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5- Escherichia coli

6 -Salmonella typhimurium
7 -Myctophidae

8 -Benthosema pterotum
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1- Listeria monocytogenes

2 -Staphylococcus aureus

3- Clostridium perfringens
4 -Bacillus cereus
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9- Bacillus subtilis
10 - Novozyme
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13- Dynamic Light Scattering
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18- Microdilution test

19- Minimal Inhibitory Concentration (MIC)
20- Minimal Bactericidal Concentration (MBC)
21- One way Anova
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14 -Brain Heart Infusion Broth
15- CFU/ml

16 -Muller-Hinton Agar

17 -Doxycycline
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Table 1. Analysis of the hydrolysis process, substrate and fish protein hydrolysate (%)

Protein Fat Moisture Ash DH PR
Substrate  21.04+0.71  2.96+0.57 66.32+1.43 7.89+0.68
FishProtein o3 5101 46 0234003 0.65£0.1  3.740.09 21.53+1.86 92.67+1.24
Hydrolysate
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Table 2- Physical properties of nanocapsules carrying bioactive peptides coated by
maltodextrin- gum arabic

Physical properties Level
Average particle size (nm) 293.6+2.83
particle dispersity index 0.398+0.06
Zeta potential (mv) +41.26£1.53
Encapsulation efficiency (%) 89.1243.05
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Table 3- Diameter of non-growth zone of Gram positive bacteria against bioactive peptides and
nanocapsules carrying them on days 0 and 60 of storage at refrigerator temperature (mm)

. Positive
Stain ,lziime ; Concentrations (pg/ml) control
(day) 30 60 90 120 150 Dé’l’i‘gecy
o F R 67018% 10326001 1543£029%  21.64£0.42%
L. monocytogenes N R 894034  14.15£1.05C  18.41+1.54%%  24.68+1.12%  44.53+
o F R 5112016 9.51£0.08%¢  12.26£0.77%  17.5120.01A¢  1.82
N R 884+0.92%  14.08+146%  18.20+1.31B  24.5]+].83%
F R R 6.15£0.07°F  9.09+0.16B¢  12.84+0.11%¢
Stah 0 N R R 7.49+0.24C¢ 12.1740.18¢  14.24+026M  35.69+
taph. aureus o F R R 5.26+0.09C¢ 7.23+0.08%  10.11+0.05"" 134
N R R 7.540.32Ce 12,140,158 14.18+0.44A1
s F R R R 6.14£0.38%  6.32+0.11%
C. perfiingens N R R R 8.3i0.421t:h 8.38i0.23:; 30,72+
o F R R R 5.19+0.27 5.26+0.21% 0.98
N R R R 8.31+0.19%¢ 8.42+0.15M
F R R 9.54+0,12B4 9.46+0.184 15.28+0.07A¢
. O N R R 12.0940.288>  12.21+0.32%¢  18.97+0.29%¢ 3925+
Bacillus cereus o F R R 7.41+0.15P¢ 719403457 12.84£022%¢  1.12
N R R 12.1+0.318b 12240228 19.02+0.36A¢

e T: Treatments, F: Free bioactive peptides, N: Nanoencapsules carrying bioactive peptides, R: Resistant
e  The different lowercase and uppercase letters in each column and row indicate significant difference
between the data, respectively (p<0.05).
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Table 4- Diameter of non-growth zone of Gram negative bacteria against bioactive peptides and
nanocapsules carrying them on days 0 and 60 of storage at refrigerator temperature (mm)

. . Positive
Strain ;F(;;nf): Concentrations (pg/ml) control
Y 30 60 90 120 150 Doxycycline
0 F R R R R 6.85+0.024
. N R R R R 7.57+0.16°
E.coli 0 F R R R R 5.8740.06¢ 27.36+1.64
N R R R R 7.524+0.11°¢
0 F R R 6.524+0.428>  6.54+0.188b 9.2540.444b
N R R 8.25+0.28B2  8.23+0.3182  11.37+0.4342
) . N
S.typhimurium o0 F R R 555:036™  548+0.16%  7.56+0.12% 32.47+1.28
N R R 8.21+0.22B2  8.25+0.24B2  11.28+0.5842

o T: Treatments, F: Free bioactive peptides, N: Nanoencapsules carrying bioactive peptides, R: Resistant

between the data, respectively (p<0.05).
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Table 5- MIC and MBC of bioactive peptides and nanocapsules carrying them against six strain
of bacteria on days 0 and 60 of storage at refrigerator temperature (ug/ml)

Strain Time (day)  Form of peptides MIC MBC

0 Free 100 200
L. monocytogenes Nanoencapsulated 50 100
60 Free 200 400
Nanoencapsulated 50 100
0 Free 200 400
Staph. aureus Nanoencapsulated 100 200
60 Free 400 500
Nanoencapsulated 100 200
0 Free 400 500
C perfiingens Nanoencapsulated 200 400

60 Free 500 -
Nanoencapsulated 200 500
0 Free 200 400
Bacillus cereus Nanoencapsulated 100 200
60 Free 200 400
Nanoencapsulated 100 200
0 Free 400 500
. Nanoencapsulated 200 400

E.coli

60 Free 500 -
Nanoencapsulated 200 500
0 Free 400 500
S, typhimurium Nanoencapsulated 200 400
' 60 Free 400 500
Nanoencapsulated 200 400

e ¢ J.f s Micrococcus luteus 5 faecalis
KEscherichia  coli  [Pseudomonas  aeruginosa Cou—t

Ls 4 Salmonella enterica s Klebsiella pneumonia
sy (VEr0) Jg Sbuy 5 0K G s [Y4]
Slap s 5 5 S Sluls e 5T 3 ssds 5l ol
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During the last two decades, research on the use of natural preservatives in
food instead of chemical compounds has attracted the attention of researchers
due to their safety. Bioactive peptides are one of the natural compounds that
have a high potential to prevent food spoilage (oxidative and microbial). The
aim of the current research was nanoencapsulation of bioactive peptides
produced from lanternfish (Benthosema pterotum) (with a molecular weight
of less than 3 kDa) using freeze-drying method and maltodextrin-gum arabic
combined coating and then evaluating the antibacterial activity of carrier
nanocapsules and free peptides against food spoilage bacteria including
Listeria monocytogenes, Staphylococcus aureus, Clostridium perfringens,
Bacillus cereus, Escherichia coli and Salmonella typhimurium. According to
the results, nanoencapsulation of bioactive peptides in addition to increasing
their antibacterial activity (increasing the diameter values of non-growth halo
of bacteria and reducing MIC and MBC), also caused the stability of this
property during 60 days of storage of carrier nanocapsules at 4°C (p<0.05).
Increasing the concentration of bioactive peptides and nanocapsules carrying
them (from 30 to 150 pg/ml) was often associated with increasing the
diameter of the non-growth halo of bacteria (p<0.05). Among the bacteria,
the highest diameter values of non-growth halo and the lowest MIC and
MBC were recorded for Listeria monocytogenes. Also, the sensitivity of
gram-positive bacteria to bioactive peptides and carrier nanocapsules was
reported to be higher than gram-negative bacteria. The free peptides on day
60 and the concentration of 500 pg/ml were able to inhibit Clostridium
perfringens and Escherichia coli bacteria, but they could not eliminate these
bacteria. This is while the nanoencapsulated form of these peptides (carrier
nanocapsules) at the same concentration was able to kill the mentioned
bacteria. According to the findings, nanoencapsulation of bioactive peptides
using freeze-drying method and combined coating of maltodextrin-gum
arabic increases and stabilizes antibacterial activity and, as a result, makes
them more effective in food formulations.
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