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1. Solid Phase Micro Extraction Method
2. Gas Chromatography—Mass Spectrometry (GC-MS)
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Fig 1 Effect of adding transglutaminase on syneresis of kefir during one-month storage at 4-6°C
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Fig 2 Classification of volatile compounds isolated and identified in kefir samples during one-month storage at
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Table 1 Changes in acidic compounds (%) detected in kefir samples during one-month storage

at 4-6°C
Blank TG
Compounds RT (min) Day 1 Day 15 Day 30 Day 1 Day 15 Day 30
Acids

Acetic acid 3.503 11.15 12.04 12.96 10.59 12.88 13.21
Butanoic acid 6.631 2.33 3.39 3.68 3.11 3.56 3.84
Hexanoic acid 13.749 7.82 8.98 9.68 8.87 9.17 9.96
Benzoic acid 20.282 4.22 5.01 5.34 3.47 4.77 5.89
Octanoic acid 20.405 9.56 9.62 9.88 8.2 8.99 9.97
Nonaoic acid 25.616 2.12 2.98 4.02 3.11 3.83 4.23
Decanoic acid 28.652 3.76 1.66 0.88 2.88 1.03 0.06
Dodecanoic acid 34.262 9.43 6.12 4.57 9.88 5.13 4.12
n-Hexadecanoic acid 42.867 2.5 3.73 5.13 2.22 3.67 4.18
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Table 2 Changes in alcoholic compounds (%) detected in kefir samples during one-month storage

at 4-6°C
Blank TG
Compounds RT (min) Dayl Dayl5 Day30 Day 1 Day 15 Day 30
Alcohols

Ethanol 1.740 0.77 1.83 4.03 1.96 2.12 4.22
Cyclobutanol 2.671 0.08 0.05 0.07 0.06 0.06 0.09
1-Butanol, 3-methyl 4.180 1.88 3.84 4.67 2.34 3.56 5.01
1-Hexanol 8.877 0.13 1.52 2.34 0.19 2.45 4.12
2-Methyl-5-pentanol 8.908 0 0.06 0.08 0 0 0.12
2-Heptanol 10.005 0.05 0.14 0.25 0.07 0.18 0.32
3-Methyl-2-pentanol 11.739 0.06 0.12 0.18 0.12 0.22 0.43
1-Hepnalol 12.631 0 0.11 0.22 0.09 0.18 0.38
4-Heptanol, 2,6-dimethyl 15.585 0.08 0.26 0.29 0.69 1.2 0.23
2-Heptanol, 4-methyl 15.944 0 0.05 0.09 0.05 0.06 0.09
1-Octanol 16.067 0.13 0.48 0.98 0.34 0.62 0.93
2-Nonanol 17.001 0.17 0.34 0.54 0.45 0.49 0.51
Benzeneethanol 17.503 0.14 1.28 2.45 0.44 1.33 2.41
Nonanol 19.647 0.07 0.45 1.23 0.59 1.11 1.95
1-Decanol 24.908 0.38 0.56 0.73 0.46 0.63 0.76
1-dodecanol 32.354 0.23 0.67 0.89 0.55 0.67 0.98
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Table 3 Changes in esters compounds (%) detected in kefir samples during one-month storage at

(2-ethylhexyl) ester

4-6°C
Blank TG
Compounds RT (min) Day 1 Day 15 Day30 Day 1 Day 15 Day 30
Esters
Acid acetic, ethyl ester 2.426 1.07 1.23 2.01 1.34 1.66 2.02
Isobutyl acetate 5.308 0.05 0.07 0.06 0.05 0.06 0.06
Butyric asid, ethyl ester 6.231 0.45 0.41 0.52 0.17 0.66 0.77
Lactic acid, ethyl ester 6.734 0.12 0.34 0.44 0.17 0.21 0.28
1-Butanol, 3-methyl,acetate 9.082 0.32 0.28 0.43 0.43 0.29 0.39
1-Butanol,2-methyl,acetate 9.152 0.23 0.05 0.05 0.34 0.05 0.06
Heptanoic asid,ethyl ester 16.908 0.09 0.17 0.08 0.12 0.18 0.08
Octanoic asid, ethyl ester 20.795 2.7 1.13 0.87 3.11 2.98 1.12
Acetic acid, 2-phenethyl ester 23.862 1.06 0.44 0.98 1.08 0.88 1.14
Ethyl 9-decenoate 29.041 1.35 1.26 0.56 0.88 1.01 0.65
Decanoic acid, ethyl ester 29.298 2.76 1.37 1.05 1.44 1.12 0.61
Dodecanoic acid, ethyl ester 34.97 1.15 1.04 0.76 0.77 0.89 0.56
Hexanedioic acid,bis 48.106 2.18 1.14 088 167 034  0.12
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Table 4 Changes in carbonyl compounds (%) detected in kefir samples during one-month storage at

4-6°C
Blank TG
Compounds RT (min) Day 1 Day 15 Day 30 Day 1 Day 15 Day 30
Aldehyde
Butanal,3-methyl 2.888 0.06 0 0 0.05 0.05 0
Pentanal 2.929 0.07 0.05 0 0.06 0.05 0
Heptanal 10.006 0.98 0.76 0.06 0.79 0.49 0
Phenylacetaldehyde 15.113 0.78 0.37 0 0.65 0.33 0
Ketone
2-Butanone 3.523 4.87 3.06 1.23 3.91 2.23 0.45
2,3-Butanedione 3.708 3.88 2.15 1.01 2.56 1.52 0.66
2-Heptanone 9.585 4.88 3.39 1.04 3.43 2.67 0.45
2(3H)-furanone,dihydro 10.539 0 0.08 0.08 0 0.08 0.06
2-Nonanone 16.693 2.06 1.91 0.23 1.88 1.05 0.14
2-Undecanone 25.503 1.23 0.98 0.45 1.05 0.65 0.23
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Table 5 Changes in other compounds (%) detected in kefir samples during one-month storage

at 4-6°C
Blank TG
Compounds RT (min) Day 1 Day 15 Day 30 Day 1 Day 15 Day 30
Others
Carbone dioxie 1.575 1.48 2.17 2.43 1.84 2.12 2.38
Oxim-methoxyl-phenyl 11.195 0 0.09 0.06 0.07 0.07 0.06
dl-Limonene 14.529 0.88 1.04 1.56 1.34 1.42 1.09
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Kefir is a kind of dairy drink with unique and exotic flavor that is traditionally produced from
fermented milk with kefir grains included a mix of bacteria and yeasts. The phase separation during
storage of kefir results in an unfavorable appearance, which is known as a defect, which can be
controlled by making the cross- links between the milk proteins. In this research, the addition of the
microbial transglutaminase enzyme (m-TG) to diminish the syneresis and its effect on the aromatic
compounds of kefir was investigated during one-month storage at a refrigerated temperature using a
solid phase microextraction method combined with a gas chromatography—mass spectrometer. The
results showed that the adding of the m-TG to kefir significantly affected the syneresis of kefir and
caused reduce in phase separation of kefir during storage. In total, 51 volatile compositions were
isolated and identified from kefir samples using SPME-GC/MS. Most of the identified compounds
include acids, alcohols, ketones, esters, and aldehydes, respectively. The results indicated that the
storage time significantly affected the amount of all volatile compositions, so that some volatile
compounds increased, while some volatile compounds decreased during storage. The m-TG had no
effect the content of the volatile constituents except for alcohols. The findings of this study revealed
that the total amounts of alcoholic and acidic compounds as well as carbon dioxide were increased
during storage. On the other hand, total amounts of ketones, aldehydes and esters in kefir decreased
during storage.Based on the findings of this study, it could be concluded that the use of m-TG without
significant effect on the properties of aromatic compounds of kefir reduces its syneresis during
storage.
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