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Table 1 The fabricated WPI-based bioactive film samples

Samples CNF (% wiv) Polydextrose (% w/v) L. plantarum (CFU/mL)
WPI - - 10°
WPI/CNF2.5% 2.5 - 10°
WPI/CNF5% 5 - 10°
WPI1/PD10% 10 10°
WPI1/PD20% - 20 10°
WPI/CNF2.5%/PD10% 2.5 10 10°
WPI/CNF2.5%/PD20% 2.5 20 10°
WPI/CNF5%/PD10% 5 10 10°
WPI/CNF5%/PD20% 5 20 10°

WPI: whey protein isolate, CNF: cellulose nanofiber, PD: polydextrose.

W, — W,

— x 100
Wy

s Zagby 5o Wdised 05 (W dad i 5l 055 W

[24] t ol 23S 5 ams 2y B5

Moisture absorption =

u] ooled 4l -3-4-2

(2018) Ol\Kan 5 eib iy b O ol el a5l
8) e Ol 5l gl ks 5ok cnl gl i3S (S5l
oy aalsl 3 538 513 b slaised 5, 1 (s S
Microsoft, ) e cmpss b oAb L OF il
&ols» Se (xLifeCam, H5D-00013, zoom 24
[1] w5 ns IMage.d 1.48 il p 5 oy 5 45 S
K, -4-4-2

S S sty o5l U o Sl a0 K Ol e
Sl oS g badgas Il LS (6, Sa 3l b gl )
P VO U P =% S R
Yashika ) o5 33 om asly 85 515 60 b el
a3 45 ss0 5 ol L s (EZ F8035, Japan
D65 55, ,5 alie 55 ol Gl abime |55 54
Ly g0 ,n 5l a5l @07 by g6 e
S5 3 Gols S mmen 23 S planil Ol g sl 5
plonil alie Loyl 5 L abiss Olea 55 RAl 5 il sl
g LS e ol L @b ey sl 5 oy
slas el 5 Ral glas ikl (LY, a'\b" sla, 5506 o
e tdal Cenzay O Wslas 5 oy 3,1kl oot (2315
b bl 3 CuiaslS U Wb sk pel (o Ske slasl
Oramen ] st Bl alael B A esls 13 sl
Ol (als @ ged 4 S Ky oS Oline el AE
25 oye o Y 6 g5 e 5 W i

96

i S 4403 (g5 lwoslel =3-2

e Ll “U}‘)Y 5> olinal sy S8 amale 3
Ghsey sbaise il Hskie cpl sl S ol >
© o Al Kb s eld e ci S 4 et
Sl 4 g Loaebl 5 s s e Sl BXE s
5 Aok ndsl o cute Ay aply el Clided S 2is
Pl skl sSY 628U Gleedis 5o 5 meSs
WPI/CNF5%/PD20% o, o b od S e 23]
2ok St e sl 5 A el s
G 3558 e & g a0 4 Gles 5 s S
[22] s 5

O35l has ~4-2

o Calins 05031 -1-4-2

Loy lal Cose a4 abki 6 s s csbis
Mituto, Tokyo, ) 0/01 mm <35 L Jeows ey S
ol (5, So3lkl slie Sl 5 A3 5 ,Se5lwl (Japan
[24] 255 218 el s Ol sy

ol o gb)y il -2-4-2

i el L add e Susby Olse 05a3l 53
Ao ot Sagby > (e 20%20) s Sax s
5 ok ilubs i (CaSOs sl 51 53) Ao
o based bl s s S g cele 2451 a
o Oy shue CANOs)z Jplos sl 510
sl 3 20-25 clos s 1,3 50-55 oo b
b aseie gl Jolss 53 Wised i - asls Jlas!
e Ol by s Bl alsl Sl D5y 4 O

1038 e 3 aales Gallae Lk o



1399 Bl 417 092 4104 e)w

DOI 10.29252/fsct.17.07.08

s mbe 5 el

Cou g @‘;’3 -3

(b Sl -1-3

(SOl Sl e aal 3 e sSE 0 Cubhs
2 Jsr [3] aibe ok codlis 5 Ol 4 s bk
el SR 1 ekd a5 el U slapks s
0353 b ok Gladiped Cubis el sy s b
TSP PCCI g P I CSH PR P RN W 6
S ke o Celis SRl s sk b U Ao 25
20 035350 Ll pesdle L(P<O/05) 5y o a5 5 e
strs BB osba banhd cubis s Sy Ao
e 05550 &S el J= s ol (P<O/05) sl 0530
Calis e 53 (gl ame Soslis S 5 ol 5l A5 10
sy sl WPE (s 6 s oad s slagds
CES a Delhs piie s S il b (P>0/05)
5 (eule 0/10£0/002) WPI wyus o Loy
s (2 LA0/17£0/003) WPI/CNF2.5%/PD20%
Basl A s cabis SRty Sl s b
ol AR NS GupeSash s sk sl
ol Jiull 3 WP o 5l Gl slaaY s aodiS
b odal Cosay ol S5, sbes [26] il Lo e (s el
ALl e (2009) ol,1Ken 5 53550 Sladlas (slaasily
ORIl A s g ol el sl (LI s sl b U
Lol b 5 il sy 5l Jols S o calis
SRl L ey s (2013) ST 5 [27] ek gl
olas 5 e slr ojlas ol O S slands Culbis
[28] sty il S

AE = [(AL)? + (Aa")? + (Ab")?

Wi=100 — (100 — )2 +a* + b

142.86 xb™
Yl = "__

o sl Jels 55 o Ab T, Aa T ALY s s
S glagarls Losjlitd S, (S slaarls
[25] sl o o5 salS U ol (slads gas

S8 i S Bl W 51-5-4-2

Slp s edd oy jte Sl BXE ekt 4 m5 S Sk yal
RS € dif a Sttt g5 e amlie 5 s
rl:é boodd Hls 1Sy, S dgal ‘(u:*s}) L6 wﬁ)
O A e I TX SIS U PP PP
Gl aep ol Loodd S 2S5, Si S el 5 sl
LDl skl iYL edd il Sl 8 sl
S Oladad kel cpl g gl s S el
R P T T Ty PSP RPI S J I VR P
S sbogel wbl s Las S 5y, cta
o s3la e (slas S (53l Jdae slagSL i oled)
S p e et poler e sladg, o (rﬁﬁ}s s
oy el s luld s el (IS glakse
122]

bl 51 -6-4-2

35 S0l 5 Sl A (Sosd slalsesl
plmsl LSS A 53 oS e (o Lot asly Rdy o3
AT S oSl o Il 35 206 Gl bl
S5l 051 5 (One Way ANOVA) & b bl
o sy s eslisad (p<O/05) %5 Jleasl mlaw s
IBM Corporation s ll [l o5 51 Lassls ks s
A eslizal IBM SPSS 22( Armonk, NY, USA)

Table 2 Thickness of WPI-based bioactive film samples.

Samples Thickness (mm)
WPI 0.10 + 0.002
WPI/CNF2.5% 0.14 + 0.003¢
WPI/CNF5% 0.13 + 0.004¢
WPI1/PD10% 0.10 + 0.004
WPI1/PD20% 0.14 + 0.003¢
WPI/CNF2.5%/PD10% 0.12 + 0.002°
WPI/CNF2.5%/PD20% 0.17 + 0.003?
WPI/CNF5%/PD10% 0.13 + 0.004¢
WPI/CNF5%/PD20% 0.15 + 0.003°

Data are expressed as mean + standard deviation (n=3) and different letters show significant difference at the
5% level in Duncan’s test (p < 0.05); WPI: whey protein isolate, CNF: cellulose nanofiber, PD: polydextrose.
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Table 3 Water absorbtion and water contact angle of WPI-based bioactive film samples.

Samples Moisture absorption (%) Water contact angle (°)
WPI 31.77 £ 3.26° 7.79 +0.20°

WPI/CNF2.5% 27.94 + 2.99¢ 17.52 +0.77°
WPI/CNF5% 28.77 +3.42° 17.31 + 0.56°
WPI/PD10% 29.94 +2.93° 22.87 + 1.50°
WPI/PD20% 28.97 + 3.09° 21.35 + 1.38°
WPI/CNF2.5%/PD10% 31.11 +£3.31° 16.31 +0.97°
WPI/CNF2.5%/PD20% 28.47 + 2.97™ 20.63 + 3.05%
WPI/CNF5%/PD10% 30.57 + 3.42° 17.60 + 1.51°
WPI/CNF5%/PD20% 30.31 +2.98° 18.52 + 0.50"

Data are expressed as mean + standard deviation (n=3) and different letters show significant difference at the
5% level in Duncan’s test (p < 0.05); WPI: whey protein isolate, CNF: cellulose nanofiber, PD: polydextrose.
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Table 4 Color parameters of WPI-based bioactive film samples.

Samples L* a* b* WI Yl AE
WPI 60.46 £ 0.11® -9.33+0.41° 20.46+0.30° 5451+0.16° 48.35+0.74"  00.00 + 0.00°
WPI/CNF2.5% 60.46 + 0.90® -9.13+0.30° 21.46+1.51% 54.08+1.40° 50.75+4.29"  1.48+1.54
WPI/CNF5% 58.13+0.98% -8.80 +0.34° 38.13+0.90° 42.68+0.87° 93.72+2.67* 16.47 +0.53°
WPI/PD10% 60.40 +0.91® -9.33+0.80° 24.20+0.52° 52.65+052° 57.23+0.66°  3.92+0.42°
WPI/PD20% 58.46 +0.30% -6.80+0.91* 29.80+1.63° 48.41+121° 72.82+4.22° 9.95+1.37
WPI/CNF2.5%/PD10% 60.20 + 0.20® -9.80 +0.52° 23.60+0.20° 52.70+0.07° 56.00+0.28°  3.23 +0.31“
WPI/ICNF2.5%/PD20%  61.13+0.80*° -6.46 + 1.50° 28.40+1.38° 51.39+0.40° 66.35+2.62¢ 854+2.17°
WPI/CNF5%/PD10%  59.86 + 0.11° -9.26 +0.57° 24.13+0.11° 52.25+0.14®> 5758+0.24°  3.73+0.40°
WPI/CNF5%/PD20%  59.33 + 0.50°° -7.13+0.64*° 36.73+0.92° 44.73+0.69° 88.44+225° 17.85+1.23%

Data are expressed as mean + standard deviation (n=3) and different letters show significant difference at the
5% level in Duncan’s test (p < 0.05); WPI: whey protein isolate, CNF: cellulose nanofiber, PD: polydextrose,
AE: total color difference, WI: whiteness index, and YI: yellowness index.
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Table 5 Variation in population of different bacterial groups during cold storage

Storage time (day)

Treatment Microbial Group
2th 4th 6th 8th 10th
Meat covered with  Aerobic mesophilic bacteria ~ 3.500.17°  5.00+0.12°  5.90+0.20° 8.25%0.19  9.09+0.09™°
film cotr)ltay Irlung Psychrotrophic bacteria 3.21+0.10°  4.15+0.44°  4.94+0.22"  7.33+0.42°  8.83+0.29°
"Sf;?]t:ﬁ:r#s Coliform bacteria 254+011°  4.24+024° 500+0.11' 7.69+0.13%  8.95+0.08"
Meat covered with  Aerobic mesophilic bacteria ~ 4.724#0.28°  6.06+0.06"  7.240.24®  9.00+0.09*  9.23+0.12%°
film without Psychrotrophic bacteria 4.21+0.29"  5.35+0.20° 6.91+0.20" 8.64+0.50®  9.14+0.29°°
Lactobacillus Coliform bacteria 3.06£0.16°  4.88+0.23° 5.97+0.07°  7.27+0.11°  9.05+0.12%¢
plantarum

Meat without Aerobic mesophilic bacteria 5.70+0.18° 6.95+0.12*  8.58+0.24®°  8.94+0.21° 9.41+0.02°
coatin Psychrotrophic bacteria 5.26+0.79°  6.49+0.20°  8.04+0.11° 8.83+0.35°  9.31+0.18%
9 Coliform bacteria 5.06£0.74®  6.20+0.21°  7.51+0.18° 8.46x0.28"°  9.27+0.11%

Data are expressed as mean + standard deviation (n=3) and different letters show significant difference at the
5% level in Duncan’s test (p < 0.05).
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There is a growing interest in bioactive packaging systems due to their potential for the extended shelf
life of food products. In this way, to produce probiotic nanocomposite whey protein isolate-
polydextrose film containing cellulose nanofiber and Lactobacillus plantarum probiotic bacteria and
evaluation of its antimicrobial effect on beef shelf life during storage time, different concentrations of
polydextrose (0, 10 and 20 wt / wt% whey protein isolate) and cellulose nanofiber (0, 2.5 and 5 wt /
wit% whey protein isolate) were used for film preparation. Effect of variables on physical properties of
the film (thickness, moisture absorption, water contact angle, and color properties) and effect of
optimal film antimicrobial properties on enhancing the beef shelf-life during 8-day storage time in
refrigerated conditions was examined. The results showed compatibility between the protein matrix of
whey protein isolate, cellulose nanofiber and polydextrose. The use of polydextrose and cellulose
nanofiber had a significant effect on increasing the film thickness, water contact angle, color changes
and decreased the moisture absorption of the film. The results of covering the meat samples with the
optimum film indicated a significant decrease in the growth of aerobic mesophilic bacteria,
psychrotrophic and coliform bacteria during storage time. Finally, the results showed that the
application of cellulose nanofiber and polydextrose in the film produced from whey protein isolate
could improve the shelf-life of beef compared to the uncovered meat sample by creating a bioactive
food packaging.

Keywords: Bioactive packaging, Cellulose nanofiber, Lactobacillus plantarum , Polydextrose, Whey
protein isolate.
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