be separated from the
flesh without using a knife.

In line with the preliminary trials, it was decided to produce the
jams to be produced in the study from a mixture of 50% fruit,
37.5% sugar, and 12.5% water. It was observed that citric acid and
pectin addition was not necessary in the jams produced in this
way. Thus, it was ensured that the jams produced were com-
pletely natural and in accordance with the extra traditional jam
standard (Anonymous, 2006). Then, jam samples of 67, 70, and
73°Bx were produced from raw and ripe fruits, filled into 190 mL
glass jars and stored for 3 months.

Sample Preparation for Analysis

Before the analysis of fresh kiwi fruit, the fruits selected to repre-
sent the mass were homogenized after peeling and slicing. Simi-
larly, for the analyses to be performed on jams, a representative
amount of jam samples were taken and homogenized.

To obtain the extracts to be used in the determination of total
phenolic matter, antioxidant activity and DPPH radical-scaveng-
ing activity, 10 g of homogenized fresh fruit and jam samples
were weighed and pure water was added and the volume was
completed to 30 mL. After thorough mixing, it was filtered with
Whatman 1 filter paper.

Determination of Dry Matter

Fruit and jam samples were weighed 3.0 + 0.1 g into tared dry
matter containers and kept at 65°C for 24 hours and then the
temperature was increased to 105°C. The drying process was
continued until a constant weighing was obtained at this temper-
ature. Total dry matter values were calculated using the weighing
values before and after drying (Keles, 1983).

Vitamin C Assay

Vitamin C amounts in homogenized fruit and jam samples
were determined by 2,6-dichlorophenclindophenol dye titra-
tion method. In the analysis, 1% oxalic acid and 0.05% 2,6-dichlo
rophenolindophenol dye solution were used. In addition, the dye
solution was standardized by titration with 0.02% ascorbic acid
standard solution. In the analysis, fruit and jam samples were
homogenized in 1% oxalic acid solution and titrated with the
dye solution. Vitamin C amounts were calculated based on the
amount of dye solution used in the samples and standardization
(Keles, 1983).

Determination of Total Phenolic Substance

A volume of 0.1 mL of the prepared sample extracts was trans-
ferred into measured test tubes. Then Folin—Ciocalteu and sodium
carbonate (Na,CO,) solution were added respectively and the vol-
ume was completed to 10 mL with distilled water. The tubes were
incubated at room temperature for 1 hour and absorbance was
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measured at 760 nm. Total phenolic content was calculated in mg
gallic acid equivalent/100 g (mg GAE/100 g) of extract using the
gallic acid standard curve prepared daily (Gilgin et al., 2004).

Antioxidant Activity (B-Carotene Bleaching Method)

Two milligrams of B-carotene was dissolved in 20 mL chloroform
to prepare B-carotene solution. Weighed 40 mg linoleic acid and
400 mg Tween 40 into the flask and 4 mL of B-carotene solu-
tion was added. The chloroform in the mixture was removed by
applying vacuum in a rotary evaporator. After adding 100 mL of
oxygenated distilled water and mixing well, 3 mL was transferred
into a test tube containing 1 mL of sample extract. After the first
absorbance measurement, the samples were placed in a 50°C
water bath and the measurement was repeated every 10 minutes
for 100 minutes. Measurements were made at 470 nm wave-
length. Control was prepared by adding 1 mL of distilled water to
3 mL of B-carotene solution (Kaur & Kapoor, 2002).

Control"= In(a/b) x (1/t)
Sample™=In(a/b) x (1/t)
%AA=([Control” — Sample’]/Control’) x 100

In the formula, " means reduction rate, a means initial absorbance
value, b means duration absorbance value, and t means time.

1,1-Diphenyl-2-Picrylhydrazyl Radical-Scavenging Activity
Thirty-nine milligrams of DPPH radical was weighed and made
up to 100 mL with ethyl alcohol. A weight of 10, 20, 30, and 40
mg of the sample extracts were transferred to test tubes and
0.5 mL of DPPH solution and ethyl alcohol were added to a total
of 3 mL. They were kept in the dark for 30 minutes. Absorbance
measurement was performed at 517 nm wavelength. Half maxi-
mal inhibitory concentration values were calculated based on the
absorbance values obtained (Spada et al., 2008).

The equation of the curve obtained from the absorbance of the
sample and standards was used to calculate the IC,, value.

Y'=Control absorbance/2
Inthe equation Y=ax+b, the x value corresponds to the IC, value.

pH Detection

The pH values were determined directly in homogenized fruit
samples and jam syrup using a pH meter (ORION THERMO SCI-
ENTIFIC) calibrated with buffer solutions (pH 4.00, 7.00, and 10.1)
(Cemeroglu, 1992).

Statistical Analysis

The data obtained as a result of the research were analyzed by
applying the Statistical Package for the Social Sciences (SPSS for
Win, Release 9.0-1998). The means of the statistically significant
main sources of variation were compared by Duncan multiple
comparison test method.

Results, Discussion, and Conclusion

Composition of the Kiwi Fruit

The chemical properties, antioxidant activity, and total phenolic
substance amounts of kiwi fruit used as material in this study are
given in Table 1.

It was determined that raw fruits contained 37.02 mg/100 g
and ripe fruits contained 58.52 mg/100 g vitamin C. Beever
and Hopkirik (1990) reported vitamin C content in kiwifruit as
37200 mg/100 g, Spada et al. (2008); 57.85 mg/100 g, Du et al.
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Table 1.
Some Chemical Properties of Kiwifruit
Kiwifruit
Raw Ripe
Dry matter (%) 14.48 14.80

pH 318 338
Vitamin C (mg/100 g) 3702 58.52
Total phenolics (mg GAE/100 g) 38.97 60.89
Antioxidant activity (%) 76.00 75.00
DPPH radical-scavenging activity (ICg.) 50.29 26.88

Note: mg GAE/100 g =milligrams of gallic acid equivalents per 100 g.

(2009); 63.41 mg/100 g, Nishiyama et al. (2004); 29-80 mg/100
g. Korkmaz (2020) stated that the vitamin C value of kiwi samples
increased during storage. As seen in the literature, the vitamin C
amounts of kiwi fruit are in a wide range and high values. In addi-
tion, vitamin C increases during storage. Lee and Kader (2000)
determined a similar increase in peach, apricot, and papaya fruits.

The total phenolic content of raw kiwifruit was found to be 38.97
mg GAE/100 g and the total phenolic content of ripe kiwifruit
was found to be 60.89 mg GAE/100 g. DPPH radical-scavenging
activity was found 50.29 in raw fruits and 26.88 in ripe fruits in
terms of IC, value. While Wolfe et al. (2008) found the total phe-
nolic content of kiwifruit as 60.4 mg GAE/100 g, Du et al. (2009)
calculated as 41.67 mg GAE/100 g. An increase was found in
phenolic compound values of all kiwi fruits during cold storage
and shelf life (Korkmaz, 2020). Karakaya et al. (2019) stated that
total phenolic content decreased during cold storage and shelf
life. The amounts of phytochemical compounds are affected by
factors such as ripening time, genotype, cultivation techniques,
climatic conditions, and postharvest storage conditions (Lee &
Kader, 2000).

Changes in Chemical Properties of Jam Samples
Compositions of jams produced from raw and ripe fruits at dif-
ferent brix ratios at first, second, and third months are given in
Table 2 and 3.

Depending on the storage time, pH values decreased for 3
months. Inastudy conducted on quince jam, asimilar pH decrease
was observed in the first 3 months (Zor, 2008). The transition of
acidic compounds from fruit tissue to jam syrup during storage
may be effective in the emergence of this situation. As a matter
of fact, pH analyses were performed directly in the jam syrup. For
a good gel formation in products such as jam, marmalade, and
jelly, the pH should be between 2.8 and 3.2 (Cemeroglu, 2004). It
has been reported that when the pH falls below 2.7 syneresis and
water release begins and when the pH rises above 3.6 no gelation
occurs (Tosun, 1998). Storage-dependent changes in kiwi jam
properties are given in Table 4.

The pH decrease during storage is faster in jams produced from
raw fruits. The decrease is slower in jams produced from ripe fruit.
This may be due to the fact that the integrity of the raw fruit tis-
sue is better preserved during cooking and the transfer of acidic
compounds to the jam syrup continues during storage. The
easier destruction of the fruit tissue in jams produced from ripe
fruit may have caused most of the component transfer to the jam
syrup to occur during cooking. According to the multiple com-
parison test results, vitamin C values decreased as the storage
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Table 2.

Changes in Jams Produced from Raw Fruit

Brix 67 70 73

Storage Period (Months) 1 2 3 1 2 3 1 2 3
Dry matter (%) 62.04 60.06 61.25 63.34 63.62 62.90 69.20 68.78 67.20
pH 3.21 316 31 3.21 315 3.08 3.26 315 3.09
Vitamin C (mg/100 g) 29.53 16.75 16.00 27.57 16.38 14.05 2210 18.80 13.84
Total phenolics (mg GAE/100 g) 2612 28.32 31.45 28.00 29.67 32.39 3010 3270 39.28
Antioxidant activity (%) 68.00 63.00 61.00 67.00 67.00 66.00 71.00 69.00 67.00
DPPH radical-scavenging activity (IC, 213.91 134.24 101.65 216.53 190.0 122.46 159.68 114.92 90.10
mg/mL)

Note: DPPH =1,1-diphenyl-2-picrylhydrazyl; IC,,, half maximal inhibitory concentration; mg GAE/100 g =milligrams of gallic acid equivalents per 100 g.

Table 3.

Changes in Jams Produced from Ripe Fruit

Brix°® 67° 70° 73°

Storage Period (Months) 1 2 3 1 2 3 1 2 3
Dry matter (%) 62.46 59.50 60.20 66.47 64.25 64.05 69.55 66.56 66.45
pH 313 313 313 315 315 314 318 317 317
Vitamin C (mg/100 g) 30.30 15.00 1118 27.64 12.69 10.27 23.82 10.00 973
Total phenolics (mg GAE/100 g) 24.56 33.01 44.26 23.30 2769 35.21 2111 35.83 4210
Antioxidant activity (%) 72.00 71.00 70.00 71.00 69.00 67.00 73.00 68.00 63.00
DPPH radical-scavenging activity 175.81 134.46 102.47 151.3 112.46 104.98 131.40 102.56 89.18

(ICs, mg/mL)

Note: DPPH =1,1-diphenyl-2-picrylhydrazyl; IC,,, half maximal inhibitory concentration; mg GAE/100 g =milligrams of gallic acid equivalents per 100 g.

time increased. Vitamin C levels in kiwifruit jams were 26.73,
14.77, and 12.46 mg/100 g in the first, second, and third months,
respectively. This decrease was more pronounced especially in
the first month. Ascorbic acid is one of the most vulnerable vita-
mins, as it is highly susceptible to various degradation factors.
Losses of ascorbic acid in heat-treated foods occur mainly as a
result of chemical degradation. The effective factors on degrada-
tion are temperature, water activity, light, oxygen, pH, phenolic
compounds, sugars, and metal ions (Kirca & Cemeroglu, 2001).
According to the results of Duncan multiple comparison test, it is
seen that the amount of vitamin C decreases with increasing brix.
It can be thought that the high amount of sugar may be effective
in this situation.

Table 4.

Storage-Dependent Changes in Kiwi Jam Properties

Storage Period

(Months) 1 2 3

Dry matter (%) 6550 +3.23° 63.88+3.34° 63.67+2.66°
pH 319+0.046° 315+0.016° 3.12+0.033°
Vitamin C(mg/100g) 2673 £3.07° 1477 £2.94° 12.46 + 2.06°
Total phenolics 2556 +312¢  31.20+3.01° 3745+5.01°
(mg GAE/M100 g)

Antioxidant 69.92 £320* 6758+254> 65.33+3.39°
activity (%)

DPPH radical- 17477 £ 32.85%  131.47 +£29.96* 101.81 + 11.55°
scavenging

activity (ICq,)

Note: DPPH =1,1-diphenyl-2-picrylhydrazyl; ICy,, half maximal inhibitory
concentration; mg GAE/100 g =milligrams of gallic acid equivalents per 100 g.
2bMeans with the same letter are not different from each other.

Total phenolic content of jams produced at different brix val-
ues was highest at 73 brix and lowest at 70 brix (p < .01). The
increase in the amount of phenolic substances was realized at
a higher rate in the jams at 73 brix, which were heat treated for
a longer period of time. This can be explained by the hypothesis
that chalcone formation occurs as a result of the opening of the
pyrylium ring under the influence of heat, resulting in the for-
mation of phenolic substances. A similar increase was observed
in blackberry jam during storage (Tosun, 1998). The levels of
total phenolic substances in kiwifruit jams were determined as
25.56, 31.20, and 37.45 mg GAE/100 g at first, second, and third
months, respectively. In this study, total phenolic matter and
DPPH radical-scavenging activity, which are antioxidant prop-
erties, increased while vitamin C decreased in stored jams. The
mentioned properties may affect the antioxidant activity at dif-
ferent levels.

Dependence of the fruit ripeness changes in kiwi jam properties
are given in Table 5. Vitamin C contents of jams produced from
raw and ripe fruits averaged 19.22 and 16.74 mg/100 g, respec-
tively. Vitamin C levels in jams produced from raw fruit were
higher than produced from ripe fruit. However, the total phe-
nolic content was 30.89 mg GAE/100 g in jams produced from
raw fruits and 31.90 mg GAE/100 g in jams produced from ripe
fruits. Antioxidant activity of jams produced from raw and ripe
fruits averaged 66.56% and 69.33%, respectively. Total phenolic
content and antioxidant capacity were higher in jams produced
from ripe fruit.

In this study, the changes in the composition of jams produced
from raw and ripe kiwifruit at 67, 70, and 73°Bx during storage
were investigated. Composition and antioxidant analyses were
performed first on fresh fruits and then on jams at 1-month
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Ezt;jlgn%ence ofthe Fruit Ripeness Changes in Kiwi Jam Properties
Fruit Ripeness Raw Fruit Ripe Fruit
Dry matter (%) 64.27 +3.32* 64.39 +3.26°
pH 316 £ 0.06° 315+ 0.02°
Vitamin C (mg/100 g) 19.22 + 592 16.74 + 8.21°
Total phenolics (mg GAE/100 g) 30.89+3.81° 3190 +8.26*
Antioxidant activity (%) 66.56 + 3° 69.33 + 3.042
DPPH radical-scavenging activity (ICy,) 149.3 £47.9% 1227 +27.9°

Note: DPPH =1,1-diphenyl-2-picrylhydrazyl; ICy,, half maximal inhibitory
concentration; mg GAE/100 g = milligrams of gallic acid equivalents per 100 g.
2bMeans with the same letter are not different from each other.

intervals. Antioxidant properties of kiwi fruit such as antioxidant
activity, DPPH radical-scavenging activity, total phenolic mat-
ter, and vitamin C were found to be quite high. Ripe fruits were
found to be richer in terms of these values. The antioxidant com-
ponents in jams are quite low compared to fresh fruit, but they
are still significant despite the heat treatment applied. Vitamin
C content and antioxidant activity decreased during storage.
while DPPH radical-scavenging activity and total phenolic con-
tent increased.Vitamin C levels were higher in jams produced
from raw fruit. Vitamin C loss is observed in all jam samples dur-
ing storage, but the loss is higher in jams produced from ripe
fruit. In addition, vitamin C loss increases with increasing brix in
all jam samples.Total phenolic matter, DPPH radical-scaveng-
ing activity, and antioxidant activity, which are thought to have
positive effects on health, are higher in jams produced from ripe
fruit. Total phenolic matter and DPPH radical-scavenging activ-
ity increased during storage. There is a slight loss in antioxidant
activity during storage.As a result, it is seen that jams produced
from raw fruits at 70 and 73 brix are superior in terms of quality
criteria. While storage has a negative effect on vitamin C, it has no
negative effect on other antioxidant properties.
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6z

Ekstraksiyon prosesi bilinen en eski kimyasal islemlerden biridir ve biyoaktif bilesiklerin bitki
materyalinden izolasyonu ve saflastiriimasindaki ilk ve en dnemli adimdir. Biyoaktif bilesikler bit-
kilerin kok, govde, yaprak, gicek ve saplarinda bulunan sekonder metabolitlerdir. Bu metabolitler,
bitkilerin hayatta kalmasina ve dogal engellerin Ustesinden gelmesine yardimci olmakigin gelisim
dongust sirasinda Uretilirler. Biyoaktif bilesenler arasinda terpenoidler, alkoloidler, nitrojen iceren
bilesikler, organostlfir bilesikleri ve polifenoller (fenolik asitler, flavonoidler, stilbenler, lignan-
lar, kumarinler, tanenler) yer alir. Bitki dokularindan biyoaktif bilesiklerin ekstraksiyonu igin Griin
kalitesini, proses verimliligini, Gretim maliyetlerini ve gevresel olarak kabul edilebilir yontemleri
dengeleyen uygun bir ekstraksiyon teknigi kullanilmalidir. Bugline kadar biyoaktif bilesenleri elde
etmek icin birgok teknik gelistirilmistir. Bu teknikler arasinda konvansiyonel ekstraksiyon yon-
temleri (Soxhlet ekstraksiyonu, distilasyon, maserasyon ve inflizyon) gida endlstrisinde yaygin
olarak kullaniilmaktadir. Konvansiyonel bu teknikler biyoaktif bilesiklerin ekstraksiyonunda basarili
bir sekilde kullaniimasina ragmen, bu yontemlerde kullanilan ekipmanlarin birbirinden farkli
olmasi, yontemlerin zaman alici, zahmetli, maliyetli olmalari ve ¢evreye zararli organik ¢ozictler
kullaniima gerekliligi ve isiya duyarli biyoaktif bilesenlerin bu tekniklerle zarar gérmesi s6z konusu-
dur. Dolayislyla son zamanlarda organik ¢ozUcU tiketimini ve ekstraksiyon siresini azaltmak igin
yeni yesil ekstraksiyon teknolojileri gelistirilmis ve bu amagla mikrodalga destekli ekstraksiyon,
ultrasonik destekli ekstraksiyon, enzim-destekli ekstraksiyon, stiperkritik akigskan ekstraksiyonu
gibi daha verimli ekstraksiyon yéntemleri kullanilmaya baslanmistir.

Bu derleme, bitki materyallerinden biyoaktif bilesiklerin ekstraksiyonunda kullanilan farkl gele-
neksel ve yenilikgi teknikler hakkinda bilgi vermek ve bu tekniklerin avantaj ve dezavantajlarini ve
gida endUstrisinde kullanim potansiyellerini incelemek igin tasarlanmistir.

Anahtar Kelimeler: Biyoaktif bilesenler, geleneksel yontemler, ekstraksiyon yontemleri, yeni
teknolojiler

ABSTRACT

The extraction method, one of the oldest known chemical processes, the first and most important
step in the isolation and purification of bioactive compounds from plant material. Bioactive com-
pounds are secondary metabolites found in the roots, stems, leaves, flowers, and stems of plants.
These metabolites are produced during the life cycle to help plants survive and overcome natural
barriers. Bioactive components include terpenoids, alkaloids, nitrogen-containing compounds,
organosulfur compounds, and polyphenols (phenolic acids, flavonoids, stilbenes, lignans, couma-
rins, and tannins). For the extraction of bioactive compounds from plant tissues, an appropriate
extraction technique should be used that balances product quality, process efficiency, produc-
tion costs, and environmentally friendly methods. To date, many techniques have been develo-
ped to obtain bioactive components. Among these techniques, conventional extraction methods
(Soxhlet extraction, distillation, maceration, and infusion) are widely used in the food industry.
Although these conventional techniques have been used successfully in the extraction of bioac-
tive compounds, there are some disadvantages, such as the difference in equipment used in the
techniques, time-consuming and costly methods, the need for organic solvents that harm the
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environment, and the potential for heat-sensitive bioactive components to be damaged. Therefore, recently, new green extraction
technologies have been developed to reduce organic solvent consumption and extraction time. Among these techniques, there
are some promising extraction techniques, such as microwave-assisted extraction, ultrasonic-assisted extraction, supercritical

fluid extraction, and enzyme-assisted extraction.

The present review is designed to give information about the different traditional and innovative techniques used in the extraction
of bioactive compounds from plant materials and to examine the advantages and disadvantages of these techniques and their

potential for use in the food industry.

Keywords: Bioactive components, conventional methods, extraction methods, innovative technologies

Giris

Biyoaktif bilesikler terimi 1979 yilinda Stephen DeFelice
tarafindan ortaya atilmis ve hastaliklari dnleyen, tedavi eden ve
insan sagligini iyilestiren bilesikler olarak tanimlanmistir. Biyoak-
tif bilesikler bitkilerin, hayvanlarin, mikroorganizmalarin ve deniz
canhlarinin ikincil metabolizmalarinin énemli bilesenleri olup,
canhlarda gesitli biyolojik etkiler sergileyen metabolitlerdir ve
gida, nutrasotik, kozmetik ve farmasotik Grlnlerin geligtirilmesi
icin 6nemli kaynaklardir. “Bitkisel biyoaktif bilesikler” proteinler,
karbonhidratlar ve lipitler gibi birincil metabolitlerle birlikte tipik
olarak kigik miktarlarda Uretilen ikincil metabolitlerdir. Birin-
cil metabolitler bitki dokularinin gelisme ve olgunlasma evrel-
erinde kullanilirlar. Sekonder metabolitler ise gelisim donglsu
sirasinda Uretilirler ve bitkilerin hayatta kalmasina ve dogal engel-
lerin Ustesinden gelmelerine yardimci olurlar. Dolayisiyla ikincil
metabolitlerin, bitkilerin genel hayatta kalma yetenegini (ekolojik
strese, hastaliklara ve UV radyasyonuna karsi direng) artirmasina
yardimci olmasi ve blylmelerine izin vermesi beklenir (Fu ve ark.,
2022; Yang ve ark., 2023; Yusoff ve ark., 2022).

Biyoaktif bilesenler bitkilerin cogunda bulundugundan, bu bitki
materyalleri bircok degerli biyoaktif bilesenin rezervuaridir (Bui
ve ark., 2022). Biyoaktif bilesenler flavonoidler, fenolik bilesenler,
glikozidler, aromatik bilesenler, terpenoidler, alkoloidler, nitrojen
iceren bilesikler ve organosiilfir bilesiklerini iceren gesitli siniflara
ayrilirlar (Jha & Sit, 2022a; Lim ve ark., 2022). igerdikleri bu biyo-
aktif bilesenlerden dolay! bitki materyalleri farmasotik ve ter-
apotik alanlar ile gida endustrisinde giderek daha fazla kullanim
alani bulmustur. Biyoaktif maddelerin antioksidan, anti-bakteriyel
veya anti-inflamatuar kapasite ve néroprotektif etki sergiledikleri
kabul edilmektedir; boylece oksidatif stres ve buna bagl kronik
hastaliklarin dnlenmesine yardimci olurlar. Diger taraftan biyo-
aktif bilesenler nutrasotik gida takviyelerinin hazirlanmasinda
ve koruyucu gida katki maddesi olarak da genis kullanim alanina
sahiptirler. Bununla birlikte, bu iglevler biyoaktivitelerine, kimy-
asal yapilarina ve kullanim konsantrasyonuna bagl olarak
degismektedir (More ve ark., 2022; Yusoff ve ark., 2022).

Biyoaktif bilesenleri elde etmek amaciyla ekstraksiyon denilen
bir islemden yararlanilir. Ekstraksiyon ozel ¢ozlculer kullanilarak
bitkisel, hayvansal ve mikrobiyal dokulardaki biyoaktif bilegiklerin
agidacikariimasiiginkullanilan, bilinenen eskikimyasaliglemlerden
biridir. Bitki materyallerinden aktif bilesenlerin geri kazanimi ve
saflastirlmast igin kullanilan en 6nemli ilk adim olan ekstraksiyon
nihai sonug Uzerinde kritik rol oynar. Bu islem ¢ok farkli yontem-
lerle gerceklestiriimektedir (Roohinejad ve ark., 2016; Toptas &
Sengll, 2019). Bitki materyallerinden biyoaktif bilesiklerin kalitatif
ve kantitatif olarak tespit edilmeleri gogunlukla uygun ekstrak-
siyon yonteminin segimine dayanmaktadir (Azmir ve ark., 2013).

lyi bir ekstraksiyon yontemi ucuz, hizli, cevreci ve verimi yiiksek
olmalidir (Toptas & Sengtil, 2019). Farkli prensiplerine ragmen
cogu ekstraksiyon yontemi on islem, ekstraksiyon ve seperasyon
olmak tzere (¢ temel adimdan olusur (Bui et al., 2022).

Konvansiyonel ekstraksiyon yontemleri, daha uzun ekstraksiyon
siresi ve daha fazla ¢dziicU tiketimi gibi sinirlamalari olmasina
ragmen uzun yillardir kullanilmaktadir. Ancak bu yéntemler uzun
islem streleri ve yiiksek ekstraksiyon sicakliklarindan kaynakla-
nan islya duyarl bilesiklerin bozulmasina neden olduklarindan
dolayr son yillarda yeni nesil ekstraksiyon yontemleri tercih
edilmeye baslanmistir. Bitkilerin yapraklari, kokleri, kabuklari,
yumrulari, gamlari veya oleoresinleri, ekstdalar, meyveleri,
cgicekleri, rizomlari ve ince dallari gibi tiim bitki bilesenleri degisen
konsantrasyonlarda aktif kimyasallar Uretirler. Bu nedenle, doku-
lardan elde edilecek ekstraktlari en Ust dizeye gikarmak igin
dogru ekstraksiyon igleminin segilmesi son derece 6nemlidir.
Diger taraftan ekstraksiyon verimliligi; ekstraksiyon teknigi, bitki
bileseni matris 6zellikleri, ekstraksiyon isleminde kullanilan ¢oz-
gen, sicaklik, basing ve siire dahil olmak Uzere birkag kritik fak-
torden etkilenir (Jha & Sit, 2022).

Bu calisma nutrasotik, farmasotik, terapotik maddelerin ve
gida katki maddelerinin elde edilmesinde kullanilan bitkisel
bazli biyoaktif bilesenleri etkin bir sekilde ekstrakte eden yon-
tem ve teknolojilere (konvansiyonel ve yeni nesil teknolojiler)
odaklanmaktadir.

Konvansiyonel Ekstraksiyon Teknikleri

Bitki materyallerindeki biyoaktif bilesikler gesitli konvansiyonel
teknikler ile ekstrakte edilebilirler. Bu tekniklerin ¢cogu kullanilan
farkh ¢cozgenlerin ekstrakte etme glicline, sicakliga ve karistirma
uygulamalarina dayanmaktadir. Bitkilerde bulunan biyoaktif
bilesenleri elde etmek icin kullanilan konvansiyonel teknikler
arasinda Soxhlet ekstraksiyon, maserasyon, distilasyon ve
inflizyon yer alir (Azmir ve ark., 2013).

Soxhlet Ekstraksiyon Yontemi

Soxhlet ekstraksiyonu, kati malzemelerden analitlerin ekstraksi-
yonu igin en populer tekniklerden biridir ve hem stizme hem de
maserasyon yontemlerinin bir kombinasyonudur. 1879'da Franz
Ritter von Soxhlet tarafindan kesfedilmesinden bu yana, stan-
dart Soxhlet teknigi hemen hemen her analitik laboratuvarda
rutin olarak uygulanmaktadir. Baslangigta lipit ekstraksiyonu igin
kullanilirken, daha sonra cgesitli bilesenler icin de kullanilmistir.
Soxhlet ekstraksiyonu genellikle iyi ekstraksiyon sonuglari saglar
ve gerceklestiriimeleri kolaydir. Ekstraktin filtrasyonu ise ger-
ekli degildir. Bununla birlikte ylksek solvent tiketimi ve/veya
uzun ekstraksiyon slreleri gerektirir. Ekstraksiyon siresi bir
dezavantajdir, ¢linkl ytksek enerji tiketimi ile iligkilidir ve ticari
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uygulanabilirlik agisindan bu durum 6nemli bir olumsuzluktur
(2ygler ve ark., 2012). Diger kati numune hazirlama teknikleri
ile kargilagtirildiginda Soxhlet ekstraksiyonunun en onemli
dezavantajlari ekstraksiyon icin gereken uzun sire ve yalnizca
bertaraf edilmesi pahali olmakla kalmayan ek ¢evresel sorunlarin
kaynagi olan bulyik miktarda ¢ozicu israfidir. Dahasi ornekler
genellikle gozictnlin kaynama noktasinda uzun sure ekstrakte
edildiginden, termolabil bilesenlerin termal ayrigmasina neden
olabilmektedir. ClnkU kullanilan ¢ozicller, hedef bilesiklerin
buharlagsmasina ve ayrismasina ve ayrica ekstraksiyon kinetikler-
inde bir artisa neden olarak maddelerin daha ytksek sicakliklarda
kaynamasina ve dolayisiyla isiya dayaniksiz bilesiklerin kaybina
neden olur. Ayrica geleneksel bir Soxhlet cihazi, prosesi
hizlandirmaya yardimci olacak sekilde galkalama saglamaz. Ek
olarak kullanilan ¢ozlclnln blylk miktarlari ekstraksiyondan
sonra bir buharlagsma-konsantrasyon adimini gerektirir (Luque de
Castro & Priego-Capote, 2010).

Sekil 1'de konvansiyonel Soxhlet ekstraktori gorilmektedir
(Lugue de Castro & Priego-Capote, 2010).

Soxhlet ekstraksiyonunda Sekil 1'de gosterildigi gibi once-
likle icinde numune bulunan ve genellikle selilozdan Uretilmis,

Kondensator

Ornek —

Balon

«— Is1 kaynag

Sekil 1.
Konvansiyonel Soxhlet ekstraktéri (Luque de Castro & Priego-Capote,
2010).
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numuneyi hapseden ancak solvent ve solventin ¢ozdigu bilesen
icin gegirgen olan bir soxhlet kartusu, distilasyon balonunda
bulunan ve isitici yardimiyla yogunlastirilan solvent ile kade-
meli olarak doldurulan ekstraktériin haznesi igine yerlestirilir.
Sivi, tagma seviyesine ulastiginda bir sifon onu kartustan ceker
ve tekrar distilasyon bolonuna bosaltir boylece ekstrakte edilen
analitleri toplu siviya tasir (the bulk liquid). islem ekstraksiyon
tamamlanincaya kadar devam eder. Bu performans Soxhleti
hibrit bir strekli-slireksiz teknik yapar (Lopez-Bascon-Bascon &
Luque de Castro, 2019).

Bugtine kadar, Soxhlet ekstraksiyon teknigi, modern ekstraksiyon
tekniklerinin performansinin karsilastirildigi standart bir teknik
olmaya devam etmektedir. Yillar boyunca, geleneksel Soxhlet
tekniginin dezavantajlarinin Ustesinden gelmek igin farkli modifi-
kasyonlar Uizerine yodun arastirmalar yUrittlmdstir. Bu modifiye
Soxhlet ektraksiyon yontemleri arasinda; ylksek basing altinda
Soxhlet ektraksiyonu, ultrason-destekli Soxhlet ekstraksiyonu,
mikrodalga-destekli Soxhlet ekstraksiyon ve otomatiklestirilmis
Soxhlet ekstraksiyon yontemleri yer almaktadir. Ekstraksiyon
surelerini ve ¢dzgen hacimlerini azaltmak i¢in bu teknigin yeni
yaklasimlari yogun ilgi gormdastur (Zygler ve ark., 2012).

Maserasyon

Maserasyon, ¢ozliclinlin polaritesini segerek ve numuneden ilg-
ilenilen bilesiklerin ¢ozUnUrligunl artirmak igin Isi ve/veya gal-
kalama uygulayarak yiksek dederli bilesiklerin ekstraksiyonunu
saglayan ve yaygin olarak kullanilan bir kati-sivi ekstraksiyon
teknigidir. Diger geleneksel ve yenilikgi ekstraksiyon tekniklerine
kiyasla distik maliyetlidir ve kullanimi kolay ekipman kullanilarak
gerceklestirilebilir  (Garcia-Vaquero ve ark, 2020). Ortam
sicakliginda (~20°C) gergeklestirilen ve oldukga basit olan bu
ekstraksiyon yontemi, manyetik karistiriciya sahip bir reaksiyon
kabinda gerceklestirilir. Ekstraksiyonu yapilacak materyal belirli
oranlarda ekstraksiyon solventi ile karistirilarak belirli stirelerde
ekstraksiyona tabi tutulur. Bu yontem termolabil bilesiklerin
ekstraksiyonu i¢in ¢ok uygun olma avantajina sahipken, uzun
ekstraksiyon suresi, yiksek hacimde solvent kullanimi ve dislk
ekstraksiyon verimi gibi dezavantajlara sahiptir (Oprescu ve ark.,
2022). Baz! bitki materyalleri i¢cin maserasyon stlireci saatler ila
haftalar arasinda strebilmektedir. Yontem ¢ok yavas oldugundan
cok zaman alicidir. Genel olarak, hammaddenin tamamen tiiken-
memesi eksik ekstraksiyonla sonuglanabilmektedir. Bu yaklasim,
kayda deger iglem siiresine ragmen islya duyarli kimyasallarin
cikarilmasi igin 6nerilir (Seidel ve ark., 2008). Ayrica maserasyon
protokolleri, biyokitleden ylksek degerli bilesiklerin daha segici
ve verimli bir kiitle transferini kolaylastirmak igin ¢oklu ¢ozlcdler,
sicaklik ve galkalama kombinasyonlari kullanilarak ¢ok cesitli
molekilleri 6zltleyecek sekilde uyarlanabilir (Garcia-Vaquero ve
ark., 2020).

Distilasyon

Distilasyon teknikleri, esas olarak ikili ve ¢ok bilesenli sivi
karigimlari, karigimin her bir bileseninin segici kaynama noktalarini
ve ardindan yogunlastirma adimlarini kullanarak ayirmak igin
kullanilir. 5000 yili agkin bir stiredir kullanilan bu ekstraksiyon ve
ayirmateknigine, kimyave petrol aritma endustrilerinde bilesikleri
saflagtirmak veya ayirmak amaciyla ve bitki ugucu yaglarinin elde
edilmesinde basvurulmaktadir. Bu ekstraksiyon iglemleri su, su-
buhar ve buhar distilasyonu olmak lizere Ug ana gruba ayrilabilir.
Buhar distilasyonu bitkilerden ugucu yaglari gikarmak igin en
yaygin sekilde uygulanan teknik olup, esasi numune iceren bir
tanka buharin dogrudan uygulanmasina ve matristen ugucu
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Sekil 2.
Buhar distilasyon ekstraktdri (Garcia-Vaquero ve ark., 2020).

yaglarin salinmasina dayanir. Suyun ve ugucu yaglarin buharlari
daha sonra sogutulur ve kolayca ayrilabilen bir yag ve su karigimi
olusturmak Uzere yogunlastirilir. Sekil 2'de bir buhar distilasyon
ekstraktorl gorilmektedir (Garcia-Vaquero ve ark., 2020).

Halen kullanimda olan en eski ekstraksiyon tekniklerinden biri olan
hidrodistilasyon bitkisel materyallerden ugucu yaglarla birlikte
biyoaktif bilesikleri ¢ikarmak icin kullanilan bir yontemdir. Bu
islemde higbir organik ¢ozicu kullanilmaz ve islem bitki materyal-
lerinin kurutulmasindan dnce yapilabilir (Silva ve ark.,2005). Buhar
distilasyonu glinimuzde gida endUstrisinde ugucu bilesiklerin
ekstrakte edilmesinde en yaygin kullanilan tekniktir. Ancak bu
ekstraksiyon yontemleri uzun proses slreleri gerektirdiginden
yuksek enerji tiketen islemlerdir. Ayrica, ugucu bilesiklerin uzun
sureli ekstraksiyon periyotlari sirasinda yiiksek sicakliklara maruz
kalmasi kimyasal modifikasyonlara yol agabilmekte ve ekstrakte
edilen molekillerin 6zellikleri degisebilmektedir (Garcia-Vaquero
ve ark., 2020).

inflizyon

Bu organik solvent ekstraksiyon yaklasimi kullanilarak, bitki
materyali soguk veya kaynar su ilave edilen su icerisinde birkag
saat demlenmeye birakilir. Kullanilan bitkiye ve inflizyonun ne
kadar glgcli olduguna bagli olarak bitki ve ¢ozlici miktarlari
degismektedir inflizyon isleminin tamamlanmasi, maserasyon
sliresine kiyasla daha kisa strer (Tiwari ve ark., 2013).

Yeni Nesil Ektraksiyon Teknikleri
Bitki materyallerinden ekstrakte edilen biyoaktif bilesenlerin
verimini, segiciligini gelistirmek ve geleneksel ekstraksiyon yon-
temlerinin bazi dezavantajlarini gidermek icin yeni ekstraksiyon
stratejileri geligtirilmistir. Yeni ekstraksiyon yaklagimlarindan

bazilari, daha az enerji ve organik ¢oztcu kullandiklari ve gevreye
herhangi bir zararvermedikleriigin “yesil teknoloji” olarak da bilinir.
Gida endUstrisi mikrodalga destekli, ultrason destekli, enzim
destekli, stiperkritik akiskan gibi yeni ekstraksiyon teknikleriyle
ilgilenmektedir.

Mikrodalga Destekli Ekstraksiyon Yontemi

Mikrodalga-destekli ekstraksiyon (MDE), mikrodalga kontrolli
kosullar altinda elde edilebilen ¢ok hizli isitma ve sogutma, ¢ok
kisa reaksiyon surelerinde c¢ok glcll ekstraksiyon prosedurl-
erinin gelistirilmesine izin verdiginden, dogal trlin kimyasinda
gelismekte olan yenilikgi bir ekstraksiyon sistemidir (Tsukui ve
ark., 2014). lyonize olmayan elektromanyetik bir dalga olan mik-
rodalga 300 MHz ila 300 GHz araliginda degisen frekanslarda
birbirine dik olarak salinan elektrik alan ve manyetik alandan
olusur. Bu araliktaki 915 MHz ve 2450 MHz mikrodalga frekanslari,
Isitma uygulamalari igin en gok uygulanan frekanslardan ikisidir.
EndUstriyel uygulamalar igin 915 MHz en ¢ok kullanilan frekans
olmustur. Bununla birlikte 2450 MHz ev aletlerinde uygulama
ve analitik amaclar igin en yaygin olarak uygulanan frekanstir. Bir
dielektrik malzemenin mikrodalgalara maruz kalmasi ile dielek-
trik ozelliklerine bagl olarak elektromanyetik enerji kinetik ener-
jiye donusturulerek dogrudan maruz kalan drtinde 1si Uretilir. Bu
nedenle elektromanyetik dalgalar, gegici olarak polarize olmus
su molekdllerinin dipolar dontsline ve iyonlarin yeniden yon-
lendirilmesine neden olur, bu da i¢ slrtlinmeye ve son olarak
Uriinde dogrudan isi Uretimine yol agar (Chan ve ark., 2011) (Orsat
& Routray, 2017) (Mirzadeh ve ark., 2020).

MDE, atmosferik basincin Uzerinde galisan “kapali sistem” ve
atmosferik basing altinda galisan “acik sistem” olmak Uzere iki
sekilde siniflandirilir. Sekil 3'de kapali tip (a) ve agik tip (b) mikro-
dalga sistemleri gortilmektedir (Chan ve ark., 2011).

Mikrodalga cihazlari dort ana bilesenden olusur:

(@) mikrodalga enerjisi Ureten, genellikle “magnetron” olarak
adlandirilan mikrodalga jeneratcri

(b) mikrodalgalari magnetrondan mikrodalga bosluguna yaymak
icin kullanilan frekans yonlendiricisi

(c) numunenin yerlestirildigi aplikator

(d) mikrodalgalarin sadece ileri yonde gegcmesine izin veren
sirkUlator (Luque-Garcia & Luque De Castro, 2003).

Kapali bir MDE sisteminde, ekstraksiyonlar farkli mikrodalga
radyasyon moduna sahip kapali bir kapta ve tekdiize mikrodalga
Isitmasi altinda gergeklestirilir. Sistem yUksek ¢alisma basinci ve
sicaklik dolayisiyla hizli ve verimli bir ekstraksiyon saglar. Ekstrak-
siyon kabi igindeki basing, kabin galisma basincini agmayacak
sekilde kontrol edilirken, sicaklik ekstraksiyon ¢ozlictsinin
normal kaynama noktasinin Uzerinde dlzenlenebilir. Kapali
sistemdeki son gelismeler, ylksek basingli mikrodalga destekli
ekstraksiyonun gelismesine yol agmistir. Sicaklik ve basingtaki
artis, ekstraksiyon ¢oziculstnin mikrodalga enerjisini absorbe
etme kabiliyetinden dolayr mikrodalga-destekli ekstraksiyonu
hizlandirir. Kapall sistem, daha az solvent tlketimi ile hizli ve
verimli ekstraksiyon sunmasina ragmen, sinirli numune verimi
ile ugucu bilesiklerin kayiplarina karsl hassastir. Agik sistem,
glvenlik sorunlari gibi kapali sistemin eksikliklerini gidermek igin
gelistirilmistir ve 1siya dayanikli bilesiklerin ¢ikariimasi i¢in daha
uygun kabul edilir. Bu sistem daha yitiksek numune verimine
sahiptir ve islem sirasinda herhangi bir zamanda sisteme daha
fazla ¢ozlicl eklenebilir (Chan ve ark., 2011).
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Sekil 3.
Kapali ve acik tip mikrodalga sistemleri (Chan ve ark., 2011).

MDE yontemi hizli isitma sayesinde Soxhlet, basingli su ekstraksi-
yonu ve superkritik sivi ekstraksiyonu gibi diger teknolojilere gore
dahaytksek ekstrakt verimine sahiptir. Diger taraftan birnumune
hazirlama teknigi olarak MDE, biyoaktif bilesikleri tanimlayici
olarak degerlendirmek igin kromatografi ve spektroskopi gibi
analitik sistemlerle kolayca birlestirilebilir. MDE'nin ekstraksiyon
verimini arttirmadaki ylksek yetenegi, mikrodalga alaninin elek-
trik bileseni ile dipolar molekdller ve ekstraksiyon karisimlarinda
(c6zlct-numune) bulunan iyonik tirler arasindaki molekdler
etkilesimlerden kaynaklanmaktadir (Mirzadeh ve ark., 2020).

MDE isleminin etkinligi zamana, sicakliga, kati-sivi oranina,
kullanilan solventin cinsine ve bilesimine baghdir. Uygun
¢OzUclnln segimi MDE islemi sirasinda 6zutleme verimini etkiler,
¢linkl ¢ozilicu kitle transferi ve biyolojik matris tzerinde basing
uygulamak icin bir kanal gorevi gortr. Cozlclnin polaritesi ve
bitki materyalinden ekstrakte edilecek hedef bilesik, maksimum
verim igin kritiktir. Ornegin polar bilesikleri ekstrakte etmek igin
polar solventlerin kullanilmasi, substrattan bilesiklerin maksi-
mum geri kazanimiyla sonuglanacaktir. MDE sirasinda nispeten
polar olmayan ¢ozlcller kullanilirken belirli bir oranda (yaklagik
%10) su eklenmesi ekstraksiyon verimini artirmaya yardimci ola-
bilir (Kanitkar, 2010).

Ultrason Destekli Ekstraksiyon Yontemi

GUnumuzde ultrason; Urlin verimini en Ust dlzeye ¢ikarmak, gida
Urtnlerinin glvenligini saglamak igin gelistirilen, hiicreleri parcal-
amak ve ekstrakt Gretmek icin kullanilan dolayisiyla tip, denizcilik
veya gida endUstrisi gibi ¢ok cesitli alanlarda basariyla uygula-
nan ¢ok yonlu teknolojilerden biridir (Lavilla & Bendicho, 2017).
Uzun yillardir sivi ve kati ortamlarda ultrason enerjisinin kullanimi
gida isleme uygulamalarinda yayginlasmistir. Bu teknik; emiilsi-
fikasyon, homojenlestirme, ekstraksiyon, kristallestirme, distk
sicaklikta pastorizasyon, gaz giderme, kopuk giderme, enzimlerin
aktivasyonu ve inaktivasyonu gibi blyik dlgekli ticari uygulamalar
icin etkili bir ara¢ olmustur (Picé, 2013). Klasik kati-sivi ekstrak-
siyon yontemleriyle tamamlanmasi saatler veya glnler siliren
dogal Urlnlerin ekstraksiyonu, ultrason-destekli ekstraksiyon
(UDE) yontemiyle dakikalar icinde basarili bir sekilde yapilabilir.
Bu ivme, hiicre duvarinin bozulmasina ve gelismis kitle trans-
ferine yol agan farkli ultrason etkilerinden kaynaklanmaktadir.
UDE'de potansiyel olarak kullanilabilir solventlerin (toksik olma-
yan solventlerin kullanimina olanak saglar, yani genellikle etanol-
su karigimlari kullanilir) tiketimi daha azdir (Lavilla & Bendicho,
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2017). Dolayisiyla, UDE galisma stirelerini onemli dlglide azaltan,
ekstrakt verimini ve kalitesini artiran, ucuz, gevre dostu, etkili
bir ekstraksiyon teknigi olarak kabul edilmektedir (Pico, 2013;
Siddiqui ve ark., 2023).

Ultrasonikasyon, homojenlestirme igin 20 kHz'in Gzerindeki ultra-
sonik frekanslarin kullanildigi bir iglemdir. Ultrason dalgalari 20
kHz'den (insan kulagr tarafindan algilanabilirligin Gst siniri) daha
yuksek frekanslara kadar yayilir ve daha sonra hipersonik bolgeye
ilerler. Bu ultrason iglemi fenomeni, ¢ozicinin numuneye daha
derin nifuz etmesine izin veren hizli kesme kuvvetleri olusturur,
boylece diflizyon hizini arttirnir (Siddiqui ve ark., 2023). UDE'de
ultrasonun neden oldugu etkiler esas olarak kavitasyon olgusuyla
ilgilidir. Ultrason dalgasi ortamdan gegtiginde, ortamin partikdil-
lerinde bir dizi sikisma ve seyrelme ile boyuna yer dedistirmeler
olusur. Degisen basingtaki bu alanlarda kavitasyon etkisi ve gaz
kabarciklarinin  olusumu goézlenir. Sonikasyon proses dalgasi
suresince Uretilen baloncuklar, seyreltme ve sikistirma dongdleri
sirasinda boyutlarini dedistirebilirler. Bu baloncuklar birkag dongti
boyunca bulyur ve kritik bir boyuta ulasir, ardindan siddetli bir
sekilde ¢oker ve buylk miktarda enerji agida ¢ikarirlar (Rutkowska
ve ark., 2017). Dolayislyla ultrason-destekli ekstraksiyonda salinan
mekanik dalgalar, kavitasyon kabarciklarinin ¢okmesi yoluyla
yuksek kesme gerilimleri, esit olmayan basinglar ve ¢ok yik-
sek sicakliklar (4000°C'ye kadar) yaratarak diflizyon hizini artirir.
Kavitasyon, hiicre duvarina zarar verir ve solvent ile substrat
arasindaki etkilesimleri artirarak kitle transfer katsayisini artirir
(Hedayati ve ark., 2021). UDE, hcre duvarlarinin ve zarlarinin
gegirgenligini énemli olclide artirabilmekte ve bu durum ise
ekstraksiyon verimini ve oranini artiran cok dnemli bir olgu olarak
disindlmektedir.

UDE'nin sagladi§i avantajlar arasinda daha yliksek verim ve
ekstraksiyon suresinde azalma, analit degradasyonu, enerji ve
¢0OzUcl kullanimi yer alir. UDE'de s6z konusu olan ve goz 6niinde
bulundurulmasi gereken birkag anahtar faktor vardir. Bunlar
arasinda; ekstrakte edilen dokunun yapisi, olasi 6n iglemler, ilg-
ili bilesiklerin yeri ve dogasi, partikdl ici diflizyon, ekstraksiyon
slresinde azalma ve daha ytksek islem hacmi sayilabilir. Ayrica
dlsuk buhar basinci, diistik viskozite ve dislk ylzey geriliminin
ylksekyogunluklu kavitasyonu kolaylastirabilmesiigin kullanilacak
solventin dikkatli bir sekilde secilmesi gerekmektedir. UDE pros-
eslerinde etanol, metanol, aseton ve bunlarin su ile karigsimlari
antioksidanlar da dahil olmak Uzere cesitli biyoaktif bilesiklerin
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ekstraksiyonu igin yaygin olarak kullanilirken; hekzan ve izopro-
panol gibi solventler ise yag ekstraksiyonunda tercih edilirler.
Bununla birlikte, gida isleme alaninda organik solvent toksisitesi
her zaman dikkate alinmalidir (Cravotto & Binello, 2016).

UDE verimlili§i zamana baghdir. Ultrason uygulamasinda
numunenin igerdigi fitokimyasallarin salinimi igin yeterli siire ger-
ekmesine ragmen, daha uzun ultrason islem streleri numunenin
bozulmasina neden olabilir. Sicaklik UDE verimliligini etkileyen bir
diger faktordur. Kitle transferi sicakligin artmasiyla iyilestirilirken,
sicakliktaki yikselis 1stya duyarl bilesenlere zarar verebilir (Cra-
votto & Binello, 2016).

Ultrasonik isinlama, numune ile dogrudan temas yoluyla veya
ultrasonik banyo sistemleri gibi numunenin bulundugu kabin
duvarlarindan indirekt olmak tzere iki sekilde uygulanabilir. Ultra-
sonik banyonun baglica dezavantaji, genellikle tek bir frekansta (20
veya 40 kHz) calismasidir. Bununla birlikte, numune ile dogrudan
temasin ultrasonik banyoda saglanandan 100 kata kadar daha
fazla bir glic gelistirmesine izin veren bir probla birlestiriimis
ultrason sistemi (Sekil 4) gibi daha verimli ekstraksiyon sistemleri
vardir (Medina-Torres ve ark., 2017).

Lee ve ark. (2022) tarafindan yUritilen bir arastirmada Melastoma
malabathricum’un beyaz cigcek ¢esidindeki fitokimyasal bilesikler
konvansiyonel Soxhlet ekstraksiyonu, ultrason-destekli ekstrak-
siyon ve modifiye ultrason-destekli ekstraksiyon kullanilarak
ekstrakte edilmistir. Ekstraksiyon performansi; toplam flavonoid,
toplam fenolik, toplam saponin, toplam polisakkarit ve toplam
protein icerikleri agisindan degerlendirilmis ve sonuglar modifiye
ultrason-destekli ekstraksiyonun calisilan diger iki ekstraksiyon
yontemiyle karsilastirildiginda fitokimyasal bilesiklerin ekstrak-
siyonunun etkinligini arttirdigini gostermistir (Lee ve ark., 2022).
Inga marginata Willd meyvelerinden biyoaktif bilesikler elde etmek
amaciyla en yiksek verimli ekstraksiyon yontemini belirlemek
amaclyla yapilan bir arastirmada maserasyon, ultrason ve mikro-
dalga destekli ekstraksiyon yontemleri kullaniimistir. Hem miktar
hem de etkinlik agisindan en etkili yontemin ultrason-destekli
ekstraksiyon yontemi oldugu bildirilmistir (Flores ve ark., 2023).

Ultrason probu

Ultrason dalgalarimin

Ekstraksiyon ortamn. yayilmasy

Hammadde-

Sekil 4.
Bir prop ile birlestirilmis ultrason sistemi (Medina-Torres ve ark., 2017).

Enzim-Destekli Ekstraksiyon

Yenilikgi ekstraksiyon yontemlerinden bir digeri olan enzim-
destekli ekstraksiyon (EDE) metodu, biyoaktif bilesenlerin
ekstraksiyonunda enzimler tarafindan hicre duvari bilesenlerini
hidrolize etme ve bitki hiicre duvarinin yapisal butinliginu
bozma prensibine dayanan, yliksek verimli ve gevre dostu olarak
kabul edilen yesil bir teknolojidir (Cheng ve ark., 2015). EDE bit-
kisel bazli dogal materyallerin ve Uretim sonrasi atiklarinin
yonetimi igin yeni ¢éziimler sunan bir yontemdir. Gida, kozme-
tik ve ilag endistrilerinde daha bliylik hacimlerde lriin veya aktif
bilesen elde etmek igin kullanilan umut verici bir metot olarak
kabul edilir (tubek-Nguyen ve ark., 2022). EDE bagimsiz yontem
olarak kullanilabildigi gibi konvansiyonel metotlarda da verimliligi
artirmak igin basvurulan bir yontemdir (Puri ve ark., 2012). Poli-
sakkarit veya lignin gibi molekillere bagh olan fitokimyasallar
geleneksel prosedirlerle ekstrakte edilemeyeceklerinden dolayi
ekstraksiyon sirasinda sellilaz, alfa amilaz ve pektinaz gibi spe-
sifik enzimler veya karigsimlari ile muamele edildiginde bagh
bilesenler serbest birakilarak ekstraksiyon verimi artirilir. Enzim-
ler spesifiktir ve aktiviteleri reaksiyon kosullarindan etkilenme-
ktedir. Dolayisiyla yontemde kullanilan enzimin hlicre duvarini
parcgalayarak biyoaktif bilesenleri agiga ¢ikarmasi; enzim kom-
pozisyonuna, konsantrasyonuna, kullanilan ekstraksiyon solven-
tine, materyal ve solvent oranina, enzim substrat oranina, pH’a,
ekstrakte edilecek materyalin partikll boyutuna, ekstraksiyon
sicakligina ve ekstraksiyon sliresine bagli olarak degisir (Jha & Sit,
2022). Enzimatik reaksiyonlar ihmli sicaklik ve pH'da ve nispeten
kisa bir zaman araliginda gergeklestigi igin aktif biyomolekdllerin
bozunmasi ve izomerlesmesinin 6niine de gegilmis olur. Bitki
hicre duvarlarinin gok katmanli yapisindan dolayi hiicre duvarini
parcalamak ve hiicrede bulunan metabolitleri agiga c¢ikarmak
icin farkli polimerlere etki eden birkag grup enzimin birlikte
kullanilmasi gerekebilmektedir. Selllazlar, pektinazlar, hemiseltl-
azlar, proteazlar ve ticari enzim karigimlari bu yéntemde en yaygin
kullanilan enzimlerdir. Ekstraksiyon kosullari kullanilacak enzi-
min elde edildigi kaynaga gore belirlenmelidir (Lubek-Nguyen
ve ark., 2022). EDE yaygin olarak bitkilerden fenol ve polifenol-
lerin ekstraksiyon verimini artirmak amaciyla kullanilmaktadir.
Literatlrdeki galismalar incelendiginde dider ekstraksiyon
yontemleri ile kargilastirildiginda EDE yonteminin elde edilen
toplam fenolik ve hedef bilesenlerin ekstrakt verimliligini artirdigi
bildirilmistir (Krakowska-Sieprawska ve ark., 2021). Pontillo ve
ark. (2021) tarafindan yurdtilen bir arastirmada, kati-sivi kon-
vansiyonel ekstraksiyon ve mikrodalga destekli ekstraksiyon
yontemleri kullanilarak elde edilen biberiye yaprak ekstraklarinin
toplam fenolik igerigi ve antioksidan aktiviteleri kargilagtiriimistir.
Kati-sivi konvansiyonel ekstraksiyon yontemi ile elde edilen
ekstraklarin biyoaktivitelerinin mikrodalga destekli ekstraksiyon
yontemine gore daha etkili oldugu bildirilmistir. Diger taraftan
kati-sivi konvansiyonel ekstraksiyon yontemi enzimatik hidroliz
ile desteklendiginde ise antioksidan aktivite gok degismezken
toplam fenolik iceriginin yaklagik 4,5 kat arttigi rapor edilmigtir
(Pontillo ve ark., 2021). Citrus sinensis kabuklarindan biyoak-
tif ¢cozlnlr fenolik bilesiklerin ekstraksiyonu ve geri kazanimina
yonelik yUrdttlen bir arastirmada konvansiyonel solvent ekstrak-
siyonu, enzim destekli ekstraksiyon ve ultrason destekli ekstrak-
siyon yontemleri kullanilmis ve sonuglar karsilastiriimistir. Elde
edilen bulgular ekstraksiyon yontemlerinin 6zellikle fenolik pro-
fili ve biyoaktiviteyi etkiledigini gostermistir. Ultrason destekli
ekstraksiyon ve ¢zellikle de enzim destekli ektraksiyondan yiiksek
verim ile elde edilen ekstraktlarin gok daha giicli biyoaktivite ser-
giledikleri bildirilmistir (Wang ve ark., 2023).
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Stiper kritik akiskan ekstraksiyonu

Superkritik akigkan ekstraksiyonu (SAE) verimliligi ve ¢evre dostu
ozelligi ile biyoaktif bilesenleri ekstrakte etmek igin en dikkat
gekici alternatiflerden biridir (Dias ve ark., 2021). SAE, hedefle-
nen bilesikleri en saf formlarinda elde etmek icin tek adimli
bir ayirma ve saflastirma islemidir. Geleneksel yaklagimlarla
karsilastirldiginda, SAE'nin atik yonetiminde cevreye zarar
vermeyen yoninin yani sira daha az solvent kullanimi, hedef
bilesenlerin segciciligi, hizli ektraksiyon slresi, distk viskozite,
yuksek diflizyon ve ylksek ¢6zlcl glcu gibi avantajlari vardir
(Hasanov ve ark., 2023; Singh ve ark., 2021). SAE tarafindan elde
edilen Urlnler givenli ve kalitelidirler (Hasanov ve ark., 2023).

SUperkritik bir sivi, kritik sicakhidinin ve kritik basincinin tzerinde
olan herhangi bir madde olarak tanimlanir. Kritik basing bir sivinin
sicakligin artmasliyla gaza dontsebildigi en yiksek basing iken,
kritik sicaklik ise basincin artmasiyla bir gazin siviya donisebildigi
en yuksek sicakliktir. Kritik bélgede hem gaz hem de sivi benzeri
ozelliklere sahip tek bir faz vardir. Stperkritik bir sivi, hem kati
bir matrise hizla yayilabilen gaz ozelligine hem de malzemeleri
bilesenlerine ayirabilme ozelligine sahiptir. Ayrica, stperkritik bir
sivinin ¢gézme glicl basing veya sicakliktaki bir degisikligin sonucu
olarak yogunlugundaki bir degisiklikle degisir. Genel olarak, sabit
basingtaki kritik Ustl sivilar igin ¢dzme glicU sicakliktaki artigla
birlikte azalirken, sabit sicaklikta ise gdzme glicli basingtaki artisla
artar. Bu nedenle, siperkritik bir sivinin ¢ozme glici hem basing
hem de sicakh§in uygun manipilasyonlari ile maksimize edilebilir
ve bir sivinin yogunlugu belirli bilesenleri segici bir sekilde gozmek
icin ayarlanabilir (Walker ve ark., 2007).

Bitkisel materyallerden biyoaktif bilesenlerin ekstraksiyonunda
son vyillarda ¢ozlicl olarak slper kritik akigkan kullanan sivi
ekstraksiyon yontemleri ilgi gérmeye baslamistir. Pek ¢ok tirde
saf ¢ozlcu slperkritik sivi ekstraksiyonu igin bir ¢ézlici ortami
olarak kullanilabilir (Machmudah ve ark., 2020). CO,, etanol, hek-
zan, metanol, pentan, bltan, nitroz oksit, kiiklrt hekzaflorlr ve
florlu hidrokarbonlar gibi gesitli ¢ozucdler kritik 6zelliklerinden
dolayr stperkritik sivi ekstraksiyonunda kullanilabilirken, ortam
sicakhigina yakin bir kritik sicaklia (40°C'ye kadar) ve gok yuk-
sek olmayan (7 MPa'ya kadar) bir kritik basinca sahip olan mad-
deler ozellikle ilgi gekicidir. Dolayislyla, kritik noktasi 31,06°C ve
7,38 MPa olan CO,, stiperkritik kosullar altinda ekstraksiyon yon-
temlerinde kullanilan birincil stperkritik sivi ¢ozlicl olarak dik-
kati ceker (Machmudah ve ark., 2020). CozlicU olarak stperkritik
CO,'nin kullaniimasi gesitli avantajlar sunar. Stiperkritik CO, inort,
nispeten toksik olmayan, kolay bulunur, ucuz, tatsiz, kokusuz ve
gevre dostu bir ¢ozlicidir. CO, ekstraktlari ve gevreyi kirletmez
ve ozon tabakasina zarar vermez, ve “genel olarak glivenli olarak
kabul edilen” (GRAS) bir ¢ozlictdur. Slperkritik CO,, sivilardan
daha ylksek bir diflizyon katsayisina ve daha dislk viskoziteye
sahiptir, bu da daha elverigli bir kitle transferine yardimci olur.
Yizey geriliminin olmamasi ise kati materyallerin gozeneklerine
hizli nifuz etmesini saglar, bu da ekstraksiyon verimliligini artirir
(Dias ve ark., 2021; Machmudah ve ark., 2020).

Sonug¢

Diinya genelinde bitkisel bazli dogal Griinlerden elde edilen biyo-
aktif bilesenlerin farmasotik ve gida endustrilerinde kullanimina
yonelik ilgi her gegen glin artmaktadir. Dolayisiyla bu biyoak-
tif bilesiklerin ekstraksiyonu, dogal trlnlerin aktivitesi ve eldesi
Uzerine yapilan arastirmalarda en kritik adimdir. Konvansiyo-
nel ekstraksiyon yontemlerine alternatif olarak pek ¢ok yenilikgi
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metotlar da gelistirilmis ve gelistiriimeye devam etmektedir. Yeni
ekstraksiyon teknolojilerinde aranan en 6nemli nitelikler arasinda;
ylksek ekstraksiyon verimi, fitokimyasallarin sahip olduklari
biyoaktivitenin korunmasi, kisa ekstraksiyon streleri, ekonomik
uygulanabilirlik ve cevre dostu olmalari yer almaktadir. Secilecek
ekstraksiyon teknigi bitki matrisine, hedef fitokimyasallara ve
ekonomik kosullara bagli olmakla birlikte, yapilan arastirmalar ile
modern tekniklerin sunmus olduklari kisa ekstraksiyon streleri,
daha az solvent ihtiyaci, gevre dostu olma, yliksek verim, daha
iyi korunmus biyoaktivite gibi avantajlardan dolay konvansiyo-
nel tekniklere gore daha etkin olduklar kanitlanmistir. Bununla
birlikte, var olan ekstraksiyon prosedirlerinin daha ileri diz-
eye tasinmasi ve kombine kullanimlarinda optimum kosullarin
belirlenmesi icin daha fazla galismaya ihtiyag duyulmaktadir.
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