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Table 1 Bioactive composite film samples based on whey protein concentrate

Sample WPC (%) Mucilage (%) Postbiotics (%)
1 WPC 3 0 0
2 WPC+PBs 3 0 30
3 WPC+MUC 3 3 0
4 WPC+MUC+PBs 3 3 30

1: Whey Protein Concentrate
2: Whey Protein Concentrate film containing B. coagulansPostbiotics
3: Whey Protein Concentrate film and jujube Mucilage
4: Whey Protein Concentrate film and jujube Mucilage containing B. coagulansPostbiotics
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Fig 1 Thickness of produced bioactive films
Different Latin letters indicate significant differences
between treatments (p<0.05).
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Fig 2 Moisture content of produced bioactive films
Different Latin letters indicate significant differences
between treatments (p<0.05).
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Fig 3 Solubility in water of produced bioactive films
Different Latin letters indicate significant differences
between treatments (p<0.05).

Yo

= [ 0Les 5 Singh mlo L sl rasn mb
Dy SBSE sy Ol Sl S5 0L 5ol dilas
23 SOl Sl dl ey slandd s s ool

P>/ 0) il sl

u‘,.t.g Cogb, —Y-V
Gy Sbapdd oo G Shs 5l S cusks gl
Lol oLl Ky s s slad 4 S 5 iy 59
035 du olpe b5 VU ol s b ol slpe 51 Bl s
Sl sdias 0L oS ol Siy Cash Oy [TE] AL s
gl bagdd bl s OF Glad ;S0 50 ey o Uil
OS5 5 bped s sl 5 s ST Gla et ls 5 bl
2 s e 13 0 e 1) Wb ok Ol
by Gy SR e sl LSS s
2T SLSS 5 S s 2k e S sl
Sl b ¥ s [Yolwss e o el e
Ol il das o | o A5 Jd s slaphs S b
Bl e e Sl Dlss 5 S sy 035381 &S b
s am oh (P<e/e0) W banld by (gols e
Sl d gbaSs s egls al n JW o)
Sheds Wy odd 5 o i Ole s 5 LSS oy
ag Ll 1 by e S e slartis o ,8lS
Lle sl SLS 5 3 gm s 4 by Slye SRIB1 s
sSSPl Dlge 53 spmge s s bOLaas S
A3l o bS53 25750 Glae s SE 5 LSl
OBl e e e 3 5 Sk Sl 3 pos e S
CeiselS ok [V OLa 5 Sani 558 e cusb,
ol JseS Galo o gy 0SS 5 o) e il
5035 W L aSl epSsS 05 035l 5 @3led sl
Gl canle s 4 bl JseS 035330 L3 S 5158
sk lgmme RIS 00l 53 25750 DS S
[YWVISUKas 5 S0 a5 i b amat ool A ok (gl sas
Aoy Al LS oS am g5 s Sillee Lsls el
Loy il als Cogby Ol o ZoipmlS 5l 53 J5ssdes



Ve Mc\q a)y‘\Y'Y e)w

SLLly S5ads Lsy sbml bl 2358 slaagal dd
Sl slapks 6,8 IS5 5 ST slay 5 5 Sty Sl
5 2ls 53 slads [YV]sh e e 85 5l el g
3OSt 4 S 2Ll SaSailes 5 exp Slid
sby ol o b @ g pdbdsm bl cas o ol 5=
Ol glaes S s W cde a4 IS,k o [FAJL
3 Sk S Shis glaekd e Glae s 5o Canss

[radals OF Jo alp s oS Saslssb Lol « ot o

25

2 a
=
g
o b b
415
£
g ¢
o
g1
X
&
2
3

03
0
WeC

WPC+PBs WPC+MUC WPC+MUC+PBS

Fig 4 Water vapor permeability of produced
bioactive films
Different Latin letters indicate significant differences
between treatments (p<0.05).
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Table 2 The inhibitory effect of produced films on the growth of S. aureus and E. coli

Zone of inhibition (mm)

Sampl
ampres E.coli S.aureus
S1 WPC 0.0+0.0 0.0+0.0
S2 WPC+PBs 13.5+0.5° 15.6+0.4"
S3 WPC+MUC 0.0+0.0 0.0£0.0
S4 WPC+MUC+PBs 13.8+0.5"° 16.1+0.84°

Different Latin letters indicate significant differences between treatments (p<0.05).
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Fig 7 Color parameters of produced bioactive films
Different Latin letters indicate significant differences
between treatments (p<0.05).
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Different Latin letters indicate significant differences
between treatments (p<0.05).
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Table 3 The results of the mechanical properties of the produced films

Samples Tensile strength (Mpa) Elongation at break (%) Elastic modulus (Mpa)
S1 WPC 11.1+0.8° 30.2+5.1° 1.6£0.2°
S2  WPC+PBs 3.9+0.6" 49.5+3.3" 0.9£0.1°¢
S3 WPC+MUC 70.0+0.1° 16.6+2.4° 2.6+0.2°
S4 WPC+MUC+PBs 6.5+0.2° 46.0+2.5° 1.0+0.2°

Different Latin letters indicate significant differences between treatments (p<0.05).
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ABSTRACT

ARTICLE INFO

The aim of this study was to produce a new bioactive composite film using
whey protein concentrate and jujube mucilage reinforced with postbiotics of
Bacillus coagulans IBRC-M 10807. For this purpose, four films including
whey protein concentrate film (WPC), whey protein concentrate film
containing B. coagulans postbiotics (WPC+PBs), whey protein concentrate
film and jujube mucilage (WPC+MUC), and whey protein concentrate film
and jujube mucilage containing B. coagulans postbiotics (WPC+PBs+MUC)
each in three replicates of production and their physicochemical,
antimicrobial, antioxidant and mechanical, were compared in the form of a
completely random design and with the analysis of variance method. The
results showed that the addition of postbiotics and jujube mucilage caused a
significant increase in the moisture and solubility of the films (P<0.05).
Adding postbiotics causes an inhibitory effect against Staphylococcus aureus
and Escherichia coli bacteria (P<0.05). The addition of postbiotics and jujube
mucilage caused a significant decrease in the L index of the produced film
samples (P<0.05). The results showed that the a and b indexes increased
significantly with the addition of postbiotics and jujube mucilage (P<0.05).
The results of the present study showed that the produced bioactive
biocomposite film has the potential to be used in food packaging.
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