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Introduction

Shrimp represent the most widely traded product among crustaceans and seafood, primarily due to their
appealing flavor and high nutritional value. In 2022, global marine capture fisheries produced 80 million
tonnes of aquatic animals, maintaining their position as the principal source of global aquatic animal
production, accounting for 43% (FAQO, 2024). A considerable amount of waste is produced, contributing to
severe environmental problems; this is an issue that needs to be addressed, as these discards have no direct
application (Liebana et al., 2025). The dual problem of environmental issues and the less profitable
applications for byproducts and waste arising from fish processing industries emphasize the need to
achieve valorization from fish processing waste while contributing to a more sustainable fish industry.
Protein hydrolysates are produced by breaking peptide bonds in food proteins, generating peptides of
varying molecular weights. These hydrolysates are widely used in animal feed, food products,
pharmaceuticals, and cosmetics (Dayakar et al., 2025). Enzymatic hydrolysis is particularly advantageous,
as it produces hydrolysates with distinct properties depending on the specific peptide bonds cleaved.
Recycling of food processing waste is an important industrial method to obtain high-value-added protein
sources (Shahidi and Saeid, 2025). During industrial processing, this species generates substantial waste,
primarily consisting of cephalothoraxes, which represent 40—60% of the total biomass. The valorization of
this underutilized waste is essential to mitigate its environmental impact and recover its rich nutrient
content (Pereira et al., 2022). The aim of this study was to improve an efficient and environmentally
friendly enzymatic process for protein extraction from banana shrimp waste.

Methodology

Head and skin sections of banana shrimp (F. merguiensis) were freshly obtained from Ahrar processing
centers in Bushehr province. They were then transported to the laboratory on ice in a foam, cleaned, and

frozen at -20°C until use. Before preparing the hydrolyzed protein, the samples were transferred to a
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refrigerator at 4°C. Optimization of enzymatic hydrolysis conditions to maximize the degree of hydrolysis
and amount of hydrolyzed protein from banana shrimp head and skin waste, separately, was carried out
using response surface methodology (RSM) according to Box-Behnken design. The hydrolysis conditions
were determined as follows: time (5, 10, 15 min), pH (6.5, 7.5, 8.5), cold plasma (50, 60, 70 V) and
enzyme/substrate ratio (0.5, 1, 1.5%). Three experimental replicates of each case were performed, and
mean values have been expressed for the experimental responses. The experimental studies were
optimized to minimize unexpected variability effects in the observed responses. The 2,2-diphenyl-1-
picryl-hydrazyl-hydrate (DPPH) radicals scavenging, activity was assayed. The ability of fractions to
reduce iron was measured. Inhibition zone of bacterial strains was measured according to disk diffusion
test. The optimization tests were analyzed using experimental design modules BBD from the RSM. The
same software was used to analyze data obtained through RSM to determine the optimized condition.
Results

The results showed that the maximum degree of hydrolysis of shrimp head and skin was 57.47 and
60.11%, respectively, in the treatment time of 15 min, cold plasma of 60 volts, enzyme concentration to
substrate of 1.5% and pH = 8.5. The degree of hydrolysis and amount of hydrolyzed protein from shrimp
skin waste were higher than from shrimp head part. The maximum amount of hydrolyzed protein of
shrimp head and skin was 3.01 and 3.26%, respectively. The coefficient of determination Raq? for the
degree of hydrolysis of head, degree of hydrolysis of skin, hydrolyzed protein of head and hydrolyzed
protein of skin were 0.9786, 0.9330, 0.9130 and 0.9482, respectively. The effect of the independent
variable pH on the amount of hydrolyzed protein and degree of hydrolysis of shrimp head and skin was
more effective than other factors. Both hydrolyzed proteins from shrimp head and skin showed good
antioxidant and antimicrobial functional properties. From the examination of Table 3, it is clear that the
linear effect of pH, enzyme to substrate, cold plasma, time and the interaction effect of pH-enzyme to
substrate, pH-cold plasma, enzyme to substrate-cold plasma, cold plasma-time and also the quadratic
effect of pH-enzyme had a significant effect (p<0.05) on the degree of hydrolysis of protein obtained from
shrimp heads, and only the interaction effect of pH-time, enzyme to substrate-time and the quadratic effect
of cold plasma had no significant effect (p>0.05). The study of the effect of variables on the degree of
hydrolysis of banana shrimp skin showed that the analysis of variance of the linear effects of pH, enzyme
to substrate, cold plasma, time and the interaction effects of pH-enzyme to substrate, cold plasma-time and
the quadratic effect of pH on the degree of hydrolysis of protein obtained from shrimp skin were
significant (p<0.05). However, the interaction effects of pH-cold plasma, pH-time, enzyme-to-substrate-
cold plasma, enzyme-to-substrate-time, and the quadratic effects of enzyme-to-substrate, cold plasma, and

time on the degree of protein hydrolysis from shrimp skin were not significant (p>0.05).
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Discussion and conclusion

BBD design was used to determine the degree of hydrolysis using papain enzyme to produce hydrolyzed
protein. Hydrolyzed protein production experiments were conducted to evaluate the effects of variables at
4 levels. The selection of independent variables including time, pH and enzyme to substrate ratio was
because these variables significantly affect the peptide composition of hydrolyzed protein and their
optimization is essential to achieve the desired degree of hydrolysis. BBD was chosen for the optimization
of independent variables for two main reasons. First, to obtain extensive information while conducting a
limited number of experiments and then to analyze the interactive effects between the independent
variables and the response variable (Dayakar ef al., 2024). On the other hand, BBD requires that all the
values of the independent factors align with the three levels (-1, 0 and +1) and the distances between them
are equal (Dayakar et al., 2025), a requirement that was met in our study. A three-level BBD was applied
in the response surface methodology study by creating an equation to determine the effective conditions
for the highest degree of hydrolysis. The results showed that this model can estimate the percentage of
hydrolysis degree of proteins obtained from wastes in different combinations of experimental parameters
affecting hydrolysis. The results showed that the highest degree of hydrolysis was achieved by the effect
of pH-time at 54.91% for the head part and 55.01% for the skin part. In a study, it was shown that the
optimal conditions for the highest degree of hydrolysis were achieved at 73.91% within 1 hour of
hydrolysis time and 1% enzyme concentration. The findings of this study showed that temperature had a
significant effect on the degree of hydrolysis, but the amount of enzyme did not have a significant effect P
(Korkmaz and Tokur, 2022).
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Table 2: Interaction effects of four variables on the degree of hydrolysis and amount of hydrolyzed protein from the

head and skin of Banana shrimp

— b b —~
$E”E $3: $i°E iy S3E S ¢ 3EE 3E: oz =z &8 °°
£5 & ZEF i T Zid == 2= £3% =% < 38 2
1.72 1.72 1.61 1.61 41.23 40.45 41.39 41.16 5 40 0.5 6.5 1
2.87 2.82 2.77 2.71 49.46 50.11 49.47 49.78 5 40 0.5 8.5 2
1.9 1.9 1.74 1.84 41.56 42.10 39.60 39.98 5 40 1.5 6.5 3
3.11 3.10 291 2.81 52.75 51.89 49.96 49.44 5 40 1.5 8.5 4
1.68 1.61 1.57 1.50 40.60 40.52 40.42 40.00 5 60 0.5 6.5 5
2.78 2.86 2.74 2.74 49.81 49.56 50.07 50.12 5 60 0.5 8.5 6
1.96 1.99 1.68 1.58 42.23 42.16 41.16 41.16 5 60 1.5 6.5 7
3.12 3.11 2.89 3.00 54.39 55.16 53.08 53.14 5 60 1.5 8.5 8
1.99 1.95 1.81 1.71 42.07 41.58 42.08 42.18 15 40 0.5 6.5 9
2.86 3.00 2.78 2.85 51.53 51.02 50.84 50.45 15 40 0.5 8.5 10
2.01 1.95 1.92 1.88 42.45 42.12 40.57 40.12 15 40 1.5 6.5 11
3.09 3.12 2.93 3.00 54.87 55.23 51.62 52.20 15 40 1.5 8.5 12
2.08 2.10 1.93 2.01 44.84 45.11 44.02 44.14 15 60 0.5 6.5 13
3.01 3.00 2.93 2.81 55.27 55.00 54.34 54.12 15 60 0.5 8.5 14
2.20 221 2.03 2.09 46.52 46.14 45.04 44.89 15 60 1.5 6.5 15
3.24 3.26 3.05 3.01 59.91 60.11 57.64 57.48 15 60 1.5 8.5 16
1.90 2.01 1.78 1.85 4291 44.23 41.52 42.16 10 50 1 6.5 17
3.05 3.00 2.87 2.95 53.73 53.64 51.86 52.16 10 50 1 8.5 18
2.72 2.85 2.61 2.79 47.98 49.44 48.12 48.80 10 50 0.5 7.5 19
2.90 2.89 2.74 2.70 50.46 50.23 48.87 49.12 10 50 1.5 7.5 20
2.99 3.00 2.70 2.79 50.12 51.54 48.45 48.66 10 40 1 7.5 21
2.92 2.90 2.74 2.80 52.33 52.14 50.98 51.70 10 60 1 7.5 22
2.82 2.86 2.69 2.74 49.92 50.00 49.77 50.14 5 50 1 7.5 23
3.02 3.10 2.78 2.78 53.10 54.26 52.39 52.96 15 50 1 7.5 24
2.86 2.99 2.69 2.84 50.73 53.00 49.67 50.01 10 50 1 7.5 25
2.86 2.87 2.60 2.74 50.73 50.14 49.67 48.78 10 50 1 7.5 26
2.86 2.66 2.69 2.45 50.73 48.88 49.67 48.69 10 50 1 7.5 27
2.86 2.84 2.69 2.55 50.73 50.10 49.67 48.59 10 50 1 7.5 28
2.86 2.78 2.69 2.61 50.73 49.78 49.67 50.01 10 50 1 7.5 29
2.86 2.65 2.69 2.54 50.73 48.78 49.67 49.16 10 50 1 7.5 30
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Table 3: Analysis of variance of the degree of hydrolysis of shrimp head and skin under the influence of four
independent variables using the response surface method

p-value  p-value  F-value  F-value \jeansquare Mean square Degree of
(skin) (head) (skin) (head) (skin) (head) freedom Source
<0.0001 <0.0001 29.84 95.54 49.98 44.98 14 model
0.0010 <0.0001 314.07 1022.55 526.07 481.43 1 X1)pH
0.0025 0.0345 16.57 541 27.75 2.55 1 (X2) enzyme/ substrate
0.0001  <0.0001 13.08 61.18 21.91 28.80 1 (X3) Cold plasma
0.0371 <0.0001 27.17 65.78 45.51 30.97 1 (X4) time
0.4629 0.0047 5.23 11.02 8.76 5.19 1 X1X2
0.3570 0.0384 0.5675 5.15 0.9506 2.43 1 X1X3
0.3311 0.3357 0.9032 0.9894 1.51 0.4658 1 X1X4
0.9667 0.0022 1.01 13.57 1.69 6.39 1 X2X3
0.0193 0.6864 0.0018 0.1695 0.0030 0.0798 1 X2X4
0.0090 0.0007 6.86 17.89 11.49 8.42 1 X2X4
0.0802 <0.0001 8.98 48.94 15.03 23.04 1 X12
0.5465 0.0142 3.52 7.69 5.90 3.62 1 X2?
0.3437 0.9307 0.3808 0.0078 0.6378 0.0037 1 X32
<0.0001 0.0048 0.9559 10.91 1.60 5.13 1 X4?
0.7901 0.5697 1.34 0.4940 10 Lack of fit
2.35 0.4244 5 Pure error
29 Cor Total
0.9889 R?
0.9653 Rr?
0.9786 Adjusted R?
0.9330 Adjusted R?
0.9600 Predicted R?
0.8939 Predicted R?
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Table 4: Analysis of variance of hydrolyzed protein content of Banana shrimp head and skin under the influence of
four independent variables in response surface methodology

Mean Mean
p-value p-value F-value F-value square square Degree of Source
(skin) (head) (skin) (head) (skin) (head) freedom
0.0001< 0.0001< 38.90 22.75 0.4879 0.4708 14 model
0.0001< 0.0001< 428.02 258/35 5.37 5.35 1 X1 pH
0.0039 0.0723 11.62 3.74 0.1458 0.0774 1 (X2) enzyme/ substrate
0.3284 0.5857 1.02 0.3103 0.0128 0.0064 1 (X3) Cold plasma
0.0025 0.0186 13.10 6.96 0.1644 0.1440 1 Xa(
0.6000 0.7979 0.2870 0.0680 0.0036 0.0014 1 X1X2
0.6616 0.9319 0.1993 0.0076 0.0025 0.0002 1 X1X3
0.2819 0.2121 1.25 1.70 0.0156 0.0352 1 X1X4
0.3630 0.9591 0.8790 0.0027 0.0110 0.0001 1 X2X3
0.2004 0.9048 1.79 0.0148 0.0225 0.0003 1 XoX4
0.2639 0.2909 1.35 1.20 0.0169 0.0248 1 XoX4
0.0001< 0.0010 35.35 16.74 0.4434 0.3465 1 X2
0.4948 0.8200 0.4896 0.0537 0.0061 0.0011 1 X2?
0.6591 0.7476 0.2026 0.1075 0.0025 0.0022 1 X3?
0.3921 0.9500 0.7767 0.0041 0.0097 0.0001 1 X4?
0.7665 0.5321 0.6056 1.01 0.0103 0.0207 10 Lack of fit
0.0170 0.0206 5 Pure error
29 Cor Total
0.9550 R?
0.9732 R?
0.9130 Adjusted R?
0.9482 Adjusted R?
0.8100 Predicted R?
0.9209 Predicted R’
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Y=-125/163 +46/479 X1 —4/931 X5 —0/474 X5—1/873 X4+ 1/138 X1 X, + 0/038 X X3 + 0/034 X X4 +
0/126 X>X5 + 0/028 XoX4 + 0/014 X5X4 — 2/982 X% — 4/729 X5? + 0/0003 X532 + 0/056 X4?

=-90/349 + 38/225 X; + 0/149 X, — 0/803 X3 -1/625 X4 + 1/480 XXz + 0/024 X X3 + 0/061 X X4 +
0/65 X>X5 + 0/005 XoX4 + 0/016 X3X4 — 2/408 X2 — 6/035 X5 + 0/004 X5% + 0/031 X42
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Y=-21/829 + 6/089 X; + 0/192 X, — 0/037 X3 + 0/055 X4 + 0/018 X; X, + 0/0003 X;X; - 0/009 XX, -
0/0003 X»X5 - 0/001 X2X4+ 0/0007 X3X4 — 0/365 X% — 0/082 Xo? + 0/0002 X32 - 0/0002 X42
Y=-24/453 + 6/846 X, + 0/231 X, — 0/031 X3 - 0/0005 X4 + 0/030 XX - 0/001 X; X5 - 0/006 X X4 +
0/005 X»X3 - 0/015 XoX4 + 0/0006 X3X4 — 0/413 X2 — 0/194 X5? + 0/0003 X32 + 0/002 X42
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Figure 1: Response surface plots of the interaction effects of time, pH, cold plasma, and enzyme-to-substrate ratio on
the percentage degree of hydrolysis of shrimp head (a) and skin (b) using papain enzyme.
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Figure 2: Response surface plots of the interaction effects of time, pH, cold plasma, and enzyme-to-substrate ratio on
the amount of hydrolyzed protein in shrimp head (a) and skin (b) using papain enzyme.
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Figure 3: Pareto diagram of the standardized effect of independent variables on the degree of hydrolysis (a: head, b: skin) and the
amount of hydrolyzed protein (c: head, d: skin) of Banana shrimp. The letters A, B, C, and D represent pH, enzyme to substrate

ratio, Pv, and time, respectively, while letter combinations denote interaction or quadratic effects. The red dashed line indicates the
critical -value at a significance level of 0.05, and the bar lengths represent the absolute standardized effects.
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Figure 4: Antioxidant activity of hydrolyzed protein from Banana shrimp head and skin. Different lowercase letters indicate

significant differences between samples at the same concentration (p<0.05). Different uppercase letters indicate significant
differences between different concentrations within the same sample (p<0.05).
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Table 5: Antimicrobial activity of hydrolyzed protein from the head and skin of Banana shrimp

Concentration (mg/ L) A B C
head Inhibition zone (mm)
Escherichia coli
Pseudomonas aeruginosa + ++
Bacillus subtilis +
Salmonella typhi
Candida albicans
skin
Escherichia coli
Pseudomonas aeruginosa ++ +++
Bacillus subtilis + ++

Salmonella typhi
Candida albicans

Cedlad gy = g e hee V1> i 60 Lo VYN0 sk 650 Lo VP B Ve s sady poe slodlle 05 Lo F0 :Cip S Lo Ve B 5 LoV A

aw BBD & ol cole, ol adllae jo a5 a3l
S bl b ol s oli gt alllae s s
s Yl Glr P bl e Gl ol
Aoy Wilgh so Jow ol ols lis s ol Jlasl 39,000
» Slule Gl ol glapnisy gy 4z
) 5ds,mee 2 f5e 025 slaasls iz slocaS 5
a0 Gl i a5 ol Ll mls W e
i 5l 0o, OF/AY) (e 4y Glos -PH 530 51 55,000
38 Jol> 00,0 08/ o Cewgy i3 sl g
SVl lp age bl a5 al oy lis glasdlas
Jaele V(b oo, YWY e 4 dgyaue a0
el Cewody oy Vil cdale 4 sdgae ol
2 G0 gme ;b oo aS oy lis asdllas ol sloazdl
S loisire 3B sl e Ll a)ls 5udgpamm 4z o jlada
(Korkmaz and Tokur, 2022) @>-/-0) coilas

9 Ol Cwdly 5o gixe yob 4 pH 2l

-
w2 5] 5l eoliiwl b jg 008 ax 0 rad 5l BBD #,b
o oslaial oad sgyaee (e Sdg ln bl
Sl b3l ol 00 gy i g slo il
i (gl yeice Sl s ool sl ¥ o o ke
09 o cpl | nges 4 o2 3] Cond g PH 3l Jolis
OFan i S 5 (k2P BB s e pite (ol a8
Slr Wl Gsloanan 5 W8 o0 53l 00l 5dg aee
4 BBD .ol (55,0 5idg o osllas az o 4y olitws
O 50 00 yinS Sledbl 10,51 sy (V1 Lol Judo g0
Sl s g 555 (Vg b ialej] 51 (60 gama sl plo]
Sy il ey Je slaite om el
Dayakar ef ) o ol Jatuwe sl yuxio (5 loaige
«(Dayakar et al., 2025) sl golue sl oo Jolgs

f.


https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Bandela-Dayakar-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Bandela-Dayakar-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Bandela-Dayakar-Aff1
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

Fo (1) V60 sl oMok pale elas

26 o1 go,8kee Sluogas 5 ok js)aes (g
Sluls jleadidg o (g n sl giluang )l
A plxsl (Metapenaeus affinis) 5. yw dwtw 555
VEIFY e @ 5%0 o g dgyoed a2y aiin
91,8 il ax 0 FV/OY (glos aaBs AD yloj ;o oy
Tohidi Nasab and ) sl casoas YIVY o5l clale
e oo Slasls gy juls 0. (Roomiani, 2023
Lyl a5 ol oles (Marsupenaeus japonicus)
okl mosl el Pse s ol Jyame p 5dsyone
5 o) atelagal o 5B 1) Guniy slawiny Wig o
Nikoo et al., 2022; Walter and ) oS ol311, pudS
sudgy0u 4> 50 s pol> adllas o (Frieden, 1963
28l Gl s po VO b g 4 w3l Gl L
(3 pslonsdly Lo i 38,5 S5 53 H9u) <1+ 0)
o) 5en 5 Gautam axllas ;o a5 ais ol ol 5loe Js
kB anllas b b addllae 5 05 oays 35 (YY)
ol oo cale il b LT anllas o cusls Jlgsen
2l Gl Sgel gl et g SYSIT 5 (3L
Y5 ¥ ook 0], Gl 55 0 a0 o8 VST j2a
ol (Gautam et al., 2025) >+ 0) ols ;ylas as o
by myl sl b g (22l L Wlgi oo 590
&8l jo .(Nikoo et al., 2021) ail las o Jgaxe
sLQrg..{)'.;] ))Yb scdale Hga> 50 (G LSL“’&}.‘:{.
WS oo Helol il ubannss lp (6 i Jlaxs
el e a3 Slelas (o a5l o o515 sloys b
w5 Sl laaty ()5lcusd jshie 4
o098 o gre Jleixl Lo wilgs o g9050 () g
5o opdleay a5k oo 3T 55 pone e iy slacad
il oo 0l Jlons 9 05 Sl glosl cogl B (G591 0aSS
Slles slagley 3,90 50yl e g 2w )lk @
Coje il Sllee Lulyd o (55l (SL 56 S
b camdly cpl 5l Bose (65,50 Gras ,0 2smddre
ok sl L gl 51 3 51 il e Ly
Spae sl Gl 5l asl oy e 5l S5 ssb @ |y

A

S5 9ba <1+ 0) aas )3 S6 cox | el p]g 0ue
PO Cod eabidsyae nlsn Ole Gy
PH (sl 52 0,5 o YIAA) Glos = PH sl Ls
PH 5 G b 22 5 e YIAP) 00 Loy —
P<1-0) 285 13 (e p oS oo YIAN) 3]
Cowgy 3y sloyie a0 sy odlcwsay R? polis
odlyded ulign lp g (JAY g /A7 oSS
Sl oly e ppolan ol (bl 1305 </AY g +/AY o iy
Sl Gl yesie G Lailg) 3o jeb 4 QBT Jaw oS
Sdign (uiign wyae Job o aes e plas |,

Sy (0,205 4 (S (sla oSy (oiVlgsS
(Dhanabalan e al., 2017) s g oo 43525 aialonl 5

Sligdos 0 baes 51 51 ooliiwl b (piig n Bdo it )il
Nguyen et al., 2021; Nikoo ef ) csl oals ool L3
Coawd 4 gl bl i s i ol asdllas o (al., 2022
G55 Dluld 5l oadidsinae Geligyn (e (o]
cdale (adg £eoo s slewdl a2 8o VO le) 0 (550
Sluls 5l o0y 4z )0 G yudes @l bulpd aige
Sl Cawsas ol 5 il az )0 OYNVY sles g o5 Vo -
Sloolaiwl b Ko slasllas ,o (Dayakar et al., 2024)
Shlo0eBsn azys oopsleasa ly s w3l
a0 A¥ Metapenaeus monoceros 93 olals
@lieSen wepd A g oad g 105089
aJgs (Nikoo ef al., 2022) wis)S sanlice 1) o
(o251 g yaem anlb (it b Jladcn ; slodsty
ot VSISl ookl b o8 (glpdls uld Syl S
az)d OMD les jo sdsyans azyo (i O
w2l Slin el g o D Vg ol o5 5
Sierra-) sl cewsas pH=AIN 5 o 5 6,5 FIFY
s> (Lopera and Zapata-Montoya, 2021
@l oddidgiae gy JWiuw; 5 63,Sles
L ooad Jus oI 36 cos Larimichthys polyactis
.(Esua et al., 2022) KW ey me"")"] &‘5;‘ 9 Lo«:)b

Oliee 2 edspded b9y 5wyl g5 45 ol i Ll gmbs


https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Bandela-Dayakar-Aff1
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

il 5 sl Salgoaaa bl 5ledug

Sl s SBLm L3

as ol las pol> aslllae b (Singh et al., 2021)
3 s «Cawgy o DPPH G0l e codled l5ae
(Y-Y0) o, g Gautam aslllas ;0 5y 650y
Uy 6550 Sy Pl gy skt
L bl 9 YW S&S & (Litopenaeus vannamei)
Ul e collad 45 ols i wigml 2g) Lo i
s g ST 51 2y 5wl 5l eolizl 4 DPPH
L ABTS cdlé ol 5 ©lils SauSadle ol
OalS L Wilgs o aS 04y bl 5l s SYISUT 5l oolazl
3 il b e Jpame gt 3l ko b lasge
Ol Oefsn sedayee waz glaghs, el el
9,0 9 9299, 50le gl sl SoS e (oou 3T g 000)
2l gz (glans ,5ld ool ilos S ysgls (YL Lz
logby, wiless iyl 1) aisyy Wl 5 g e
wiied ()l ot 45 0 slewdly 5 Dgol )
5 oS ST oy 5o ol Shole slaog 3 il oo
Pyl gl 5 ais G el Sasloer oy
i e Jlacl Vb & ,08 b (55,0505 Yo o)+ +) gl
Wghoe yiiie plo &b 5l (Sye glyl &5 0loj 2
JLad Dlysd 4zl )0 5 w8000 &) Sy Oaemlingls
OO NE) 0)ligs g S ;) Sel g WS (oo Sln]
DR S Oglingls il sd o L sl
S S S ek ) olde vlge (S5 g ol
P G ey (sl S sy sk o e
Sladin Al )0 g Wgdh o 4nSh (g p slasSge
3y Glowsdly jlo 5l ey g0 Sl5T So5elsm Jlad
L gu> b uiS>eS olyd olail b o pusiy p puiad (glo Joxo
LQ,.;T JUPPRVEFESN Nl o oold jausis joel, ‘M}ﬂ

(Mousavi et al., 2023) ab oo io!58l
PRV O PV UL S KVOU 1 BN | P
St 3l eslawl L Larimichthys  polyactis
509 Nigwl sl g0 (oo 3T 5dgpam 5l Tt Sigel s
wdleas (Bsua et al., 2022) sw, so,0 AT 4
903,55k @2 5l 9 slagSdge Wlgs oo wigul ]

a8 WS e s s s g0 mlo b, Lot iiSen

20595 o0 5 S ol 5 jle iy Al e Jsb 5o (65 5]
als wald 4 o i G5 Wl ee b e
Mousavi ef ) &S os>4d o 5y lowsdy YU 5Ldg
(al., 2023

90 Om s Slalo Sgiame az e (e &5 WS
g0 a0 VIIT s aunlia (bl o SYISUT (o 351
SYL el o ohishs opwbl b anglio o o5V
wdleas (Gautam et al., 2025) @<+/-8) sls ;lis
el glaanl 5 ogd e aSs C slesil o o3l
Ozuna and ) oS o oy oy 4 Cand (gyid
5045 ol oaslice ol a5 (Leon-Galvan, 2017
Sedg e a5 o908 b dslie jo YISUT 5l eslaal )]
& Selaroides leptolepis olo alac slayigy
Klompong et al., ) o e 5,50 5g008 ax o
o il sl 5 oy (Jsse 035 el esdle (2007
S JR Sen e 9 mpl Shy U
Slalllas g pol> aslllas o (Dhanabalan et al., 2025)
b ass ool uulidl e les o LQM};T Ol asline
‘) ..)..Jy Ay Cenl L)XM dSl.arb;)J.\;)l L”""‘" oolawl
e 3 5y nlpopdle 35b Sl azns ol
SFen n @l Pl Sl (Ses a3l
Ahmad Nadzri et al., ) s,i% 56 oadydg o
Olore 40 s (lowsdly 13U (oS )l Slalae (2021
Slowdly el oals (B)1F 5900 wnld e iy
5 bl Gl il JUsb (sloolol Sl 40
Esua et al., ) oS o S5 Jole sloog 5 g5k, K01
(2022

Al oo oty p ulgpoem (sl p Bl olais! slags 5]
Gl (Ko a5 aiS adgi obigS ooy slac
ladsty ;0 Wi Gm ) oy gl
OSoe Dglite 4 50 b o jdg s Sty 50 S92 90
slesy, 4 |, DPPH 3 ABTS sl o, el
SlipBan ;5 Seree ladin Wy om jl (Jolite
J‘o& H soins u‘j—& LY \.\...:‘9.5‘59 ’y?.o.xa OM)"Jﬁ)M
505,5 had 5lub cVgaxe 4 ) b G0, a5 aus
WS oo sl 1) JBG0) lo ey slaiSTy cales 5o

Y


http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

Fo (1) V60 sl oMok pale elas

S Olsie 4 ool oS lee 1) las S o o 5L
Ratledge ) o4 oo a5l lo s 55 ol (sl oo o392
9, e 6 ke codled o (and Dover, 2000
£E. coli )\, 5 Pleoticus muelleri <o ouis g 000
Pereira et al., ) ois conlin P. larva | S. aureus
Oeiigy &S Al ools lad Ko glasdlae o (2021
4z S CBla pgSeend Sudlad 9Se oadig 0
JSE5 4 e g Gl (Sp HeenlSS
ol alime ol yShas SlaS 5 b alise slaJsSge
5% g Zhou asdllas s (Djellouli et al., 2020)
o oy 0en g (2bShas culls (VYY)
Sz 5l eolaul U (Marsupenaeus japonicus) ¢S
Gl a5 ols GLis gl A eyt STl dyges
Ay o ST as; pae dle ol Getign it
I, Micrococcus luteus 4 Staphylococcus aureus
Escherichia ), ;o s e codlad g Lol s lis

S e Shewanella putrefaciens o coli
g o Sluls jloadidg aee gy ol aslllas o
Lol slapen Ll con ise 555 Sy
Jole oz Ly 0l adsi 0y slowsdly 5 oolil
PH Lo Loy adss 55 45" ols ,Les PBD 5l b e
By 99 Sl e Sl eits g 4 oyl cdile
39 S yaed Al (g p Oliee 9 gy a0
Couddge b (o205 sbosly a5 ols Lis BBD (g jlwaige
o sl g wad s Bl o)k sladse b
Gilr o g e (g S5 s 95 de lagly
e Slyie 4 PH xidgy 3:85 5 iduals) s gne d
o 5 digy Lyl 5 o il bngely ann (sl Lol
G eyl cdale (adg £ Glewdly @i ds VO g
9 selorded a3 0 e PHEAID 5 00,0 VIO | s

D9l Cawos 1y utig p Glie (o yidin

SO 408 g $SKiS
5 ole ars) a5 Sleal axly ol ol oKasls
005 oo Slo,ad

\al

Sl ) oe9n sodsNee (o9 (s ;o Wl o
Hong ) aS” Jogeus |, sl 5udg 000 5 ams (2al38l Loy 5l
(etal., 2019

gy FRAP (gly a5 ol las led adlas b
SV U9 ($590 S95n Comgy Dl slondg ae
TPTZ- SLoS 4 TPTZ-Fe™ LuSlaS Lol 4o
5 B o iy 4y a5, i 3 o 51 Fe?
32 5T Sl o5 s 53 Lo & Sl (s
oo 42 a5 Al e & S Sy (5 50 VL polis
2 A e LialS 03 Fe? glea o |) FeP jse
Slals sy jlsyed 45 ub ool lis (glaslias
ST T 08 6l (bl g YSITL ably (55 e
s YWY mM TE/g ¢l & i ol o paalS
s Bah .(Gautam et al., 2025) o4 4903 \YY/FO
55 (VYY) oLSen 5 O’Sullivan o (Y1) ), San
alewgas Fe 4 Fe™ als jo ol olly azsie
Oyt Wb sudy eudidg ne Slacetyy
slocessy  FRAP ol 5 ¥k 5dgae
Sialdl s 4 Boes 45 a8 o 0 | o sulg e
(Borrajo et al., 2020) el 3Jg, 000 ax o

o iy Slas 09 5 2l ST Collab IS o o
Sl g b aimlanwl Jlgs wojlail asile ol Jolse
L slea, (Rashidian et al., 2021) s ,ls Ko dgg]
e g SudepS Sl SL Rl e 5SS ol
(Pezeshk et al., 2019) sitwa 550 ool yioles!
Marsupenaeus §Soo Cuvgy 3l onlsydg oup iy
Al osleskss VO JsSlse 35 b japonicus
o (Paneral.,2020) ols -l 42e5 BB oL xSbas
Y5l S Js¥se 035 b slagraS B Ks sladlas
Y. 8. iniae o, p» sy Hloe SIS edlogls
el gley ol pac dle Lhad o iy axisls ruckeri
o 03l oy s Cpetinl VU cdile a8 W
Cillae yol> adlas L aS” (Rashidian et al., 2021)
0Xgds faie ooy (Yo 1Y) o, Ses g Huang .cuils
45 W) Iz 5%ee oaiinly s ety 5l 1 ool
Slp o2l G o2l 5l Tl b cl (S


http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

il 5 sl Salgoaaa bl 5ledug

Sl s SBLm L3

Dayakar, B., Xavier, M., Ngasotter, S.,

Dhanabalan, V., Porayil, L., Balange,
A.K. and Nayak, B.B., 2024. Extraction,
optimization, and functional quality
evaluation of carotenoproteins from shrimp
processing side streams through enzymatic
process.  Environmental Science and
Pollution  Research, 31:62315-62328.
DOI:10.1007/s11356-023-30232-1

Dayakar, B., Ngasotter, S.,Layana, P.,

Balange, A.K., Nayak , B.B. and Xavier,
K., 2025. Eco-friendly extraction,
optimization, and characterization of
carotenoprotein from shrimp waste biomass
using a novel alkaline protease, Ecoenzyme
(ECOENZYME-ALKP). Biomass
Conversion and Biorefinery, 15:12655-
12671. DOI:10.1007/s13399-024-06087-y

Dhanabalan, V., Xavier, M., Kannuchamy,

N., Asha, K.K., Singh, C.B. and Balange,
A., 2017. Effect of processing conditions on
degree of hydrolysis, ACE inhibition, and
antioxidant activities of protein hydrolysate
from Acetes indicus. Environment Science
Pollution Research International, 24
(26):21222-21232. DOI:10.1007/s11356-
017-9671-4

Djellouli, M., Lépez-Caballero, M.E.,

Arancibia, M.Y., Karam, N. and Martinez-
Alvarez, O., 2020. Antioxidant and
antimicrobial enhancement by reaction of
protein hydrolysates derived from shrimp
byproducts with glucosamine. Waste and
Biomass Valorization, 11(6):2491-2505.
DOI:10.1007/s12649-019-00607-y

Dhanabalan, V., Xavier, K., Chattopadhyay,

K., Asha, K.K., Balange, A.K., Murthy,
L.N. and Nayak, BB., 2025. Effect of the

&bo

Ahmad Nadzri, F.N., Tawalbeh, D. and

Sarbon, N.M., 2021. Physicochemical
properties and antioxidant activity of
enzymatic hydrolysed chickpea (Cicer
arietinum L.) protein as influence by alcalase
and papain enzyme. Biocatalysis and
Agricultural  Biotechnology, 36:102131.
DOI:10.1016/j.bcab.2021.102131

Altinelataman, C., Koroleva, O., Fedorova,

T., Torkova, A., Lisitskaya, K.,
Tsentalovich, M., Kononikhin, A., Popov,
L., Vasina, D., Kovalyov, L. and Celik, U.,
2019. An in vitro and in silico study on the
antioxidant and cell culture-based study on
the chemoprotective activities of fish muscle
protein hydrolysates obtained from European
seabass and gilthead seabream. Food
Chemistry, 271:724-732.
DOI:10.1016/j.foodchem.2018.08.004

AOAC, 2000. Official methods of analysis, 17th

ed., Association of Official Analytical
Chemists, Gaithersburg, MD, USA.

Bah, C.S., Carne, A., McConnell, M.A., Mros,

S. and Bekhit, AE-DA., 2016. Production of
bioactive peptide hydrolysates from deer,
sheep, pig and cattle red blood cell fractions
using plant and fungal protease preparations.
Food Chemistry, 202:458-466.
DOI:10.1016/j.foodchem.2016.02.020

Borrajo, P., Pateiro, M., Gagaoua, M.,

Franco, D., Zhang, W. and Lorenzo, J.M.,
2020. Evaluation of the antioxidant and
antimicrobial activities of porcine liver
protein hydrolysates obtained using alcalase,

bromelain, and papain. Applied Sciences,
10:7, 2290. DOI:10.3390/app10072290

¥F


https://doi.org/10.1016/j.bcab.2021.102131
https://doi.org/10.1016/j.foodchem.2018.08.004
https://doi.org/10.1016/j.foodchem.2016.02.020
https://doi.org/10.3390/app10072290
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Bandela-Dayakar-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Martin-Xavier-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Soibam-Ngasotter-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Vignaesh-Dhanabalan-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Layana-Porayil-Aff1
https://link.springer.com/article/10.1007/s11356-023-30232-1#auth-Amjad_Khansaheb-Balange-Aff1
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Bandela-Dayakar-Aff1
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Soibam-Ngasotter-Aff1-Aff2
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Porayil-Layana-Aff1
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Amjad_Khansaheb-Balange-Aff1
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Amjad_Khansaheb-Balange-Aff1
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-Binaya_Bhusan-Nayak-Aff1
https://link.springer.com/article/10.1007/s13399-024-06087-y#auth-K__A__Martin-Xavier-Aff1-Aff2
https://link.springer.com/journal/13399
https://link.springer.com/journal/13399
https://10.0.3.239/s11356-017-9671-4
https://10.0.3.239/s11356-017-9671-4
https://ui.adsabs.harvard.edu/link_gateway/2020WBioV..11.2491D/doi:10.1007/s12649-019-00607-y
http://isfj.ir/article-1-2930-fa.html

Fo (1) V60 sl oMok pale elas

Conversion and Biorefinery, 15:27607-
27620. DOI:10.1007/s13399-024-05637-8

Hong, G.P., Min, S.G. and Jo, Y.J., 2019.

Anti-oxidative and anti-aging activities of
porcine by-product collagen hydrolysates
produced by commercial proteases: effect of
hydrolysis and ultrafiltration. Molecules,
24(6):1104.DOI:10.3390/molecules24061104

Huang, G., Ren, Z. and Jiang, J., 2011.

Separation of iron-binding peptides from
shrimp processing by-products hydrolysates.
Food and  Bioprocess  Technology,
4(8):1527-1532. DOI:10.1007/s11947-010-
0416-3

Hu, Y.D., Xi, Q.H., Kong, J., Zhao, Y.Q., Chi,

C.F. and Wang, B., 2023. Angiotensin-I-
converting  enzyme  (ACE)-inhibitory
peptides from the collagens of monkfish
(Lophius litulon) swim bladders: Isolation,
characterization, molecular docking analysis

and activity evaluation. Marine Drugs,

type of enzyme and degree of hydrolysis on
the antioxidant properties of paste shrimp
protein hydrolysates prepared by varying in
vitro enzymatic process. ACS Food Science
& Technology, 5:1124-1131.
DOI:10.1021/acsfoodscitech.4c00922

Ekezie, F.G.C., Sun, D.W. and Cheng, J.H.,

2019. Altering the IgE binding capacity of
king prawn (Litopenaeus vannamei)
tropomyosin through conformational changes
induced by cold argon-plasma jet. Food
Chemistry, 300:125143.
DOI:10.1016/j.foodchem.2019.125143

Esua, O.J., Sun, D.W., Cheng, J.H., Wang, H.

and Lv, M., 2022. Functional and bioactive
properties of Larimichthys polyactis protein
hydrolysates as influenced by plasma
functionalized  water-ultrasound  hybrid
treatments and enzyme types. Ultrasonics
Sonochemistry, 86:106023.
DOI:10.1016/j.ultsonch.2022.106023

[ Downloaded from isfj.ir on 2026-08-23 ]

21(10):516. DOI:10.3390/md21100516.
Iranian Fisheries Organization, 2024.
Statistical Yearbook of Fisheries 2024.

Iranian Fisheries Organization, Iran. 64 P. (In waste. Research and Innovation Food

Faleh Ali, A., Roomiani, L. and Tadayoni, M.,
2025. Bioactive molecules carotenoprotein:

generated from Penaeus semisulcatus shrimp

Persian) Science and Technology, 14:105-112.
DOI:10.22101/JRIFST.2025.452100.1559

FAQO, 2024. The state of world fisheries and
aquaculture, La Transformacion *~ Azul En
Accion. FAO, Rome, Italy. 278 P.

Gautam, AR., Benjakul, S., Mittal, A., Singh,
P. and Singh, A., 2025. Ultrasonication-

Klompong, V., Benjakul, S., Kantachote, D.
and Shahidi, F., 2007. Antioxidative activity
and functional properties of protein
hydrolysate of yellow stripe trevally
(Selaroides leptolepis) as influenced by the
degree of hydrolysis and enzyme type. Food

Chemistry, 102:1317-1327. assisted enzymatic hydrolysis of shrimp shell
DOI:10.1016/j.foodchem.2006.07.016 protein isolate: characterization, antioxidant,
Korkmaz, K. and Tokur, B., 2022. and functional properties.  Biomass

Optimization of hydrolysis conditions for the

A\


https://doi.org/10.1021/acsfoodscitech.4c00922
https://doi.org/10.1016/j.foodchem.2019.125143
https://doi.org/10.1016/j.ultsonch.2022.106023
https://link.springer.com/article/10.1007/s13399-024-05637-8#auth-Soottawat-Benjakul-Aff1-Aff2
https://link.springer.com/article/10.1007/s13399-024-05637-8#auth-Ajay-Mittal-Aff1
https://link.springer.com/article/10.1007/s13399-024-05637-8#auth-Prabjeet-Singh-Aff3
https://link.springer.com/article/10.1007/s13399-024-05637-8#auth-Avtar-Singh-Aff1
https://link.springer.com/journal/13399
https://link.springer.com/journal/13399
https://10.0.3.239/s11947-010-0416-3
https://10.0.3.239/s11947-010-0416-3
https://doi.org/10.1016/j.foodchem.2006.07.016
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

il 5 sl Salgoaaa bl 5ledug

Sl s SBLm L3

Fante, V.F., Brenag, J.N.N., Bona, E.,
Casarin, P. and Arcain, A.A.D., 2026.
Enzymatic hydrolysis and characterization of
protein  concentrate  obtained  from
mechanically separated meat of Nile tilapia
(Oreochromis niloticus). Food Science, 91:
€70799. DOI:10.1111/1750-3841.70799.

Mousavi, B., Benjakul, S., Hassani, G.,

Pashangeh, S. and Ghaderi, S., 2023.
Enhancement of in vitro cholesterol-lowering
and anti-diabetic activities of gluten
hydrolysate prepared using kiwifruit protease
as affected by ultrasound and atmospheric
cold plasma  post-treatments. Food
Measurement and Characterization,
17:6268-6280. DOI:10.1007/s11694-023-
02118-w.

Nguyen, N.V., Hai, P.D., My, V.T.M., Men,

D.T., Trung, L.D. and Bavor, H.J., 2021.
Improving product added-value from shrimp
(Litopenaeus vannamei) waste by using
enzymatic hydrolysis and response surface
methodology. Journal of Aquatic Food
Product Technology, 30:880-892.
DOI:10.1080/10498850.2021.1949770

Nikoo, M., Xu, X., Regenstein, J.M. and

Noori, F., 2021. Autolysis of Pacific white
shrimp (Litopenaeus vannamei) processing
by-products: enzymatic activities, lipid and
protein oxidation, and antioxidant activity of
hydrolysates. Food Biosciences, 39:100844.
DOI:10.1016/j.fb10.2020.100844

Nikoo, M., Benjakul, S. and Ahmadi Gavlighi,

H., 2022. Protein hydrolysates derived from
aquaculture and marine byproducts through

autolytic hydrolysis. Comprehensive Reviews

production of protein hydrolysates from fish
wastes using response surface methodology.
Food Bioscience, 45:101312.
DOI:10.1016/j.tb10.2021.101312

Li, Z., Wang, J., Zheng, B. and Guo, Z., 2020.

Impact of combined ultrasound-microwave
treatment on structural and functional
properties of golden threadfin bream
(Nemipterus virgatus) myofibrillar proteins
and hydrolysates. Ultrasonics Sonochemistry,
65:105063.
DOI:10.1016/j.ultsonch.2020.105063

Liebana, C., Pereira, N.A., Fernandez-

Gimenez, A.V., Granone, L.I. and Fangio,
M.F., 2025. Antioxidant and functional
properties of bioactive peptide fractions
derived from shrimp (Pleoticus muelleri)
waste  hydrolysates.  Biocatalysis and
Agricultural  Biotechnology, 67:103639.
DOI:10.1016/j.bcab.2025.103639

Liu, Z.W., Zhang, L.L., Zhou, Y.X., Tang,

P.P., Tan, Y.C., Cheng, J.H., Mousavi
Khaneghah, A. and Aadil, R.M., 2022.
Characteristics of cold plasma treatment and
enzymatic hydrolysis on IgG/ IgE-binding
ability of B-lactoglobulin. Food Bioscience,
50:102161. DOI:10.1016/j.fbi0.2022.102161

Lorzani, A. and Roomiani, L., 2022. Effects of

condition enzymatic hydrolysis on degrees of
hydrolysis and antioxidant activity of head
protein of bighead (Aristichthys nobilis).
Iranian Journal of Nutrition Sciences &
Food Technology, 17:1.
DOI:10.52547/nsft.17.1.123 (In Persian)

Mendes, P.S., Cardoso, F.A.R., Giugiolli,

M.F., Wolhmuth, G., Oliveira, M.I.C.,

\td


https://doi.org/10.1016/j.fbio.2021.101312
https://www.sciencedirect.com/journal/ultrasonics-sonochemistry
https://doi.org/10.1016/j.ultsonch.2020.105063
https://doi.org/10.1016/j.bcab.2025.103639
https://doi.org/10.1016/j.fbio.2022.102161
http://doi.10.52547/nsft.17.1.123
https://doi.org/10.1080/10498850.2021.1949770
https://doi.org/10.1016/j.fbio.2020.100844
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

Fo (1) V60 sl oMok pale elas

Probiotics and Antimicrobial Proteins,
11(3):1015-1022. DOI:10.1007/s12602-018-
9483-y

Rashidian, G., Abedian Kenari, A. and

Nikkhah, M., 2021. Evaluation of
antioxidative and antibacterial activities of
fractionated hydrolysate from
shrimp Litopenaeus vannamei head wastes
bacteria.

against aquatic  pathogenic

Aquaculture  Research,  52:3696-3704.

DOI:10.1111/are.15214

Ratledge, C. and Dover, L.G., 2000. Iron

metabolism in pathogenic bacteria. Annual
Review of Microbiology, 54:881-941.
DOI:10.1146/annurev.micro.54.1.881

Rossi, N., Grosso, C. and Delerue-Matos, C.,

2024. Shrimp waste upcycling: unveiling the
potential of polysaccharides, proteins,
carotenoids, and fatty acids with emphasis on
bioactive

22:153.

extraction  techniques and
properties.

DOI:10.3390/md22040153

Marine  Drugs,

Shahidi, F. and Saeid, A., 2025. Bioactivity of

marine-derived peptides and proteins: a
review. 23:157.

DOI:10.3390/md23040157

Marine Drugs,

Sheng, Y., Qiu, Y.T., Wang, Y.M., Chi, C.F.

TV

and Wang, B., 2022. Novel antioxidant
collagen peptides of Siberian sturgeon
(Acipenser  baerii)  cartilages:  The
preparation, characterization, and
cytoprotection of H>O,-damaged human
umbilical vein endothelial cells (HUVECs:).
Marine Drugs, 20 (%), 325.

DOI:10.3390/md20050325.

in Food Science and Food Safety,
21(6):4872—4899. DOI:10.1111/1541-
4337.13060

O’Sullivan, S.M., Lafarga, T., Hayes, M. and

O’Brien, N.M., 2017. Bioactivity of bovine
lung hydrolysates prepared using papain,
pepsin, and alcalase. Journal of Food
Biochemistry, 41:€12406 47.
DOI:10.1111/jfbc.12406

Ozuna, C. and Ledén-Galvan, M.F., 2017.

Cucurbitaceae seed protein hydrolysates as a
potential source of bioactive peptides with
functional properties. BioMed Research
International, 2121878:1-16.

DOI:10.1155/2017/2121878

Pan, C., Ishizaki, S., Chen, S., Hao, S., Zhou,

J. and Yang, X., 2020. Purification,
characterization and antibacterial activities of
red color-related protein found in the shell of
kuruma shrimp, Marsupenaeus japonicus.
Food Chemistry, 310:125819.
DOI:10.1016/j.foodchem.2019.125819

Pereira, N.A.L., Fangio, M.F., Rodriguez,

Y.E., Bonadero, M.C., Haran, N.S. and
Fernandez-Gimenez, A.V., 2021.
Characterization =~ of  liquid  protein
hydrolysates shrimp industry waste: Analysis
of antioxidant and microbiological activity,
and shelf life of final product. Journal of
Food  Processing and  Preservation,

00:¢15526. DOI:10.1111/jfpp.15526

Pezeshk, S., Ojagh, S.M., Rezaei, M. and

Shabanpour, B., 2019. Fractionation of
protein hydrolysates of fish waste using
membrane ultrafiltration: Investigation of

antibacterial and antioxidant activities.


https://doi.org/10.1111/1541-4337.13060
https://doi.org/10.1111/1541-4337.13060
https://doi.org/10.1111/jfbc.12406
https://doi.org/10.1155/2017/2121878
https://doi.org/10.1016/j.foodchem.2019.125819
https://doi.org/10.1111/jfpp.15526
https://doi.org/10.1007/s12602-018-9483-y
https://doi.org/10.1007/s12602-018-9483-y
https://onlinelibrary.wiley.com/authored-by/Rashidian/Ghasem
https://onlinelibrary.wiley.com/authored-by/Abedian+Kenari/Abdolmohammad
https://onlinelibrary.wiley.com/authored-by/Nikkhah/Maryam
https://onlinelibrary.wiley.com/authored-by/Nikkhah/Maryam
https://doi.org/10.1111/are.15214
https://doi.org/10.1146/annurev.micro.54.1.881
https://doi.org/10.3390/md22040153
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

il 5 sl Salgoaaa bl 5ledug

Sl s SBLm L3

peptides from collagen hydrolysate of red lip
croaker (Pseudosciaena polyactis) scales:
Preparation, characterization, and
cytoprotective effects on H,0O,-damaged
HepG2 cells. Marine Drugs. 2020;
18(3):156. DOI:10.3390/md18030156.

Wang, Y.Z., Zhao, Y.Q., Wang, Y.M., Zhao,

W.H., Wang, P., Chi, C.F. and Wang, B.,
2021. Antioxidant peptides from Antarctic
Krill (Euphausia superba) hydrolysate:
Preparation, identification and cytoprotection
on H,0»-induced oxidative stress. Journal of
Food & Function, 86:104701.
DOI:10.1016/;.jf£.2021.104701

Wu, Y., Cheng, J.H. and Sun, D.W., 2022.

Subcellular damages of Colletotrichum
asianum and inhibition of mango anthracnose
by dielectric barrier discharge plasma. Food
Chemistry, 381:132197.
DOI:10.1016/j.foodchem.2022.132197

Yang, C., Zhang, T., Zhang, H., Yang, T., Qu,

Z., Zhang, Y., Chen, G., Chen, Y. and Li,
S., 2025. Improving the efficiency of
proteolysis in soybean isolate: cold plasma
treatment. Food and Bioprocess Technology,
18:1893-1904. DOI:10.1007/s11947-024-
03576-w

Yao, H., Liu, S., Chang, R., Liu, T., Zhou, Z.

and Mao, J., 2025. Changes of shrimp
myofibrillar  proteins  hydrolyzed by
Virgibacillus proteases: Structural
characterization, mechanism visualization,
and flavor compound formation. Food
Research  International, 200, 115470.
DOI:10.1016/j.foodres.2024.115470

Sierra-Lopera, L.M. and Zapata-Montoya,

J.E., 2021. Optimization of enzymatic
hydrolysis of red tilapia scales (Oreochromis
sp.) to obtain bioactive peptides.
Biotechnology Reports, 30:e00611.
DOI:10.1016/j.btre.2021.e00611

Singh, A., Putri, G.A.U., Mittal, A., Hong, H.,

Yesilsu, A.F. and Benjakul, S., 2021.
Protein hydrolysate from splendid squid
(Loligo  formosana) fins: antioxidant,
functional properties, and flavoring profile.
Turkish Journal of Fisheries and Aquatic
Science, 22:6:1-11 TRIFAS21005.
DOI:10.4194/TRJFAS21005

Suo, S.K., Zhao, Y.Q., Wang, Y.M., Pan,

X.Y., Chi, C.F. and Wang, B., 2022.
Seventeen novel angiotensin converting
enzyme (ACE) inhibitory peptides from the
protein hydrolysate of Mytilus edulis:
Isolation, identification, molecular docking
study, and protective function on HUVECs.
Journal of Food & Function, 13
(14):7831-7846. DOI:10.1039/d2f000275b

Tohidi Nasab, M. and Roomiani, L., 2023.

Optimizing the hydrolyzed protein process
from Metapenaeus affinis shrimp wastes.
Iranian Journal of Nutrition Sciences and
Food Technology, 18(3):93-104. (In Persian)

Walter, C. and Frieden, E., 1963. The

prevalence and significance of the product
inhibition of enzymes. Advances Enzymology
and Related Subjects of Biochemistry,
25:167-274.
DOI:10.1002/9780470122709.ch4

Wang, W.Y., Zhao, Y.Q., Zhao, G.X., Chi,

C.F. and Wang, B., 2020. Antioxidant

A


https://doi.org/10.1016/j.btre.2021.e00611
https://doi.org/10.1016/j.jff.2021.104701
https://doi.org/10.1016/j.foodchem.2022.132197
https://doi.org/10.1016/j.foodres.2024.115470
http://isfj.ir/article-1-2930-fa.html

[ Downloaded from isfj.ir on 2026-08-23 ]

Fo (1) V60 sl oMok pale elas

Zhao, W.H., Luo, Q.B., Pan, X., Chi, C.F.,

Sun, K.L. and Wang, B., 2018. Preparation,
identification, and activity evaluation of ten
antioxidant peptides from protein hydrolysate
of swim bladders of miiuy croaker (Miichthys
miiuy). Jouwrnal of Functional Foods,
47:503-511. DOI:10.1016/j.jf£.2018.06.014

Zou, Y., Yang, H., Li, P.P., Zhang, M.H.,

Zhang, X.X., Xu, W.M. and Wang, D.Y.,
2019. Effect of different time of ultrasound
treatment on physicochemical, thermal, and
antioxidant properties of chicken plasma
protein. Poultry Science, 98:1925-1933.
DOI:10.3382/ps/pey502

Zhou, J., Han, Q., Koyama, T., and Ishizaki,

&

S., 2023. Preparation, purification and
characterization of antibacterial and ACE
inhibitory peptides from head protein
hydrolysate of Kuruma shrimp,
Marsupenaeus japonicus. Molecules, 28:894.

DOI:10.3390/molecules28020894

Yathisha, U.G., Vaidya, S. and Sheshappa,

M.B., 2022. Functional properties of protein
hydrolyzate from ribbon fish
(Lepturacanthus savala) as prepared by
enzymatic hydrolysis. International Journal
of  Food 25:187-203.
DOI:10.1080/10942912.2022.2027964

Properties,

Yeganeh, S. and Reyhani Poul, S., 2021.

Evaluation of functional properties of
bioactive peptides produced from shrimp
wastes in processing centers using protamex
enzyme in different degrees of hydrolysis.
Scientific Fisheries  Journal,
30(5):83-97. [In Persian] DOI:
10.22092/is17.2021.125494

Iranian

Zhang, S.Y., Zhao, Y.Q., Wang, Y.M., Yang,

X.R., Chi, C.F. and Wang, B., 2022.
Gelatins and antioxidant peptides from
Skipjack tuna (Katsuwonus pelamis) skins:
Purification, characterization, and
cytoprotection on ultraviolet-A  injured
human skin fibroblasts. Food Bioscience,

50:102138. DOI:10.1016/j.tb10.2022.102138


https://doi.org/10.1016/j.fbio.2022.102138
https://doi.org/10.1016/j.jff.2018.06.014
https://doi.org/10.3382/ps/pey502
https://doi.org/10.3390/molecules28020894
http://isfj.ir/article-1-2930-fa.html
http://www.tcpdf.org

