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ABSTRACT

In this study, two different salting methods (dry salting and salted in scalding water) and also application of
potassium sorbate to prevent mold growth (in 5% concentration for 2 minutes immersion method) were inves-
tigated effects on quality properties of Kashar cheese. Kashar cheese samples were ripened at 4 +1°C for 5%,
30™, 60™, 90™ days and ripening parameters compared during ripening periods. According to the microbiolog-
ical analysis results, total aerobic meshophylic bacteria (TAMB), lactic acid bacteria (LAB) growth on MRS
and M-17 agar and mould counts of Kashar cheeses were found statistically different among all samples
(P<0.01). The highest mold count (3.58 log cfu/g) was found at control samples salted in scalding water. The
lowest count (1.48 log cfu/g) was found at sorbated samples salted as dry. The mould counts of the Kashar
cheese samples treated with potassium sorbate were under of standart level (maximum 2 log cfu/g). But, sorbate
was not completely prevent mold growth. Coliform group bacteria counts were determined <1 log cfu/g and S.
aureus counts were determined <2 log cfu/g at all samples. It was found that acidity values increased in all
Kashar cheese samples during the ripening periods. Acidity values of all control groups were higher than that
of sorbated samples. The WSN, TCA-TN, PTA-TN and RI values increased in all Kashar cheeses during rip-
ening periods. According to the sensory analysis results, it was determined that there was no adverse effect of
sorbate on the sensorial quality of samples during all ripening periods. Panelists preferred the samples salted in
scalding water than that of dry salted samples.

Keywords: Kashar cheese, Sorbate, Ripening, Mould, Sensorial analysis
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Introduction

Today, most of cheese types have registered trademarks and
have protected geographic indications. Kashar cheese is one
of the most important cheese types in Turkey and it can also
be seen as the most typically stretched curd or pasta-filata
cheese (Yangilar and Yildiz, 2016). It is also known as Kash-
kaval, Kasseri and Caciocavallo in different countries (Giler,
2005). The scalding and kneading stages at Kashar cheese
production are the most important stages to form the charac-
teristic properties of the cheese. Kashar cheese has smooth,
dry and yellowish rind, homogenous structure without gas
holes, its flavor is piquant and slightly salty (Uctincii, 2004;
Yalman et al., 2015).

Food additives are generally added to processed foods for
prolong the shelf-life by protecting them from deterioration
caused by microorganisms (Mpountoukas et al., 2008). The
chemical preservatives widely used at food industry are ben-
zoic and sorbic acids and their salts (sodium benzoate and
potassium sorbate) (Tfouni and Toledo, 2002; Gil and
Dervisoglu, 2013). Potassium sorbate (PS) is commonly used
as a food preservative because of considered as a “generally
recognized as safe” (GRAS) (Fama et al., 2006; Kristo et al.,
2008; Ture et al., 2013).

The salting of cheese generally can be made with as dry salt-
ing and in scalding water in our country. Cheese salting stage
is both consumer demand, as well as charter and other tech-
nological process for the realization of the desired qualities
of a cheese production standards. The salting of Kashar
cheese is an important process for the Kashar cheese quality
(Uciincii, 2010). Generally, cheeses are salted for being of
colour and texture and increasing the storage times (Payne
and Morison, 1999). Salt in the cheese controls the enzyme
activity and ripening (Glven and Karaca, 2001). Generally,
dry salting method is used at old Kashar cheese making.
There are some disadvantages of dry salting of Kashar
cheese. In dry salting, salt is used at more amounts and salt-
ing isn’t homogen.The other method of salting of Kashar
cheese is salting in scalding water. This method provides the
homogen salt penetration. In this method, Kashar cheese is
salted in hot brine of 75-85°C for 3-5 minute (Say, 2008).

According to Turkish Standard (3272) (TSE, 2006), this
cheese is classified as ‘fresh Kashar cheese’ and “old or ma-
tured Kashar’. Most cheese varieties (is one of Kashar
cheese) require a period of ripening (least 90 days) (TSE,
2006) for development of flavour and texture characteristics
(McSweeney and Fox, 1997). But, at this ripening period the
most important problem is moldy surface of Kashar cheese
during ripening. For this reason, the Kashar cheese must be
cleaned from moldys before eating. Mold growth on the
cheese surface both causes economical loses (cheese lost of

approximately 8%) and results healty problems because of
mycotoxins producing (Ture et al., 2011). So, Kashar cheese
must be controlled the fungal growth by different antimicro-
bial agents. They can be applied to food surfaces with differ-
ent methods (dipping, spraying, or brushing). According to
the Turkish Food Codex Regulations on Food Additives, po-
tassium sorbate (E 202) is one of the allowed antimicrobial
agent to the ripened cheese surface and have not determined
any maximum limit (Anonymous, 2013). In a lot of country
(ABD, Australia, Finland and Canada) of world are permit-
ted to potassium sorbate at 3000 ppm level. In Turkey, it is
permitted to potassium sorbate adding at 1000 ppm levels
(Uglinci, 1980).

Materials and Methods
Material

Raw milk samples used at Kashar cheese making were ob-
tained from by the Research and Application Farm of Atatirk
University. Salt and potassium sorbate (Fluka) were used at
cheese making process. Commercial microbial liguid rennet
(1/15 000 strength) was obtained from Mayasan Company,
commercial rock salt used for salting and it was diluted in the
sized of 1-2 x 10 m.

Methods

Kashar cheese samples for using this search were produced
Atatiirk University Faculty of Agriculture, Department of
Food Engineering in the pilot plant.

Kashar cheese samples were made with cow milk. The fat
ratio of milk was standardized to 3% with a skim milk addi-
tion (Uglincii, 1980). The procedures of producing the vari-
ous Kashar cheese samples were:

Cheese 1 (A): The cheese samples were produced with salted
in scalding water. The potassium sorbate application was not
made the cheese samples.

Cheese 2 (B): The cheese samples were produced with salted
in scalding water and treated with potassium sorbate (5%) for
2 minutes.

Cheese 3 (C): The cheese samples were produced with dry
salting. The potassium sorbate application was not made the
cheese samples.

Cheese 4 (D): The cheese samples were salted as dry and
treated with potassium sorbate (5%) for 2 minutes.

Microbiological Analysis

In this research, 10 g Kashar cheese samples were homoge-
nized in 90 mL of a sterile solution (0.85% NaCl) using a
stomacher (Lab. Stomacher Blander 400 BA 7021,
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Swardmedical). Further decimal dilutions were prepared
with the same diluent (Harrigan, 1998). Analyses were car-
ried out using the following procedures:

Total aerobic mesophilic bacteria were enumerated on plate
count agar (Merck) following the pour-plate method and
with aerobic incubation at 30 £1°C for 48 h (Messer et al.,
1985). Coliform counts were determined by the Violet Red
Bile Agar (Oxoid) with plate incubation at 35 + 2°C for 48 h
(Diliello, 1982). LAB counts were determined by MRS-agar
(Oxoid) M-17 agar (Gilliand et al., 1984) following the
pour-plate method and incubated at 30°C for 48 h. Moulds
were enumerated on Potato Dextrose Agar (PDA) (Merck)
following the pour-plate method and incubated at 25°C for
5-7 days (Koburger & Marth, 1984). Staphylococcus aureus
enumeration of samples were made on Baird Parker Agar and
incubated at 37°C for 48h. Then, kathalase and cuagulase
tests were made on the bacteria colonies (Tatini et al., 1984).

Chemical Analysis Methods

The protein, water soluble nitrogen (WSN), ripening index,
pH and titratable acidity (%) were carried out according to
the methods by Kurt et al. (2007). For nitrogen analysis sol-
ubled in TCA, TCA solution (24%) added to filtrate of
25 mL and sold for 2 hours. Then mix was filtrated and pro-
tein analysis was made with filtrate (Polychroniadou et al.,
1999). The nitrogen analysis solubled in PTA was made ac-
cording to Jarret et al. (1982). The 5 mL WSN extract,

3.5 mL 3.95 M H,S04 and 1.5 mL 33.3% PTA solition were
mixed. Then, the solution was hold for 12 hours and filtrated
with whatman no: 42. Then, nitrogen amount in the solution
was found with Kjeldahl method.

Sensory Evaluations

Six panellists experienced in the sensorial evaluation of
cheese assessed the cheese samples on 5™, 30", 60" and 90"
days of ripening considering the method of Bodyfelt et al.
(1988) and Altug (1993). Samples were scored considering
five sensorial features e.g., colour, texture, taste and aroma,
bitterly, salty and general acceptability ranging from 1 (poor)
to 9 (excellent).

Statistical Analysis

All statistical analysis was performed using SPSS Statistical
Software, version 17. Mean values with a significant differ-
ence were compared by Duncan’s multiple range tests. All
analyses were performed in duplicate.

Results and Discussion

The some microbiological and chemical anlysis results of
raw milk sample were summarized in Table 1.

The logarithmic counts of the microorganisms enumerated
throughout ripening time for Kashar cheese samples are pre-
sented in Table 2.

Table 1. The chemical and microbiological analysis results of raw milk sample

Microbial groups (log cfu/g) Raw milk
TAMB Counts 7.60
LAB growth on MRS agar 6.84
LAB growth on M-17 agar 7.37
Coliform groups 4.70
Moulds-yeasts 3.48
Chemical Characteristics

Dry matter (%) 12.66
Fat (%) 4.00
Protein (%) 2.93
Acidity (lactic acid% ) 0.18
pH 6.65
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Table 2. The some microbiological analysis results of Kashar cheese samples (log cfu/g)

Samples Ripening Total mesophilic bac- Lactobacilli Streptococci Moulds
Times (days) teria
5 7.850.0508¢ 8.13+0.1845° 7.79+0,0505¢ <1.00"?
30 7.67+0.078%%® 7.31+0.0142 7.53+0.0852 3.40+0.1418°
< 60 7.67+0.028"° 7.48+0.035"° 7.45+0.035"2 4.75+0.021°¢
90 7.62+0.000"° 7.44+0.0147¢ 7.49+0.035%° 5.26+0.106°¢
5 7.44+0.021°° 7.51+0.000%2 7.54+0.035%° <1.00%2
30 7.77+0.021°" 7.43+0.0708° 7.72+0.021B° 2.25+1.061°%
- 60 7.66+0.0215" 7.31+0.01472 7.63+0.057/B> <1.00%2
20 7.63+0.0508¢ 7.47+0.0148¢ 7.62+0.0217B¢ 2.12+0.170%°
5 7.63+0.0425¢ 8.17+0.007¢° 8.14+0.007“° <1.00%2
30 7.61+0.0148" 7.31+0.007%2 7.58+0.0855% <1.00A2
© 60 7.32+0.028"2 7.28+0.035%2 7.48+0.000%2 1.30+0.000B¢
920 7.28+0.000*2 7.01+004242 7.26+0.00742 3.94+0.007¢¢
5 7.31+0.000%2 7.30+0.000%2 7.10+0.028"2 <1.00"?
30 7.75+0.035B,a 7.57+0.028°¢ 7.62+0.0215% 2.76+0.106°°
(m)
60 7.76+0.120B" 7.50+0007°° 7.63+0.042°" 1.00+0.000"°
20 7.36+0.000"° 7.19+0.028"° 7.49+0.028B" 1.24+0.00082

*Samples showing capital letters (during storage days) and lower letters (between cheeses at the same storage day) do not differ signifi-

cantly (P>0.05)

The TAMB counts of Kashar cheese samples changed at ar-
round 7.28 log cfu/g and 7.85 log cfu/g (Table 2). The dif-
ferences of cheese species, salting methods and ripening pe-
riods were found significant (P<0.01). The TAMB counts at
A and C samples decreased as ripening periods increased. It
was found that the TAMB counts of cheese samples salted
as dry were lover than that of in scalding water. This state
can be sourced from begining of the early coat and anaerobic
state at samples dry salted (Johnson and Law, 2010).

The lactobacilli counts at samples salted as dry were lower
than that of scalding water (P<0.05). It says that dry salting
of Kashar cheese was decreased the lactobacilli counts be-
cause of irregular distribution of salt. The streptococci
counts were between 7.26 log cfu/g and 8.14 log cfu/g (Ta-
ble 2). Generally, as ripening periods increased, streptococci
counts of samples decreased. At all samples, the coliform
counts were under 1.00 log cfu/g. The mould counts of
Kashar cheese samples were between <1.00 log cfu/g and
5.26 log cfu/g (Table 2). The highest mould count was found
at control samples salted in scalding water, salted as dry and
sorbated samples contained the lowest counts. The mould

counts of control samples increased as ripening periods in-
creased. Ozdemir and Demirci (2006) found that the potas-
sium sorbate treatment to Kashar cheese was decreased the
yeast and mould counts of samples. These results of
Ozdemir and Demirci (2006) have similarities with our
yeast and molds counts of samples.

The results of acidity, pH, WSN contents, ripening index
values, TCA-SN and PTS-SN values of Kashar cheese sam-
ples are given in Figure 1, 2, 3, 4 and 5. The lowest acidity
value (0.72%) was found at raw B samples, the highest value
(1.04%) was found at A samples ripened for 30 days and C
samples ripened for 90 days. From Duncan’s test result, as
a samples had the highest acidity (0.95%), D samples had
the lowest acidity (0.78%). At the first of ripening periods,
the awerage acidity of samples were 0.75%, the acidity of
samples ripened for 90 days was found as 0.93%. The acid-
ity of cheese is according to lactic acid bacteria counts, lac-
tose amount and ripening state factors (Say, 2008). Re-
searches (Aritasi, 1990; Kogak et al., 1996; Sert et al., 2007)
found that as the ripening periods increased, the acidity of
Kashar cheese samples increased. Ozdemir and Demirci
(2006) found that the potassium sorbate addition of cheese
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was effected the acidity value of cheese samples. We found
that the acidity of the samples preserved with potassium
sorbate were lower than control samples. The results of
Ozdemir and Demirci (2006) weren’t parallel with our re-
sults.

—+—A =B «—C —eD

=

Acidity (%)

5 30 60 90
Ripening times (days)

Figure 1. The changes in acidity values of Kashar cheese
during ripening: A, scalded; B, scalded and po-
tassium sorbated; C, dry salted; D, dry salted and

potassium sorbated.

——A =B «—C —e-D

5,9 1
5,4 1
5,3 1
5,2 -
5,1 1

pH

5 30 60 90
Ripening times (days)

Figure 2. The changes in pH values of Kashar cheeses dur-
ing ripening: A, scalded; B, scalded and potas-
sium sorbated; C, dry salted; D, dry salted and

potassium sorbated.
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The results of acidity, pH, WSN contents, ripening index
values, TCA-SN and PTS-SN values of Kashar cheese sam-
ples are given in Figure 1, 2, 3, 4 and 5. The lowest acidity
value (0.72%) was found at raw B samples, the highest value
(1.04%) was found at A samples ripened for 30 days and C
samples ripened for 90 days. From Duncan’s test result, as
a samples had the highest acidity (0.95%), D samples had
the lowest acidity (0.78%). At the first of ripening periods,
the awerage acidity of samples were 0.75%, the acidity of
samples ripened for 90 days was found as 0.93%. The acid-
ity of cheese is according to lactic acid bacteria counts, lac-
tose amount and ripening state factors (Say, 2008). Re-
searches (Aritasi, 1990; Kogak et al., 1996; Sert et al., 2007)
found that as the ripening periods increased, the acidity of
Kashar cheese samples increased. Ozdemir and Demirci
(2006) found that the potassium sorbate addition of cheese
was effected the acidity value of cheese samples. We found
that the acidity of the samples preserved with potassium
sorbate were lower than control samples. The results of
Ozdemir and Demirci (2006) weren’t parallel with our re-
sults.

The ripening index of cheese is according to dfferent factors
as waste renning amoung, packaging material, and salt and
water ratio of cheese and storage stages. The ripening degree
of cheese samples changed at between 4.13% and 14.37%.
At Duncan test results, it was found that D sample had the
highest ripening degree. Usually, ripening index of the sam-
ples added potassium sorbate had higher than that of unsorb-
atted samples.We can say that the sorbate addition to Kashar
cheese was wasn’t show no adverse effect on ripening of
Kashar cheese. As the ripening periods increased, the rip-
ening degree increased too. The results was parallel with
Say (2008).

The soluble nitrogen in TCA is consist of peptides with short
chain and amino acids (Fox, 1989). It was found that the
lowest and highest soluble nitrogen in TCA ratio were found
0.18% and 0.29%, respectively. The TCA-SN ratio of D
samples were higher than that of other samples. The TCA
soluble protein ratio in cheese samplesis according to starter
culture and waste rennet amount (Mc Sweeney and Fox,
1997). As the ripening periods increased, TCA-SN ratio in-
creased too. Similar results were found by Yilmaz and
Dagdemir (2012) too.Yasar (2007) and Say (2008) found
the similar reseults with ours. Lau et al. (1991) found that
the TCA-SN ratio of Cheddar cheese samples increased as
the ripening times increased.
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Figure 3. The changes in WSN contents of Kashar cheeses during ripening A, scalded; B, scalded and potassium
sorbated; C, dry salted; D, dry salted and potassium sorbated.
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Figure 4. The changes in ripening index values of Kashar cheeses during ripening A, scalded; B, scalded and
potassium sorbated; C, dry salted; D, dry salted and potassium sorbated.
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Figure 5. The changes in TCA-SN values of Kashar cheeses during ripening A, scalded; B, scalded and potassium
sorbated; C, dry salted; D, dry salted and potassium sorbated.
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Figure 6. The changes in PTA-SN values of Kashar cheeses during ripening A, scalded; B, scalded and potassium
sorbated; C, dry salted; D, dry salted and potassium sorbated.

The PTA soluble nitrogens are consist of peptides with very ~ t00. Ciiriik (2006) found that the TCA and TCA-SN ratio in-
low weight and amino acids (Fox, 1989). The PTA-SN ratios ~ creased during ripening periods as similar results with ours.
of Kashar cheese samples were ranged in between 0.04% and  The sensory analyses results of Kashar cheese samples were
0.13%. As the highest PTA-SN ratio was found at D sample  given Table 4.

(0.08%), the lowest ratio was found at a sample. As the rip-

ening times of cheeses increased, the PTA-SN ratio increased
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Table 3. Some chemical analysis results of Kashar cheese samples

Samples Ripening Times Acidity pH Total Nitrogen ~ Water Soluble  Ripening Index TCA-TN PTA-TN
(days) (%) (%) Nitrogen (%) (%) (%) (%)
5 0.785+0.007 5.40+0.000 3.23+0.099 0.162+0.000 5.01+0.141 0.181+0.000 0.040+0.002
30 1.035+0.035 5.26+0.000 3.26+0.028 0.256+0.007 7.85+0.163 0.191+0.000 0.041+0.001
< 60 0.940+0.057 5.23+0.007 3.36+0.007 0.324+0.020 9.67+0.615 0.233+0.004 0.048+0.001
90 1.025+0.021 5.26+0.000 3.66+0.085 0.366+0.026 9.99+0.481 0.272+0.005 0.104+0.001
5 0.720+0.000 5.42+0.007 3.55+0.021 0.146+0.001 4.13+0.071 0.177+0.001 0.044+0.001
30 0.885+0.050 5.22+0.000 3.08+0.078 0.266+0.000 8.64+0.184 0.192+0.000 0.054+0.000
o 60 0.970+0.000 5.19+0.007 3.44+0.078 0.311+0.010 9.06+0.502 0.217+0.004 0.069+0.001
90 0.795+0.050 5.18+0.007 3.23+0.064 0.358+0.001 11.10+0.184 0.248+0.001 0.104+0.001
5 0.760+0.000 5.44+0.007 3.56+0.064 0.158+0.002 4.44+0.007 0.182+0.002 0.039+0.002
30 0.780+0.014 5.29+0.000 3.54+0.007 0.275+0.022 7.76+0.587 0.192+0.001 0.056+0.000
© 60 0.910+0.014 5.19+0.007 3.58+0.028 0.329+0.016 9.19+0.502 0.214+0.000 0.089+0.001
90 1.035+0.035 5.25+0.007 3.66+0.071 0.417+0.017 11.40+0.240 0.261+0.003 0.112+0.003
5 0.745+0.007 5.38+0.021 3.19+0.028 0.141+0.000 4.41+0.042 0.185+0.006 0.041+0.005
A 30 0.765+0.007 5.28+0.000 3.56+0.014 0.264+0.002 7.40+0.085 0.213+0.010 0.064+0.000
60 0.725+0.064 5.24+0.000 3.75+0.014 0.411+0.025 10.98+0.728 0.226+0.005 0.089+0.001
90 0.880+0.028 5.27+0.000 3.66+0.000 0.526+0.011 14.37+0.304 0.286+0.005 0.129+0.002

*Values are means of 2 replicates +SD

Abbreviations are: A, scalded; B, scalded and potassium sorbated; C, dry salted; D, dry salted and potassium sorbated.



Food and Health, 4(3), 147-158 (2018) * DOI: 10.3153/FH18015

E-ISSN: 2602-2834

Original Article/Full Paper

Table 4. The sensory analyses results of Kashar cheese samples

Samples Ripening Colour and Texture Taste Odour General acceptability Bitterness
Times (days)  Appearance
5 0.785+0.07 5.40+0.000 3.23+0.099 0.162+0.000 5.01+0.141 0.181+0.000
30 1.035+0.035 5.26+0.000 3.26+0.028 0.256+0.007 7.85+0.163 0.191+0.000
< 60 0.940+0.057 5.23+0.007 3.36+0.007 0.324+0.020 9.67+0.615 0.233+0.004
920 1.025+0.021 5.26+0.000 3.66+0.085 0.366+0.026 9.99+0.481 0.272+0.005
5 0.720+0.000 5.42+0.007 3.55+0.021 0.146+0.001 4.13+0.071 0.177+0.001
m 30 0.885+0.050 5.22+0.000 3.08+0.078 0.266+0.000 8.64+0.184 0.192+0.000
60 0.970+0.000 5.19+0.007 3.44+0.078 0.311+0.010 9.06+0.502 0.217+0.004
90 0.795+0.050 5.18+0.007 3.23+0.064 0.358+0.001 1.10+0.184 0.248+0.001
5 0.760+0.000 5.44+0.007 3.56+0.064 0.158+0.002 4.44+0.007 0.182+0.002
30 0.780+0.014 5.29+0.000 3.54+0.007 0.275+0.022 7.76+0.587 0.192+0.001
© 60 0.910+0.014 5.19+0.007 3.58+0.028 0.329+0.016 9.19+0.502 0.214+0.000
90 1.035+0.035 5.25+0.007 3.66+0.071 0.417+0.017 11.40+0.240 0.261+0.003
5 0.745+0.007 5.38+0.021 3.19+0.028 0.141+0.000 4.41+0.042 0.185+0.006
30 0.765+0.007 5.28+0.000 3.56+0.014 0.264+0.002 7.40+0.085 0.213+0.010
= 60 0.725+0.064 5.24+0.000 3.75+0.014 0.411+0.025 10.98+0.728 0.226+0.005
90 0.880+0.028 5.27+0.000 3.66+0.000 0.526+0.011 14.37+0.304 0.286+0.005




Food and Health, 4(3), 147-158 (2018)  DOI: 10.3153/FH18015

E-ISSN: 2602-2834

As seen at Table 4, color scores of sorbated samples in-
creased during ripening, but color scores of control samples
decreased during ripening. Say (2008) found that color
scores changed during ripening periods. The body scores of
dry salted samples were lower than that of salted in scalding
water. Panelists determined that Kashar cheese samples
salted as dry were harder than that of salted in scalding wa-
ter. Panelists saw that dry salted samples contained the holes
in and out of cheese samples during panel. Cirik (2006)
found that Kashar cheese samples added themelting salt
were softer during ripening periods and and texture scores
decreased too. The taste scores of Kashar cheese samples
varied at between 6.42 and 7.57. The taste scores given by
panelists to Kashar cheese samples decreased during 90
days of ripening. The taste scores of control samples salted
in scalding water were lover than that of samples salted in
scalding water and sorbated. Piacquadio et al. (2001) found
that the taste scores of Mozzarella cheese samples decreased
during 90 days of ripening too.The founds were paralelled
with research founds of our. The odour scores of sorbated
Kashar cheese samples were higher than that of no sorbated
samples. However, the odour scores of dry salted samples
were lower than that of scalding water. Ciiriik (2006) found
that the odour scores of Kashar cheese samples decreased as
ripening periods increased as parallel our results. The bitter-
ness score of samples decreased during ripening periods.
General acceptability of of Kashar cheese samples were be-
tween 6.56 and 7.62 scores (Table 4). Generally, panelists
gave higher score to general acceptibility of samples salted
in scalding water. In this research, it was found the potas-
sium sorbate added to Kashar cheese had not any unfavora-
ble effect on the sensory properties of cheese samples. But,
Aworh and Egounlety (1985) found that the potassium sorb-
ate added to West African soft cheese was effected as unfa-
vorable the cheese flavor. Panelists preferred the raw and
cheese samples ripened for 1 months more than the other
ripened periods (60 and 90 days). This state can be sourced
from the unfavorable aromatic matters as free fatty acids and
casein break down products formed during ripening periods
for 60 and 90 days.

Conclusion

The highest mould count of Kashar cheese samples was
found at control samples salted in scalding water, salted as
dry and sorbated samples contained the lowest counts. For
this reason, Kashar cheese must be sorbated for unmoulding.
In the all cheese samples, pH value decreased the 30 and 60
days of ripening, but increased the 90 days. The highest wa-
ter soluble nitrogen and ripening degree was found in

Original Article/Full Paper

Kashar cheese samples salted as dry. However, the sorbate
adding to Kashar was increased the ripening level of Kashar
cheese. The TCA-SN and PTA-SN ratio increased in cheese
samples wich dry salted according to salted in scalding wa-
ter. It was determined that there was no adverse effect of
sorbate on ripening of Kashar cheese samples. Generally,
panelists preferred the Kashar cheese samples ripenned for
5™ days and 30" days of ripening time.
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ABSTRACT

The most of plant foods, nuts and cereals contain antinutrient compounds. They reduce to mineral
bioavailability and protein absorption of foods thanks to their chelating properties. They causes to
micronutrient malnutrition and mineral deficiencies. The micronutrient malnutrition is a widespread
global health problem not only in developing but also in many countries. Increasing micronutrient
intake in food through food processing based approaches is a sustainable method of prevention of
micronutrient malnutrition which should be achieved through food diversification. There are tradi-
tional and technological methods that provide reducing of antinutrient compounds.The pretreatment
and processing techniques as soaking, fermentation, germination, debranning, and autoclaving are
even traditional methods which use generally in consumption of foods.Removing antinutrients, the
bioavailability of some cation (Ca, Fe and Zn) and the absorption of proteins make to increase and
consequently nutrition value of food increase. It is possible to reduce antinutrient factors by using
domestic or industrial basic food processing techniques alone or in combination.This review focused
on various methods to reduce antinutrients in food such as phytic acid, tannin, and oxalate in food
grain to improve nutritional quality of foods.

Keywords: Micronutrients, Antinutrients, Digestibility, Bioavailability
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Introduction

The malnutrition influences more than half of the world
population, especially in developing countries in which the
plants to be a major source of food. The deficiencies of mi-
cronutrients such as minerals and vitamins have caused to
be most serious health problems (Jorge et al., 2008). The
solely total micronutrient content is not important in foods,
their bioavailability is more effective factor than their level.
In unrefined foods the low bioavailability of minerals causes
metabolic disorder related to these nutritional factors.
Therefore improving the nutritional value of such type of
foods will improve the nutritional status of the population
(Steiner et al., 2007; Gupta et al., 2015).

Phytate has long been recognized as an antinutritional factor
affecting the bioavailability of major minerals such as Ca
and trace ones such as Fe, Cu, Zn and Mn. Other antinutri-
ents of importance in foods are tannins, polyphenols, oxalats
and tripsins. The known that they limit the bioavailability of
food materials (Eltayeb et al., 2007). Decreasing of antinu-
tritional factors is very advantageous, due to their influences
on nutrition. However, many antinutrients besides their pri-
mary effects on the bioavailability of nutrients may also be
toxic beyond a certain dose, for example oxalate or cyano-
genic acid. Therefore interest has grown to reduce their an-
tinutritional effects nowadays (Novak and Haslberger,
2000).

Soaking, dehulling, cooking and fermentation are important
traditional methods used to reduce antinutrients. Further-
more germination and fermentation enhance the nutritional
value of cereals ad legumes by causing significant changes
in chemical composition and elimination of antinutritional
factors (Abdelrahaman et al., 2005).

The aim of this review was to evaluate the effect of pro-
cessing methods which can be decrease the level of antinu-
trients such as phytic acid, polyphenols and tannin which are
mostly found in food materials.

Antinutrients in Foods

The compounds such as phytic acid, tanin and polyphenols
found in leguminous, vegetables and cereal grains are
known as anti-nutritional factors affecting the bioavailabil-
ity of proteins, minor minerals such as Zn, Fe, Cu and major
minerals such as Ca and P. Antinutrients reduce the maxi-
mum utilization of nutrients (especially proteins, vitamins
or minerals), and as a consequence they obstruct an optimal
bioavailibility of the nutrients present in a food and decrease
its nutritive value (Eltayeb et al., 2007).

Phytic acid myoinositol is 1,2,3,4,5,6-hexa dihydrogen
phosphate. It is the major storage form of phosphorous com-
prising 1-5% by weight in cereals, nuts and legumes (Vats
and Banerjee, 2004). Moreover it include 50-85 % of total
phosphorous in plants (Reddy et al., 1982). Cereals, leg-
umes, oil seeds, hard shelled fruits, which are necessary in
human nutrition, are the considerable phytic acid sources.
They represents approximately 40 % and 60 % of total cal-
orie intake for daily human diet (Schlemmer et al., 2009).
Especially cereals and cereal products are rich in phytic acid
content. In cereal grains such as wheat and rice, it is gener-
ally found in bran fraction such as aleurone layer and peri-
carp, in corn it is seen in endosperm (Gupta et al., 2015). It
was reported that the phytic acid concentration in wheat
germ and wheat bran are 1.1-3.9 % and 2.0-5.3 % respec-
tively (Kasim and Edwards, 1998). The phytic acid content
is upto 8.7 % in rice bran (Lehrfeld, 1994; Zhang and Bai,
2014). Therefore, the rafination of the cereals significantly
effect to phytic acid content (Suma and Urooj, 2014). The
phytic acid content varies from approximately 1.0-5.4 % of
the other group oilseeds which includes soybeans, sesame
seeds, sunflower kernels, linseeds and rape seeds (Lolas et
al., 1976). Another group of foods contained phytic acid is
nuts such as walnuts, almond, in which phytic acid content
ranged from approx. 0.1-9.4 % (Chen, 2004; Venktachala-
mandSathe, 2006; Schlemmer et al., 2009). Phytic acid acts
blocking the absorption of minerals such as Fe, Zn, and Ca.
For that reason it also named antinutritive agent. This bind-
ing phenomonia caused to insoluble salt form with poor bi-
oavailability of minerals (Urbano et al., 2000; Feil, 2001).

Another antinutrient groups in foods are tannins and free
phenolics. In terms of human nutrition, the content of both
tannins and total free phenolics are not desirable for human
consumption. Whereas phytic acid reduces the bioavailabil-
ity of some essential minerals, tannins inhibit the digestibil-
ity of protein (Rehman and Shah, 2001). It was reported that,
phenolic compounds decreased the digestibility of proteins,
carbohydrates and the bioavailability of vitamins such as
vitamin B12 and minerals (Liener, 1994). They also de-
creases the activity of digestive enzymes such as trypsin,
chymotrypsin lipase and a — amylase.

Oxalic acid is a dicarboxylic acid generally found in plants
and animals. Besides dietary intake it in the human body
may also be derived from metabolism of ascorbic acid and
glyoxylate. The previously conducted studies reported that
star fruit, spinach, amaranth, bamboo shoot, ginger, almond,
cashew, pine nut, hazel and peanut contained high levels of
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oxalateas. Moreover, water spinach, Chinese wolfberry,
black glutinous rice, dragon fruit, rice bean, abalone fruit
and Chinese torreya fruit were also presented as high oxa-
late-foods (Ruan et al., 2013). The consumption of high
amount of oxalate could be fatal, because of oxalosis or the
formation of calcium oxalate deposits in vital tissues or or-
gans of the body (Sanz and Reig, 1992). The oxalate intake
should be to less than 40-50 mg per day recommended by
the American Dietetic Association, (2005) for the patients
with kidney stone problems.

Technological Processes and Changes in Antinutrients
Content

Most of the anti nutritive substances become ineffective or
their level can be reduced with simple treatments such as
heating, soaking, germination or autoclaving.

Milling and Debranning

Milling is the most commonly used method to remove the
bran layer from grains. Furthermore this technique removes
the antinutrients such as phytic acid but also has major dis-
advantages as it also removes major parts of minerals and
dietary fibers (Gupta et al., 2015).

Soaking

The soaking is an easy method used generally in daily life
and an important method helped in germination and fermen-
tation of cereals. During soaking, phytase enzyme activates
and effects to antinutrient compounds. Soaking process has
both physical and chemical positive effects in structure of
foods. For this reason, cereals such as chickpea, wheat and
barley used to product in daily life should be consumed after
soaked for a while (Gupta et al., 2015).

This method is the complete submergence of grains in water
for a certain soaking period which results in the activation
of endogenous phytases. The endogenous phytases are pre-
sent in grains naturally. So by activation of these enzymes
with several treatment such as soaking it has been reported
that significant amount of phytic acid content in grains have
been removed. Soaking is widely applied and most im-
portant method in germination and fermentation process of
cereals. Furthermore it is a pretreatment before cooking for
all grains. Soaking of cereals with endogenous or exogenous
phytase increases in vitro solubility of minerals such as Fe
and Zn by 2-23% (Lestienne et al., 2005).

In this method, the soaking water’s heat and soaking time
act significant. In a study conducted by Greiner and
Konietzny (2006), soaking at temperature between 45°C

and 65°C and pH value between 5 and 6 a considerable per-
centage of phytate was hydrolysed. The grains and beans
soaking is quite effective for increasing in mineral and pro-
tein bioavailability as well as reduction of phytic acid (Cou-
libaly et al., 2011). The soaking duration and the combina-
tion with other treatments such as cooking are more effec-
tive that the only usage of soaking. As soaking time in-
creased from 2h to 12 h phytic acid content in chick pea de-
crease by 47.4 % to 55.71 % has been reported (Ertas and
Turker, 2014).

On the other hand disadvantages of treatment, it can be dis-
appearing of water soluble protein and minerals.

Fermentation

Fermentation is the one of the important processes that de-
crease the levels of antinutrients in food grains and increase
minerals extractability, in-vitro protein digestibility and nu-
tritive value of grains. The reduction in phytic acid during
fermentation could be attributed to the action of the enzyme
phytase released by microorganisms’ fermentation. There-
fore cereals based foods certainly should be consumed after
fermentation treatment. It reduces amounts of phytic acid,
tannin, polyphenols with fermentation treatment and it in-
crease food’s mineral bioavailability and digestibility
(Gupta et al., 2015).

Fermentation is the one of the processes that decrease the
levels of antinutrients in food grains and increase minerals
extractability (Badau et al., 2005). Fermentation of food
grains improves bioavailability of minerals and proteins.
The phytic acid is present in grains in the form of complexes
with metal cations such as Zn, Fe, Ca and proteins. The en-
zymatic degradation of phytic acid requires an optimum pH
(generally below pH 4.5) which can be provided by natural
fermentation such as be in sourdough fermentation (Hayta
and Hendek Ertop, 2017). The degradation of phytic acid
can increase the amount of soluble of minerals. It have been
reported that fermentation of millet grain for 12 h and 24 h
could reduce the food inhibitors, phytic acid and tannins
(Coulibaly et al., 2011). The natural fermentation also
named as spontan fermentation can achieve a large reduc-
tion in phytic acid in cereals and legumes by the action of
microbial as well as grain phytases. Because, the phytases
which is based on grain and microbiota act on phytic acid
during fermentation. The combination of fermentation with
other treatments such as germination are more effective that
the only usage of fermentation. There was recorded that
88.3% reduction in phytate content when germinated pearl
millet were fermented with mixed pure cultures of Saccha-
romyces diasticus, S. cerevisiae, Lactobacillus brevis and L.
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fermentum at 30 °C for 72 h (Kaur et al., 2014). Abdelra-
haman et al. (2005) reported that, germination and fermen-
tation enhance the nutritional value of pearl millet by caus-
ing significant changes in chemical composition and elimi-
nation of antinutritional factors.

Germination

Germination is highly effective method to reduction of
phytic acid content by up to 40% (Masud et al., 2007). Dur-
ing the germination process, the endogenous enzyme activ-
ity which has phytate degrading ability increases. This con-
dition provide to degradation and decline antinutrients as
phytic acid. In non-germinated cereal and legume grains
have a little endogenous activity (Greiner and Konietzny,
2006). In a study conducted by Marshall et al. (2011), cereal
grains were screened for phytic acid content and found that
germination for 10 days resulted in a significant reduction
(p<0.05) in the phytate contents of all cereal grains
screened.

Autoclaving and Cooking

Autoclaving is heat treatment application. Together with ap-
plication heat treatment to cereals or other vegetable goods,
acidity increase and phytase enzyme activate. The most of
foods become usefull and healty with heat treatment appli-
cation in daily diet. All legumes and some cereals are usu-
ally cooked either by simple boiling or in a pressure cooker
for their consuming. The literature is reported that simple
boiling improves the nutritional quality of food grains due
to reduction in antinutrients (Rehman and Shah, 2005).

The phytic acid content is greatly reduced during cooking
and soaking (Vellingiri and Hans, 2010). Together soaking
and cooking are much more effective to reduce phytic acid
level than only soaking for a short duration (Vidal-Valverde
et al., 1994). In a study, autoclave and microwave treat-
ments decreased phytic acid content as they also increased
total mineral content and HCl-extractability of minerals in
whole wheat bread (Mustafa and Adem, 2014).

It has been observed, by previous studies, that different
cooking methods improve the nutritional quality of food leg-
umes to various extents (Nielson, 1991; Chi-Fai et al.,
1997). Singh (1993) reported that improvement in protein
quality of pigeon was obtained after the partial removal of
polyphenols as a result of a simple boiling method. In an-
other study, it was founded that pressure cooking was more
effective than ordinary cooking in reducing the antinutrients
of black grams and mung beans (Kataria et al., 1989). More-
over it was revealed that the boiling and autoclaving in water

improved the protein quality of winged beans due to reduc-
tion in the levels of antinutrients (Kadam et al., 1987).
Rehman and Shah (2001), observed an improvement in pro-
tein digestibility of black grams due to removal of tannins
after pressure cooking.

Furthermore, it was reported by earlier studies that cooking
treatment improves the digestibility of starch through gelat-
inization and destruction of antinutrients (Mbofung et al.,
1999; Rehman et al., 2001). The improvement in starch di-
gestibility can based on due to hydrolysis of starch as a re-
sult of heat treatments. According to another phenomonia,
partial removal of tannins and phytic acid probably is cre-
ates a large space within the matrix, which increased the sus-
ceptibility to enzymatic attack and consequently improves
the digestibility of protein and starch after the cooking pro-
cess (Rehman and Shah, 2005).

It has been shown that a significant difference in oxalate
content was obtained according to cooking methods. For ex-
ample, when the taro samples were boiled in water for 40
min, oxalate content decreased by at least 47%. However,
when the samples were baked at 180 °C for 40 min, this
treatment did not bring about a significant change in the ox-
alate level (Savage and Martensson, 2010).

It was reported that the toasting process resulted in a signif-
icant reduction in trypsin-inhibitor activity of the toasted
meal of soybean relative to the seed (Novak and Haslberger,
2000).

According to different studies, among the various common
processing methods, the autoclaving treatment was found to
be more effective in reducing various antinutritional com-
pounds (Shimelis and Raksihit, 2007; Vadivel et al., 2007,
Doss et al., 2011). Doss et al. (2011), reported that the au-
toclaving, cooking and soaking processing methods were
found to reduced significant levels of various antinutritioanl
compounds such as total free phenolic respectively.

Conclusion

The processing methods of foods can significantly decrease
antinutrients. Genetic improvement as well as several pre-
treatment methods such as fermentation, soaking, germina-
tion also improves nutritional quality. Further decrease in
antinutritional factors can be obtained by the usage of vari-
ous fermentation methods such as spontaneus fermentation
named as sourdough method of the processed grains. Cost
effective processes for commercial and industrial produc-
tions should be developed. Future researchs are needed to
determine the optimal processing conditions and to appro-
priate delivery of phytase enzyme to foods.
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There are close negative corelation between the level of an-
tinutrients and the biovailability of micronutrients. For that
reason the studies for determination of in vitro bioavailabil-
ity of micronutrients in foods should be also done.

Nowadays there has been consumer’s tendency towards
food types that are produced with unrefined grains, cereals
and legumes such as whole wheat flour or wheat bran. In
this respect, the bioavailability of foods containing different
types of cereals and grain fractions has been expected to im-
prove by the use of this processes.
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Gilintimiizde gidalarda iz miktarlarda bulunan fakat saglik acisindan 6nemli etkiler gdsteren bile-
siklerin belirlenmesi iizerine yapilan ¢alismalar devam etmektedir. Biyojen aminler de 6zellikle
proteince zengin gidalarda ve fermente gidalarda mikrobiyal dekarboksilasyon veya aldehitlerin
ve ketonlarin deaminasyonu sonucu olusan ve saglik agisindan birgok etkileri olan bilesikler olarak
bu arastirmalara konu olmaktadir. Biyojen aminler viicutta bir¢ok fizyolojik fonksiyonun diizen-
lenmesinde gorev almakla birlikte viicutta yiiksek konsantrasyonlarda bulunduklarinda ise toksik
etki gosterebilmektedirler. Biyojen aminler viicut sisteminde amino oksidaz enzimleri tarafindan
detoksifiye (katabolize) edilebilmekte olup, bazi durumlarda bu enzimlerin yeterince aktivite gos-
terememesi sonucu bu aminler viicutta toksik etki gdsterebilmektedirler. Bu derlemede, biyojen
aminlerin fizyolojik etkileri, toksik etkileri ve detoksifikasyon mekanizmalar1 giincel literatiirler
incelenerek tartisilmistir.

Anahtar Kelimeler: Biyojen aminler, Fizyolojik etki, Toksik etki, Detoksifikasyon

ABSTRACT

THE IMPORTANCE OF BIOGENIC AMINES IN THE FOODS FOR HEALTH AND
THEIR DETOXIFICATION MECHANISMS

Nowadays, the researches about determination of compounds that are present at trace amounts in
foods and have significant effects on health have been proceeded. Biogenic amines, which are
formed by microbial decarboxylation or deamination of aldehites and ketones, especially in the
foods rich in proteins and fermented foods and have many effects on human health, subject to the
so-called researches. Biogenic amines play important roles in the regulation of many physiological
functions in the body, however excessive intake of biogenic amines could lead to toxicological
effects. These amines are detoxified (catabolized) by amine oxidase enzymes in the body, however
biogenic amines may cause toxicological effects in cases enzymes at issue are inactivated by some
substances. In this review, the physiological and toxicological effects of biogenic amines and their
detoxification mechanisms are discussed.

Keywords: Biogenic amines, Physiological effect, Toxicological effect, Detoxification
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Giris

Biyojen aminler bitki, hayvan ve mikroorganizma metabo-
lizmasi tarafindan 6zellikle proteince zengin ve fermente tip
gidalarda amino asitlerin dekarboksilaz enzimleriyle dekar-
boksilasyonu veya aldehit ve ketonlarin amino asit transa-
minaz enzimi ile deaminasyonu sonucu olusan diisiik mole-
kiiler agirlikli organik bilesikler olarak tanimlanmaktadirlar
(Brink vd., 1990; Ozdestan ve Uren, 2012; Silla-Santos.,
1996). Biyojen aminler kimyasal molekiil yapilarina gore
alifatik (putresin, kadaverin, spermin, spermidin, agmatin),
aromatik (tiramin, feniletilamin) ve heterosiklik (histamin,
triptamin) bilesikler olarak ya da icerdikleri azot sayisina
gore monoaminler (B- feniletilamin, tiramin), diaminler
(histamin, triptamin, putresin, kadaverin) ve poliaminler
(agmatin, spermin, spermidin) olarak siniflandirilabilmekte-
dirler (Halasz vd., 1994; Smith, 1980). Aminler, sentez-
lenme mekanizmalarina gore ise “dogal poliaminler” ve “bi-
yojen aminler” olarak da ayrilabilmektedirler (Azim, 2002;
Bardocz, 1995; Til vd., 1997).

Biyojen aminler iizerine yapilan cesitli ¢aligmalarda biyojen
aminlerin taze gidalarda diisiik konsantrasyonlarda veya hig
bulunmadiklar1 belirlenmis olmakla birlikte; balik ve iirlin-
leri, et ve tirlinleri, siit ve iiriinleri gibi yiiksek proteinli gi-
dalar ile sarap, bira, sebzeler, meyveler gibi diisiik proteinli
gidalar ve kabuklu yemis, ¢ikolata ve fermente gidalarda da
toksisiteye yol acabilecek yiiksek konsantrasyonlarda bulu-
nabildikleri belirtilmektedir (Askar ve Treptow, 1986; Brink
vd., 1990; Flick vd., 2004).

Gidalarda olusan en dnemli biyojen aminler histamin, B-fe-
niletilamin, tiramin, triptamin, putresin, kadaverin, agmatin,
etilamin, etanolamin, spermin ve spermidindir (Ozdestan ve
Uren, 2012; Stadnik ve Dolatowski, 2010). Gidalarda olu-
san biyojen aminler, gidalarin bozulmalar, tazelikleri ve
gida giivenligi ile yakindan ilgili olup, histamin, putresin,
kadaverin, spermidin ve tiramin gibi biyojen aminler ve
bunlarin konsantrasyonlar1 gidalardaki tazeligin gosterilme-
sinde indikatdr maddeler olarak kullanilabilmektedirler. Bu
sebeple biyojen amin analizleri temel olarak hammadde, ara
iiriinler ve son tirtinlerin kalite kontrolleri ile fermantasyon
stirecinin izlenmesi, proses kontrolii, arastirma ve gelistirme
gibi aktivitelerde dnemli olmaktadir (EFSA, 2011; Giirbiiz,
2002; Onal, 2007; Uylaser ve Konak, 2004).

Biyojen aminlerin insan ve hayvanlarin ¢esitli fizyolojik
fonksiyonlarinin diizenlenmesinde gorev aldiklari ancak vii-
cuda yliksek miktarlarda biyojen amin alinmasi ile viicudun
dogal amin detoksifikasyon kapasitesi asilabildiginden, bu
aminler viicutta yeterince detoksifiye edilememekte ve tok-
sik etkiler gosterebilmektedirler (Karovi¢ova ve Kohajdova,

2005; Ozogul vd., 2004; Yerlikaya ve Gokoglu, 2002). An-
cak gidalarda bulunan biyojen aminlerin gosterdigi toksik
etkiler sadece ortamda bulunan tek bir biyojen amininin var-
ligina bagli olmamakta, ayn1 zamanda ortamda bulunan di-
ger aminlerin sinerjistik etkisine de bagh olmaktadir (Alva-
rez ve Moreno-Arribas, 2014). Cesitli ¢calismalardan elde
edilen bilgiler tek bir biyojen aminin veya birden ¢ok biyo-
jen aminin birlikte bulundugu durumlarla ilgili olarak saglik
acisindan kantitatif risk analizini yapmak icin yeterli bulun-
mamaktadir. EFSA’da histamin ve tiramin i¢in bir Kisinin
bir 6giinde tiiketebilecegi ve saglik lizerinde olumsuz etkiler
gostermeyen maksimum miktarlar belirtilmistir. Buna gore;
saglikli bireyler i¢in 50 mg histamin en fazla tiiketebilecek
miktar iken, histamin intoleransi olan bireylerde bu miktar
tespit edilebilen limit degerlerinin ¢ok daha altinda kalmak-
tadir. Tiramin i¢in ise bu miktarlar; monoamino oksidaz in-
hibitérii (MAOI) ilaglarint kullanmayan saglikli bireyler
icin 600 mg, ti¢lincii nesil MAOI ilaclar1 kullanan bireyler
icin 50 mg ve klasik MAOI ilaglar kullanan bireylerde ise
6 mg olarak belirlenmistir (EFSA, 2011).

Biyojen aminler saglik iizerinde olumsuz etkiler gosterebil-
diginden, gidalarda biyojen amin olusumunun Onlenmesi
Oonem tasimaktadir. Modifiye atmosferde ambalajlama, yiik-
sek basin¢ uygulamalari, 1g5inlama uygulamalari, gidalarin
iiretiminde amin negatif starter kiiltiirlerin kullanilmasi ve
gidalara koruyucu maddelerin eklenmesi gibi uygulamalarla
gidalarda biyojen aminlerin olusumu Onlenebilmektedir
(Mohamed ve Toliba, 2013; Naila vd., 2010).

Biyojen Aminlerin Saghk A¢isindan Onemi
Biyojen aminlerin fizyolojik etkileri

Farkl1 tipteki bir¢ok biyojen aminin viicutta 6nemli ve ¢esitli
biyolojik etkilerinin mevcut oldugu, ozellikle okaryotik
hiicrelerde; hormonlarin, alkaloidlerin, niikleik asitlerin ve
proteinlerin sentezlenmesinde azot kaynagi olarak Onciil
maddeler olarak kullanildigi, organizmada viicut sicakligi-
nin diizenlenmesi, kan basincinin azaltilmasi ve arttirilmasi
gibi birgok islevlerin yerine getirilmesinde rol oynadiklari
belirlenmistir (Colak ve Aksu, 2002; Karovi¢ova ve Kohaj-
dova, 2005; Spano vd., 2010). Prokaryotik hiicrelerde ise bi-
yojen aminlerin fizyolojik rollerinin, biyojen amin olusu-
muyla ortam pH’smin yiikselmesi ve boylece mikroorganiz-
malarin asidik ortam etkisinden korunmasi oldugu belirtil-
mektedir (Alper ve Temiz, 2001; Lee vd., 2007; Rhee vd.,
2002). Baz1 aragtirmalarda ayrica, Escherichia coli bakteri-
sini oksidatif strese karsi koruyan 0xyR geninin putresin
konsantrasyonuyla artmakta oldugu belirtilmistir (Lee vd.,
2007; Rhee vd., 2002; Spano vd., 2010).
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Etki sekillerine gore biyojen aminler, vazoaktif (damar sis-
temine etkili) ve fizyoaktif (sinir sistemine etkili) aminler
olarak ayrilabilmektedirler (McCabe-Sellers vd., 2006). Ti-
ramin, triptamin ve feniletilamin gibi vazoaktif aminler, da-
mar sistemlerini direkt veya indirekt olarak etkilerken; his-
tamin, putresin ve kadaverin gibi fizyoaktif aminler de mer-
kezi sinir sistemindeki norotransmitterleri etkilemektedirler
(Cardozo vd., 2011). Katekolaminler, indolaminler ve hista-
min gibi aminlerin bazilar1 insanlarda 6zellikle sinir siste-
minde ve kan basincinin kontrol edilmesi gibi metabolik
fonksiyonlarda 6nemli etkiler gosterebilirken, feniletilamin
ve tiramin kan basincini arttirmakta, histamin ise aksine kan
basincini diigiiriicii etki gosterebilmektedir (Haldsz vd.,
1994; Stratton vd., 1991; Taylor, 1986). Putresin, kadaverin
ve spermidin gibi bazi biyojen aminler serbest radikal siipii-
riicii olarak davranabilirken tiramin ise amino ve hidroksil
gruplarinin etkisiyle konsantrasyonunun artistyla baglantili
olarak dnemli Sl¢lide antioksidan aktivite gosterebilmekte-
dir. Spermin de amino grubundan hidrojen vericisi aracili-
giyla tokoferoksil radikalinden tokoferol sentezleyebil-
mekte ve bdylece antioksidan aktivite gosterebilmektedir
(Karovicova ve Kohajdova, 2005). Putresin, spermidin ve
spermine genellikle hayvanlar ve bitkilerde rastlanirken;
birgok bakteride ise putresin ve spermidine rastlanilmakta-
dir (Halasz vd., 1994; Yerlikaya ve Gokoglu, 2002).

Tiim yasayan hiicrelerde biyojen aminler fizyolojik ve me-
tabolik prosesler sirasinda sentezlenmekte ve insan viicu-
dunda; yenilenme, normal metabolik fonksiyonlarin aktivi-
tesinin stirdiiriilmesinde, bagirsaklardaki immiinolojik sis-
temde ve viicuttaki her organin metabolizmasi i¢in de ge-
rekli maddeler olarak karsimiza ¢ikmaktadirlar (Colak ve
Aksu, 2002; Halasz vd., 1994; Karovicova ve Kohajdova,
2005; Tassoni vd., 2004). Poliaminlerden, 6zellikle spermi-
din temel olarak sindirim sisteminde gida alerjenlerinin ali-
min1 diizenleyerek ¢ocuklarda alerjinin dnlenmesinde gorev
alirken; serotonin ise merkezi sinir sisteminde ve bagirsak-
larda sentezlenip, merkezi sinir sisteminde nérotransmitter
olarak duygularin diizenlenmesi (uyku, susama, aglik, ruh
hali ve cinsel aktivite) gibi ¢ok sayida fizyolojik fonksiyo-
nun yapilandirilmasinda gorev almaktadir (Kala¢, 2014;
Rodriguez vd., 2014).

Biyojen aminlerin toksik etkileri

Insan saglig1 agisindan yararl olan pek ¢ok kritik fonksiyo-
nun yerine getirilmesinde farkli yapidaki birgok biyojen

amine ihtiya¢ duyulmasina karsin, yiiksek miktarlarda biyo-
jen amin i¢eren gidalarin tiiketimi sonucu bazi toksik etkiler
de goriilebilmektedir (Guo vd., 2015). Ayrica alkol ve ase-
taldehit gibi diger bilesikler de biyojen aminlerin bagirsak
ceperinden gecisini arttirdigindan, biyojen aminlerin toksik
etkilerini arttirabilmektedirler (Ruiz-Capillas ve Jiménez-
Colmenero, 2005; Stadnik ve Dolatowski, 2010). Histamin
ve tiramin en toksik ve gida giivenligi agisindan en 6nemli
biyojen aminler olarak kabul edilmektedirler (EFSA, 2011).
Yiiksek miktarda biyojen amin igeren gidalarin alinmasi ile
histamin ve tiramin toksinlerinin neden oldugu, histamin ze-
hirlenmesi (Scombroid zehirlenme) ve tiramin zehirlenmesi
(peynir reaksiyonu) olarak bilinen zehirlenmelere neden ol-
dugu gibi, Tablo 1°de belirtilen ¢esitli farmakolojik (viicutta
meydana gelen etkiler) etkilerin de ortaya ¢cikmasina neden
olmaktadirlar (Smith, 1980; Stratton vd., 1991).

Histamin zehirlenmesi

Histamin balik, peynir, et ve iiriinleri gibi gidalarda belirle-
nen ve bir kere olugtuktan sonra 1s1 etkisiyle dekompoze edi-
lemeyen, kardiyovaskiiler sistem ve gesitli salg1 bezlerinin
hiicresel membranlarinda bulunan reseptorlere baglanarak
Tablo 1°de belirtilen toksik etkileri gosteren en toksik etkili
biyojen amindir (Chong vd., 2011; Colak ve Aksu, 2002;
Rodriguez vd., 2014).

Histamin zehirlenmesine genellikle Scombridae ve Scombe-
resocideae familyasina ait (uskumru, ton balig, torik vb.)
baliklar neden olmakla birlikte, bu familyaya ait olmayan
(sardalya, hamsi, ringa gibi) baliklar ve ayrica bazi peynir
cesitleri (Gouda, Swiss, Cheddar, Gruyere vb. peynirlerinde
oldugu gibi) de histamin zehirlenmelerine neden olabilmek-
tedirler (Colak ve Aksu, 2002; Shalaby,1996; Taylor, 1985;
Taylor, 1986). Fermente et {irlinlerindeki histamin diizeyi de
eger yiiksek miktarda tiiketilirse toksik etki olusturabilecek
seviyelere ulagsmaktadir (Stratton vd., 1991).

Literatiirde, farkli balik ¢esitleri igin farkli sicakliklarda ya-
pilan depolamalar sonucu histamin miktarinin degisimi ile
ilgili cesitli ¢aligmalar bulunmaktadir. Chong vd. (2014)
yaptiklari ¢galigmada Hint uskumru baligini buzda (0°C) ve
oda sicakliginda (25-29°C) depolamis ve histamin miktari-
nin degisimini belirlemiglerdir. Yapilan ¢alismada; taze ba-
likta histamin tespit edilemedigi, oda sicakliginda 20 saatlik
depolama sonucunda ise drneklerde 961.64 ppm histamin
belirlendigi, buzda 16 giinliik depolama sonucunda ise 8.31
ppm histamin bulundugu ifade edilmektedir.
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Tablo 1. Gidalardaki biyojen aminler ve farmakolojik etkileri (Alvarez ve Moreno-Arribas, 2014; Halasz vd., 1994; Sha-

laby, 1996; Smith, 1980; Velisek, 2014).

Table 1. Biogenic amines in the foods and their pharmacological effects

Amin Onciisii Diger Uriinleri Farmakolojik Etkileri
Adrenalin ve noradrenalin salinimi. Rahim,
bagirsak ve solunum sistemi diiz kaslariin
Histamin Histidin uyarilmasi. Duyusal ve motor ndronlarin uyaril-
(Alifatik, Diamin) mast. Mide salgisinin kontrol edilmesi. Kan basin-
ciin azaltilmasi. Anafilaktik sok ve alerjik reaksi-
yonlarin goriilmesi.
Dopamin 6ncii maddesi. Kan basimcimin
Dopamin, arttirilmasi. Kalp atisinin hizlandirilmasi. Gézyast
Tiramin Tirozin epinefrin, salgilanmasi. Solunum hizinin
(Aromatik, Monoamin) norepinefrin, arttirilmasi. Kan sekeri seviyesinin arttirtlmast.
sinefrin, hordenin Sempatik sinir sisteminden noradrenalin
salgilanmasi. Migren olusumuna yol agma.
. Hipotansiyon. Diisiik nabiz. Tetanoz. El ve
Putresin ve . . . . S
. . . N-metilputresin, ayaklarda kismi felg. Diger aminlerin
Kadaverin Ornitin ve li- . L ety
(Alifatik, Diamin) sin sperm!dln, toksisitesinin arttirtlmasi. Makromolekiillerin
' spermin (niikleik asitlerin) stabilizasyonu, hiicre boliinme-
sinin uyarilmasi, bitkisel hormon.
Tiramin, Sempatik sinir sisteminden noradrenalin
B-feniletilamin Eeniletilamin dopamin, salgilanmasi. Kan basimcinin arttirilmasi. Migrene
(Aromatik, Monoamin) epinefrin, neden olma. Memeli sinir sisteminde norotrans-
norepinefrin mitter. Sinir sistemi diizenleyicisi.
Triptamin Triptofan Serotonin, melatonin | Kan basincinin arttirilmasi
(Heterosiklik, Diamin) P ' :
. Putresin, Makromolekiillerin (niikleik asitlerin)
Agmatin o - . o .. e .
A - Arjinin N-metilputresin, stabilizasyonu, hiicre boliinmesinin uyarilmasi,
(Alifatik, Poliamin) L . o
spermidin, spermin bitkisel hormon.
DOpamm_ (Aromatik, Dopa quEpmemn’ Beyinde norotransmitter madde.
Monoamin) epinefrin

Jinadasa vd. (2015) sar1 yiizgecli orkinos baligini1 0°C, 4°C
ve 7°C’de 21 giin boyunca depolay1p, baliklardaki histamin
miktarin degisimini incelemiglerdir. Yapilan ¢aligmada;
depolamanin baslangicinda balikta bulunan histamin mik-
tart 11 £3 mg/kg olarak belirlenirken, depolama sonunda
0°C, 4°C ve 7°C’de depolama igin sirasiyla 2115, 59 +44
ve 136 £25 mg/kg olarak belirlenmistir. Baliklarin farkl si-
cakliklarda depolanmasi ile ilgili yapilan ¢aligmalarda aras-
tirmacilar ¢cok farkli sonuglar kaydetmiglerdir. Bu durum
aragtirmacilar tarafindan baliklarda bulunan mikroorga-
nizma ¢esitlerinin ve miktarlariin farkli olmasiyla aciklan-
maktadir (Visciano vd., 2012).

El-Kosi vd. (2009) tarafindan yapilan bir calismada da, Ras
peyniri (Misir’da olgunlastirilarak iiretilen bir peynir ¢esidi)

7°C, 22°C ve 32°C’de 120 giin boyunca depolanmis ve de-
polama boyunca orneklerdeki histamin miktarindaki degi-
simler saptanmistir. Yapilan bu ¢aligmada, baslangigta 1.73
mg/100 g olan histamin miktarinin, 120 giinlilk depolama
sonucunda 7°C, 22°C ve 32°C i¢in sirasiyla 32.57, 76.70 ve
175.30 mg/100g diizeyine ¢iktig1 ifade edilmektedir. Yapi-
lan ¢esitli calismalar géz 6niinde bulunduruldugunda hista-
min olusumunun, sicaklik ve depolama siiresinin artmasiyla
artig gosterdigi goriilmektedir. Bu nedenle riskli gidalarda
bu faktérler g6z 6niinde bulundurularak tiretim yapilmahidir.

Histamin diisiik seviyedeyken tek basina zehirlenmeye ne-
den olmamakla birlikte ortamda putresin ve kadaverin gibi
diger biyojen aminlerin olmasi; diamino oksidaz (DAO) en-
zimlerini inhibe etmekte, histaminin bagirsaklardan gegisini
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arttirmakta ve bdylece histaminin toksik etkisini 5 kat arttir-
maktadir (Emborg ve Dalgaard, 2008; Hernandez-Jover vd.,
1997; Rodriguez vd., 2014; Taylor ve Speckhard, 1983).
Saglikli insanlar diyetteki histamini hizlica metabolize ede-
bilmektedirler fakat histaminin birikmesiyle histamin detok-
sifikasyon kapasitesi agilabilmekte ve boylece histamin tok-
sisitesi goriilebilmektedir. Alkol, antihipertensif, antidepre-
san, antihipotonikler, antiaritrik ilaglar ve diamino oksidaz
enzimini inhibe eden diger ilaglar1 kullanan kisilerde hista-
min intoksikasyonu siiphesinin artti§1 belirtilmektedir
(Chong vd., 2011).

Tiramin zehirlenmesi

Peynir reaksiyonu olarak da adlandirilan tiramin zehirlen-
mesinin; peynir tiiketiminin, monoamino oksidaz inhibitorii
(MAQOI) ilaglarla tedavi goren hastalarda hipertensif rahat-
sizliklara yol acan baslica gida oldugu bildirilmektedir
(Spano vd., 2010). Bu hastaligin peynir reaksiyonu olarak
adlandirilmasmin temel nedeni, toksik vakalarin ¢gogunun
peynir tiiketimine bagl olarak olusmasidir fakat sadece pey-
nir degil ayn1 zamanda maya ekstraktlari, salamura ringa ba-
1g1, kuru sosis, alkollii igecekler, cogu baklagiller, tavuk ka-
racigeri, bira gibi gidalarin da bu reaksiyona neden olabile-
cekleri belirtilmektedir. Yiiksek miktarda tiramin iceren gi-
dalar tiiketildiginde, metabolize olamayan yiiksek miktarda
tiramin kana gegmekte ve bu da sempatik sinir sisteminden
noradrenalinin salinmasina neden olmakta, boylelikle ¢ev-
resel damarlarin biiziilmesi ve kalp atiglarinin hizlanmasiyla
kan basinci artmaktadir. Yiiksek miktarda tiramin igeren gi-
dalarm tiiketilmesi sonucu monoamino oksidaz enzimini in-
hibe eden maddeleri (cogu kez ila¢ kaynakli) viicutlarinda
bulunduran bireylerde Tablo1’de belirtilen toksik etkiler or-
taya ¢ikabilmektedir (Gloria, 2005; Smith, 1980; Shalaby,
1996).

Budak vd. (2008) tarafindan yapilan ¢alismada, beyaz pey-
nirin 4°C, 10°C ve 20°C’de 90 giin depolanmas1 sonucunda
tiramin miktarinda depolama boyunca degisme gdzlenme-
digi, depolama baslangici ve sonunda peynir drneklerinde
tiraminin tespit edilemedigi belirtilmistir.  El-Kosi vd.
(2009) tarafindan yapilan ¢alismada ise Ras peyniri 7°C,
22°C ve 32°C’de 120 giin boyunca depolanmis ve tiramin
miktarindaki degisimler belirlenmistir. Yapilan ¢alismada,
baslangigta 0.03 mg/100 g olan tiramin miktarinin, 120 giin-
lik depolama sonucunda 7°C, 22°C ve 32°C igin sirasiyla
1.69, 3.26 and 10.95 mg/100g diizeyine ifade edilmistir.

Diger biyojen aminler

Diger biyojen aminlerden spermin ve spermidin gibi viicut
fizyolojisi agisindan yararli oldugu belirlenmis poliaminle-
rin alinan miktara gore, gida alerjisiyle iliskili olabildikleri

belirtilmektedir (Ruiz-Capillas ve Jiménez-Colmenero,
2005). Ayrica spermin, spermidin ve putresin biliylime ve
gelismede 6nemli rol oynadiklarindan katabolize edilmeleri
smirlidir boylelikle tiimor gelisimini hizlandirabilmektedir-
ler, bundan dolay1 kanser tedavisi arastirmalarinin en 6nemli
hedeflerinden birinin de kanserli hastalarda poliaminlerin
inhibe edilmesinin oldugu ifade edilmektedir (Bardocz,
1995; Rodriguez vd., 2014). Poliaminlerin dogrudan kanseri
tetiklemedikleri, buna karsin tiimér gelisimini hizlandirdik-
lar1; viicutta poliamin miktarinin artmasiyla hiicre boliinme-
sinin artt1g1, ¢evredeki bagisiklik hiicrelerinin antitiimor ba-
g1s1klik fonksiyonlarini kaybettigi ve boylelikle kanser hiic-
relerinin istila etme ve yayilma yeteneklerinin arttig1 belir-
tilmektedir (Soda, 2011).

Putresin ve kadaverin gibi alifatik aminler ve triptamin ve
B- feniletilamin gibi heterosiklik aminler, aromatik aminlere
gore daha az toksik etki gdstermelerine ragmen yiiksek mik-
tarlarda alindiklarinda Tablo 1’de belirtilen toksik etkileri
gosterebilmektedirler. Ayrica putresin (nitrozopirolidin’e),
kadaverin (nitrozopiperidin’e), agmatin, spermin, tiramin ve
spermidin gibi sekonder aminler ise, nitrit ile reaksiyona gi-
rerek karsinojenik nitrozaminlere doniisebilmektedirler
(Brink vd., 1990; Gléria, 2005; Joosten, 1988; Silla-Santos.,
1996). Serotonin ise diisiik miktarlarda alindiginda risk
olusturmazken, genetik bozuklugu olan bireylerde veya mo-
noamino oksidaz inhibitorii (MAOI) ve serotonin sendro-
muna neden olan diger ilaglarin tedavide es zamanli olarak
kullanilmasiyla Serotonin Sendromu denilen (nadir olarak
goriilen ancak 6liimciil olabilen) reaksiyona neden oldugu
kaynaklarda belirtilmektedir (Ozdemir ve Kocabasoglu,
2007).

Biyojen Aminlerin Detoksifikasyonu (Katabolize
Edilmesi)

Biyojen aminler potansiyel toksik etkilerinden dolay1 ol-
dukga 6nemli bilesiklerdir ancak tiim biyojen aminlerin ayni
toksik etkiye sahip olmadiklari bilinmektedir. Histamin, ti-
ramin ve feniletilamin en fazla toksik etki gdsteren biyojen
aminler olmasi nedeniyle gidalarda biyojen aminlerin yasal
sinirlandirilmasinda daha ¢ok bu aminler 6n plana ¢ikmak-
tadir. Histamin zehirlenmesine yaygin olarak diinya gene-
linde rastlanilmakla birlikte, peynir tiiketiminin yiiksek ol-
dugu iilkelerde, tiraminin tek bagina ve yiiksek konsantras-
yonlarda viicuda alinmasiyla beraber tiramin zehirlenmesi
goriilebilmektedir. Bu nedenle Almanya ve Hollanda gibi
iilkelerde balik ve sarap gibi iiriinlerde histamin degeri i¢in
iist limit degerleri belirtilmekteyken, lilkemizde ise sadece
balikta histamin konsantrasyonu i¢in bir iist sinir degeri ve-
rilmistir (Ozdestan ve Uren, 2012; Silla-Santos., 1996; Sha-
laby, 1996). Saglikl bireylerin gidalardaki biyojen aminleri
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cogunlukla asetilasyon veya monoamino oksidaz (MAO) ve
diamino oksidaz (DAQ) enzimlerini kullanarak oksidasyon
mekanizmasi ile katabolize ettikleri, ancak poliaminlerin
genellikle asetillendirildikten sonra diamino oksidaz (DAO)
ve poliamino oksidaz (PAO) enzimleri tarafindan okside
edildikleri belirtilmektedir (Gloria, 2005; Rodriguez vd.,
2014). Biyojen aminler viicuda ¢ok fazla miktarda alinma-
diklar1 siirece insanlarda saglik riski gostermemekle birlikte
alerjisi olan bireylerde, biyojen aminleri katabolize eden en-
zimlerin inhibe edildigi veya genetik bozuklugun oldugu
durumlarda detoksifiye edilemeyip viicutta birikebildikleri
ve toksik etki gosterebildikleri ifade edilmektedir (Halasz
vd., 1994; Karovicova ve Kohajdova, 2005; Rodriguez vd.,

Sindirilmis bivojen aminler

2014; Stadnik ve Dolatowski, 2010). Solunum sistemi has-
taliklari, koroner kalp hastaliklar1 ve hipertansiyon problemi
olanlar, B1, vitamini eksikligi olan bireyler, gastrointestinal
problemleri olan (gastrit, tahris olmus bagirsak sendromu,
Crohn hastaligi, gastrik ve kolon {ilseri) bireylerin bagisiklik
sistemiyle ilgili problemleri veya bagirsaklarinda daha az
amino oksidaz enzimi bulundurmalar1 nedeniyle biyojen
aminlere daha duyarli olduklar1 ifade edilmektedir
(Bardocz, 1995; Rodriguez vd., 2014).

Sekil 1’de gosterilen oksidasyon mekanizmasi biyojen
aminlerin yikimlanmasi i¢in temel yol olmasina ragmen,
metilasyon ve asetilasyon da histaminin yikimlanmasinda
etkili olmaktadir (Gléria, 2005; Lehane ve Olley, 2000).

NH,
Normal alindiginda Wi -
Q_CHZ_NHZ = D:O lcl:_H .. Detoksifikasyon
H,0,
Fazla alindiginda
Q-CHZ—NH2 — G'CHz‘NHz————?’ Toksik etkiler

Bagirsak ortam

Kan damarlanr

Sekil 1. Biyojen aminlerin bagirsaklarda oksidasyon mekanizmasi ile katabolize edilmesi (Kantaria ve Gokani, 2011).

Figure 1. Catabolism of biogenic amines by oxidation mechanism in the human intestinal tract
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Histamin ve putresin bagirsaklarda DAO enzimleri tarafin-
dan deamine edilirken, tiraminin yikimlanmasi birkag kata-
bolitik reaksiyonla gergeklestirilebilmektedir. Tiramin daha
cok gastrointestinal mukoza ve karacigerde metabolize edil-
mekte ve tiramin katabolizmasi i¢in temel yol MAO tarafin-
dan gerceklestirilen p-hidroksifenil asetik aside oksidatif
deaminasyondur. Diger yollar ise dopamin-B-hidroksilaz ta-
rafindan oktopamine oksidasyon, N-metil transferaz tarafin-
dan N-metil tiramine metilasyon ve siilfat veya asetat grup-
lart ile konjugasyondur (Gloria, 2005; McCabe-Sellers vd.,
2006).

Genel anlamda memeliler, histaminin % 60-80’ini oksidatif
deaminasyon ile katabolize edebilmektedirler buna karsin
insan viicudunda histamin, amino oksidazlarin etkisiyle iki
farkli mekanizmayla katabolize edilebilmektedir. Birinci
mekanizmada, imidazol ¢evrimindeki azot, N-metilhistamin
olusturmak tizere histamin N-metiltransferaz (HMT) tara-
findan metillendirilir daha sonra monoamino oksidaz tara-
findan N-metil imidazol asetik aside okside edilmekte;
ikinci mekanizmada ise histamin, riboza baglanan diamino
oksidaz tarafindan imidazol asetik aside okside edilmektedir
(Gléria, 2005; Stratton vd., 1991). Histamin midede bakte-
riler tarafindan inaktif asetil histamine doniistiiriilebilmekte,
ayrica bobrekler de histaminin kandan uzaklastirilmasinda
rol oynayabilmektedirler (Karovi¢ova ve Kohajdova, 2005).
Histamin toksisitesi i¢in tedavide histamin reseptorlerini
bloke ederek histaminin etkilerini inhibe eden antihistamin
ilaglarinin (etanolamin, etilendiaminler, alkilaminler, pipe-
razin tiirevleri, fenotiyazinler ve piperidin tiirevleri gibi)
kullanilmasi o6nerilmektedir (Anonim, 2010; Attaran ve
Probst, 2002).

DAO enzimi segici olmayan, putresin ve kadaverin gibi bir-
cok biyojen amin iizerine etkili olabilen bir enzim iken his-
tamin N-metil transferaz (HMT) ise histamine spesifiktir
(Taylor ve Sumner, 1986). Bununla beraber DAO enzimini
yliksek oranda inhibe eden en potansiyel inhibitor maddele-
rin amioguanidin (%100), karnosin (%100), histamin
(%99), agmatin (%97), tiamin (%92), kadaverin (%87) ve
tiramin (%77) oldugu; kafein, hipoksantin, indol, 1-metil-
histidin, feniletilamin, piperazin, spermidin, spermin, sinef-
rin, teobromin, teofilin, triptamin ve ksantinin ise orta dii-
zeyde bu inhibisyona katilabildigi ifade edilmektedir (Alva-
rez ve Moreno-Arribas, 2014; Taylor ve Lieber, 1979).

Sonuc¢

Biyojen aminler, viicutta ¢esitli fonksiyonlarin yerine geti-
rilmesinde 6nemli rol oynayan ve yasam i¢in elzem bilesik-
ler olarak karsimiza ¢ikmaktadir. Gidalarda biyojen aminler

cogunlukla dekarboksilaz pozitif etki gosteren mikroorga-
nizmalarin gelismesi sonucu olustugundan bu maddeler
ayni zamanda gidalarin tazelikleri ve kalitesinin belirlenme-
sinde indikator olarak da kullanilabilmektedirler. Bununla
birlikte bazi biyojen aminler viicuda fazla miktarda alindik-
larinda, viicut tarafindan detoksifiye edilemedikleri i¢in tok-
sik etkiler gdsterebilmektedirler. Bu nedenle gidalarda bu-
lunan biyojen aminlerin konsantrasyonlarinin belirlenmesi
ve bu aminlere duyarli bireylerde diyetle alinan amin mik-
tarmin kontrol altina alinmasi 6nem tasimaktadir. Biyojen
aminlerden histamin ve tiramin toksisitesine daha sik rastla-
nildigindan, bu biyojen aminlerle ilgili ¢aligmalar daha fazla
sayida iken, daha sonra tanimlanmis (agmatin gibi) diger bi-
yojen aminlerin insan sagligi agisindan degerlendirilerek
bunlarin etkilerinin belirlenmesi iizerine ¢esitli calismalarin
yapilmasi ve potansiyel toksisite gdsteren diger biyojen
aminler i¢cin de gidalarda bulunmasi gereken iist limitleri
tizerine yasal diizenlemelerin olusturulmasi 6nem arz et-
mektedir.
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ABSTRACT

In this work, a rapid and easy capillary electrophoretic method for simultaneous determination of
benzoic acid and sorbic acid in food samples using direct UV detection was reported. The separation
of acids was achieved in fused silica capillary at 28 kV. 20 mM borate buffer at pH 9.3 was used as
running buffer; cinnamic acid was chosen as internal standard for quantification. Under the optimal
separation conditions benzoic acid and sorbic acid were detected in 3.1 min. The linear ranges were
between 0.005-0.4 mM. The correlation coefficients for each calibration curve were calculated as
0.999. The reproducibility of peak area and migration time for each acid were less than 3% (R.S.D.).
The limits of detection were found 0.405 pg/mL for benzoic acid and 0.415 pg/mL for sorbic acid.
The limits of quantification were 1.35 ug/mL and 1.38 ug/mL respectively.
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Introduction

Benzoic acid (E210) and sorbic acid (E200) are widely used
as food additives to delay the microbiological contamination
due to action of bacteria, yeasts and moulds in various foods.
They are supposed as usually reliable preservatives. If food
products contain high concentrations of these acids, they
may damage to health of consumers due to causing allergic
reactions. Like the other countries, the use of these additives
have been restricted according to Turkish Food Codex reg-
ulations of Agriculture Ministry of Turkey. In order to pro-
tect human health, determination of maximum permitted
amounts of these additives in food products is very im-
portant. Consequently, easy and reliable analysis methods
for detection of these additives in foodstuffs is required for
food safety. Several analytical methods are available for the
determination of additives in foods like UV spectrometry
(Marsili, et al., 2003; Naseri, et al. 2017) and GC (Ochiai et
al., 2002; Abedi et al. 2014). Both of these methods require
comprehensive sample preparation and relatively long anal-
ysis time. HPLC is most commonly used method for the de-
termination of these additives in foods and beverages (Mota
et al., 2003; Pylypiw Jr & Grether, 2000; Tfouni & Toledo,
2002; Zor et al. 2016; Petanovska-llievska et al. 2017).
HPLC generally needs the consumption of large amounts of
organic solvents during the analysis and extensive sample
preparation step, including solid phase extraction.

Capillary electrophoresis (CE) is an analytical method that
offer high separation efficiency and is ensuring a fast sepa-
ration for the assay of several species. CE method has some
advantages such as fast analysis time, low or no organic sol-
vent consumption and little injection volume. A matrix ef-
fect in sample can be eliminated with short and simple sam-
ple pretreatment. The capillary between runs is quickly
washed with running buffer. Therefore it is a convenient
analysis technique for using in the analysis of foods con-
tained complex matrices.

The inhibitory action of weak acids is classically believed to
be due to the undissociated compounds. Because, the un-
charged, undissociated state of the acid is freely passed
through the plasma membrane and is thus ensured to enter
the cell (Brul & Coote, 1999). pK, values of benzoic and
sorbic acid are smaller than pH 7 (4.19 and 4.76 respec-
tively). The activity of them in foods that has value of low
pH increase. These acids are used as a substitute for each
other. Nevertheless, we observed the mixtures of benzoic
and sorbic acid are used in some food products in Turkey.
While several of the CE reports demonstrated the possibili-
ties for simultaneous determination of benzoic and sorbic
acids (Boyce, 1999; Frazier et al., 2000; Kuo & Hsieh, 1997;
Lin et al., 2000; Pant & Trenerry, 1995; Waldron & Li,

1996; Han et al., 2008; Hsu et al., 2014; Sun et al., 2014; Li
et al., 2015; Aung & Pyell 2016), only a few of them re-
ported benzoic and sorbic acids together in real samples.

This study presents an application for the quantification of
benzoic and sorbic acid in the food samples in the Turkish
markets by using CE method. Before the injection pro-
cesses, any pretreatment procedure was not carried out for
the food samples.

Materials and Methods
Instrumentation

For separations and determinations, an Agilent CE system
(Waldbronn, Germany) equipped with a diode array detec-
tor was used. Agilent Chem Station software performed all
system control and data processing. In separations, 50um
I.D. fused-silica capillary (Polymicro Technologies, Phoe-
nix, AZ, USA) with 46 cm total length and 38 cm effective
length was used. The capillary temperature was set at 25°C.
The separations were performed at voltage of 28 kV. The
injection of samples was made at pressure 50 mbar for 4s.
Before injections at the beginning of every day the capillary
was conditioned with 0.1 M NaOH solution for 15 min, de-
ionized water for 5 min and running buffer for 10 min. be-
tween runs 1 min of flushing with running buffer was per-
formed. A Metrohm 654 Digital pH Meter was used for pH
measurements. All solutions were prepared with deionized
water obtained from an Elgacan C114 filtration system.

Chemicals

Benzoic acid, sorbic acid, and cinnamic acid were pur-
chased from Fluka (Fluka AG, Buchs, Switzerland). Sodium
borate was obtained from Merck (Darmstadt, Germany).
Other chemicals used were of analytical reagent grade. The
food samples were from local market.

Standards

Stock solutions of benzoic acid, sorbic acid, and cinnamic
acid were prepared by dissolving in water, and stored at 4°C.

Samples

After solid samples were homogenized, 1-2 g samples were
weighed in a beaker. 15 mL of deionized water was added
to samples and stirred during 30 min. The volume of sample
was diluted to 20 mL. The solutions were centrifuged a 7000
rpm for 5 min and filtered through a 0.45 um syringe filter.
Internal standard solution (cinnamic acid) was added to fil-
trate and the sample solution volume was diluted with water.
The completed solution was injected directly into the capil-
lary. Liquid food samples were prepared by dilution with
water.
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Results and Discussion

In CE analysis the electroosmotic flow (EOF) plays an im-
portant role. The magnitude of the EOF can influence the
resolution and separation efficiency. As we all know, the
EOF can be determined by net surface charge of the inner
surface of capillary. At higher pH (usually alkaline), faster
EOF are obtained due to the full ionization of silanol groups.
The concentration and pH of buffer are the two important
parameters for adjusting the EOF and the electrophoretic
mobility. Therefore the separation buffer affects the migra-
tion time and the resolution between analytes. The ioniza-
tion degree of an organic acid also depends on choice of the
buffer. At the same time the pH of the buffer influences ion-
ization degree and separation of organic acids. Simultane-
ous migrations of benzoic acid, sorbic acid, and cinnamic
acid were tested in the three different separation buffer
namely; borate, phosphate and Tris in the pH range of 7 and
9.5. Their pK, values are 4.19, 4.76 and 4.27, respectively
and in this pH range all acids are in higher ionization de-
grees. Thus they can be separated as anions in alkaline me-
dia.

When borate buffer was used as the separation media, peak
heights and peak areas were observed as better than the
peaks in the other two buffers, and also migration times
were shorter. Therefore borate was selected as the running
buffer. Dilute buffer solutions are desirable to shorten mi-
gration time. However, it is important that buffer solutions
have sufficient buffer capacity to maintain a fixed pH. Inad-
equate buffer capacity may result in the poor resolution. The
effect of borate concentration was studied within the range
10-50 mM. At higher borate concentrations (>50 mM)
longer migration time and broader peak were obtained. Op-
timum peak symmetry and peak area were achieved with 20
mM borate.

When the running voltages is increased the efficiency of the
separation improves and the migration time shortens. In the
higher running voltage, the efficiency of the separation de-
crease due to the Joule heating. On the other hand, the re-
producibility and the resolutions between acids becomes
worse if the running voltage decreases. In this study a volt-
age of 28 kV was selected as the best separation voltage with
acceptable compromise between adequate resolution and
short migration time.

In CE the high amounts of matrix components in the
samples affect the peak shapes of analytes has generally
low concentrations. In order to check the matrix effect on
the peak shapes, the real samples was injected to the borate
buffer with increasing concentrations. It was not observed
a distortion in the peak shapes in the small borate concen-
trations. Since the matrix effect was not observed in the
highly diluted real samples, all separations were performed
in the 20 mM borate buffer at pH 9.3, considering the fast
separation times.

Figure 1 shows the absorption spectra of the analytes and
internal standard in the same concentration level. In Figure
2 the peak areas of benzoic acid, sorbic acid, and cinnamic
acid were given at the different wavelengths varying from
210 to 270 nm. According to peak areas 220 nm can be se-
lected for the simultaneous screening of benzoic acid, sorbic
acid, and cinnamic acid peaks. In this study because of us-
ing a diode array detector for the detection, benzoic acid and
sobic acid was dedected different wavelengths respectivly
220 nm and 260 nm.

The electropherogram of standard mixture of acids at opti-
mum experimental conditions are shown in Figure 3a. The
samples were injected directly to the borate buffer and all
acids were detected in about 3.0 min.
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Figure 1. Spectra of benzoic, sorbic and cinnamic acid
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Figure 2. The effect of the wavelength on the peak areas of benzoic acid (A), sorbic acid (O) and cinnamic acid ([J).
Running buffer, 20 mM Borate, pH 9.3; injection, 4 s at 50 mbar; run voltage, 28 kV
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Figure 3. Electropherograms of acids. (a) standard solution; (b) ketchup sample and (c) chestnut sweet sample. Peaks: (1)
cinnamic acid, (2) sorbic acid, (3) benzoic acid. Experimental conditions: capillary, fused-silica 50 um i.d. and

46 cm (38 cm effective length); background electrolyte, 20 mM Borate, pH 9.3; injection, 4 s at 50 mbar; tem-
perature 25°C; running voltage 28 kV; detection signal = 220 nm
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Method Validation
Linearity

The calibration curves were obtained between the peak area
ratios (Aanatyte/ Ainternal standard) @Nd the concentrations of the ac-
ids. The calibration curves for benzoic acid and sorbic acid
showed linear ranges between 0.005 and 0.4 mM. Linear
regression equations for benzoic acid and sorbic acid were
obtained asy = 8.140 10" x — 9.558 10* and y = 6.474 10*
X — 3.459 107 respectively. The correlation coefficients val-
ues were greater than 0.999.

Limit of detection

Limits of detection (LOD) were calculated as three times the
baseline noise (S/N=3). The LOD value was 0.405 pg/mL
for benzoic acid and 0.415 pg/mL for sorbic acid. Limits of
quantification (LOQ) (S/N=10) was 1.35 pg/mL and 1.38
pg/mL respectively.

Reproducibility

The reproducibility of the CE method was determined by
analyzing two real samples, Ketchup and Chestnut candy. %
RSD values of migration times and peak areas were calcu-
lated for intra-day and inter-day. Intra-day and inter-day
precision were calculated seven successive injections in a
day and three injections in different days, respectively. The
results are given in Table 1.

Table 1. Reproducibilities of the method for two sample. (1) Ketchup, (I1) Chestnut sweet

Intraday RSD% Inter day RSD% mg anion/kg sample
RSD %
Migration time  Peak area Migration time Peak area Inter day  Intra day
Sample 1
Benzoic 0.213 0.375 0.645 1.234 0.364 1.376
Sorbic 0.194 0.877 0.724 1.582 0.956 2.753
Sample 2
Benzoic 0.0741 0.638 0.445 2.398 0.744 1.942
Sorbic 0.0697 0.559 0.421 2.179 0.601 1.894

Table 2. Recovery of the method for two samples. (1) Ketchup, (I1) Chestnut sweet

Added amount Sample (1) Recovery (%)

Sample (1) Recovery (%)

Benzoic acid Sorbic acid Benzoic acid Sorbic acid
0.03 mM 97 98 104 101
0.06 mM 98 103 101 102
0.10 mM 103 100 99 101

Table 3. Results for the determination of benzoic acid and sorbic acid in various food products

Sample Benzoic acid (mg/kg or mg/L) Sorbic acid(mg/kg or mg/L)
Lemon sauce 4.36 £0.12 235.5+0.9
Pickle 1269 £1.1 127.3 £0.9
Fruit juice 234.9 +0.9 178.5 £0.7
Ketchup 463.2 £1.0 75.3£1.8
Chestnut sweet 200.5 +1.9 251.5+1.9
Olive paste 13.1£1.7 600.7 1.5
Pepper paste 495.5+1.8 10.5+0.4
Pepper sauce 182.8 £1.6 188.5+1.2
Cake n.d. 600.7 £2.0

n.d.: not detected
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Recovery

The accuracy of method was evaluated with two methods:
(1) The peak purity was analyzed with diode array detector
and (2) the known amounts of acid standards were added to
food samples. Table 2 shows the recovery results for three
concentration levels and for two food samples.

Application to Food Samples

The benzoic acid and sorbic acid in nine food products were
quantified by using the CE method. Figures 3b and 3c illus-
trate the electropherograms of two food samples. In opti-
mized conditions acids were detected within about 3.0 min.
Amounts of preservatives determined in each sample were
listed in Table 3. As seen from the electropherograms, there
are unknown peaks in this region, but peaks of acids and
internal standard are seen clearly. All food samples contain
sorbic acid. In only one food sample benzoic acid was not
detected. The amount of determined benzoic acid in food
samples was between 4.36 and 495.5 mg/kg or mg/L. The
content of sorbic acid in food samples ranged from 10.5 to
600.7 mg/kg or mg/L. The obtained data indicate that the
preservatives content in foods were under permitted maxi-
mum levels.

Conclusion

In this work a simple, easy and reliable CE method was de-
scribed for the simultaneous determination of benzoic and
sorbic acid in various food products. The linearity of cali-
bration curves was very good (r>0.999) and the reproduci-
bility of method were also satisfactory (RSD < 3%). Method
contain both short sample preparation time and short analy-
sis time (~3.0 min). The matrix of samples did not interfere
the analysis of analytes. In addition it contain low electrolyte
and sample consumption. The silica capillaries are cheaper
than chromatographic columns, easily washed between
runs. Therefore the proposed CE method is used both as al-
ternative method to HPLC for the analysis of additives in
food products and routine analysis of various food for sam-
ples benzoic and sorbic acid.
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Introduction

Gum tragacanth (GT) is an anionic polysaccharide produced
by drying exudates from the stems and branches of Astrag-
alus species with different compositions. GT has been ac-
cepted as GRAS at the level of 0.2-1.3% since 1961.
GTgrows wildly in South West Asia particularly in Iran and
Turkey (Mostafavi, Kadkhodaee, Emadzadeh, & Koocheki,
2016). GT is obtained into two different types: ribbon and
flake. Ribbon type is almost opaque while the flakes are
dark (Mohammadifar, Musavi, Kiumarsi, & Williams,
2006). It is also known as “kitre” in Turkey and uses in pro-
duction of local ice cream and Turkish dessert, “lokma”.
The chemical structure is defined as a complex and highly
branched polysaccharide consisting of small proportions of
protein. Previous studies have reported that gum tragacanth
has emulsifying and stabilizing properties in food products
due to its high water binding ability and effective surface-
active properties (Abdolmaleki, Mohammadifar, Moham-
madi, Fadavi, & Meybodi, 2016; A. Kurt, Cengiz, &
Kahyaoglu, 2016; Mostafavi et al., 2016). Pourable, creamy
mouth feel and good flavour-release properties of GT were
also previously stated by Balaghi, Mohammadifar, Zar-
garaan, Gavlighi, and Mohammadi (2011) and Levy and
Schwarz (1958). The compositions and rheological proper-
ties of hydrocolloids are determinants for their usage
(Balaghi, Mohammadifar, & Zargaraan, 2010).

GT consists of two main fractions: a water-soluble (traga-
canthin) and an insoluble but water-swellable fraction
named bassorin (Balaghi et al., 2011). The ratio of these
parts strongly depends on variety which resulted in different
flow, structural characteristics and also different functional-
ities and applications for food systems. In order to acquire
GT with a higher quality and independently from species,
we aimed to remove insoluble part bassorin from the struc-
ture. It is expected that removing bassorin will provide en-
hancement of interaction between polymer chains and more
stable solution against different environmental conditions
may be obtained. In addition to stable solutions property,
clearer solution is also desired in terms of visual acceptabil-
ity. Balaghi et al. (2010) also defined the best quality gum
tragacanth as tasteless, whitish in color, and translucent in
appearance, giving an aqueous solution of high-viscosity,
free from sand or bark. Therefore, in the last years, scientific
researches have focused on the quality improvement of hy-
drocolloids by separating the constituents from the main part
of gum such as insoluble materials and impurities
(Razmkhah, Mohammadifar, Razavi, & Ale, 2016). The
widely applied method consists of following main steps:
mixing hydrocolloids in a water with a specific ratio, remov-
ing insoluble matter by centrifugation and obtaining specific
polysaccharide from the supernatant with different ways

such as freeze or spray drying, precipitation with alcohol or
separate with the form of complexes by using copper or bar-
ium (Abdullah Kurt & Kahyaoglu, 2017b, 2017c; Razm-
khah et al., 2016). Bassorin separated GT had previously ob-
tained from supernatant with different drying methods:
spray drying (Koshani, Aminlari, Niakosari, Farahnaky, &
Mesbahi, 2015) and freeze drying (Gavlighi, Meyer, Zaidel,
Mohammadifar, & Mikkelsen, 2013; Mohammadifar et al.,
2006). The alcohol precipitation methods were widely used
for extraction due to the relatively cost effective, healthier
and quick acquiring properties as compared with other men-
tion methods. To the best of our knowledge there are no re-
ports about alcohol precipitation of tragacanthin and their
detailed characterization of product.

The easy separation of tragacanthin and bassorin indicated
that two polysaccharides are in a physical mixture and not
chemically bonded (Balaghi et al., 2010; Koshani et al.,
2015). Therefore, to isolate the specific polysaccharide trag-
acanthin was aimed by applying ethanol precipitation
method as a simple and feasible approach in this study. In-
creased quality will also provide to get higher viscosity at
relative low concentrations which are desired characteristics
for hydrocolloids. Physicochemical, rheological properties
in different pH, salt and sugar concentration and structural
variations were evaluated to observe the effect of applied
process on potential application of GT.

Materials and Methods

Gum tragacanth (GT) was kindly donated by Incom (Mer-
sin, Turkey). All chemicals used in this study were of ana-
lytical reagent grade. The ethanol, acetone, sodium chloride,
calcium chloride, sucrose, lactose were purchased from
Sigma Aldrich Chemical Co. (St. Louis, MO, USA). The pH
buffer solutions were obtained from Merck (Darmstadt,
Germany).

Removing of Bassorin from Gum Tragacanth

Ten grams of crude gum tragacanth was stirred in 1 L of
distilled water for 1 h at room temperature, followed by cen-
trifugation (5000 rpm, 10 min) to remove basssorin. The su-
pernatants were mixed with absolute ethanol at a ratio of 1:1
(v/v) to precipitate of tragacanthin. The resultant pellets
were washed successively with absolute ethanol and acetone
and then subsequently dried with a forced air dryer (Mikro-
test, Turkey) at 45°C overnight. The dried samples were
milled, sieved, stored in an airtight bottle at room tempera-
ture and coded as BSGT (Bassorin- separated gum traga-
canth).
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Physicochemical Analyses

Solubility analyses were performed to determine ratio of
soluble to insoluble fraction of crude gum tracagacanth (GT)
using the method of Lietal. (2014). 0.1 g GT was dispersed
in 24.90 g distilled water and the mixture was agitated at
room temperature for 1 h. Then mixture was centrifuged for
20 min at 4500 rpm, and 10.00 g of supernatant was dried to
a constant weight at 105°C. The solubility was calculated as
follows:

MXZ3 o 100% 1

w

Solubility (%) =

where m is the dry matter content of dried supernatant and
w is the total mass of the sample.

The moisture and ash content of samples were analyzed by
using gravimetric methods at 105 and 500°C, respectively.
Kjeldahl method was performed for protein determination
by the applying the nitrogen conversion factor of 6.25
(Balaghi et al., 2010). Fat content was analyzed by soxhlet
method. pH values of gum solutions (1%) were measured
with pH meter (Eutech Instruments, pH 700, Singapore) at
room temperature. L* (lightness), a* (redness/greenness)
and b* (yellowness/blueness) values of powders were deter-
mined by a Minolta Chromameter (CR-400, Minolta Cam-
era Co., Osaka, Japan) to calculate the whiteness index (WI)
of the powders as follows (Abdullah Kurt & Kahyaoglu,
2017a):

WI =100 — /(100 — L*)2 + (a*)2 + (b*)? 2

The transparency of 1% gum solution was evaluated by per-
cent transmittance at 500 nm against distilled water blank
with a Cary 60 UV-visible spectrophotometer (Agilent
Technologies, Victoria, Australia) (Kobayashi, Tsujihata,
Hibi, & Tsukamoto, 2002).

Rheological Properties

Analyses of the rheological properties of gum solutions
were performed using rheometer (HAAKE Mars lll;
Thermo Scientific, Germany) equipped with a Peltier heat-
ing system in a cone and plate configuration (diameter: 35
mm, cone angle: 2°, gap size: 0.105 mm).

Different concentrations of the samples (1.0 and 2.0%) were
prepared in distilled water with stirring for 1 h using a mag-
netic stirrer at room temperature. For each test, samples
were allowed to equilibrate for 1 min at the desired temper-
ature (5, 10, 25 and 45°C). Samples were sheared continu-
ously at a rate ranging from 0 to 300 s in 3 min for fitting
the data to the Ostwald-de Waele model as follows:
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=K.y" 3

where is the shear stress (Pa), y is the shear rate (s), K is
the consistency coefficient (Pa.s"), and n is the flow behav-
ior index (dimensionless).

The flow curves were obtained by registering shear stress at
shear rates from 0 to 300 s—1 (forward) in 180 s and down
in 180 s from 300 to 0 s—1 (backward). Thixotropic areas,
A: were obtained using data acquisitions software. A;values
were calculated using the equation as follows:

At — (Aup_Adown) XlOO 4
Aup

Solutions (1%) were also prepared with different environ-

ments: pH (4.0 and 5.5), salt (NaCl and CaCl;; 10, 50 and

100 mM) and sugar (sucrose and lactose; 2, 4 and 6%).

Steady flow characteristics of these solutions were deter-

mined at 25 °C (0 to 300 s™ in 3 min).

Structural Characterization of GT and BSGT
Fourier-transform infrared (FTIR) spectroscopy analyses

The FT-IR spectra of samples were recorded on a spectro-
photometer (Perkin Elmer, Model Spectrum Two, Ohio,
USA) that was fitted with a Miracle Single-Reflection Dia-
mond ATR device in the wavelength range of 4000-650
cm! with a spectral resolution of 4 cm™.

X ray diffraction (XRD) analyses

The XRD patterns of the samples were obtained using a
Rigaku SmartLab X-ray diffractometer (40 kV, 30 mA) with
a scanning rate of 2°/min from 5° to 45° (20 range).

Differential scanning calorimetry (DSC) analyses

The thermal analyses of the samples were performed with a
model DSC 4000 (Perkin Elmer, USA). Five milligrams of
the sample in an aluminium pan with an empty reference pan
were scanned in a nitrogen atmosphere (20 mL/min) at a
heating rate of 10°C/min in a temperature range of 30—
350°C.

Scanning electron microscopy (SEM) observation

The SEM photomicrographs were recorded using a scanning
electron microscope (JSM-7001F, JEOL, Japan). The sam-
ples were coated with gold-palladium (Quorum SC7620,
England) before observation under the microscope.
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Results and Discussion
Physicochemical Analyses

The soluble/insoluble ratio is important parameter for the
quality of GT which was determined as 2.6 in this study,
consistent with the reported study by Gavlighi et al. (2013).
Removing bassorin fraction of GT increased this ratio to the
highest degree and the flow properties of GT changed sig-
nificantly. This ratio was reported between 0.5-3.15 for dif-
ferent species of GM in previous studies (Balaghi et al.,
2010). At the end of this purification studies, 35% of soluble
part of GT was obtained by alcohol precipitation method.
Ethanol soluble minor fraction, arabinogalactan could be at-
tributed to the decrease in yield which lost with ethanol in-
stead of precipitation. The extraction yield of hydrocolloids
varies depending upon the origin and extraction method. Al-
cohol extraction method of GT is the first attempt and the
yield obtained in this study is comparable with the other pu-
rified hydrocolloids such as glucomannan and galactoman-
nan (Abdullah Kurt & Kahyaoglu, 2017b). Spray (Koshani
et al., 2015) and freeze (Mohammadifar et al., 2006) drying
methods were also conducted to the supernatant phase of GT
solutions but there were no information about yield of these
methods.

Table 1 summarizes some of the physicochemical properties
of GT and BSGT. Total solid, ash and protein contents of
GT were not affected from the purification process and ob-
tained results were consistent with the reported study for GT
(Mohammadifar et al., 2006) . In similar environmental con-
ditions, different moisture content of hydrocolloid is an ev-
idence of different water polysaccharide interaction and dif-
ferent storage stability (Balaghi et al., 2010). Ash content
indicator of mineral content of gum shows variations related
to the composition of the soil in which GT grow. During the
precipitation of polymeric structure by alcohol, ash constit-
uents were also gained. The presence of protein which plays
a pivotal role in gum surface activity makes gum a candidate
for emulsification and surface tension reduction. The lower
protein content may indicate the purity of hydrocolloids.
However purification process did not reduce protein content
of GT which could be attribute to the linkages of protein to
the molecular structure of hydrocolloids such as gum Arabic
(Amid & Mirhosseini, 2012; Brummer, Cui, & Wang, 2003;
Seyed Mohammad Ali Razavi, Cui, & Ding, 2016). Small
amounts of protein which bounded to the polysaccharide
was stated by by Farzi et al. (2011). The result is important
for the preservation of this functional property of GT with
purification process because previous studies have shown
that GT has emulsifying and stabilizing properties, which

means that GT could be evaluated for obtaining stable oil-
in-water emulsions (Abdolmaleki et al., 2016). The samples
were not included fat content. Aqueous suspension of sam-
ples gave an acidic pH which found as 5.40 and 5.82 for GT
and BSGT, respectively. Acidic nature of gum indicated the
presence of uronic acid in polysaccharide structure (Nep &
Conway, 2011). As expected, removing insoluble part had
no effect on pH. pH of GT which depends on origins, agri-
cultural history and constituents was reported between 5.2-
5.4 by Teimouri, Abbasi, and Sheikh (2016). Cleared and
more stable solutions were desired for gum solutions
(Abdullah Kurt & Kahyaoglu, 2017b). The whiteness index
(WI) of powder and transparency of solutions values of GT
were presented in Table 1. These parameters of GT in-
creased after purification as a result of removing bassorin
and alcohol treatment. The presence of insoluble fragment
of GT was responsible for turbidity. Whitish in color and
translucent in appearance properties which were the quality
parameters of GT were improved by purification study. Ac-
cording to findings of physicochemical analyses it could be
said that purification treatment to GT had no effect on chem-
ical constituents but increased the solution properties of GT.

Table 1. Physicochemical properties of crude (GT) and
bassorin separated (BSGT) gum tragacanth

Properties GT BSGT
Total Solids (g/100g) 89.53+0.67 90.01+0.01
Ash (g/100g) 3.41+0.02  3.30+0.03
Protein (g/1009) 1.67+0.03 1.72+0.12
pH 5.40+0.00  5.82+0.02
Whiteness index (WI) 81.05£0.23  90.51+0.26
Transparency (%) 8.57+£0.00  47.72+0.00

(n=3)+ SD

Rheological Properties
Steady-shear flow behavior of gum tragacanth

The variation in apparent viscosity and Ostwald de Waele
model parameters (K, n) of gum tragacanth with the remov-
ing bassorin fraction was shown in Table 2 for the different
concentration. The viscosity increment with purification
was observed for GT. Viscosity is the one of the main pa-
rameter to evaluate the quality of polymers (Abdullah Kurt
& Kahyaoglu, 2015). Intermolecular forces and polymer in-
teractions were responsible for the solution viscosity (A.
Koocheki, Mortazavi, Shahidi, Razavi, & Taherian, 2009).
Therefore, the interaction between polymer chains and qual-
ity of GT increased as a result of removing insoluble part,
bassorin.
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Table 2. Apparent viscosity (shear rate: 30s™'), Ostwald de Waele model parameters (K, n), thixotropic area (A), activation

energy (E.) of samples.

Apparent E
Sample | Concentration | Viscosity K (Pas) n A: (Pals) 2
(Pas) (kJ/mol)

GT 1% 0.17£0.00 | 0.94+0.04 | 0.51+0.01 16.16+0.21 | 20.20+0.26
BSGT 0.25+0.00 1.49+0.02 | 0.48+0.00 14.46+0.62 | 23.83+0.23

GT 20 1.02+0.00 | 9.82+0.38 | 0.33+0.00 | 394.55+0.63 | 10.22+0.31
BSGT 1.36:0.02 | 14.25+0.12 | 0.30+0.00 | 236.15+0.49 | 14.18+0.25

(n=3)%SD

The data was fitted by the Ostwald-de Waele model success-
fully (R2 > 0.99). Consistency coefficient (K) is associated
with the higher viscosity of the solution since K values in-
dicative of the viscous character of the polymeric system.
The larger K values of BSGT were another result of better
interaction among the molecules of the polysaccharide. n
values were ranging from 0.30 to 0.51, namely, lower than
unity was an evidence of pseudoplasticity. Shear-thinning
behavior of GT was previously reported by Farzi et al.
(2015). This fact infers that as shear rate increases, the ran-
domly positioned chains of polymer molecules become
aligned in the direction of flow, resulting in less interaction
among adjacent polymer chains (Arash Koocheki, Taherian,
& Bostan, 2013). Decreased in n value by purification indi-
cated improved pseudoplastic characteristics of GT. In ad-
dition, increasing gum concentration resulted in increase of
K values whereas n values decreased. Higher content of total
solids in solution causes an increase in consistency due to
the decrement of intermolecular motion as a result of hydro-
dynamic forces (Capitani et al., 2015). Similar flow proper-
ties of GT was reported previously by Chenlo, Moreira, and
Silva (2010).

The differences between upward and downward curves
which are the measure of the extent of thixotropy indicate
time-dependent rheological characteristics of sample (Seyed
M. A. Razavi & Karazhiyan, 2009). Table 2 shows the cal-
culated hysteresis loop area for GT solutions. Magnitude of
the areas decreased slightly at 1% and markedly at 2% by
removing bassorin which mean that BSGT structure was
less damaged from the shear increase and also recovered to
the first structure closer than GT (A. Kurt et al., 2016; Roopa
& Bhattacharya, 2009).

The temperature dependency of the consistency index was
evaluated by using the Arrhenius model and activation en-
ergy (Ea) of purified salep samples were exhibited in Table
2. Eqis related to chain flexibility and is an indicator of abil-
ity of molecule movement as temperature increases (A.

Koocheki et al., 2009; Arash Koocheki et al., 2013). The
higher sensitivity of viscosity to temperature changes im-
plies higher E, value. At all concentrations, Ea values in-
creased with the removing bassorin fraction mean that
BSGT flow more easily when the temperature is increased
due to the higher molecular movement than GT. It could be
stated that insoluble fraction (bassorin) of GT had a favora-
ble effect on temperature stability for viscosity. Increasing
concentration decreased E, values of GT and BSGT which
related to decrease in chain flexibility as a result of decreas-
ing the space for a molecule to flow (A. Koocheki et al.,
2009). Similar with reported study by (Mohammadifar etal.,
2006) GT exhibited lower E, values than tragacanthin which
was the soluble part of GT obtained by freeze drying. The
results above suggest that, in order to keep stable viscosity,
temperature control is critical for BSGT in food applica-
tions.

Effect of pH, Salt and Sugar on Rheological Properties

pH, salt and sugar effect on consistency coefficient of GT
and BSGT shown in Figurel were evaluated because gums
are usually processed under different environmental condi-
tions. As shown in Figure 1A, pH effects were investigated
to gain insight into the influence removing insoluble part of
GT on the polyelectrolyte nature and solution rheology. De-
creasing pH values decreased K values of GT but increased
consistency coefficient of BSGT. The variation of viscosity
related to the pH is attributed to the change in ionization of
the groups in molecule such as carboxyl groups and confor-
mational changes in the molecule (Abdullah Kurt &
Kahyaoglu, 2017b). Sharp increment of a gum was at-
tributed to the ionization of its carboxyl groups (Medina-
Torres, Brito-De La Fuente, Torrestiana-Sanchez, & Kat-
thain, 2000; Wu, Ding, Jia, & He, 2015). The decrease in
viscosity at lower pH values of GT could be a result of in-
soluble part bassorin that effect the polymer conformation
because BSGT exhibited increasing trend when pH de-
creased.
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Figure 1. pH (A), salt-NaCl, CaCl; (B), sugar-sucrose, lactose (C) effect on consistency coefficent of GT (gum traga-
canth) and BSGT (bassorin separated gum tragacanth)

The ionic strength of the solution is an important parameter
which has an effect on the networking mechanism of
charged biopolymers (Balaghi et al., 2011). The changing
consistency of studied gum in different salt and their con-
centration indicated the polyelectrolyte properties in solu-
tion of GT and BSGT (Abdullah Kurt & Kahyaoglu, 2017a;
Medina-Torres et al., 2000). As shown in Figure 1B, both
salt types (NaCl and CaCl,) addition decreased the con-
sistency coefficient of GT similar with the reported studies
(Balaghi et al., 2011; Mohammadifar et al., 2006) but the
salts led to an increase in this property of BSGT which ex-
hibited rapid reduction and increment, respectively for
10mM salt concentration. At increasing concentration, vis-
cosity values of both gum exhibited stable trends. Compar-
atively, the viscosity variation is more sensitive to CaCl;
than NaCl which consistent with the reported study for tara
gum due to the stronger effect of divalent salt CaCl, than
NaCl (Capitani et al., 2015). Gum tragacanth is known as a
branched, heterogeneous, and anionic carbohydrate
(Balaghi et al., 2010). Negatively charged groups causes ex-
pansions of molecules in solution which lead to the higher
viscosity if the solutions are not included any salts. However
addition positive ions are resulted in different flow behavior.
These observations were attributed to the forming junctions
and reinforcing interaction between the molecules with the
aid of ions for BSGT which resulted viscosity increment
(Farahnaky, Shanesazzadeh, Mesbahi, & Majzoobi, 2013).
On the other hand, insoluble part could be exhibited hurdle
effect between the molecules which lost its expansion as a
result of added positive ions, resulted viscosity decrement.

Addition of 2% sucrose and lactose resulted sharply decre-
ment in K values of both gums (FigurelC). Increase in con-
centration provided an increase in viscosities which resem-
ble its water condition for GT. However increasing sugar

concentration after 2% did not change solution viscosity of
BSGT. Extending of polymer molecules was reduced by
sugar due to the decrement of available water for gum hy-
dration which leads to the viscosity drop (Wu et al., 2015).
Another explanation is that decrease in the size of polymers
as a result of the decrease in the macromolecular association
at the presence of sugar, which was observed for locust bean
gum and purified salep glucomannan (Abdullah Kurt &
Kahyaoglu, 2017a; Richardson, Willmer, & Foster, 1998).
It can be concluded that the viscosity of BSGT in different
conditions showed higher values than GT indicated that re-
moving insoluble part fraction of GT improved gum quality
(i), provided stability (ii) and decreased gum requirement to
obtained desired viscosities (iii).

Structural Characterization of GT and BSGT
FTIR spectroscopy analysis

The FTIR spectrum of GT and BSGT was shown in Fig. 2A
to gain further insights effect of removing bassorin on the
structure and bonding in the polymer. Broad band around
3330 cm™' was due to stretching vibrations of —OH group
related to free, inter, and intra-molecular bound hydroxyl
groups and the band at 2940 cm™' is an indicator of C—H
stretching (Antoniou, Liu, Majeed, & Zhong, 2015; Abdul-
lah Kurt & Kahyaoglu, 2015). The peaks at 1744 cm™' could
be assigned to carbonyl stretching vibrations (C=0 stretch-
ing of —COOH) (Zarekhalili, Bahrami, Ranjbar-Moham-
madi, & Milan, 2017).The intensity of the band in the region
1623-1644 cm™! attributed to the presence of protein in the
structure (Chua et al., 2012). The observed different rheo-
logical behavior of GT and BSGT at different salt and pH
environment was the evidence of the presence of uronic acid
in structure which related to wavenumber about 1400 cm™'
(Abdullah Kurt & Kahyaoglu, 2017c; Seyed Mohammad
Ali Razavi, Cui, Guo, & Ding, 2014). The bands at 1245,
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1079 and 1024 cm™' were related to stretching vibrations of
C-O in polyols, ethers and alcohol groups, respectively
(Zarekhalili et al., 2017). The peaks between 800 and 1200
cm™' were pointed out the finger print region for carbohy-
drates (Nep & Conway, 2011). FTIR spectra of bassorin
separated gum tragacanth did not show significant differ-
ence in terms of intensity, the position of absorption bands,
no shift of peaks and new peak occurrence in comparison to
GT, indicating applied process to the GT to remove bassorin
preserved the chemical structure of gum. Therefore, FTIR
experiment results confirmed that two different fractions of
GT, tragacanthin and bassorin are mixture in physical form
instead of chemical (Farzi et al., 2015).

XRD analyses

XRD experiments were conducted to determine crystallinity
of GT and effect on purification on that (Figure 2B). XRD
pattern of samples showed a broad peak (at 20 about 20°)
due to amorphous nature of GT which consistent with the
reported studies (Singh & Sharma, 2017; Singh, Varshney,
Francis, & Rajneesh, 2016). Bassorin separation from GT
resulted in lower broad peak intensity with an amorphous
nature. Amorphous materials exhibit more hygroscopic
characteristics than crystalline structure due to the absorp-
tion properties which caused to increase of exposed absorp-
tion sites (Abdullah Kurt & Kahyaoglu, 2017a; Xiao et al.,
2015). Therefore GT and BSGT are soluble in water even at
room temperature.

DSC analyses

DSC thermograms of GT and BSGT were shown in Figure
2C. There were two main peaks. The first transition endo-
thermic peak could be ascribed to be due to vaporization of
moisture or bound water present in the samples (Abdullah
Kurt & Kahyaoglu, 2017c). The lack of melting endother-
mic peak also confirmed the amorphous nature of samples.
The second peak exhibited exothermic transition which was
the main decomposition of molecular chain (Li et al., 2014).
Applied process made this peak narrower which indicated
relative purity of BSGT (Pawar & Lalitha, 2014). The onset
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of the exothermic peak temperature (Tonset) and the maxi-
mum temperature (Tmax) Of GT increased from 237.72 to
251.98 °C and from 258.68 t0 263.43 °C, respectively, as a
result of bassorin separation, which showed the improve-
ment of thermal stability due to the enhancement of hydro-
gen bonding interaction in the structure of BSGT. The de-
composition of molecular chain reported between 250 and
280 °C for GT (Zarekhalili et al., 2017) which agree with
our results. The higher decomposition temperature of BSGT
can be correlated with its stable structure of BSGT during
various food processes that involves higher temperatures.

SEM analyses

SEM micrographs of samples were presented in Figure 4D
at 500x magnification. The shape of granule and surface
morphology variations as a consequence of ethanol treat-
ment to GT were observed with this study. Firstly, shape of
granule exhibited good agreement with reported study for
GT (Alijani, Balaghi, & Mohammadifar, 2011). The images
indicated that applied process preserved shape of granules
and no destructive effect was observed as expected. The re-
sult was another confirmation of coexisting bassorin and
tragacanthin in physically. The smoother surface of granules
appeared with ethanol treatment which is consistent with the
study (Abdullah Kurt & Kahyaoglu, 2015) and responsible
for the higher whiteness of BSGT.

Conclusions

The bassorin separation from gum tragacanth had no effect
on its chemical structure but solution transparency was im-
proved. The viscosities of bassorin separated sample solu-
tion are higher than those of gum tragacanth solutions at the
same gum concentration, pH, salt and sugar conditions. The
more stable gum solution was obtained by purification at
lower pH and higher salt concentrations. Thermal stability
of gum tragacanth was also improved with this process. The
results obtained in this study could be useful for widening
the application of gum tragacanth in the food, chemical and
polymer industries due to the better rheological and struc-
tural characteristics.
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Figure 2. FTIR spectra (A), XRD patterns (B), DSC thermograms (C) and SEM images (D) of GT (gum tragacanth) and

BSGT (bassorin separated gum tragacanth)
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Introduction

There are a number of methods available for the determina-
tion of botanical origin of the honey. The traditional method
for honey botanical determination (melissopalynology) is
based on microscopic analysis of honey pollen composition.
However, this method is time-consuming, requires experts
in the botany with adequate skills and experience to identify
pollen grains based on its different morphologies. In the re-
cent years, in the process of development are other research
approaches for determination of honey botanical origin such
as volatile compounds (Guyot et al., 1999; Radovic et al.,
2001; Soria et al., 2004). Furthermore, combination of some
physicochemical parameters, elemental composition and
protein content may be used for honey identification (Liber-
ato et al., 2013). Interesting research task is determination
of mineral and trace elements in honey for determination of
botanical origin (Fernandez-Torres et al., 2005; Hernandez
et al., 2005; Latorre et al., 1999). The markers for identifi-
cation of different honey types are flavonoids, aromatic
compounds and sugars (Wang and Li, 2011). In recent years,
modern DNA methods for determination of honey botanical
origin are needed. DNA barcode is a technology enables the
identification of all plant and animal species by amplifica-
tion and sequencing information from genes or intergenic
target region belonging outside the nuclear genome. A num-
ber of authors (Matsuki et al., 2008; Longhi et al., 2009;
Galimberti et al., 2014) indicate that molecular-based ap-
proaches show great potential to overcome the limitations of
previously applied methods. For example, the analysis of
certain DNA regions is successfully applied in the identifi-
cation of plant species in bee pollen (Wilson et al., 2010;
Bruni et al., 2012; De Mattia et al., 2012; Parducci et al.,
2012; Galimberti et al., 2014). Recent studies indicate that
the combination of two plastid regions as genetic markers —
rbcL and trnH-psbA are the most effective for determination
of plant species in bee pollen gathered by the bees. Gal-
imberti et al. (2014) investigated the effectiveness of the
DNA barcode for the characterization of pollen composi-
tion. In Bulgaria the melissopalynological analysis are lim-
ited (Atanassova et al., 2004; Atanassova and Kondova,
2004; Atanassova et al., 2009; Atanassova et al., 2012) and
DNA methods for determination of honey botanical origin
are needed. In this respect, the purpose on the present study
is to compare two DNA extraction kits — DNeasy Plant Mini
Kit (Qiagen) and GeneJET Genomic DNA Purification Mini
Kit (Thermo Scientific) and CTAB method combined with
different pre-treatment procedures and applied to five honey
samples.

Materials and Methods

A total of five honey samples were analyzed. Three multi-
floral honey samples were collected from Bulgarian bee-
keepers in 2016. The apiaries are located near to Kostinbrod
(Sofia region), Kubratovo (Sofia region) and Debelets (Ve-
liko Tarnovo region). Two monofloral honey samples were
purchased from the market.

The melissopalynological analysis was carried out using the
method established by Bulgarian State Standard for Bee
Honey 3050-80 and 2673-80. The pollen analysis was done
in the Central Laboratory of Veterinary Control and Ecol-
ogy, Sofia, Bulgaria.

Two bee pollen samples (BP 1 and BP 2) were used as a
control for the procedure for DNA extraction with flash
freeze in liquid nitrogen. The samples were multifloral and
were collected from the Experimental apiary of the Institute
of Animal Science, Kostinbrod by using a pollen trap.

DNA Extraction

Three extraction procedures were employed. Two commer-
cial kits DNeasy Plant Mini Kit (Qiagen) and GeneJET Ge-
nomic DNA Purification Mini Kit (Thermo Scientific) and
CTAB method were used for DNA extraction. Honey (120
g) was diluted with 360 mL MiliQ water, incubated at 45°C
for 10 min in a water bath and after that was filtrated through
membrane filter (pore size 8 um). The filter was placed in a
sterile petri dish (diameter 5 cm). A volume of 1200 pl of
Buffer AP1 from a DNeasy Plant Mini Kit (Qiagen) or 950
ul of Lysis Buffer A (GeneJET Genomic DNA Purification
Mini Kit, Thermo Scientific) had been added and shaked for
15 min. After that 400 puL or 350 uL into 3 new tubes (2 mL
volume) were transferred. The samples were disrupted using
a Tissue Lyser Il (Qiagen GmbH) with 3 mm metal beads
for 4 min at 30 I/s and then incubated for 10 min at 65°C and
60°C in a water bath. The subsequent steps of the DNeasy
Plant Mini Kit were followed according to the manufac-
turer’s instructions, with the exception that the QIAshredder
column and second wash stage were omitted. The GeneJET
Genomic DNA Purification Mini Kit (Thermo Scientific)
was followed according to the manufacturer’s instructions
without any modifications.

The pre-treatment procedures include — sample disruption
with a lysis buffer for DNA extraction or grinding the sam-
ple in liquid nitrogen at -70°C.

The pollen samples (0.5 g) were flash freezed in liquid ni-
trogen and after that 1200 pl of Buffer AP1 from a DNeasy
Plant Mini Kit (Qiagen) were added. The next steps were the
same as for honey samples.
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The DNA concentrations of samples were determined by
UV spectrophotometry (Nano Drop 2000). The CTAB-
based method was performed as described by Murray and
Tompson (1980) at 60°C with some modifications (110 mM
DTT was added) as described by Lalhmangaihi et al. (2014).

The extracted DNA was stored at -20°C prior to subsequent
analysis. Each extraction or amplification method was per-
formed in triplicate.

PCR Amplification

DNA was amplified using the rbcL and trnH-psbA DNA
barcode marker region. One of the internationally agreed
core DNA barcodes for plants is rbcL whilst trnH-psbA is
recognized as valuable additional marker. For PCR amplifi-
cation of rbcL, the primer combination was 1F: 5°-
ATGTCACCACAAACAGAAAC-3> and 724R: 5’-
TCGCATGTACCTGCAGTA GC-3’. The primer combina-
tion used for  trnH-psbA  was trnH:  5’-
CGCGCATGGTGGATTCACAATCC-3’ and psbA: 5’-
GTTATGCATGAACGTAATGCTC-3 (Bruni et al,
2015). Conventional PCRs were performed in a total vol-
ume of 25 pL. The reaction mixture contained PCR mix Taq
polymerase (DNA Polymerase, Bioline), primers, and tem-
plate DNA solution. Amplification was performed in the

Table 1. Pollen content in the honey samples, (n=5)

Original Article/Full Paper

Thermal Cycler (Mastercycler-Eppendorf). PCR cycles con-
sisted of an initial denaturation step for 3 min at 94°C, 35
cycles of denaturation (45 s at 94°C), annealing (30 s at
50°C for rbcL and 53°C for trnHpsbA), extension (1 min at
72°C) and a final extension at 72°C for 7 min (Bruni et al.,
2015). The DNA extraction and length of amplification
products obtained were checked by electrophoresis on 1.8%
(w/v) agarose gel and Bioline HyperLadder 100bp. The gel
was visualized after being stained with 20 uL GelRed (Bio-
tium) in 200 mL distilled water for 2 hours. The concentra-
tion of DNA was check with lambda DNA (50, 25, 12.5,
6.25, 3.13 ng).

The statistical analysis was performed using SPSS Statisti-
cal Package, version 21 for Windows. All results are pre-
sented as minimal and maximal value, means =+ standard de-
viation.

Results and Discussion

First, the botanical origin of the honey was certified. Pollen
analysis was used to specifically identify and confirm the
botanical origin of the honey samples. In general, 3 honey
samples analyzed could be considered as multifloral and 2
honey samples as monofloral according to pollen contribu-
tion of the botanic species. The results are presented in Ta-
ble 1.

Sample Plant families and species

Sample 1 Asteraceae — 44.7+2.3%; (Helianthus annuus — 36.9 £1.9%); Fabaceae — 33.0 +1.7%; (Melilotus sp. —
Multifloral 30.0+1.6%); Brassicaceae — 3.9 +0.2%; Rosaceae — 2.9 +0.2%); Violaceae (Viola tricolor 1.9 +0.1%);
Honey Poaceae — 7.8+0.4%; Betulaceae — 1.9 £0.1%; Chenopodiaceae — 1.9 +0.1%.

Sample 2 Rosaceae — 65.6 +3.4%; Tiliaceae — 7.9 +0.4%; Fabaceae — 13.2 +0.7% (Robinia pseudoacacia — 5.7
Multifloral +0.3%; Trifolium sp. — 3.5 £0.2%; Melilotus sp. — 1.3+0.1%); Asteraceae — 7.0 £0.4% (Helianthus an-
Honey nuus — 5.3 +0.3%; Taraxacum sp. — 0.88+0.04%); Poaceae — 2.2 +0.1%; Plantaginaceae 0.88+0.04%.
Sample 3 Rosaceae — 31.5 +1.6%; Brassicaceae — 26.8 +1.4%; Fabaceae — 21.4 +1.4% (Lotus corniculatus — 9.5
Multifloral +0.5%; Melilotus sp. — 5.4 +0.3%; Trifolium sp. — 3.0 £0.2%); Tiliaceae — 7.1 +0.4%; Asteraceae — 4.8
honey +0.2% (Helianthus annuus — 2.4 +0.1%).

Sample 4 Asteraceae — 81.9 +4.3% (from them Helianthus annuus — 76.1 +4.0%).

Sunflower

Honey

Sample 5 Brassicaceae — 78.5 +4.1%.

Rape

Honey
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DNA Extraction and Quantitative Analysis

In the present study, we made modifications to select DNA
isolation systems to simplify and improve their efficiency in
DNA isolation. The yield and quality of isolated DNAs were
assessed via gel electrophoresis and spectrophotometric
measurement. The DNA isolation from bee honey as a com-
plex matrix of sugars, mineral elements and enzymes has re-
mained very challenging.

1. DNA isolation with DNeasy Plant Mini Kit (Qiagen)

As a first step different pre-treatment procedures were ap-
plied for DNA isolation of honey samples with use of only
Proteinase K or RNase A. Furthermore, flash freeze in liquid
nitrogen was applied for honey sample from Kostinbrod,
Kubratovo and Debelets. Two bee pollen samples (P1 and
P2) were used as a control. The pretreatment procedure for
DNA extraction with flash freeze in liquid nitrogen is suita-
ble but it is not optimal for DNA isolation from honey sam-
ples. A further disadvantage of the grinding method with the
use of liquid nitrogen is the need to have a continuous source
of liquid nitrogen. The results showed that better results are
obtained with the both use of Proteinase K and RNase A,
without freezing in liquid nitrogen. Figure 1 presents DNA
extracted from honey samples with 2 uL Proteinase K (100
mg/mL) and 6 uL RNase A (100 mg/mL). Similar results
are obtained for the samples from Debelets and for 2 mon-
ofloral honeys (Sunflower and Rape).

2. DNA isolation with GeneJET Genomic DNA Purifica-
tion Mini Kit (Thermo Scientific)

According to the second method, the results of agarose gel
electrophoresis did not show clear visible DNA compare to
the result of DNeasy Plant Mini Kit (Qiagen), (Fig. 2). Sim-
ilar results are obtained for Sunflower and Rape honey sam-
ples.

3. CTAB method

The CTAB method is the most widely used method for ex-
tracting DNA from plants. The results of agarose gel elec-
trophoresis showed that visible DNA was obtained with
CTAB method (Fig. 3) and to a higher extent with the two
commercial kits. The CTAB method exhibited the highest
DNA intensity for the all honey samples. It was allowed ob-
taining higher DNA quantity which was particularly evi-
denced in the studied honey samples.

As can be seen from Fig. 3 (A, B) the CTAB method can
extract much more DNA quantity compare to the two com-
mercial kits. Furthermore, the use of CTAB method with
common laboratory reagents for DNA extraction instead of

Original Article/Full Paper

commercially available kits make this extraction process
more cost effective.

As a next step, the quality of all obtained DNA extracts was
assessed by UV spectrophotometry. As shown in Table 2,
for each extraction method we have reported the yield and
the ratios of spectrophotometric absorbance at 260 and 280
nm. In fact, the ratio A260/280 is usually employed to meas-
ure the purity level of DNA and some other nucleic acids
and nucleotides. The absorbance A260/280 up to 1.90 gen-
erally indicates a “pure” DNA sample. Generally, data were
in an agreement with the electrophoretic analysis. As can be
expected, the spectrophotometric analyses revealed the
presence of DNA with good quality in all samples extracted
with DNeasy Plant Mini Kit (Qiagen). Surprisingly, the re-
sults of agarose gel electrophoresis of DNA extracted with
GeneJET Genomic DNA Purification Mini Kit (Thermo
Scientific) did not show clear visible DNA. Anyway, spec-
trophotometric analyses showed similar DNA concentra-
tions (Table 2) but a bit lower ratios of absorbance
(A260/280 <1.90) for the most honey samples.

The DNA concentration observed by the CTAB method was
higher due to high presence of RNA. The concentration of
DNA was additionally checked with lambda DNA (50, 25,
12.5, 6.25, 3.13 ng), (Figure 3A). DNA extracted with the
CTAB method from all honey samples showed high concen-
tration. According to the results from the agarose gel and
DNA standards it is not more than 3 — 12 ng visible DNA in
5 uL. Similar results for DNeasy Plant Mini Kit (Qiagen)
and CTAB method are received by Soares et al. (2015) for
honey samples.

PCR Amplification

To evaluate the extracted DNA from the five honey samples
with two kits and CTAB method all extracts were amplified
by PCR. In the present study, rbcL DNA barcode marker
was amplified successfully from the DNA isolated from
honey samples (Fig. 4). The amplification results showed
strong PCR products (10 uL loaded on agarose gels). As can
be seen from Fig. 4 the results obtained after PCR amplifi-
cation are comparable for the DNA extraction with two
commercial kits and CTAB method. With the CTAB
method was observed co-precipitation of DNA and yellow
pigment which can result in less DNA amplification. The
DNA extracted with GeneJET Genomic DNA Purification
Mini Kit (Thermo Scientific) as shown on Figure 2 is not
clear visible. However, it could be easily amplified by PCR
demonstrating that the DNA extract is proved adequate and
shows strong PCR product in all honey samples (Figure 4).
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DNA barcoding analysis was performed with the trnH-psbA
intergenic spacer. The trnH-psbA marker was easily ampli-
fied in all honey samples.

Figure 5 shows that there is a difference in the number and
length of the amplified fragments. Probably, it is due to the

E-ISSN: 2602-2834 Original Article/Full Paper

better amplification of DNA isolated with GeneJET Ge-
nomic DNA Purification Mini Kit (Thermo Scientific) com-
pared to faint and defused bands obtained with DNesay
Plant Mini Kit (Qiagen). Furthermore, this was an expected
results considering that the multifloral honey samples might
contain different pollen grains.

Figure 1. Agarose gel electrophoresis of DNA extracted from honey samples from Kubratovo (1Kb, 2Kb, 3Kb) and
Kostinbrod (1Ks, 2Ks, 3Ks), DNeasy Plant Mini Kit (Qiagen)

Figure 2. Agarose gel electrophoresis of DNA extracted from honey samples from Kostinbrod (1Ks, 2Ks, 3Ks), Kubra-
tovo (1Kb, 2Kb, 3Kb), Debelets (1Db, 2Db, 3Db), GeneJET Genomic DNA Purification Mini
Kit (Thermo Scientific), Lambda DNA (50, 25, 12.5, 6.25, 3.13 ng)

Figure 3. Agarose gel electrophoresis of DNA extracted from honey samples (CTAB method)
A) Lambda DNA (50, 25, 12.5, 6.25, 3.13 ng), Kubratovo (1Kb, 2Kb, 3Kb), Rape honey (1Rp, 2Rp, 3Rp) B)
Debelets (1Db, 2Db, 3Db), Kostinbrod (1Ks, 2Ks, 3Ks) and Sunflower honey (1Sn, 2Sn, 3Sn)
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Legend: A) Kostinbrod (1Ks, 2Ks, 3Ks), Kubratovo (1Kb, 2Kb, 3Kb), Debelets (1Db, 2Db, 3Db), DNeasy Plant Mini Kit (Qiagen);
B) Kostinbrod (1Ks, 2Ks, 3Ks), Kubratovo (1Kb, 2Kb, 3Kb), Debelets (1Db, 2Db, 3Db), GeneJET Genomic DNA Purification Mini
Kit (Thermo Scientific); C) CTAB method — Ks, Kb, Db, Sn, Rp

Figure 4.Agarose gel electrophoresis of PCR products of rbcL DNA barcode marker region amplified from honey sam-
ples prepared with two commercial kits and CTAB method

C)

Legend: A) Kostinbrod (1Ks, 2Ks, 3Ks), Kubratovo (1Kb, 2Kb, 3Kb), Debelets (1Db, 2Db, 3Db), DNeasy Plant Mini Kit (Qiagen);
B) Kostinbrod (1Ks, 2Ks, 3Ks), Kubratovo (1Kb, 2Kb, 3Kb), Debelets (1Db, 2Db, 3Db), GeneJET Genomic DNA Purification Mini
Kit (Thermo Scientific); C) CTAB method — Ks, Kb, Db, Sn, Rp

Figure 5.Agarose gel electrophoresis of PCR products of trnH-psbA DNA barcode marker region amplified from honey
samples prepared with two commercial kits and CTAB method
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The length of the PCR product reflects to the amplification
efficiency of our DNA samples. Also, these results are in a
good agreement with the pollen analysis. It shows the pres-
ence of plant species in which the genetic marker trnH-pshA
has a variable and high fragment length ~ 395 and ~ 573 bp.
This PCR fragment for Helianthus annuus has a length ~
517 bp, for Melilotus sp. ~ 395 bp (in honey sample from
Kostinbrod) and for Robinia pseudoacacia (Fabaceae) ~
543 bp, Rosa canina 433 bp and Crataegus monogyna ~ 394
bp (Rosaceae), (in honey sample from Kubratovo and Debe-
lets). On Figure 5 C at lanes 4 (Sn) and 5 (Rp), strong PCR
products were observed with ~ 573 bp and ~ 357 bp, respec-
tively. It can be assumed that this marker can be used in
studies including molecular identification of botanical
origin of monofloral honey samples.

According to Bruni et al. (2015) the plastid spacer trnH-
psbA was the most suitable marker to determine the plant
species composition of honey. Furthermore, the DNA anal-
ysis is faster than melissopalynological analysis and can be
used for routine use.

Conclusion

This study describes for the first time DNA extraction from
Bulgarian multifloral and monofloral honey samples. Ac-
cording to the results obtained, we can concluded that all
tested DNA isolation procedures and commercial kits pre-
sented, result in isolation of sufficient amount of pollen
DNA from multifloral and monofloral honey samples. Thus,
extracted DNA is successfully used for PCR amplification
of rbcL gene and trnH-psbA spacer regions. The obtained
results will be in a further use for routine application of PCR
based molecular methods for identification and verification
of botanical origin of the honey or determining the presence
or absence of plant species.
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Sprey sogutma yontemi ile gida bilegenlerinin enkapsiilasyonu son yillarda dikkat ¢eken bir teknoloji olup,
ozellikle 1s1ya ve suya duyarl aktif maddelerin kaplanmasinda kullanilmaktadir. Sprey sogutma yontemi,
aktif maddenin kaplama materyali veya materyalleri icerisine dispersiyonu, bu karisimin atomizasyonu ve
katilastirma agamalarindan olugsmaktadir. Sprey sogutma yontemi ile enkapsiilasyon isleminde mumlar, hi-
drojenize yaglar, yag asitleri ve diisiik sicakliklarda jel olusturma 6zelligi iyi olan protein ve karbonhidratlar
kaplama materyalleri olarak kullanilmaktadir. Kaplama materyallerinin tipi ve karisim orani diger enka-
psiilasyon yontemlerinde oldugu gibi sprey sogutma yonteminde de enkapsiilasyon etkinligini belirleyen
onemli 6zelliklerdir. Sprey sogutma yonteminin kullanildig1 ¢caligmalarda genellikle aromalar, vitaminler,
mineraller, yaglar ve probiyotikler enkapsiile edilmistir. Bu ¢aligmalarda kullanilan kaplama materyalle-
rinin ¢esidinin ve oraninin enkapsiilasyon etkinligi iizerine etkisi ve/veya depolama siiresince enkapsiile
edilen aktif maddenin stabilitesi incelenmistir. Bu derleme ¢alismasinda, sprey sogutma yonteminin enka-
psiilasyon isleminde kullanilabilirligi ve literatiirde gergeklestirilen ¢alismalarin kapsamlart detayli olarak
degerlendirilmistir.

Anahtar Kelimeler: Sprey sogutma, Enkapsiilasyon, Hidrojenize yaglar, Vitaminler, Enkapsiilasyon
etkinligi

ABSTRACT

ENCAPSULATION OF FOOD MATERIALS WITH SPRAY COOLING METHOD

Encapsulation of food materials with spray cooling has been a remarkable technology in recent years and
is especially used for encapsulating heat and water sensitive active materials. The spray cooling method
comprises the dispersion of the active material into the coating material or materials, the atomization of the
mixture and the solidification stages. In the food industry, aromas, vitamins, oils and probiotics can be
encapsulated by using spray cooling method. Waxes, hydrogenated oils, fatty acids and, proteins and car-
bohydrates that are good at forming gels at low temperatures are used as coating materials in the encapsu-
lation process by spray cooling. The type and mixing ratio of coating materials are the most important
features that determine the encapsulation efficiency in spray cooling as well as in other encapsulation meth-
ods. Aromas, vitamins, minerals, oils and prebiotics are mostly encapsulated in the studies where spray
cooling method is used. In these studies, the effect of coating material type and ratio on encapsulation
efficiency and/or the storage stability of active material have been investigated. In this review study, usa-
bility of spray cooling method in encapsulation process and the scope of the studies carried out in the
literature have been evaluated.

Keywords: Spray cooling, Encapsulation, Hydrogenated oil, Vitamins, Encapsulation efficiency
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Giris

Gida tiiketim tercihlerinin ve davraniglarinin degisime
ugramas1 sonucunda, saglikli beslenme ve hazir gida
kavramlar birbirleriyle baglantili olarak her gegen giin
onem kazanmaktadir. Giiniimiizde hizli yasam kosullarina
uygun, hazir ve kolay tiiketilebilir gidalarin talebi dogrul-
tusunda degisen tiiketici istekleri dikkate almarak, gida sa-
nayi hazir gida ve farmasoétik tirlinler iizerinde yenilikei bir
vizyonla ¢aligmalarini yiiriitmektedir (Zungur, 2013). En-
kapsiilasyon teknolojisi de fonksiyonel ve spesifik gida
talebi dogrultusunda gidanin tiiriine bagl olarak gelisim
gostermekte ve gida icerisindeki aktif bilesenin korunumu,
tat ve kokusunun maskelenmesi, hedeflenen dogrultuda
kontrollii salimmm ve kolay tasinip, depolanmasi gibi
yonleriyle fayda saglamaktadir.

Enkapsiilasyon; bir maddenin veya karigimin baska bir
madde ile kaplanmasi veya hapsedilmesi olarak
tanimlanmakta ve elde edilen iirlin boyutuna bagl olarak
makro, mikro veya nano On ekleri alarak isim-
lendirilmektedir (Kog vd., 2010).

Enkapsiilasyon isleminde nisasta, maltodekstrin, pullulan,
sakkaroz, maltoz gibi karbonhidratlar; jelatin, peynir alti
suyu proteinleri, kazein, kazeinatlar gibi proteinler ve
gamlar (Kog vd., 2010) tercih edilerek genellikle kabuk,
duvar, membran, tasiyicit veya Kkapsiil olusturucu olarak
adlandirilmaktadirlar. Bu kaplama materyalleri ile kaplan-
acak olan hassas malzemeye (kati ve s1vi yaglar, aroma ve
tat bilesenleri, vitaminler, mineraller, renk bilesenleri ve
enzimler) ise i¢ faz, ¢ekirdek veya aktif madde adi verilir
(Sagis, 2015).

Enkapsiilasyon uygulamasi basta gida olmak {izere, tarim,
ilag, enerji ve savunma gibi alanlarda kullanilmakta olup,
temel amagclari:

» Uyumsuz bilesikleri ayirma,
» Sivi materyalin kat1 hale getirilmesi,

» Olumsuz g¢evre kosullarina karsi stabiliteyi arttirma
(oksidasyon ve deaktivasyona karsi mikroenkapsiile
materyali korumak),

» Mikroenkapsiile edilen materyalin tat ve kokusunun
maskelenmesi,

»  Aktif bilesiklerin uguculugunun énlenmesi,

» Mikroenkapsiile materyallerin hedeflendigi sekilde
kontrollii olarak saliniminin saglanmast,

» Kaplanan c¢ekirdek materyalin diger bilesenlerle
reaksiyonlara girmesinin 6nlenmesi,

» Mevcut ¢evrenin korunmasi,

» Malzemenin daha kolay tasinmasi ve depolanmasi
seklinde aciklanabilinir (Unal ve Erginkaya, 2010;
Sagis, 2015).

Fonksiyonel ve spesifik gida iiretimi i¢in bir ¢ok gidanin
enkapsiilasyonunda, gidanin tiirline bagh olarak sprey ku-
rutma, sprey sogutma, dondurarak kurutma, akigkan yatak
kaplama, ekstriizyon, koaservasyon, kokristalizasyon ve
lipozom tutuklama gibi ¢esitli metotlar tercih edilerek,
kullanilabilinir (Kog vd., 2010; Alvim vd., 2016).

Bu derlemede jel mikropartikiil iiretimine uygun ve ucuz
teknolojik bir yontem oldugu diisiiniilen sprey
(piiskiirtmeli) sogutma yontemi iizerinde durularak, genel
itibariyle enkapsiile edilecek ¢ekirdek materyalini
olusturan bilesik yapisina etkisi hakkinda bilgi sunulacak-
tir.

Sprey Sogutma Yontemi ile Enkapsiilasyon

Gida maddelerinin enkapsiilasyonu {izerine son zaman-
larda ¢ok fazla ¢alisma yapilsa da halen enkapsiilasyon
yontemi ve islem degiskenlerinin son iiriin {izerine olan et-
kisi incelenmelidir. Artan gida iiriinlerinin karmasikligi,
arastirmalari yeni ve farkli kapsiilleme teknikleri ve siirec-
lerine yonlendirmeye devam etmekte ve 6zellikle fonksi-
yonel gida tiiketiminin artmasiyla beraber bu iriinlerde
kullanilan aktif bilesenlerin korunumu iizerine ¢aligmalar
hiz kazanmaktadir. Mikrokapsiil yapilarinin hazirlanma-
sina yonelik kullanilan yontemler; fiziksel (sprey kurutma,
sprey sogutma, dondurarak kurutma, ekstriizyon, sivi bon-
cuk kaplama vs.), kimyasal (molekiiler inkliizyon komp-
leksasyonu ve ara yiizey polimerizasyonu) ve fizikokim-
yasal (koaservasyon, lipozom tutuklama vb.) olarak sinif-
landirilabilir (Kog vd., 2010).

Sprey sogutma, diger yontemlere kiyasla benzersiz bir
matris serbest birakma mekanizmasi ile dengeli farmas&tik
kapsiillerin iiretiminde yillardir kullanilan alternatif bir
teknik olup, suya duyarl aktif maddeleri kapsiillemek icin
solventsiz bir enkapsiilasyon yontemidir (Lakkis, 2007).
Genel olarak sprey sogutma yontemlerinde izlenen ii¢ te-
mel ve ortak ilke sirasiyla; kaplanacak olan etken madde-
nin matris malzemesine dispersiyonu, elde edilen karisi-
min atomizasyonu ve matris malzemesinin katilagtirilmast
islemlerine dayanmaktadir (Garti ve McClements, 2012).

Sekil 1’de goriildiigii iizere sprey sogutma igleminde en-
kapsiilasyon yapisinin olusturulabilmesi amaciyla cekir-
dek materyali, atomizasyon basamagidan 6nce kaplama
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materyali olarak kullanilacak matris malzemesi igerisine
dagitilir; atomizasyon ve sogutma islemi sonrasi matris,
bir mikrokiire veya c¢ok ¢ekirdekli bir mikrokapsiil olus-
turmak tlizere dagilmis olan aktif bilesen etrafinda katilagir
(Garti ve McClements, 2012). Yagli kaplama olarak da bi-
linen sprey sogutma yontemi atomizasyon kaynagi, parca-
cik olusturma odasi ve toplama bdlgesini igermesi baki-
mindan bir¢ok yoniiyle sprey kurutma iglemiyle benzerdir.
Fakat kaplama materyalinin ¢ekirdek materyal etrafini sar-
malayarak katilasmasini saglayan sogutulmus havaya ato-
mize edilmesi ile sprey kurutma yonteminden ayrilmakta-
dir. Ayrica sprey sogutma yontemi ile enkapsiilasyon is-
lemi, sprey kurutma yontemindeki gibi suyun buharlasti-
rilmasi basamagini icermediginden dolay1 atomizasyon is-
lemi sonrast olusan s1vi damlaciklarin i¢ kisminda yer alan
cekirdek materyali duvar materyallerinin katilasmasi so-
nucunda hapsedilir (Rokka ve Rantamaki, 2010; Garti ve
McClements, 2012).

Sprey sogutma yontemi, diger uygulamalara nazaran daha
kiigiik partikiil boyutlarinda basarili bir sekilde elde edilen
mikrokapsiil yapilarinin, lipit kaplamaya bagl olarak suda
coziinmemesi dolayisiyla; gida bilesenleri ve nutrasotik
uygulamalar i¢in mineral maddeler, probiyotikler, suda
¢Oziinen vitaminler, enzimler, asitlestiriciler, aroma bile-
senleri, besleyici yag ve biyoaktif maddelerinin enkapsii-
lasyonunda yaygin olarak tercih edilen basit bir yontemdir
(Rokka ve Rantamaki, 2010; Desai ve Park, 2005; Garti ve

McClements, 2012). Sprey sogutuma yonteminde mater-
yal igerisindeki suyun giderimi saglanmadigi i¢in kiitle
transferi gerceklesmez. Bu nedenle atomize hale gegen
damlacik yapilarmin soguk havayla temasi sonrasi, kusur-
suz kiiresel sekiller halinde katilagan, serbestge akan toz
parcaciklari elde edilir (Desai ve Park, 2005).

Sprey sogutma yontemi ile enkapsiilasyon isleminde siki-
likla tercih edilen kaplama materyalleri genellikle bitkisel
yag ya da tiirevleridir. Diisiik erime noktasina (32-42 °C)
sahip parcalanmis veya hidrojene edilmis bitkisel yaglarin
yani sira 45-122 °C erime noktalarina sahip siki mono ve
diasilgliseroller gibi ¢ok ¢esitli kaplama materyalleri sprey
sogutma yontemi ile enkapsiilasyon isleminde kullanil-
maktadir (Desai ve Park, 2005).

Sprey sogutma yontemi ile enkapsiilasyon isleminin diger
yontemlere kiyasla saglamis oldugu avantajlar; yiiksek 1s1
uygulamasinin olmamasi, diisiik isletim maliyeti ve sol-
ventsiz ¢aligilmasidir. Ayrica kaplama materyali olarak li-
pid tiirevi bilesiklerin kullanim1 sprey sogutma yontemi
sonucu elde edilen enkapsiile toz iirlinlere yiiksek nem di-
renci saglamasi bakimindan karsilastirildiginda; suda ¢6-
zlinlir amorf polisakkaritlere dayal1 sistemlere kiyasla da
avantajlar sagladig goriilmektedir. Fakat bahsedilen avan-
tajlarin yani sira oksijen difiizyonuna karsi kristallerin
apolar yapilarinin zayif bir bariyer 6zelligi gostermesi gibi
dezavantajlar1 g6z Oniinde bulundurmak gerekmektedir
(Sartori vd., 2015; Matos-Jr vd., 2017).
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Sekil 1. Sprey sogutma yontemiyle enkapsiilasyon isleminin akis diagram

Figure 1. Flow diagram of encapsulation with spray cooling method
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Dispersiyon Hazirlama

Sprey sogutma yontemi ile enkapsiilasyon isleminin bi-
rinci basamagi olan dispersiyon hazirlama asamasinda
kaplanacak olan aktif bilesen kaplama materyallerini ige-
ren matris ortamu igerisine disperse edilerek homojen bir
dagilim saglanmaya calisilmaktadir. Mikroenkapsiile edil-
mek istenen c¢ekirdek malzeme, siv1 veya kati olabilecegi
gibi matris malzemesi ile karigabilir veya karigmaz bir ya-
pida olabilir. Atomizasyon islemi O6ncesi, kaplama mater-
yali olarak da adlandirilan matris malzemesi ve aktif bile-
sen igeren bir besleme dispersiyonu hazirlanir (Garti ve
McClements, 2012). Hazirlanan besleme dispersiyonunun
ozellikleri, kaplama malzemesinin tiirii ve yogunluguna ve
dispersiyonun besleme sicakligina bagli olarak degisken-
lik gosterebilir (Sagis, 2015). Aktif madde dedigimiz ce-
kirdek materyalin karisabilir 6zellikte olmas1 halinde mat-
ris materyalinde ¢oziinmesi, karismamasi durumunda ise
emiilsifikasyonu saglanirken, emiilsiyonlagtirmanin ge-
rekli oldugu durumda yiizey aktif bilesenleri stabil bir
emiilsiyon olusturmak i¢in kullanilabilinir (Garti ve
McClements, 2012).

Matris malzemesi igerisinde c¢oziinmeyen bilesenlerin
sprey sogutma yontemi ile enkapsiilasyonunda, son f{iriin-
deki enkapsiilasyon etkinligi hazirlanan emiilsiyonun sta-
bilitesinden etkilenmekte olup, stabilite iyi oldugunda en-
kapsiilasyon etkinligi artmaktadir (Zungur vd., 2013).

Kaplama Materyalleri

Enkapsiilasyon igleminin etkinligi kaplama materyallerine
biiyiik oranda baglidir. Enkapsiilasyon iglemi i¢in kullani-
lan kaplama materyalleri genel anlamiyla lipofilik ya da
hidrofilik olarak da siniflandirilabilir. Enkapsiilasyon is-
lemleri i¢in iglevsel lipofilik veya hidrofilik yapilarin olus-
turulabilmesi i¢in g¢esitli kaplama materyalleri kullanilabi-
lir (Kwak, 2014).

Ideal bir kaplama materyali:

Yiiksek konsantrasyonda reolojik 6zellikleri iyi olmal1 ve
kapsiilleme islemi esnasinda kolay islenebilmelidir.

Emiilsiyon ve dispersiyon 6zelligine sahip olmali ve emiil-
siyon stabilitesi yliksek olmalidir.

Kaplama islemi esnasinda ve/veya depolama sirasinda ¢e-
kirdek materyalin 6zelligini bozacak sekilde reaksiyona
girmemelidir.

Cekirdek materyalini kaplayabilmeli ve bunu stabil bir
sekilde hem islem esnasinda hem de depolama esnasinda
koruyabilmelidir.

> lstenilen ¢6zgende ¢oziinebilmeli ve maliyet agisindan uy-

gun olmalidir (Kog vd., 2010).

Mikroenkapsulasyon isleminde genellikle nisasta,
maltodekstrin, pullulan, sakkaroz, maltoz gibi karbonhid-
ratlar; jelatin, peynir alti suyu proteinleri, kazein ve
kazeinatlar gibi proteinler ve gam arabik gibi gamlar
kaplama materyali olarak tercih edilmekte olup, probiyotik
bakterilerin enkapsiilasyonunda yaygin olarak kullanilan
kaplama materyalleri yosun orijinli polisakkaritler (karra-
geenan, aljinat), bitkiler (nisasta ve tiirevleri, Arap gami)
ve bakterilerden (gellan, ksantan) ve hayvansal pro-
teinlerden (stit, jelatin) elde edilir (Rokka ve Rantamaki,
2010).

Sprey sogutma yontemiyle enkapsiilasyon isleminde ise
kaplamanin ¢ekirdek materyali etrafinda katilagmasi, eri-
yik haldeki karigimin serin bir hava akimina piiskiirtiilmesi
seklinde gerceklesir. Kaplama materyalleri eriyik halde
stv1 formda iken oda sicaklifinda katilagabilmelidir. Bu
nedenle sprey sogutma ydntemi ile enkasiilasyon isle-
minde yiiksek sicaklikta eriyen polimerler, mumlar, hidro-
jenize yaglar ve yag asitleri gibi lipit tiirevleri kullanilmak-
tadir (Kwak, 2014). Ayrica disiik sicakliklarda jel
olusturma 6zelligi iyi olan protein ve karbonhidratlar da
kaplama materyali olarak tercih edilmektedirler.

Lipitler

Sprey sogutma yontemi ile enkapsiilasyon yonteminde
kaplama materyali olarak kullanilan yaglar laurik, palmi-
tik ve oleik-linoleik gruplar gibi ii¢ temel yag asidi grubu-
nun bir veya daha fazla formiilasyonlarindan olugmak-
tadirlar. Bu yag asitlerinin karboksilik asit zincir uzun-
luklarindaki degisiklikler, erime profilleri, doygunluk de-
recesi, esterifikasyon derecesi, saflik dereceleri ve bun-
larin kristalimsi yapisi kaplamanin iglenebilirliginin yan
sira kapsiillenmis tiriiniin performans: iizerinde énemli bir
etkiye sahiptir (Lakkis, 2007). Kaplama materyali olarak
kullanilacak olan yaglarin erime noktasinin diismesi ile
birlikte sprey sogutma iglemi sonrasi elde edilen {irliniin
kiimelesme egilimi yiiksek, akigkanlig1 ise diistiktiir.

Oleik / linoleik asit grubu: musir, pamuk tohumu, yer
fistig1, zeytin, aygicegi, aspir gibi ticari 6neme sahip bu
yaglar farkli sertlik derecelerinde plastik yapidaki yaglar
olusturmak iizere hidrojene edilebilir. Sprey sogutma
yontemi ile enkapsiilasyon uygulamalarinda bu yag asit-
lerinin sadece yiiksek seviyede hidrojenlenmis versiyon-
lart etkili olmaktadir (Lakkis, 2007). Ribeiro vd. (2012)
sprey sogutma yontemi ile glikoz iceren stearik asit mikro-
partikiillerini olusturmak i¢in oleik asit icerikli kaplama
materyali kullanmiglardir. Sartori vd. (2015) ise askorbik
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asidin oleik asit icerikli kaplama materyalleriyle sprey
sogutma islemi gergeklestirerek mikrokapsiilasyon verimi
ve yapisini incelemislerdir.

Laurik asit grubu: Bu grubun yag asitleri doymus, kisa
zincirli yag asitleri bakimindan zengin (8, 10 ve 14 karbon
zincir uzunlugu) ve kararli olup, ortalama % 40-50
oraninda laurik asit igerirler. Doymamis fraksiyonlarin
cogunlugunu oleik ve linoleik asitler olustururken doymus
olanlar esas olarak palmitik ve stearik asitlerden olugmak-
tadir. Laurik asit esasli yag asitleri nispeten diisiik erime
noktalarina (~44°C) sahiptir. Sartori vd. (2015) farkli Lau-
rik asit/Oleik asit oranlarinindaki kaplama materyallerinin
proses verimi iizerine etkilerini incelemis; kaplama malze-
mesi igerisindeki laurik asit miktarinin ¢ekirdek materyal
salinimini arasgtirmiglardir.

Palmitik asit grubu: Palm yagi % 32-47 palmitik asit ve %
40-52 oleik asit igermekte olup bu yag asidi grubu,
doymus ve doymamis yag asitlerinin esit konsantrasyon-
larina sahiptir. Matos-Jr vd. (2015) hidrojene palm yag1 ve
bitkisel gliserol monostearat kaplama materyallerini kulla-
narak, sprey sogutma yontemi ile askorbik asit iceren
mikroparcaciklarinin; verim, morfoloji, ortalama boyut ve
dagilimi, termal davraniglari, kapsiilleme verimliligi ve
askorbik asit kararlilign acisindan karakterize edilmesi
iizerine c¢alisma yiriitmiiglerdir. Ayrica Matos-Jr vd.
(2017) askorbik asidin sprey sogutma yontemi ile kapsiil-
lenmesinde kaplama materyali olarak palm ve palm ge-
kirdegi yag1; emiilsifiyer olarak soya lesitini ile farkli bes-
leme formlar1 ve karistirma hizlarinda denemeler
gergeklestirmiglerdir.

Mumlar: Dogal ve sentetik mumlar sprey sogutma yont-
emi ile enkapsiilasyon isleminde yiiksek erime
sicakliklarina sahip olmalarindan dolay1 kullanilmakta
olup, en sik kullanilan mumlar karnauba, kandelila ve bal
mumudur.

Karnauba mumu yiiksek erime noktasina (82-86°C) ve
Ozgiil agirligmma sahip olmasi nedeniyle erime noktasi,
sertlik, tokluk ve parlaklig1 artirmak i¢in diger mumlarla
birlikte gida sistemlerinde spesifik uygulamalar igin
kullanilabilinir (Lakkis, 2007). Sprey sogutma yontemi ile
enkapsiilasyon igleminde kullanilan diger bir mum ¢esidi
olan bal mumu 61-65°C erime sicakligina sahiptir ve
GRAS olarak kabul edilmesi nedeniyle dogrudan
kullanima izin verilmektedir (Lakkis, 2007). Bal mu-
munun enkapsiilasyon islemlerinde donuk halde kiril-
ganliginin ¢ok kolay olmasi tek basina kullanimindan
ziyade farkli kaplama materyalleri ile kombinasyonlarinin
yapilmasimi gerektirmektedir. Sertlik derecesi bakimindan
balmumu ile karnauba arasinda olan candelilla, az

miktarda ester ve serbest yag asidi icerir. Candelilla da bal
mumu gibi GRAS olarak kabul edilir ve bazi gida
kullanimlart i¢in izin verilir (Lakkis, 2007).

Proteinler ve Karbonhidratlar

Lezzet bilesenlerinin baglanmasinda oldukga iyi olan pro-
teinler sahip olduklar1 fonksiyonel 6zelliklerinden dolay1
mikroenkapsiilasyon islemi i¢in iyi bir kaplama matery-
alleridir. ~ Genellikle mikroenkapsulasyon isleminde
kaplama materyali olarak jelatin, peynir alti suyu pro-
teinleri, kazein ve kazeinatlar tercih edilmektedir (Kog vd.,
2010). Peynir alt1 suyu proteini gibi nano tastyict sistemin
gelistirilmesiyle fonksiyonel bilesiklerin biyolojik olarak
kullanilabilirlikleri biiyiik 6l¢lide artmis, vitamin ve min-
erallerin mukozal sistemlere ulagsmasmma da imkan
saglamistir (Kwak, 2014).

Hidrojel yapisini saglayan jelatin, karagenan, gellan gam,
pektin, alginat, agar gibi bazi protein ve karbonhidratlar
sprey sogutma igleminde atomize damlaciklarin
katilasmasinin saglanmasinda, jelatinasyon sicakligina da-
yanarak kapsiilleme yapilabilmesi i¢in yumusak sulu bir
matris sistemi sunar. Besleme soliisyonu genel olarak su,
hidrokolloid, jellestirme ajam1 ve aktif bilesenden
olusmakta olup, ek olarak hacim arttirict maddeler,
surfektanlar, antioksidanlar ve plastiklestiriciler seklinde
besleme soliisyonunun iyilestirilmesinde kullanilabilirler
(Garti ve McClements, 2012).

Literatiirde proteinler ve protein hidrolizatlarinin sprey
sogutma kullanilarak kapsiillendigi g¢alismalarda temel
amag, act tadi maskelemek ve protein hidrolizatlariin
gidalarda istenmeyen degisikliklere sebep olan yiiksek
reaktifligini bastirmak olmustur. Yajima vd. (1999) giiclii
ac1 aromaya sahip bir antibiyotik olan klaritromisinin
sprey sogutma ile mikroenkapsiilasyonu {izerinde
caligmiglar, arastiricilar klaritromisinin mikroenkapsiile
edildikten sonra hem yiiksek biyoaktiflige sahip oldugunu
hem de sindiriminin agizda degil, bagirsaklarda
gergeklestigini rapor etmiglerdir.

Dispersiyonun Atomizasyonu

Sprey sogutma yontemi ile enkapsiilasyon isleminde ka-
rarl1 bir slispansiyon veya emiilsiyon hazirlandiktan sonra
karigim bir atomizore pompalanir, uniform ve birbirinden
ayn kiiciikk damlacik yapilar tretilir. Atomizasyon islemi
sprey kurutma yonteminde oldugu gibi ¢ift akigkanli no-
zul, déner atomizor, disk atomizor, basingli nozul veya ult-
rasonik nozul ile gergeklestirilir (Garti ve McClements,
2012).
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Gida Endiistrisinde Sprey Sogutma Yontemi ile Uretilmis
Uriinler

Sprey sogutma yontemi ile enkapsiilasyon islemi, tat mas-
keleme, kontrollii salinim, sivinin kati bir yap1 kazanmasi,
cevresel etkilerden koruma, aktif bilesenlerin ayrilmasi
ve/veya biyoyararlanimda artig gibi nedenlerden dolay1
tercih edilmektedir. Tablo 1’de 6zetlendigi lizere, gida en-
diistrisinde aromalar, vitaminler, mineraller, yaglar ve pro-
biyotikler gibi bilesenlerin kaplanmasinda sprey sogutma
yonteminin kullanildig goriilmektedir.

Aroma Uygulamalart

Aroma bilesenlerinin ¢oziiniirliigiiniin farkli olmasi nede-
niyle hem jel hem de eriyik matris sistemleri kullanilarak
sprey sogutma yontemi ile enkapsiilasyon islemi gergek-
lestirilebilir. Bir ok aroma karigiminin ugucu olmalari ne-
deniyle sicakliginin ¢ok yiiksek oldugu durumlarda kayip-
lar daha ytiksek olacaktir. Termal kayiplarin 6nemsenme-
digi baz1 aromatik yaglarda eriyik malzemeler kapsiilleme
matrisi olarak kullanilabilinirken, baz1 aromatik bilesenle-
rindeki termal kayiplarin 6niine gecebilmek i¢in ise jeller
kullanilabilir (Garti ve McClements, 2012). Zencefil oleo-
resin antimikrobiyal ve antioksidan 6zellikleri ile bilinme-
sinin yanisira aromatik bir bilesen olarak siklikla kullanil-
maktadir. Oriani vd. (2016), zencefil oleoresin yiiklii, kati
lipid pargaciklarinin sprey sogutma teknigi ile olusumu ve
karakterizasyonununu inceledikleri ¢alismalarinda farkli
erime sicakliklarina sahip palm yaglarin1 kaplama mater-
yali olarak kullanmiglardir. Erime sicakliginin yiiksek ol-
dugu palm yaginin kullanildig1 durumda, daha organize bir
kristal yapinin olusmasi nedeniyle zencefil oleoresinin en-
kapsiilasyonu i¢in daha etkili oldugunu bulgulamislardir.

Nutrasétik Uygulamalar

Antioksidanlar, vitaminler, elzem yag asitleri, proteinler
ve enzimler gibi nutrasétiklerin kapsiillenmesi cesitli kap-
lama materyalleri kullanilarak, farkli yontemler ile gercek-
lestirilmekte olup, literatiir incelemeleri sonucunda baz1
nutrasotiklerin sprey sogutma yontemi ile enkapsiile edil-
mesi lizerine yapilan/devam eden basarili ¢aligmalar bu-
lunmaktadir.

Kwak (2014) C vitamininin iglenmesi ve stabilize edile-
bilmesi igin sprey sogutma yontemi ile mikroenkapsiillen-
mesini inceleyerek, kaplama materyali olarak kullanilan
yag asitleri karisimindaki oleik asit igeriginin, kaplama
materyali ile ¢ekirdek materyalin arasindaki oran dikkate
alinmaksizin, kati lipit mikrokapsiillerinin kapsiilleme ka-
pasitesini olumlu yonde etkiledigini gozlemlemislerdir.
Sartori vd. (2015) C vitamini mikroenkapsiilasyonu i¢in
yapmis olduklart ¢aligmada farkli oranlarindaki laurik

asit/oleik asit karigimlarini kaplama materyali olarak kul-
lanarak elde edilen C vitamini mikropartikiillerinin %
89'dan % 98'e degisen toplam enkapsiilasyon etkinligine
sahip oldugunu, enkapsiilasyon etkinliginin ise tasiyici-
daki laurik asit miktart ile ters orantili oldugunu gézlemle-
misglerdir. Ayrica tagiyict materyalde bulunan yiiksek mik-
tardaki oleik asit igeriginin, enkapsiilasyon etkinligini yiik-
seltmesinin yan1 sira elde edilen partikiil ¢aplarinin biiyiik
olmasi ve yiiksek oranda aglomerasyon gibi dezavantaj
olusturabilecek durumlar gbézlenmis, uygun miktar ve ko-
sullar ile basarili bir enkapsiilasyonun saglanabildigi rapor
edilmistir. Alvim vd. (2016) sprey sogutma ve sprey ku-
rutma teknigi ile C vitamininin kapsiillenmesini inceledik-
leri bir diger calismada; biskiivi {iretimi esnasinda kapsiil-
lenmemis C vitamini ile elde edilen iiriindeki igerige ki-
yasla, kapsiillenmis C vitamini ile elde edilen {irtinlerdeki
igerigin (pisirme esnasinda) korunmasi sebebiyle avantajli
oldugu belirtilirken, kapsiillenmis olan bu aktif maddenin
(pisirme sirasinda) termal bozunumuyla iliskili olan bis-
kiivi lizerinde koyu renkli lekelerin olugsmasi engellenmis-
tir. Schrooyen vd. (2001) de sprey sogutma teknigi ile
elde ettikleri stabilitesi arttirilmig C vitamini mikrokapsiil-
lerinin ekmek, biskiivi ve bazi tahillara katkilamada avan-
tajli oldugunu raporlamiglardir. Matos-Jr vd. (2015) hid-
rojene palm yag1 ve bitksel gliserol monostearat kaplama
materyallerini kullanarak, farkli askorbik asit miktarinda
sprey sogutma yontemi ile elde edilen mikropargaciklari-
nin; verim, morfoloji, ortalama boyut ve dagilimi, kapsiil-
leme verimliligi ve askorbik asit kararlilig1 agisindan ka-
rakterize edilmesi iizerine ¢alisma yiiriitmiislerdir. Sonug-
lar lipit tiirline bakilmaksizin, partikiil biiyiikliigiiniin as-
korbik asit konsantrasyonu ile ilgili oldugunu ortaya koy-
mustur. Yani aktif madde konsantrasyonu ne kadar diisiik
ise parcacik boyutu da o kadar kiigtiktiir. Parcacik boyutu-
nun kiiciik olmasi yiizeysel alanini arttiracagindan, parti-
kiil yilizeyinde aktif malzeme bulma ihtimali de artacaktir.
Ayrica diisiik aktif bilesen konsantrasyonunun gézlemle-
nen kapsiilleme verimini de bir o kadar diigiirdiigii anlagil-
mistir. Matos-Jr vd. (2017) askorbik asidin sprey sogutma
yontemi ile kapsiillenmesinde kaplayic1 materyal olarak
palm ve palm ¢ekirdegi yagi; emiilsifiyer olarak soya lesi-
tini ile farkli besleme formlar1 ve karistirma hizlarinda de-
nemeler gerceklestirmislerdir. Bu ¢alismada 6nerilen iki
besleme hazirlama yontemi arasindaki kiyaslama sonu-
cunda, her iki yontemin de avantaj ve dezavantajlari oldu-
gunu; C vitaminin stabilitesi ile iliskili olarak daha umut
verici sonuglar elde edildigi raporlanmistir. Paucar vd.
(2016), sprey sogutma ile D3 vitamininin enkapsiilasyonu
iizerine yaptiklar1 caligmada tastyici matris olarak bitkisel
yag, soya lesitini ve balmumu kullanilmislardir. D3 vita-
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mini yiiklii partikiillerde (oda sicakliginda, 65 giin) depo-
lama sonrasi 6l¢limii ile saptanan aktif bilesigin, immobi-
lize olmayan vitamin grubuna kiyasla korundugu ve diger
tim formiilasyonlar icerisinde balmumu eklenerek elde
edilen formiilasyonun D3 vitamini stabilitesini gelistirdigi
gorlilmistiir. Zoet vd. (2011), D vitamininin kapsiilasyonu
iizerine yaptiklar1 ¢aligmada tasiyict matris olarak hidro-
jene palm yagi1, pamuk yagi, susam yagi, carnauba mumu
ve balmumu kullanmislardir. Erime noktasi 45-90 °C ara-

liginda degisebilen tagiyict matrislerin, mikrokapsiil kali-
tesini etkiledigi ve elde edilen D vitamini mikrokapstille-
rinin gida veya yem katkist olarak kullanilabilecegi bildi-
rilmistir. Sprey sogutma teknigi ile E vitaminini (a-toko-
ferol) kapsiilleyen Gamboa vd. (2011) hidrojene soya yag1
ve normal soya yagini kaplama materyali olarak kullan-
miglardir. Calisma sonunda E vitaminin mikroenkapsiilas-
yonunun %90’lara varan oranlarda verime sahip oldugu ve
E vitamini kapsiillerin depolama siiresince (180 giin) iyi

bir stabilite de seyrettigi rapor edilmistir.

Tablo 1. Sprey Sogutma Yontemi ile enkapsiile edilmis gida uygulamalari

Table 1. Encapsulated food applications with spray cooling method

Cekirdek Materyal

Kaplama Materyali

Enkapsiilasyon islem Kosullari

Kaynak

Zencefil Oleoresin

Palmitik

Asit (Erime noktasi: 63°C)

Oleik asit

(Erime noktas1 8.2 £0.1°C))

Palm yag1 ( Erime noktasi: 44.9 £0.2°C))

Emiilsiyon hazirlama/ homojenizasyon:
Kaplama materyalleri 80°C’ye 1sitilir.
Atomizasyon:

0.7 kg/st besleme hiz1

7 °C hava giris sicaklig1

1052 L /s atomize hava hizt

35.000 L/s sogutma havas1 akis hizi

Oriani vd. (2016)

Gallik Asit

Hidrojene Soya Yag1/ Soya Yagi (Erime nok-
talar1:71,30 -74,99°C)
PGPR (Poligliserol polirisinoleat)

Emiilsiyon hazirlama/homojenizasyon:

Kaplama materyalleri 80°C’ye 1sitilir.

Atomizasyon:

0.530 L /s besleme akis hiz1

35,000 L /s sogutma havasi akis hizt

667 L/s atomize edici hava akis hizi

Giris ve ¢ikis sogutma havasi sicakliklari: 7 ve 11 °C

Consoli vd. (2016)

A vitamini, iyot, Demir

%1 Soya Lesitini
Hidrojenize Palm Yagi (Erime noktasi:63°C)

Emiilsiyon hazirlama/homojenizasyon:
Kaplama materyalleri 80-90°C’ye 1sitilir.
Atomizasyon:

Sogutma sivisi olarak nitrojen kullanilmigtir.

Wegmuller vd. (2006)

Askorbik Asit

Laurik Asit/ Oleik Asit (Erime noktalar1 41.6-
48.4°C)
PGPR 90 (Poligliserol polirisinoleat)

Emiilsiyon hazirlama/homojenizasyon:

30000 rpm’de 5 dakika

5.28.10* m¥/st besleme akis hiz1

0.66 m%/s atomize edici hava hiz1

35 m¥/s sogutma havasi akis hizi

Giris ve ¢ikig sogutma havasi sicakliklar1:6 ve 9.5°C

Sartori vd. (2015)

Sprey sogutucu igin:
Stearik Asit (Erime noktasi: 55°C )

Sprey Kurutucu Sprey Sogutucu
Ornek sicaklhigr: 40 £2 Ornek sicaklig1:70 +2

Alvim vd. (2016)

C vitamini Hidrojene bitkisel yag (Erime noktasi: 41°C) Giris sicakligi 150 £2 Giris sicakligi 5 +3
Sprey kurutucu igin: Cikis sicakligi 75 £3 Cikis sicakligr 15 £2
Gam arabik Besleme hizi 8mL/dak Besleme hiz1 12 mL/dak
Hidrojene palm yagi (Erime noktast: 74.02°C)  Emiilsiyon hazirlama/homojenizasyon: Matos-Jr vd. (2015)
Bitkisel gliserol monostearat (Erime noktasi: Tastyict matrisi olusturan yaglar erime noktalarinin
89.51°C) 10°C iizerinde 1sitilir. Askorbik asit 6giitiiliir
C vitamini (100pum’den kiigiik)
Atomizasyon:
4 bar hava basinci
22 + 3°C sogutma odast sicakligt
Palm ve palm ¢ekirdegi yagi1 (Erime noktast: Emiilsiyon hazirlama/homojenizasyon: Matos-Jr vd. (2017)
43°C) Tastyict matrisi olusturan yaglar erime noktalarmin
Soya lesitini 15°C iizerinde 1sitilir.
. 523 rad/s homojenizasyon
C vitamini

Atomizasyon:

Besleme akisi 50 mL/dak

13 £2 sogutma odast sicakligt
216 kPa atomizor basinct
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Dsvitamini

Bitkisel yag (Erime noktasi: 49°C)
Soya lesitini
Bal mumu

Emiilsiyon hazirlama/homojenizasyon:

Tastyic1 matrisi olusturan yaglar 80°C’ye 1sitilir.
5000 rpm’de 1 dakika

Atomizasyon:

50 mL/dak besleme akis hizi

2.2 kgflcm? hava basinct

13 £1°C sogutma havasi giris sicakligt

Paucar vd. (2016)

E vitamini

Hidrojene soya yagi / hidrojene palm yagi
(Erime noktasi: 61°C)

Emiilsiyon/Homojenizasyon:
5 dakika boyunca homojenizasyon

Gamboa vd. (2011)

% 10 likopen iceren
aycicegi yagi

Hidrojene ve interesterifiye pamuk tohumu,
soya ve palmiye yaglarindan olusan shortening
(Erime noktasi: 51°C)

Homojenizasyon/Besleme dncesi:

Likopen daha once 60 °C'de eritilen shortening
Atomizasyon:

1kgf / cm? hava basinci

40 mL/dak besleme akisi

13°C sogutma odasi

Pelissari vd. (2016)

Lactobacillus acidophi-
lus (LA),
Bifidobacterium ani-
malis subsp. laktis(BL)

Bitkisel yag (Erime noktasi:51°C)

Homojenizasyon:

7000 rpm’de 60 s

Besleme oncesi:

Dispersiyon 51°C su banyosunda manyetik karistirict
ile karistirilir.

Atomizasyon:

15 +2°C sogutulmus oda

5 bar hava basinct

Bambi vd. (2016)

Lactobacillus acidophi-

Palm ve Palm ¢ekirdegi yag: (Erime noktasi:
43.34°C)
Prebiyotikler

Homojenizasyon:
7000 rpm’de 60 s
Atomizasyon:

Okuro vd. (2013)

lus Inulin ve polidekstroz 15 + 2°C sogutulmus oda sicaklig1

5 bar hava basinci

Stearik asit Hidrojenlenmis bitkisel yag ( Emiilsiyon hazirlama/ homojenizasyon: Alvim vd. (2013)

Karigim erime noktalari: 44.5-53.4°C ) Kaplama materyalleri 70°C’ye 1sitilir.

Fitosterol Atomizasyon:
Hava akis hiz1 500-600 NL / st
Girig sicaklig1 5+ 2 °C
Glikoz ¢ozeltisi Stearik asit Emiilsiyon hazirlama/ homojenizasyon: Ribeiro vd. (2012)
Oleik asit Kaplama materyalleri 70°C’ye 1sitilir.

Yag karisimlarinin erime noktalar: 49.6-
56.6°C
Lesitin

10000 rpm’de 5 dak

Atomizasyon:

1.25 kgf / cm? hava basinci

0°C' sogutulmus oda sicaklig1

Her bir lipid karisim1 oranlart i¢in tanka eklenmek igin
ideal sicaklik ve atomizer sicakligi 60-65°C arasinda
degisir.

Soya Proteini Hidroli-
zat1

Hidrojene pamuk tohumu yagi (Erime noktasi:
51°C)

Poligliserol poliasinoleat (PGPR, %1)

Tween 80 (%1)

Soya lesitini (%2, %5, %7)

Emiilsiyon hazirlama/homojenizasyon:

Yag karisimlar1 3600 rpm'de 30 s

Soya Proteini Hidrolizati:yag (1:10, 1:5)

6000, 8000 ve 10,000 rpm

1, 5ve 7 dak.

Atomizasyon:

45 mL/dk besleme akis1

15 £2°C'de sogutulmus odaya 2.2 kgf/cm? basing

Salvim vd. (2015)
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Iyot, demir ve A vitamininin stabilitesini artirmak igin ka-
rarlt bir tuz gelistirmek amaciyla Wegmuller vd. (2006)
yaptiklar ¢aligmada hidrojene palm yagin1 tagtyici olarak
kullanmislar ve sprey sogutma ile potasyum iyodat, ferrik
pirofosfat ve retinil palmitati mikroenkapsiile etmislerdir.
Sprey sogutma ile elde edilen mikrokapsiillerin boyut ve
morfolojisi ile iyot ve A vitamini kayb1 incelenmistir. Ca-
lismada elde edilen mikrokapsiiller yerel bir tuz igerisine
eklenip; 6 ay siire ile depolanmistir. Depolama siiresince
tuzda meydana gelen renk degisiminin kabul edilebilir dii-
zeyde ve retinil palmitatin stabilitesinin yiiksek oldugu
bulgulanmistir. Ayrica mikroenkapsiil igeren ve mikroen-
kapsiil icermeyen tuz ile ger¢eklestirilen duyusal analiz so-
nuglar1 arasinda fark bulgulanmamigtir. Sonuglar sprey so-
gutma ile mikroenkapsiile edilmis tuzlarla katkilamanin
iyot, demir ve A vitamini depolama stabilitesini artirdigini
gOstermistir.

Consoli vd. (2016) hidrojene soya yagi ve normal soya
yagi1 karigimini, tagtyici matris olarak kullanarak sprey so-
gutma teknigi ile gallik asidi kapsiillemisler ve yag kari-
stmlarini olusturan bilesimlerinin pargacik boyutunu etki-
ledigi, yiiksek konsantrasyonlardaki hidrojene soya yagina
sahip formiilasyonlardan elde edilen pargaciklarin, boyut-
larinda azalmanin goézlendigini bildirmislerdir. Caligma
sonunda kaplama materyali icerisinde bulunan yiiksek
konsantrasyonlardaki hidrojene soya yaginin kapsiilleme
verimliligini arttirdig1, en iyi formiilasyonlarda ise Gallik
asit mikroenkapsiilasyonunun %80 ve iizeri oranlarda ve-
rime sahip oldugu rapor edilmistir. Yag asitleri ile yapil-
mis bir ¢alismada ise sprey sogutma teknolojisi ile elde
edilen stearik asit mikropartikiillerine {iretim esnasinda ol-
eik asit eklemesinin etkisi incelenmistir. Oleik asit ekle-
mesinin lipit kristali olusumunu olumlu y6nde etkiledigi,
sprey sogutmada yiiksek verim elde edildigi, yag tasiyict
fazi ile enkapsiilasyon uygulamasinin olduk¢a avantajli bir
uygulama oldugunu bildirilmistir (Ribeiro vd., 2012). Al-
vim vd. (2013) stearik asit ve hidrojene bitkisel yag kari-
simlarinin kaplama materyali olarak kullanildig1 ¢aligma-
larinda fitosterolii kapsiilleyerek, fitosterol gibi hidrofobik
bilesiklerin sprey sogutma yontemi ile enkapsiilasyon ve-
rimi ve aglemerasyon bakimindan basarili bir kaplama
gergeklestirilebilecegini bildirmislerdir.

Soya protein hidrolizatinin sprey sogutma ile mikronekap-
siilasyonu amactyla yapilan bir ¢alismada, yapilan bu isle-
min soya protein hidrolizatinin istenmeyen tadini maske-
ledigi, daha dayanikli bir forma getirildigi ve yag sindirimi
sirasinda bagirsakta salinimimi gelistirdigi bulgulanmistir
(Salvim vd., 2015).

Pelissari vd. (2016) likopenin kapsiillenmesi iizerine yap-
mis olduklar1 ¢alismada ¢esitli kaplama materyalleri ile
pargaciklarin yapisal 6zellikleri ve likopen kararligini in-
celemigler; likopenin korunmasi i¢in en iyi kosullarin tagi-
yic1 olarak gam arabik kullanildigi, sicakligin ve vakumun
diisiik oldugu yerlerde depolanmasi gerektigi rapor edil-
migtir. Ayrica buna ek olarak, tasiyict kompozisyona gam
arabik ve karboksimetil seliiloz ilavesinin parcaciklarin
morfolojisini etkilemedigi gdzlenmistir.

Probiyotik Uygulamalar

Probiyotikler dahil ¢esitli bakteri kiiltiirlerinin enkapsiilas-
yonu, genel enkapsiilasyon faydalarmin yani sira; gida
iiretim proseslerinde, depolamada ve gastrointestinal sis-
temden gecerken canliliklarinin korunmasi bakimindan
avantaj saglamakta olup, ¢esitli tekniklerin yani sira sprey
sogutma yontemi ile de gergeklestirilebilmektedir (Unal
ve Erginkaya, 2010).

Bir probiyotik olan Lactobacillus acidophilus'un, sprey
sogutma teknolojisini kullanilarak; palm-palm cekirdegi
yagi ile kapsiillenmesi ve bu kapsiillerin degerlendirmesini
yapan Okuro vd. (2013), sprey sogutma igleminin canlilig
azaltmadigin1 ve mikroenkapsiile edilmis probiyotiklerin
enkapsiile edilmeyen probiyotiklere kiyasla daha stabil ol-
dugunu; ayrica kati lipid mikropartikiillerinin Lactobacil-
lus acidophilus hiicrelerini mide ve bagirsak sivilarinin et-
kilerinden koruyabildigini bulgulamislardir. Probiyotik-
lerle yapilan bir diger ¢alismada Bifidobacterium lactis ve
Lactobacillus acidophilus’ un mikroenkapsiilasyon ile ko-
runmasini amaglayan de Lara Pedroso vd. (2012), sprey
sogutma yontemi ile enkapsiile edilmis olan toz iiriinlerin,
simiile edilmis barsak ve mide sivilarindaki stabiliteleri ve
90 giinliik depolama siireleri boyunca stabilitelerini ince-
lemislerdir. Sonug olarak palm ve palm ¢ekirdegi yagini
kullanarak elde edilen probiyotikli mikrokapsiillerin mide
ve bagirsak sivilarindan ge¢gmesine kars etkili oldugu ve
diisiik sicakliklarda depolanabildigi gézlenmis olup, sprey
sogutma yonteminin oldukca avantajli ve kullanilabilir bir
yontem oldugu rapor edilmistir. Bampi vd. (2016) Lacto-
bacillus acidophilus ve Bifidobacterium animalis subsp.
laktis'in sprey sogutma teknigi kullanarak mikrokapsiilas-
yonu sonrasi canliliklarini degerlendirmigler ve bunlar
tuzlu tahil barlarina eklemislerdir. 120 giinliik depolama
stiresi boyunca barlardaki canli hiicre sayisi, tuzlu tahil
barlarina aktiflestirilmis ve liyofilize edilmis probiyotikler
eklemek i¢in kullanilan diger yontemlere kiyasla mikro-
kapsiillenmis yapilarin canliliklarinin fazla olmasindan
dolay1 avantaj sagladigi raporlanmustir.
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Sprey sogutma yontemi kullanilarak gergeklestirilen enka-
psiilasyon c¢alismalarindan goriildiigi lizere aktif mad-
denin tipine bagh olarak kullanilacak olan kaplama ma-
teryal(ler)inin tipi ve/veya orami degisim gostermektedir.
Ayrica ¢aligmalarda arastirmacilar tek bir kaplama ma-
teryali kullanmak yerine iki veya daha fazla farkili
kaplama materyalinin bir arada kullanmislardir. Sprey
sogutma yontemi ile enkapsiilasyon isleminde kaplama
materyal(ler)inin tipi veya oranin 6nemli oldugu kadar dis-
persiyon hazirlama asamasinda uygulanan homejeni-
zasyon hizinin ve katilagtirma ¢emberinin sicakligi da
olduk¢a 6nemlidir.

Sonuc¢

Sprey sogutma yontemi ile sivi/yari sivi ya da akigkan hale
getirilebilecek hassas gida bilesenleri dispersiyon haline
getirilir ve atomizor sistemi araciligiyla kiiciik damlacik
boyutuna kiiciiltiilerek enkapsiile edilir. Yapilan galigma-
lar incelendiginde kaplama materyali olarak kullanilan
mumlar, hidrojenize yaglar, lipit tlirevleri, jel olusturma
0zelligi iyi olan protein ve karbonhidratlarin tek basina
kullanilabildigi gibi, farkli kombinasyonlarda kullanilma-
lar1 durumda beklenen stabilite ve etkinligi gelistirerek
basarili bir enkapsiilasyon sagladiklar1 bilgisine ulagila-
bilmektedir. Ayrica kaplanmak istenen ¢ekirdek materya-
linin istenmeyen tat, koku ve aktivitesinin maskelenmesi
gibi faydalar1 yan1 sira diisiik sicakliklarda gerceklesmesi
bakimidan ¢ogu enkapsiilasyon yonteminden daha fazla
avantaj saglamakta olan sprey sogutma yontemi; diger en-
kapstilasyon yontemlerine kiyasla diisiik isleme maliyetli
ve kolay olgeklendirilebilir yapisiyla 6ne ¢ikmakta olup,
gelecek vadeden bir yontem oldugu soylenebilinir. Fakat
elde edilen son iiriiniin depolama ve kullanim siiresince
kapsiill yapisinin  kirtlip-bozulmas1  ile  kontrolsiiz
salimmminin  gergeklesmesi hedeflenenin  aksine  bir
dezavantaja sebep olacagi ihtimalini de g6z 6niinde bulun-
durmak gerektirdiginden; kullanilacak kaplama materyali
ya da materyallerinin elde edilen verilere dikkate alinarak
seciminin yapilmasi ve son iriin i¢in uygun depolama
kosullarinin belirlenmesi gerekmektedir.
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