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Introduction

The main sources of Salmonella for humans are pork, beef, chicken, eggs, fruits, vegetables, and their
derivatives such as mayonnaise, and peanut butter. Different species of Salmonella can adapt, grow or survive at
different environmental conditions. Salmonella enterica is a majorcause of food borne illness in humans, and
Salmonella typhimurium and Salmonella enteritidis serovars are the most prevalent. One strategy is to use active
packaging to reduce the microbial load or prevent the growth of microorganisms on food. Recently, antimicrobial
active packaging has received much attention due to maintaining food quality, safety, and increasing shelf life.
Among the antimicrobials used in the food industry, bacteriophages have a very good efficiency to control
pathogenic bacteria. Pullulan has a good ability to form a film, its film has good characteristics such as
transparency, odorlessness, tastelessness, solubility in water, and low permeability to oxygen and fat, However,
the major obstacle is related to its price. The combination of polysaccharides with proteins has been done in order
to improve the performance and reduce the costs of films. Gelatin is a suitable option to combine with pullulan in
terms of good mechanical properties, reduced permeability, and its good price. Different ratios of gelatin and
pullulan were studied and suitable film selected, but it needed to modify, so nanofibers cellulose was added in
order to improve the mechanical properties and water resistance. Adding cellulose nano fiber can be a good and
appropriate option. The aim of this research was to evaluate theantibacterial effectiveness of gelatin-pullulan-
nanofibers cellulose composite film containing bacteriophage against Salmonella typhimurium at two different
temperatures.

Materials and Methods

Gelatin and pullulan powders were weighted separately and mixed together (20gelatin-80pullulan). Nanofiber
cellulose was extracted from rice bran and was used at three different levels (1%, 3%, and 5%). Commercial
bacteriophage solution was added to each of the films separately and the films were prepared by molding method.
Thickness, moisture content, solubility, swelling, tensile strength, and elongation of gelatin-pullulan film
containing nanofibers were studied. Zone inhibitory of films containing different percentage of cellulose
nanofibers on the agar media against Salmonella typhimurium (10* CFU.ml%) was evaluated. The, antibacterial
effect of selected film on the poultry meat inoculated with S. typhimurium (10* CFU.g*) and several phages on the
surface meat at 4 °C and 12 °C was also investigated.
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Results and Discussion

The results indicated that gelatin-pullulan films containing different percentages of cellulose were showed
approximately 2 mm of zone inhibitory compare to films free of phages. Also, inhibitory among films at different
percentage of nanofiber cellulose did not show significant change. Antibacterial effect on poultry meat was
dependent on temperature, films loaded with bacteriophages at higher temperature (12 °C) was more effective
compare to lower temperature (4 °C). The populations of S. typhimurium were decreased 1 log and 0.7 log than
control samples at 4 °C after 7 and 9 days respectively, while at 12 °C, 1 log and around 2.55 log decrease was
found after 1 and 9 days, respectively. In a study, beef inoculated with salmonella was treated by
SALMONELEX™ bacteriophage and resulted in 1.29 log reduction of pathogenic bacteria compared to the control
sample (Yeh etal., 2017). In another study, the antibacterial effect of double-layer poly lactic acid/xanthan film at
10 °C compared to 4 °C against pathogenic bacteria of Salmonella and Listeria was determined and found that at
10 °C, the number of pathogenic bacteria was decreased more than at 4 °C (Radford et al., 2017). Kamali et al.
(2022b) reported that the release of phages from the film of 30 poly lactic acid/70 whey protein to the meat surface
after one hour was 63.22 % and 63.18 % at 4 °C and 10 °C, respectively, which means no significant difference,
after one day at both temperatures.
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Fig. 1. Thickness (a), moisture content (b), solubility (c), and swelling (d) of gelatin-pullulan films containing at different
percentages of NFCs
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Table 1- The effect of cellulose nanofibers on tensile strength and elongation of gelatin-pullulan film
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*Results are reported as mean = SD. Mean with different letters in each column present significant difference (P<0.05).

0P Sid g x5l (b > Il 8y 5l 5> 6 Flg S
Fargjietal., ) ,Ken g >, Slislejl zuls @S by .cusly
e o 3B sols Pl @linl pld ades a5 oy Lis (2019
Sglis opl 4 cdl ialS Whd 3 ond (6)l35,L 51 dlas el

sl 48y )8 4 56 g9 g whid @ 51 39331 gy 4 gy

8.34
8.32

8.3 A
8.28
8.26
8.24
8.22

8.2
8.18
8.16
8.14

56 o0,

Log phages (PFU.ml1)

Control

1

1%

Lalsd yu o (5,138, 51
hline (glol iglds S oo dlan Mo ¥ S p3 4 ol o
polde (ggl> Yol 15V slapld jd ond (o l38,L 518 Hlade oy
hlen ¢ 1565 Slalllas (P>0.05) 3,15 3939 Folu pudoil cakisco
ol ol clisl GLd & ol L (Gouvea et al., 2015)

5%

Films

lo oL

o bl dlisee po3lio sl (Vohi-or¥j phd )3 0aud ()15 51 Y JSLS
Fig. 2. Loaded phages in gelatin-pullulan film containing at different percentages of NFCs

(b oo s Jisey ) 48,5 )5 (sl yual 59l Jiob-N (sl
0,8l o (2B w0 (59, &5 wad LSS 8L
wwd o 1S C opiigp ()b slie b ol S16 56 5 cul
= N gdee 638k Jobo Syo g 38 3 4 i coles > &S
o 59y 0le Bb Johiie ©luS 5 C (3559 9 ol 595 il

(Yeh et al., 2017) st Mgall (¢Sl oLié

Sl aaals
sloso sl sk 55V ok (Subik 4sb ¥ Jy
el Siallo 535N iy 31y Fobo b 70 5 ) il
S blixe ©glas S co odnliv &S jobs lod B o LS pgy 00
lagld 5 5 (P>0.05) 545 05 03 lapld  Su)bjL anb o
Sygods ol oo mailo g yho (S05,I55L 4l (sals) 56 15
05,5 b ool Wiy o Felix 0-1 56 o cul s opl oS



YVO o iy 9 Wipallos 36 53l 3Hpkus SUII- ¥ gh- ¥ 5 o5 o wlad i 1oy 10m 9 5 5Ll

292990 AU Wigollwr § 551 132 33 Pohos jdgli Ao (s3> Ghyld (Y gli= (¥ oled (S3)1051 4 li =Y Jgo
Table 2- Zone inhibitory of gelatin-pullulan film at different percentages of NFCs loaded with phages against S. ¢yphimurium
bacteria
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“Results are reported as mean = SD. Mean with different letters in each column present significant difference (P<0.05).
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