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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.
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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.


http://dx.doi.org/10.52547/fsct.17.104.93
https://fsct.modares.ac.ir/article-7-39690-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-31 ]

[ DOI: 10.52547/fsct.17.104.93 ]

ol g Sl SU S S ol S 2L

a5 oos S ol

Sosba 13,5 Ol 5o calie 5 )5S0
Lol a5 dosad S (01B)0Les 5
Casky 4 Caslie cwnalii o one slaghd s sl 35U
Slaos S o Olas Clews [y sy cnl o dutsn s s |
e3e [5] dledls Basje sk 50 5wl e paf
oy cnl o 4y sl Gl s 5l ol b nl
U8 e 53 ok ped 5l S 5 68 sl 0T S
Sladipm sbwl Clea coby Sl S ooy
A b gb G (Sl 2SN Gl iiSon 5 (35550
{2009) 01Sen 5 oL s cpizen [29] s S 015525
ket $U a5 Bl Ces i Gl 4 05 asdlle s
Cald o b cad 5 gl Jlle Gop Ll s
LS Ol e e Lol Sl s SV
a8 g s SRR M) (m gladisg
4 Do engle oo oS 0853 (S a4 bl
Sl 02 5 g e Sl b s edd by Cd
ool sty s [30] sls rals 1y O (slad S35 35i

bl 3l ko glaily b Gilas

Casby e -2-3

Sl S L ol glakigal O amles s peast
ok (5,53l 3 Jsdr Gillae ST e asly 5 b
Bl Dol S sl Ol cugks Clr ml ol
e doss s B sbar G aeSs s Pk b 50
Cosbs do)s osdlear (PO/0D) sl als 1) (Ld b
o3 20 610 51 55,285 L ke 25l L eds Gl
A J s (P<O/05) 55 0l s B ials
G52 D e 4 S sk 5L Ao s 25 055580
E Glae g e el Cla Cusby rals s o
w0 boge odd Ol Cusb, doss o rie tedal Cesws
by O S s (aoss BUTT3126) WPI 1o
3 Pl S5 Gl i b e eddcds
WPI/CNF2.5%/PD20% i ¢ bsipe 35,55
ol T2 0l e 2 51 s (s 28/472/97)
AP SRSy sl L Uls e L bl nl o
o0 5 53 feS3 G Pk s 5l e S5sodee sy
o e S 5 4 e S il L e WPI

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 ~ 3.50£0.17°  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 ~ 4.7240.28°  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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