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Table 1- The effect of Lactobacillus reuteri bacteria and its supernatant on the physical properties of the film

Treatment M% S% WVP (g.mm/kpa.h.m?) O (nm/mm)
F1 10.65+0.15 ¢ 82.01+1.51 € 15.10+0.60 © 1.40+0.03 A
F2 11.30+0.10 8 84.04+0.75 B 16.50+0.50 B 1.82+0.04 B
F3 12.28+0.12* 91.61+0.50 A 19.00+0.70 A 1.11+0.01 €

F1 sodium caseinate film - nanocellulose, F2 sodium caseinate film - nanocellulose - supernatant, F3 sodium
caseinate film - nanocellulose - lactobacillus rheuteri. ; M moisture percentage, ; S solubility, ; WVP permeability to
water vapor, ; O turbidity. Similar common letters in each column indicate no significant difference in data
(P<0.05).
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Surface image (a) and cross-section (b) of sodium caseinate-nanocellulose film, surface image (p) and cross-section
(t) of sodium caseinate-nanocellulose-supernatant film, surface image (c) and cross-section (c) of sodium caseinate
film - Nanocellulose - Lactobacillus reuteri
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Table 2- The effect of Lactobacillus reuteri bacteria
and its supernatant on the mechanical properties of

the film

Treatment E% TS(MPa)% EM(MPa)%

F1 10.16+0.31 15.40+0.35  323+23 "4
C A

F2 11.96+0.24 12.69+056 2944244
B C

F3 12.82+0.19 13.96+0.71  245+15°
A B

F1 sodium caseinate —nanocellulose film, F2 sodium
caseinate -nanocellulose-supernatant film, F3 sodium
caseinate -nanocellulose-Lactobacillus reuteri, E
percentage of stretch, TS tensile strength, EM
modulus of elasticity.

Similar common letters in each column indicate no
significant difference in data (P<0.05).
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Figure 2- The effect of the examined variables on the total number of bacteria
Control, roast without coating; F1 roast - sodium caseinate — nanocellulose film, F2 roast - sodium caseinate —
nanocellulose — supernatant film, F3 roast - sodium caseinate - nanocellulose - Lactobacillus reuteri film.
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Figure 3- The effect of the examined variables on total psychrophilic bacteria.
Control roast without coating. F1 roast - sodium caseinate — nanocellulose film, F2 roast - sodium caseinate -
nanocellulose — supernatant film, F3 roast - sodium caseinate - nanocellulose - Lactobacillus reuteri film.
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Figure 4- The effect of the examined variables on mold and yeast.
Control roast without coating. F1 roast - sodium caseinate — nanocellulose film, F2 roast - sodium caseinate -
nanocellulose — supernatant film, F3 roast - sodium caseinate film - nanocellulose - Lactobacillus reuteri film.
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Table 4- TBARs index (MgMDAJ/kg) in different
kebab treatments during storage time at refrigerator
temperature

Storage time (day)
Treat 0O 4 8 12 16 20
ment
Cont 026 070 092 106 133 1.65
rol +00 +00 =00 0.0 =00 =00
6Fa 3Ea 3Da 6Ca ZBa 7Aa
F1 025 045 064 084 088 0.95
+00 +00 =00 0.0 0.0 =00
3Ea 2Db 2Db SBb ZBb 3Ab
F2 020 038 051 069 0.77 0.89
+00 +00 =00 0.0 =00 =00
2 Fab 3 Ec 4 Dc 3 Cc 2 Bc 3 Ab
F3 017 025 033 043 055 0.70
+0.0 +00 =00 0.0 =00 =00
1Fb 3Ed 2Dd 4Cd 4Bd 6AC

Control roast without coating. F1 roast with sodium
caseinate — nanocellulose film, F2 roast with sodium
caseinate - nanocellulose — supernatant film, F3 roast with
sodium caseinate - nanocellulose - Lactobacillus reuteri

YYY

-3 ol CudS 5 DL il S i
Olis s aels (Oncorhynchus mykiss) ol .5
sbls abe 5 aald sl 53 58 53 deSTn Ol 5l
53 il opl Lol cadls il Wy, aSsS Rds
R VP 55 o 5 Sl (gl ol dald led
Yo 55 53 OF 2l s sy OPNEIVN) 5550 Ol

[37] o

Table 3- Peroxide index (meqg/kg oil) in different
kebab treatments during storage time at refrigerator
temperature

Storage time (day)

Trea O 4 8 12 16 20
tmen
t
Cont 0.493 1.077 1.648 2162 2117 2.065
rol +0.02 +0.04 +0.01 +0.02 +0.01 +0.00
OFa OEa ODa OAa OBa 8Ca
F1 0.476 1.007 1501 1909 1.869 1.710
+0.00 +0.02 +0.01 +0.03 +0.03 +0.02
7Fa 5Eb ODb OAb OBb 1Cb
F2 0484 0.822 1372 1608 1.492 1.223
+0.01 +0.02 +0.00 0.01 +0.01 +0.02
OFa 7EC 7CC OAC ZBC 3DC
F3 0482 0.606 0951 1.080 0.998 0.699
+0.01 +0.01 #0.01 +0.00 +0.02 +0.01
OFa 2Ed OCd 6Ad OBd 3Dd
Control roast without coating. F1 roast with sodium
caseinate — nanocellulose film, F2 roast with sodium

caseinate - nanocellulose — supernatant film, F3 roast with
sodium caseinate - nanocellulose - Lactobacillus reuteri
film. Similar uppercase and lowercase letters respectively
indicate the absence of significant data differences in each
row and column (P<0.05).
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film. Similar uppercase and lowercase letters respectively
indicate the absence of significant data differences in each
row and column (P<0.05).
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Table 5- TVB-N in different kebab treatments during storage time at refrigerator temperature

Storage time (day)

Treatment 0 4 8 12 16 20
Control 8.62+0.22 7 22.36+0.32 % 28.83+0.55°*  30.22+0.21 “*  33.90+0.62%*  37.66+0.35"
F1 8.68+0.13 7 14.54+0.42 %  20.76+0.72%  22.99+0.32<°  28.53+052 %"  30.67+0.34 "
F2 8.74+0.12 7 12.34+0.31 5 15244043  19.26+0.41 %  22.52+0.71 %  26.78+0.32 *°
F3 8.66+0.21 7 11.21+0.20 % 14.97+0.61 >  16.77+0.42°"  21.11+041%  23.61+0.09 A

Control roast without coating. F1 roast with sodium caseinate — nanocellulose film, F2 roast with sodium caseinate -
nanocellulose — supernatant film, F3 roast with sodium caseinate - nanocellulose - Lactobacillus reuteri film.
Similar uppercase and lowercase letters respectively indicate the absence of significant data differences in each row and column
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(P<0.05).
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Table 6- pH value in different kebab treatments during storage time at refrigerator temperature

Storage time (day)

[56] 535 o 55 sou 5l

Treatment 0 4 8 12 16
Control 6.060.05 M 6.27+0.03 & 6.49+0.13 P2 6.66+0.05 6.97+0.10 B
F1 6.02+0.02 EP2 5.99+0.03 6.17+0.07 °° 6.31+0.06 <° 6.47+0.03 B°
F2 6.03+0.03 @ 5.89+0.05 PP° 5.74+0.09 £ 5.94+0.11 Pce 6.13+0.08 B¢
F3 6.04+0.03 AB2 5.82+0.12 <° 5.42+0.09 E 5.68+0.06 ¢ 5.92+0.07 B¢

Control roast without coating. F1 roast with sodium caseinate — nanocellulose film, F2 roast with sodium caseinate -
nanocellulose — supernatant film, F3 roast with sodium caseinate - nanocellulose - Lactobacillus reuteri film.
Similar uppercase and lowercase letters respectively indicate the absence of significant data differences in each row and column
(P<0.05).
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Table 7- Acidity value in different kebab treatments during storage time at refrigerator temperature

Storage time (day)

Treatment 0 4 8 12 16 20
Control 0.37+0.01 " 0.34+0.01 B2 0.31+0.02 B2 0.18+0.02 <* 0.11+0.01 P* 0.08+0.03
F1 0.37+0.01 B¢ 0.43+0.03 ° 0.36+0.01 B° 0.32+0.01 < 0.27+0.02 °° 0.22+0.01 ®°
F2 0.37+0.01 <@ 0.54+0.01 B¢ 0.75+0.03 ¢ 0.53 +0.01 ®* 0.36+0.02 ° 0.32+0.01 ®°
F3 0.37+0.01 7 0.65+0.02 ° 0.93+0.02 ¢ 0.75+0.03 B¢ 0.56+0.02 ™° 0.41+0.02 &

Control roast without coating. F1 roast with sodium caseinate — nanocellulose film, F2 roast with sodium caseinate -
nanocellulose — supernatant film, F3 roast with sodium caseinate - nanocellulose - Lactobacillus reuteri film.

Similar uppercase and lowercase letters respectively indicate the absence of significant data differences in each row and column
(P<0.05).
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ABSTRACT

ARTICLE INFO

Eible films due to the environmental compability can be a good alternative
to packaging made from oil materials. Today, consumers' concerns about
the toxicity of artificial preservatives in the food industry have led to the
search for natural antioxidants and antimicrobials sources. Ready-to-eat
foods such as kebabs are known as the most susceptible foods for the
growth of microbes and cause food poisoning. The purpose of this study
was to investigate the effect of an antimicrobial film of caseinates-cellulose
nanocrystal containing supernatant and lactobacillus reuteri (PTCC 1655)
on microbial and chemical properties of kebab. Therefore, a sodium
caseinate-cellulose nanocrystal was prepared by adding 10° CFU/cm?
Lactobacillus reutri PTCC 1655 and germ-free supernatant, and
mechanical properties evaluation tests, water vapor permeability, solubility
and moisture were evaluated on the prepared films. The films were
wrapped on kebab and each and every four days were monitored by
microbial tests (total viable count, psychrophile bacteria and mold and
yeast), chemical (pH, acidity, thiobarbituric acid and total volatile nitrogen,
peroxide index). Among the treatments, the sodium caseinate -
nanocellulose film containing Lactobacillus reuteri was the most effective
treatment in increasing the shelf life of the kebab. As a result, it is
suggested to use sodium caseinate-nanocellulose film containing
Lactobacillus reuteri to increase the kebab shelflife.
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