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Abstract

This study investigated the synergistic effects of dielectric barrier discharge (DBD) plasma combined with
phycocyanin (PC) pigment on quality preservation of rainbow trout (Oncorhynchus mykiss) fillets during
refrigerated storage. The experimental design evaluated microbial, physicochemical, and antioxidant parameters
over an 18-day period at 4°C, with all analyses conducted in triplicate to ensure statistical reliability. Results
demonstrated that the combined DBD-PC treatment effectively suppressed psychrotrophic bacterial proliferation,
showing significantly lower counts compared to control samples and individual treatments (p<0.05). DBD plasma
alone exhibited remarkable efficacy in reducing trimethylamine formation, a key indicator of fish spoilage. The
combined treatment displayed superior antioxidant performance, achieving 80% inhibition of ABTS radicals and
significantly enhanced ferric reducing antioxidant power (FRAP). Quality assessment revealed that the DBD-PC
combination maintained better texture and color stability throughout storage. These findings provide compelling
evidence that the integrated application of non-thermal plasma technology with natural bioactive compounds can
extend the shelf life of rainbow trout fillets beyond 15 days under refrigeration conditions, while preserving
nutritional and sensory qualities. This innovative approach offers promising potential for sustainable seafood
preservation with reduced reliance on chemical additives.
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The combined effect of dielectric barrier discharge plasma and phycocyanin pigment
on increasing the shelf life of rainbow trout fillets

EXTENDED ABSTRACT

Introduction

Seafood, particularly rainbow trout (Oncorhynchus mykiss), is highly valued for its nutritional richness, providing
essential omega-3 fatty acids, high-quality proteins, and vitamins such as D and B12 that are beneficial for
cardiovascular and neurological health. However, its rapid perishability due to microbial growth and oxidative
deterioration presents a major challenge for storage and commercialization. In recent years, non-thermal plasma
technology and natural antioxidants have emerged as sustainable and efficient preservation strategies. Dielectric
barrier discharge (DBD) plasma is known for its strong antimicrobial potential through the generation of reactive
oxygen and nitrogen species (RONS), such as ozone, hydroxyl radicals, and atomic oxygen. Meanwhile,
phycocyanin (PC), a natural blue pigment derived from Spirulina platensis, possesses both antioxidant and
antimicrobial properties due to its phenolic structure and electron-donating capacity. This study aimed to evaluate,
for the first time, the synergistic effects of DBD plasma and PC on the microbial, physicochemical, and antioxidant
stability of rainbow trout fillets stored at 4 °C for 18 days. Two voltage levels (70 and 80 kV) and two exposure
durations (2 and 5 min) were tested, both individually and in combination with PC treatment, to determine their
efficacy in extending shelf life and preserving quality.

Materials and Methods

Phycocyanin was extracted and purified from Spirulina platensis cultivated in Zarrouk medium for 30 days at 28
°C under continuous illumination. The purified pigment, with a concentration of 0.065 mg/mL and a maximum
absorption peak at 621.9 nm, was stabilized using citric acid and stored at — 20 °C. Rainbow trout were filleted
into 5 x 5 x 1 cm pieces and divided into control (C), PC-only (PC-P), plasma-only, and combined plasma + PC
groups. Plasma treatment was conducted using a DBD system equipped with two 15 cm aluminum electrodes
separated by a 3 mm glass dielectric and a 2 cm discharge gap. Fillets were exposed to 70 kV and 80 kV for 2 and
5 min (P70:2, P70:5, P80:2, and P80:5), both with and without PC. Samples were stored at 4 °C for 18 days and
analyzed on days 1, 3, 6, 9, 12, 15, and 18. Microbiological analyses included total viable count (TVC),
Staphylococcus aureus (CoPS), and Lactobacillus spp. counts expressed as log CFU/g. Physicochemical
properties (pH, peroxide value — PV, and trimethylamine — TMA) and antioxidant assays (ABTS radical
scavenging and ferric reducing antioxidant power — FRAP) were also determined. Statistical analysis was
conducted using one-way ANOVA and Tukey’s test at a 95% confidence level (p < 0.05)

Results and Discussion

The combination of DBD plasma and PC significantly reduced microbial proliferation and delayed chemical
spoilage compared with the control. In untreated samples, TVC increased from 3.38 log CFU/g on day 1 to 9.69
log CFU/g on day 18, exceeding the spoilage limit (7 log CFU/g) by day 6. In contrast, the P80:5 + PC treatment
maintained TVC below 7 log CFU/g until day 15 and reached only 7.55 log CFU/g at day 18, indicating a
pronounced inhibitory effect. Similarly, Staphylococcus aureus counts reached 9.33 log CFU/g in control samples
but only 7.09 log CFU/g in P80:5 + PC. Lactobacillus spp. growth was also markedly suppressed: while controls
rose from 0.22 to 9.39 log CFU/g, the P80:5 + PC treatment reached just 7.88 log CFU/g. Physicochemical
parameters further confirmed spoilage inhibition. The acidity of control samples increased from 0.13 to 0.24,
whereas P80:5 + PC showed the lowest rise (0.13 — 0.19). Peroxide value (PV) rose to 0.55 in controls but
remained at 0.38 in P80:5 + PC by day 18, indicating a strong retardation of lipid oxidation. Likewise, TMA
accumulation, a marker of protein degradation, was significantly lower in treated fillets, with values of 33.69 mg
N/100 g for P80:5 + PC compared with 53.76 mg N/100 g in controls. The antioxidant activity of the treated
samples increased markedly, supporting the protective role of PC. FRAP values in control fillets decreased from
16.87 t0 9.26 umol Fe**/g over 18 days, while P80:5 + PC retained 20.57 umol Fe?*/g, indicating superior reducing
power. Similarly, the ABTS radical scavenging activity, which rose with oxidative stress in controls (4.47 —
12.58 mmol Trolox eq./g), was significantly lower in the combined treatment (1.54 — 2.52 mmol Trolox eq./g),
confirming enhanced antioxidant defense. These results demonstrate that the synergistic interaction between DBD
plasma and PC effectively balanced microbial inactivation and oxidative stabilization. The improvement can be
attributed to the generation of RONS by plasma, which disrupted microbial membranes and biofilms, while PC
provided phenolic antioxidants that neutralized residual radicals, prevented protein denaturation, and preserved
lipid integrity. The high voltage (80 kV) and prolonged exposure (5 min) amplified both plasma-induced RONS
formation and pigment penetration, maximizing the antimicrobial and antioxidant outcomes. Compared to DBD
or PC alone, the combined treatment extended the shelf life of trout fillets from 6 to 15 days at 4 °C without
compromising sensory quality.

Conclusion
The synergistic combination of DBD plasma and phycocyanin pigment represents a promising, non-thermal, and
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eco-friendly preservation strategy for seafood products. The treatment effectively inhibited microbial growth,
reduced oxidative spoilage, and enhanced antioxidant capacity, leading to a substantial extension of rainbow trout
fillet shelf life under refrigeration. Quantitatively, the combined P80:5 + PC treatment maintained TVC below the
spoilage threshold for up to 15 days, reduced TMA formation by approximately 37%, and improved FRAP by
over 120% compared to controls. These findings highlight the potential of integrating DBD plasma and natural
antioxidants such as PC for sustainable food preservation, aligning with global trends toward clean-label and
chemical-free technologies. Further studies may explore optimization for industrial scalability and the mechanistic
interactions between plasma-generated species and pigment molecules to enhance the stability and safety of
perishable aquatic products.
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5 P70:5+PC (PBO:5+PC (slaw yos o WA 33, 4o
P > 0.05) wzs sl (gylskae sl P8O:5+PC
S ldis PC-P 6gas A oy 55 &5 ol Ll

P <0) 515 5L C & 405 4 s (CFUIG A )

a3 Fogles s egy WA (Gilwe 35 095 by
23 85 55 bl b 53 (g 5 BB Sl ol Kl
C 4505, (0 <0.05) (Y Jsur) s oalivs s o5 4o
P35 303 0Ly S SS ghdll b 53 2l g
P80:5+PC « Jlis )5 .uw, axr  log CFU/g«
L@S;:bblﬁdbwﬁ‘,{‘,l:éb‘ch.»):&\}ﬂ&_}«f
OA 55503 ! pesde e, Vet log CFU/ga

635 PC las 03 5L cadds 0 5 Y Ol Se 5 SIS A 5V slajls 53 DBD jlas b Okl Do Y 9o
Cog o S e a3 B sles 30355 WA 6106 0,90 <K b s> Oncorhynchus mykiss ols” .5, sle 4k

ol (35 3 dor g5 b ol ks 0kins OLES 6855 (o9 o 5 Ot 5 4 5 B Ol ks oins Ol S 587

Staph Jal 395 P 393 o 39 e 39 395 a3yl 39y R 39
PEXSIPE

C 0.00+0.000 3.03+0.013 4.04+0.002 5.09+0.008 7.39+0.004 8.38+0.002 9.33+0.0030

(@(G)

0(a)(A) 5(2)(B) 6(2)(C) 4(2)(D) 3(a)(E) 7(2)(F)

vy 1o Bl ;5 (69 3,5 (5599w g S aoliliad
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P70:2 0.00£0.000 2.83+0.027 4.27+0.005 4.94+0.011 7.10+0.008 8.12+0.005 9.03+0.0072
-PC 0@)(A)  5(ab)(B) 4(b)(C) 1(b)(D) 0(b)(E) 8(a)(F) @(G)
P70:5 0.00£0.000 1.62+0.810 4.08+0.003 4.75:0.080 6.97+0.020 8.31:0.004 9.25+0.0050
-PC 0(@)(A) 5(b)(B) 1(0)(C) 8(c)(C) 9@)(D)  4(a)(DE) @(E)
P80:2 0.00£0.000 2.23+0.123 3.91+0.010 4.45+0.037 6.59+0.029  7.93+0.007 8.77+0.0105
-PC 0@)(A)  0(ab)(B) 8(d)(C) 8(d)(D) 0(d)(E) 4(@)(F) @)(G)
P80:5 0.00£0.000 2.23+0.165 3.69+0.040 4.23+0.012 6.32+0.017  7.38+0.002 7.92+0.0120
-PC 0(@)(A) 1(ab)(B) 4(e)(C) 4(ef)(D) 9(e)(E) 7(b)(F) (bc)(G)
PC-P 0.00+0.000 3.28+0.007 4.20+0.006 5.11+0.011 5.94+0.007 7.15+0.005 8.00+0.0063

0(a)(A) 9(a)(B) 3(b)(C) 6(a)(D) 2(R(E) 4(b)(F) (b)(G)
P70:2 0.00£0.000 3.05+0.016 4.01+0.003 4.89+0.013 5.62+0.027 7.28+0.334 7.69+0.0219
+PC 0(@)(A) 5@(B)  6(cd)(C)  6(bc)(D) 0(9)(E) 9(b)(F) (bcd)(F)
P70:5 0.00£0.000 2.87+0.018 3.51+0.062 4.34+0.009 5.39+0.004 6.39+0.003 7.36:0.0049
+PC 0@)(A)  5(ab)(B) 0(f(C)  6(de)(D) 2(h)(E) 2(c)(F) (cde)(G)
P80:2 0.00£0.000 2.74+0.018 3.37+0.002 4.13+0.007 5.12+0.007  6.07+0.005 7.09+0.0061
+PC 0@)(A)  2(ab)(B) 8(9)(C) 0(f(D) 8()(E) 3(cd)(F) (©)(G)
P80:5 0.00£0.000 2.49+0.050 2.81+0.013 3.87+0.013 4.68+0.022 5.82+0.015 7.22+0.3649
+PC 0@)(A)  5(ab)(B) 6(h)(B) 6(9)(C) 3()(D) 8(d)(E) (de)(F)

log « .Yy log CFU/Q ;1«8 o 5b 4 sls 0l s,
«PC J it (p <0.05) wwjara CFU/g
pAeS oS XS i ok w L LB ws, sl
4 o 5 BB s LA Sy, s LB 5 ls
P80:5+PC (7.88 log CFU/Q « s ;5 C 44
ol @i 55y 55 oS Lol a5 e sdalis)
(6 log CFU/Q) sl jlws d> 31 J 25 45505 ,5LB
oled (momen Ay #8109 CFU/Q 5 25, 515
A1 Sree do pl ) ea35195 595 6 e Ola)s (Slad gl
Y S TEIEI Y PC-P80:5 44 o 4 cuus,

bdS a5l #AF log CRU/Q )l s (ol

<S5y log CRU/G s> C % 5as oJyl 55,y 40
vV )DBD jls bl plbsg (LB) oglul S
B sk a4 jas Olen 5o jldis ol (akds ¥ o Zdy SLS
(p <csl a8 4 log CFU/Qe 5
Sooled Olays 0l s Wy zal5l L. (F J5u5)0.05)
23553 JRalS g 5 b6 Hsb 4 ol glaals ;5L B
sam ) pesdhe (P <0.05). sy i o il
S a4 e 5 DBD Loas Oleys glaals ,5PC

W b1, LB js wll oy 2iw C 6ses.as LB

41:363J¢PCJLQ:JQ).«\{)LZL¢5.§JOJY OL&}QM}Q)}&{/\' )V' Lg\.&j\.ﬂj): DBD )Lo.;il.vl_b Q‘J:.*Jﬁ.r Jj»’?

G 318 e 4,5 B sles 53 035, WA (6,ugSS 05 <K Jsb s Oncorhynchus mykiss oLs™ 5.5, sls

ol (3 3 dor g5 b ol ks oins OLES 6555 (og o 5 Ot 45 a5 BB Ol ks odins Ol oS 587

Lb Jo! 395 Pow 395 o 395 o® 39y 3319338y a3k 38y adI 395

C 0.22+0.030 3.10+0.008 5.38+0.004 6.36+0.004 7.37£0.005 8.26+0.010 9.39+0.003
6(a)(A) 4(a)(B) 5(a)(C) 9(a)(D) 8(a)(E) 4(a)(F) 3(a)(G)

P70:2 0.09+0.044 2.86+0.003 5.26+0.003 6.16%+0.010 7.18+0.007 8.20+0.011 9.26%0.004
-PC 3(b)(A) 4(b)(B) 6(b)(C) (b)(D) 5(bc)(E) 0(a)(F) 2(b)(G)
P70:5 0.00+0.000 2.79+0.012 5.03+0.012 5.91+0.019 6.84+0.012 7.96+0.026 9.08+0.007
-PC 0(c)(A) 9(b) (B) 7(c)(C) 8(c)(D) 9(d) (E) 2(b)(F) 5(c)(G)
P80:2 0.00+0.000 2.51+0.041 4.85+0.005 5.83+0.016 6.76+0.013 7.44+0.022 8.73%+0.011
-PC 0(c)(A) 8(c) (B) 4(d)(C) 5 (d)(D) 1(e) (E) 9(c)(F) 7(d)(G)
P80:5 0.00+0.000 2.03+0.065 4.74+0.020 5.39+0.006 6.33+0.005 7.28+0.004 8.11+0.015
-PC 0(c)(A) 2(d) (B) 8(e)(C) 1(e)(D) 3(f) (B) 0(d)(F) 7(e)(G)
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- oy Y1 U3 plo b alid (6 B wile Sl 5 (piliwgSad dilasS ) 9 SO Sl (68 vw adid GlowDy (21381 oo i1

oS

PC-P  0.00+0.000 3.35+0.005 5.29+0.003 6.06+0.007 7.19+0.005 8.05+0.021 9.14+0.005
0(c)(A) 0(e)(B) 3(b)(C) 7(H(D) 7(b) (E) 1(e)(F) 5(H(G)

P70:2 0.00+0.000 3.29+0.006 4.52+0.030 5.68+0.010 7.14+0.008 7.68+0.013 8.99+0.008
+PC 0(c)(A) 3(e) (B) 6(N(C) 49)(D) 2(c) (E) 0(R(F) 49)(G)
P70:5 0.00+0.000 3.23+0.006 4.29+0.007 5.37+0.006 6.300.005 7.26+0.009  8.36+0.008
+PC 0(c)(A) 5(¢) (B) 0(9)(C) 4(e)(D) 7(f) (B) 7(d)(F) 2(n)(G)
P80:2 0.00+0.000 3.04+0.012 4.15+0.007 5.12+0.010 6.16+0.005 7.05+0.006 8.14+0.017
+PC 0(c)(A) 6(a) (B) 9(M(C) 9(n)(D) 2(9) (E) 9(9)(F) 0(e)(G)
P80:5 0.00+0.000 2.89+0.011 3.77+0.006 4.75:0.020 5.87+0.006 6.84+0.011 7.88+0.008
+PC 0(c)(A) 8(b) (B) 5()(C) 0(i)(D) 6(h) (E) 7(h)(F) 3()(G)

30l 0L | el el o VL pslike ) sy (6,165
Golslas sl a3l 555 5 P70:2-PC &40 s
2554 PBO:5+PC & sai ¢ Lol 5 .(p>0.05) sl olis
T o3 530 02 51 O ) ay sl mhaws o 208 ol
sP70:5-PC P70:5+PC (slag yai b (s, lskine &5l
L oLt o sl (p>0.05) sl P80:5-PC
4 Cod (S S apdnl sk (s 0 Oley> DBD
(235155 cp s oJsl Slass 03 5 Lals 0l C @
223l PC-P 6505 b (g ylaline 5li5 qndns 5 o235
PC sDBD L .S 5 alays ¢opl » osMe .(p>0.05)
By b amlin 55 1) sl (I3 E 5 e 55 BB sba

(P <0.05) 515 j2als 055, VA 093 Jsb 53 J x5

Ol 15y S dhd 50 (2 boati o0 1 Dl g
9 DBD b 0w 3yl Oncorhynchus mykiss
O F Sl 4> 55 ¢ sbod y0 3954 L PC

ssba e sl pled aydeal (o9, VA SIS )55 b
F5 ot € asas . (p<0.09) il 1531 (65lskas
33 ey LYF 4 Y 1S sl Ol |yl ol
oS PB0:5+PC s P70:5+PC (slad s o5™
(Fdsm)didkeny + 08 @ 0T 15 dzils 1y Gl bl & 5
ssba o9, N ey95 IS Jsb 53 PC-P 455 .(p<0.05)
313 0La € 605 4 b (57208 ol sk pgle
A2 55 PC e LUy eaasolis 5 «(p<0.05)

69 (aLc..? ):C & g0 ‘O’i‘f. 053&9 ol 4:‘..1..\3..»1 C‘}.E.w

635 ¢ PCLLs 0 5L caids 0 5 Y Ol Sute 5 CIg kST AL 5V slajts 53 DBD Slas b ay el O i £ 9o

Cog o 318 b a5 B sles 53 0355 WA (1SS 0,55 <K b Oncorhynchus mykKiss ols” 55, sla 4ks

w\qa{;));@}:ng;;;\m;:ex.uowf)kg,fjQj:,w);@j:&l;le;sa.x;mol.:;ﬁi;;

Acidi

: Jol 395 P 390 e 39 @ 395 33190 39) a3l 395 UM 39
y
C 0.13+0.000 0.16+0.000 0.18+0.0013 0.19+0.001 0.20+0.000 0.22+0.000  0.24+0.00
O(ab)(A) 7(2)(B) @(C) 5(a)(D) 5(a)(E) 5(a)(F) 13(a)(G)
P70:2 0.13+0.000 0.15+0.001 0.17+0.0013  0.18+0.000 0.19+0.000 0.21+0.000  0.23+0.00
-PC 7(ab) (A) 3(b)(B) (b) (©) 0(b) (D) 3(b) (E) 3(@)(F)  05(b) (G)
P70:5 0.12+0.001 0.13+0.000 0.15+0.0010 0.17+0.000 0.18+0.000 0.20+0.000  0.22+0.00
-PC 3(ab) (A) 6(c) (B) (©) (©) 7(cg) (D) 7(c) (B) 7(b)(F) 07 (c) (G)
P80:2  0.12+0.001  0.14+0.001 0.16+0.0000 0.17+0.001 0.19+0.001 0.21+0.001  0.22+0.00
-PC 8(a) (A) 0(df) (B) 0(de) (C) 0(df)(D) 5(d) (E) 4(c) (F)  07(d) (G)
P80:5 0.13+0.000 0.14+0.000 0.16+0.0010 0.16+0.000 0.17+0.001 0.20+0.001  0.21+0.00
-PC 6(ab) (A) 7(e) (B) (df)(©) 7(eh)(D) 0(e) (E) 0()(F)  07(e) (G)
PC-P 0.13+0.000 0.15+0.000 0.16+0.0007 0.17+0.000 0.18+0.001 0.19+0.001  0.20%0.00
0(ab) (A) 5(f)(B) (e) (C) 5(bf) (D) 0(d) (E) 3(b) (F)  13(e) (G)
P70:2 0.13+0.000 0.14+0.000 0.16+0.0007 0.17+0.000 0.18+0.000 0.19+0.000  0.20+0.00
+PC 7(b) (A) 5(dg) (B) () (©) 7(dg) (D) 5(c) (B) 3(d) (F)  03(f) (G)
P70:5 0.13+0.001 0.14+0.000 0.15+0.0007 0.16+0.000 0.17+0.000 0.18+0.001  0.19+0.00
+PC 0(ab) (A) 0O(eg) (B) (©) (©) 0(e) (D) 7(e) (E) 0(e) (F)  00(9) (G)
v 10 @lus 53 (692,15 (S58demg S aolibiasd
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P80:2 0.13+0.000 0.14+0.000 0.15+0.0000 0.17+0.000 0.17+0.000 0.18+0.000 0.19+0.00
+PC_ 0(ab) (A)  7(d) (B) (cH(C)  7ch)(D) 5@ (E) 9 (F)  09(h)(G)
P80:5 0.13+0.000 0.13+0.001 0.14+ 0.16+0.000 0.17+0.000 0.17+0.000 0.19+0.00
+PC 3(ab) (A) 0(ce) (B) 0.0010((8 7(i) (D) 6(f) (E) 7(9) (F) 10(9)(G)

, P80:5+PC  PT0:5+PC  P70:2+PC L sb 4 6 505 PV o5 1A 6105 0555 o

(035 C @50 5l 28 g5 Js6 b 4PB0:2+PC
23 Soblas (65LT Splis cuadems 55, ,>< 0.05).
ik s 5 PB0:2-PC 5 PC-P (law yos PV

23 (@280 4 ¥ 5D Oleys Olej il edsl 55 2 4
PV )5 g5 b6 2l Csl SIslS A ot 5,
SWs s el E 5 eplepsm 555,55 (P < 0.05). ws
P70:5-5P70:2-PC (lag s s p SISV b
(p > 0.05). 5 S sl (g lslme LT & 5wPC
23 st s JB Rl Lel Sy Il e sdle
» (P <0.09). syl 55, 7 s, oles 5PV
adges 5 C &g o golslins (g)LT Sslis (Jyl s,
(p > 0.05). ccalas 5 42 5 0k Olays

C4ﬁ‘ﬁw5}))a.(adjk)a\iu@lplﬁ}:
S S I s ls ol 1, PV (0.55) o sV
(p < w2 sdalin PBO:5+PC (0.38) 4 4ai ,5PV
b6 b 4 PC-P 43PV (Jsl 55, szt 40.05).
(P <55 P70:2-PC 4505 5 C 6505 5l S g5
23 0330 W 646K 0555 55 PV 21531 # 50.05).
548 C 450 4 s DBD L 0l ys o (slads gas
PC s DBD S 5L 0boys o sladisas j5 5 30
G305 5 45 DBD Lo 0l ys glad gos 1 58S 2>
5 C &5 o laline (LT Sslis oJgl 555 5. 25C
otalie PC-P 4 405 s DBD L g ous 0l s (slads se5

cbsWPV  Je= ot L (p > 0.05). w

s 55, PCLLs 03 5L eaids 0 5 Y Oloj ke 5 Iy kS A 5V glasldy ;5 DBD L L PV ol .0 Jeua

Cogm 38 e a3 F gl 55 055 WA (3le 055 093 &5 b ONcorhynchus mykiss ols™ .5, sl

@‘%)J_})b}fg}:‘js&\mﬂoM:QL&:g‘.f)ja;}jF}Q}Lw)Jbj&\;&‘xx}'am:uw&?;

PV

Jal 39 P 397 o 39 n@ 39y p3led 39y oyl 39y adacd 39y

C 0.22+0.0014 0.27+0.002 0.32+0.003  0.36+0.002 0.41+0.001 0.46+0.003  0.55+0.00
@A) 2(a)(B) 0()(C) 2(a)(D) 6(a)(E) 8(a)(F) 28(2)(G)

P70:2 0.21+0.0008 0.27+0.001 0.31+0.002 0.35+0.002 0.38+0.002 0.44+0.002 0.52+0.00
-PC (@ ®A) 4(2)(B) 5(a) (C) 8(b) (D) 8(b) (E) 2(b)(F)  08(b) (G)
P70:5 0.21+0.0014 0.25+0.000 0.29+0.002 0.33+0.002 0.37+0.000 0.42+0.002  0.50+0.00
-PC (ab) (A) 8(b) (B) 2(b) (C) 2(c) (D) 8(c) (E) 2(c)(F)  08(c) (G)
P80:2 0.20+0.0016 0.24+0.001 0.27+0.000 0.31+0.002 0.35+0.002 0.41+0.001  0.48+0.00
-PC (ab) (A) 4(c) (B) 30(c) (C) 8(df) (D) 2(d) (E) 4(d) (F)  16(d) (G)
P80:5 0.20+0.0022 0.22+0.002 0.26+0.002 0.29+0.002 0.34+0.001 0.39+0.001  0.45+0.00
-PC (ab) (A) 8(d) (B) 8(d)(C) 8(e) (D) 4(e) (B) 4(e)(F)  14(e) (G)
PC-P 0.21+0.0022 0.23+0.001 0.27+0.001  0.32+0.000 0.37+0.001 0.42+0.001  0.48+0.00
(ab) (A) 4(c)(B) 6(c) (C) 8(cd) (D) 4(c) (B) 6(c) (F)  14(d) (G)

P70:2 0.20+0.0014 0.22+0.000 0.26+0.001  0.30+0.001 0.35+0.001 0.40+0.001  0.45+0.00
+PC (bc) (A) 8(de) (B) 4(cd) (C) 4(f) (D) 4(d) (E) 4(d) (F) 14(e) (G)
P70:5 0.1940.0014 0.21+0.000 0.25+0.002 0.29+0.000 0.34+0.001 0.38+0.000  0.42+0.00
+PC (cd) (A) 8(ef) (B) 2(e) (C) 8(e) (D) 4(e) (B) 8(e) (F) 08(f) (G)
P80:2 0.18+0.0044 0.21+0.001 0.24+0.001 0.27+0.001 0.32+0.001 0.36+0.000  0.40+0.00
+PC (d) (A) 4(f) (B) 6(e) (C) 4(9) (D) 4(f) (E) 8(f) (F)  22(g) (G)
P80:5 0.18+0.0030 0.20+0.000 0.22+0.002 0.26+0.002 0.30+0.000 0.34+0.000  0.38+0.00
+PC (d) (A) 8(9) (B) 2(f) (C) 2(h) (D) 8(9) (E) 8(@) (F)  25(h)(G)
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5 TMA J 85 ity ediasolis 45 cdas o 2als TMA Jisis 0 YL C 4 g paidonn 55,6 Ll o S
23S o S 1 (8 Ve r 53 03 p 8 e OFVP)
! sdalin PBO:5HPC &as )3 ldie oy S o8 Jl-

Gl (08 Ve 53 05 e 8 e YYH) 54k

6355 PCoLes 05 5L caids 0 5 Y Oloj Dode 5 SIS A 5 Ve slaldy 55 DBD L3 \TMA o (1S9

o ek 318 e am )3 F sles 530355 VA (5,146 055 <K sk s Oncorhynchus mykiss ols” .5, sls 4ks

PC ,DBD (laol,s b Al DY same (gilue 3

L‘w\u.g'bJ)bij:ﬁQ|ﬁ:§oMJQL&uéf)J;;})F)QPJ.)b}J&GQ‘M@M:QW&?;;})F.LS

TMA Jol 395 Pom 393 o 39 n® 390 oR33195 39y  oROFL 39y aRdd 39)
C 0.12+0.0003( 0.19+0.000 0.23+0.00 0.25+0.000 0.28+0.0010 0.31+0.002 0.36%+0.00
abd)(A) 8(a)(A) 05(a)(A) 8(a)(B) @)(C) 8(@)(D)  03(a)(D)

P70:2 0.12+0.0017( 0.17+0.000 0.22+0.00 0.24+0.000 0.27+£0.0003 0.31+0.001 0.34+0.00
-PC abc) (A) 5(b)(AB) 16(a) (A) 5(b) (BC) (b) (CD) 8(a)(D) 03(b) (E)

P70:5 0.12+0.0006( 0.17#0.000 0.21+0.00 0.24+0.000 0.27+0.0006 0.30+0.000 0.33+0.00
-PC abc) (AB)  6(c) (AB)  14(b) (A)  5(b) (BC)  (bc) (CD) 8(b)(D)  03(c) (E)
P80:2 0.12+0.0015( 0.16£0.000 0.21+0.00 0.23+0.000 0.26£0.0037 0.27+0.000 0.30£0.00
-PC  abcd) (AB) 8(d) (A)  15(c) (A)  5(c) (BC) d)(BC)  6(c) (CD) 20(df) (D)
P80:5 0.12+0.0011( 0.15+0.000 0.19+0.00 0.21+0.001 0.22+#0.0017 0.25:0.000 0.27+0.00

-PC c) (AB) 5(e) (A)  03(d)(A)  1(d) (BC) (e) (BC)  8(d)(CD)  14(e) (D)
PC-P  0.12+0.0003( 0.18+0.000 0.21+0.00 0.23+0.002 0.26:0.0008 0.29+0.001  0.31+0.00
ac) (A) 5(R(B)  12(b) (C) 9(c) (D) (cd) (E) 2(e) (F)  14(d) (G)

P70:2  0.12+0.0000( 0.16+0.000 0.19+0.00 0.22+0.001 0.25+0.0008 0.27+0.001  0.30+0.00
+PC abc) (A) 6(d) (B)  08(d) (C) 2(¢) (D) (f) (E) 7(c) (F)  08(f) (G)
P70:5 0.11:0.0003( 0.14+0.000 0.170.00 0.20+0.000 0.23+0.0000 0.27+0.000  0.29:+0.00
+PC bd) (A) 5(9) (B)  14(e) (C) 5(f) (D) () (E) 8(f) (F)  08(g) (G)
P80:2 0.12+0.0006( 0.14+0.000 0.17+0.00 0.19+0.000 0.22+0.0008 0.25:0.001  0.27+0.00
+PC abcd) (A) 3(n (B)  12(f) (C) 0(9) (D) (e) (E) 2(d) (F)  12(e) (G)
P80:5 0.12+0.0005( 0.14+0.000 0.15+0.00 0.18+0.001 0.20+0.0000 0.23:0.001  0.24+0.00
+PC d) (A) 5(h) (B)  11(g) (C) 5(h) (D) (h) (E) 49) (F)  17(h)(G)

A 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

o595 N ey95 dsb 3 I, FRAP sl o 220 C 6 5es
PC- 4505 a8 Jb= 53 QX7 L VFAY ) 48 o 25
o YYVF D das e Ol 1y Liljl o S P8O
Sl a8 das e 0lis sl ol L(P<0.05) (Y- ov
P80:5-PC 035331 0l y3 s (sl 30i 1S 5T
o594 S (Lol 4Bl 35 x5 LB sk 4 PC-P g
adllan oyl copoman (ol 55gie PBOISHPC 45 s
Olse 4 OLS 5 opl Sl eslimul fewily odiasOlEs
N pames 8Ll Il Gl b sl eSS

Ll glde

Sy S Ald 50 Sl BT e Ol g
b oud ki Oncorhynchus mykiss ¢les”
Pl 450 ¢ sbod o 39514 L PC 9 DBD

a5
3V g5 b6 b 4 PC-P 44 FRAP i
Jsb 53 25 4 DBD Lol ys Cow (glad 505 5 C 4 o
35 Y Jsie) (P<0.05) ol 0555 YA 6514655 0595
FRAP jiais o, 5YL PBO:SHPC &y coaizns 55,
Waed b ool sme Dogle 5 das o Ol 1 (Yr0V)
C 40 & J 5 «(p>0.05) 5, P80:2+PC
(ol o .S o 1, QY FRAP Sl o a8

650 PC L5 05 5L eadds 0 5 Y Ol e 5 LI5S A 5V glatdy 55 DBD L LFRAP ol (Y J9ue

i 38 Bl a3 ¥ glos 53 0)55 A (gle o3 055 &G b s Oncorhynchus mykiss ols” 5.5, sl als

ol 3y 55ty BB Ol i oins 0LE5 6555 (o5 5 Ot 3 dr 5 1B Ol ks oukins Ol ¢S S g > ST 0

FR':* J 395 P 39 s 39 o0 395 od3319338)  pR33L 33y U 395
C 16.874#0.04 16.53+0.07 16.23+0.043 15.63+0.26 14.77+0.26 12.70+0.15 9.2620.11
30(a)(A) 44(a)(A) 0(a)(AB) 86(a)(B) 16(a)(C) 50(@)(D)  37(a)(E)

P70: 17.05¢0.07 16.57+0.08 16.23+0.113 15.80+#0.23 15.15+0.23 13.22+0.23 10.85%0.1
2-PC  44()(A) 60(a)(AB)  7(a) (AB)  94(a) (BC) 94(ab) (C)  94(ab)(D)  290(bc)
(E)

P70: 17.39+0.04 17.13x0.15 16.62+0.155 15.93+0.17 15240.07 13.22+0.11 10.21%0.0
5PC  30(ab) (A) 50(b) (AB)  O(ab) (B)  20(a) (C) 44(ab) (D)  37(ab)(E)  744(ab)
(F)

P80: 17.91+0.17 17.3920.15 16.96+0.086 16.49+0.26 1558+0.15 13.69+0.19 10.4620.1
2-PC  20(bc) (A) 50(b) (AB)  O(hc) (BC)  16(ab) (C) 50(ab) (D)  71(bc) (E) 971(h) (F)
P80: 18.55:0.18 18.12+¢0.15 17.48+0.113 17.00+0.11 16.0620.15 14.38+0.08 11.75+0.2
5-PC  74(c) (A)  50(c) (AB) 7(c)(BC)  37(b)(C)  50(b) (D) 60(c)(E)  979(c) (F)
PC-P 32.31#0.11 29.30+0.07 27.37#0.148 25.43+0.07 23.41+0.31 21.09+0.23 17.1320.2
37(d) (A) 44(d)(B) 9(d) (C) 44(c) (D) 01(c) (E) 94(d) (F)  275(d) (G)

P70: 32.62¢0.31 29.73x0.11 28.10+0.155 26.42#0.11 24.53x0.14 22.03:0.22 19.11%0.0
2+4PC  01(d)(A)  37(d) (B) 0()(C)  37(d) (D)  89(d)(E)  75(e) (F) 744(e) (G)
P70: 32.31#0.04 30.85:0.07 28.92+0.074 27.24+0.07 25.43x0.07 23.32+0.04 18.77+0.3
5+PC  30(d) (A)  44(e) (B) 4(f) (C)  44(de) (D)  44(e) (E)  30(f) (F) 749(e) (G)
P80: 32.66+0.07 30.85:0.07 29.13+0.113 27.54#0.15 258620.11 23.50£0.07 19.71%0.1
24PC  44(d) (A)  44(e) (B) 7(fg) (C)  50(e) (D)  37(ef) (E)  44(F) (F) 137(ef)
(G)

P80: 32.74+0.23 31.3720.07 29.69+0.074 28.06+0.86 26.55:0.04 24.40+0.07 20.57+0.1
5+PC 94(d) (A) 44(e) (B) 4(9) (C) 02(e) (D) 30(f) (E) 44(g) (F)  550(F)(G)

Lb o 2 g5 6 sb 4 C wsaibawlis ,5PC
ABTS xauﬁ ‘J)‘ ‘j}) j>- 4.; ‘U‘i‘ » 053&& (p<005)
Ve 55y il b edaolys DBD L gy (slad gei 5o

wlle 55 5 4l 2alS (gyls gan b 4 CIplSTAY &

b g5 s gai 53 ABTS ,slis o8 das o 0l =
C @505 b gls gme sl Ul 555 5 cetiiole > DBD
4 psm 535 3 edl ol LA Jsae) (020.05) W)l
P80:5- ,P80:2-PC (slas sos ;s ABTS |, slie cam

vy 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

e o2 5L C 4 gl ceadonn 555,55 .(0>0.05) 5,1
P80:5+PC & 405 48" Jl>= ;5 5,151, (1Y.0A) ABTS
GobT sl odl cpl bsyls 1y (Y.OF) Jlids op zaS
i 5 PBOSHPC s o oolsgme
Olis basl 1.5, 5 5> s P70:5+PC ;P80:2+PC
ssb 4 Ll o DBD glys LPC LS5 o8 s s
sz 3 1, ABTS JSsl, Sl b b (555

Aas gl

- oy Y1 U3 plo b alid (6 B wile Sl 5 (piliwgSad dilasS ) 9 SO Sl (68 vw adid GlowDy (21381 oo i1

oS

(P<0.05) was o Ol (gyls gme Soslis C s L
wr sDBD L ar PC L0k ys o (sladspu oS
ol ABTS JIKsly Cod &b b 53 3 5mp OT Osebs
SABTS Jslie gl 555 3 cpminin 5sb 4 dias o0
st o6 5sb 4 PC &sai 531.0F 4 C 4505 5 FFY
WA ey93 dsb 5 ccpl s osde (P<0.05) Wb o 2alS
om ABTS islis 53 gyl gre gyl T sl T 05
553 DBD 0lys 05 5 LPC L a0l s (lads sos

635 PC Hlas 03 5L aids 0 5 Y Olej Sde 5 Ty kST A 5 Ve glajls 53 DBD s LABTS ol os(A J9o

i 318 sl a3 ¥ gles 53 0j5,5 A (Gle 0,3 0,55 ¢S5 b s Oncorhynchus mykiss ols” 5.5, sl als

CM‘;A{J))J%}?J:&Q‘MoMJQL&ué?)jJ}F}Q}Lw)Jb}J&GQ‘M@MJQL&;&?;J}fJufu.a

AB; Js! 39 Po 39 i 393 ©@39)  ARSII939)  RSFL 39y pRac 39
C  4.4740.099 4.81+0.017 5.02+0.037 5.93+0.051 7.64+0.2252 11.92+0.282 12.58+0.11
9(a)(A) 1(a)(A) 7(@)(A) 7(2a)(B) (a)(C) 8(a)(D)  86(a)(D)
P70:2 4.34+0.175 4.63x0.062 4.29+0.020 5.57+0.092 6.33+0.1733 7.17+0.3485 12.030.28
-PC 0(a) (A)  4(ab)(AB) 6(b) (A)  4(a) (BC) (b) (CD) (b)(D)  06(b) (E)
P70:5 4.56+0.101 4.55+0.080 3.88+0.029 4.98+0.000 5.60+0.1022 5.96+0.1414 9.41+0.066
-PC_ 6(a) (AB)  5(b) (AB) 6(c) (A)  0(b) (BC) (c) (CD) (c)(D) 2(b) (E)
P80:2 4.16+0.370 3.35x0.066 3.49+0.013 4.54+0.178 4.93+0.16.9 5.32+0.1621 6.16+0.037
-PC_ 2(a) (AB) 8(c) (A) 6(d) (A)  0(c) (BC)  0(cd) (BC) (cd) (CD) 4(c) (D)
P80:5 4.03+0.421 3.13x0.028 3.25+0.052 4.29+0.130 4.40+0.2369 5.04+0.1221 5.48+0.029
-PC  5(a) (AB) 4(c) (A) 1(e)(A)  4(c) (BC) (d) (BC) (d)(CD) 6(d) (D)
PC-P 1.54+0.026 1.96+0.033 2.08+0.050 2.21+0.050 2.55+0.0196 3.03+0.1154 3.31+0.032
4(b) (A) 5(d)(B) 0(f) (B) 5(d) (B) (e) (C) (e) (D) 1(e) (E)
P70:2 1.54#0.025 1.88+0.006 2.03+0.051 24.83+0.03 2.44+0.0131 2.86%0.0666 3.02+0.017
+PC 5(b) (A) 8(d) (B) 6(f) (B)  68(d) (C) (e) (C) (e) (D) 9(e) (D)
P70:5 1.54+0.017 1.90+0.030 2.00+0.046 2.09+0.044 2.27+0.0733 2.60+0.1165 2.78+0.116
+PC 9(b) (A) 1(d)(B)  1(f)(BC)  8(d) (BC) (e) (CD) (e) (DE)  2(ef) (E)
P80:2 1.54+0.021 1.86x0.012 1.97+0.045 2.04+0.055 2.15+0.0414 2.46+0.0899 2.69+0.094
+PC 3(b) (A) 9d)(B)  0(f) (BC)  7(d) (BC) (e) (C) (e) (D) 8(f) (D)
P80:5 1.54+0.022 1.84+0.022 1.95+0.043 2.00+0.041 2.10+0.0442 2.26+0.0247 2.52+0.085
+PC 8(b) (A) 4d)(B)  7()(BC)  3(d) (BC) (e) (CD) (e) (D) 0(f)(E)
65 & DBD & sy 0l s (238 415 o
Olays 5 ols Sl 53l C 4sed 4 s [y badd (o 8 ke 5 o

s b6 ysb 4 oS sl ol PC , DBD S 5
il g 4 Ol SIS a5l 5 e
Mdujj))‘ o.:\.v:;'.»‘n‘)g:ﬁm‘ LAQ‘J.:MS‘&Z;T Lg)b- L;&LA

0T 8Ll s S g0 sk & DBD sl 58 o5 S
Olaws| 5T 51 6 PC LDBD S 5 aas o il

VTJ5 ol glaals o B Ll 2l 55 Cota b andllas o
33k plowil 5 ouden ke 4y ) Kl a5 F (5l 3
0 5Y) Sloys 0l 33 5 (CIgshS Ar 5Ve) Sleys 53U,
=S 5 el pesde Lds oy DBD s (aiss
3550 55 Aol S e v 090 ke ;5 PC LDBD

vy 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

s Abou Elmaaty «las b o opl s osdle (YV)uS
Ll oo il 583 10Ky 3 s 55 5 oo ((YAIOI 10
4 oS 5 Oleys oy GGy pl a5 S s ol
wsls IBl ) (o9 Se A Sl ol len o)
oo L apkdsn 5038 a2 L b STL sladshe
s ple slaakd = slaw (555 (5,5 Lb 4o 3 503 S
Lis 1y CiS g osls Sl 5,8 Ll 5 esls Jhals
L g ol sl ke 3 b SIPC oyl esMe uS s
8 o el 5035 358 6 7S glad ke 4 DBD 0l
358 S Y 5b Oleys gl 5 VL S5 050 00 Jshe
Gl byl Sl 1 g El 03 S gt |y 610K
@B S S 0l (rlal sh e pbad s 20,8

s e OLE YL Ol j Sode 5 5y Sledas 05 65

Sl s SIsAS A 4 Ve 5 gl candllas ol ys
osb 4 DBD oleys Job 53 4850 4 ¥ 51 0l O
S 5ol hals ) el u:*iL‘)'T sl St Jge
CF 350 LS 5 slanS s,  0lge «DBD
S OlnS| 5T 5 0SSl Jole ¢ Olge 4 PC L
635 Slaoleys 4 Cond (23 S0 L Lles 03 S S

Lals olas

5 05550« ROSWig o PC ol 4 a5 U (ltaas
S Jsleze |y DBD L 5 o a5 5157 sla S sl
Sl Sl dad g e UVansl 8 06§ amss 015 0
dss Lol en « DBD s 4 281y slaw 8 plu s
L 305 (23,500 0k Lles 53 (ope 25« PCLs 5 e
Ol &S (YOO, oS laasl S ()G
L skl Y 22l s 6,50 DBD sls s
5L (DBDOL,s L skl 5V o7 558 oo onlalie
Lo S JaS wsal 4 o ¢ PCos o

(p<0.05).
Jsb o3 bl il oo 2131 (o8 Oleys S oy ikl (k]
JAS dsei &S sk 4 il B 55 WA o)
305 1y o 28 PBO:SHPC 6w 5 ay el o VL

5 basgdlS s wps (b b oS call

DS e oSS ale ik s slunST| e el ol 4
sl STy jmals 5 5T bl o PC
AS o S 1, DBD ool oaslans]
LIy 4 05 SHaal L PC wile L laolas’| 5T
ol ol (g s 2S5 63,8 Couis 1) LOT el 3T
(A 01ST ST & ¢ PCHI oslizal s o
il Dlge bogenls il 1y DBD Oleys ise i

as e sl 1 sl 6B Ll soluST)

(RONS) 0535 25 5 0581 Jé slass S DBD ol s
AR IS .o O W PR WA PG (O PR R I
LSS 5 5 gbast 2S5 e S a0y 3 UV
Slis 5035 358 b gladd & & 4S5 o Wy
Szl ol 2l (YDA o 25 ) s ST I s
5T & e 5038 G o 1 g STL s (g il
sapkss:DBD  opl oMo b (Johe 5
Jelse o 53 5 s S 5 AS (e S 1 2L ST,
() das o 513 Jaos gla wiul 5 05, A
LS 05504 - DBD L g ois i 5 ledly
ol 5038358 5 S slad gl 4 8 2l(H202)
35b 4DBD L(YF)uS o sl J sk 5 5 55108 )
Ny eSS Gateds |y b ladd #bu 555
Jsb 53 15 e STy 5 esls 2als 1) adgl 25,5
A5 5 5 Oleys Ol il LS e 3 me (551065
Cosh )y o5, S ds SJlb 5 esls il 530 1,RONS
RONS s o ojll 5 oV 5b Oleys saole ) .S
Do o 53 1y g Sl 5 00,5 358 (6 iy Gas
Iy Loy sl 285 NG S5 . (YO)das 13 o 5 SN 5b
Iy w5 2o oIS s RONS W 5 oo s
Cel YL S 5 5 sV sb Olys S 5 s oo il 53

(Y93 50 o0 s 2STL (5ludleb o s 085

b SL sblis 5 cul oy S ds ol ly1sPC
e L by o8 das oo i |y aw el 503 5 s S5,
“wﬁ’)b%éﬁww‘u&uﬁ‘d‘sdﬁg}:ﬁb
Sl gt 1y o SSU 3K 503 S bl 1) (gdie 3l

vf 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

S35y 5ok 4 akd 55 TMA jlade oy s 51wy
Olej Sde g 5y il Ll e BL Aty &K
Sl JzS 4 cws 1) TMA 0l DBD ob)s
o 1y TMA Lstis o 25 PC UDBD . (\)aas s
I palie ol 4 PC " Ji= 5 ¢ (p<0.05) e o
(P<0.05). was o 22l J 28 4 Cod a5, ST o
Jb el ()oK 5 Olatunder 18 b
o Lol oyl Ll TMA ials L s S
ol 5y 0554 PCsDBD S5 o5 S
OLS 5 Opalinls 5 b SL Ay Cepm o GV
Ceol g Vb (gilue 3 das o 2l 1, o8 58
J2 a TMA (5151 5 (o5 S 05T 5 5 G131
ssb 4 PC s DBD (slaole s 54 oo s 5o
S TMA il58 503 S Slga by 0, SKn Ay Ji 5o
b ormer (o5 7 ol LS (0 IS s n 4
L TMA L « H2Sews s slag St jials

s e rals

Gl sl S Ulse 4 GST BT C Il
5ok NS Gb S s e oSsn @S
DBD 05leys 53 0lays 0l 5 55 (g luargs 0, SKan
plply sl SlaST BT Cdle Llg e
Ol 3y 2153 L DBD Lous olays ale sladks
Gl ids & a ol by iinl 5 KV A
S 431 AS| o l dias o Ol (6 g SIS ST
Ll g5 n ol gl glasslan s YNl e 51 S
ST Tl 53 s 5l 6550 55k 4 ST PC L
g (Ol rals S’ o chile ROS 51 a0
&G Ol gie 4 OT Jemily sdinsslzs PC 55 ABTS (oYL
SV LS Sldllas b dus o 53 (FP)Cul 530 S35 53]
e 5 J6 sk 4 DBD 5 PC olys oS5
W5y ples 53 PBOISHPC 5 uas o 2als LABTS
b3l enl oo das e O 1) o o S
SauSlaal co b g gxs b6 s.eFRAP

ol DBD 5 PC olys b1y GlaasT| =T glao s S

- oy Y1 U3 plo b alid (6 B wile Sl 5 (piliwgSad dilasS ) 9 SO Sl (68 vw adid GlowDy (21381 oo i1

oS

4 &S das e Bl 1 el als avall b,
Lo gl (slaey S 2alS 5 sy Opely 0
Las o 0L 1) audl 2alS gda slajg, (¥ )l
Aol a5 s HEY Gladp 4o s & cl (Sas
2 28Ty slaw & DBD Lwdl sl 055 2/ oK 25
Sl s oS S o 1) 5 (RONS) 0935 25 5 055
5 S8b sl b ol G b 1 sl cs 8wl
Sl ans i ST L sdias (28715 ety slags S
1 ple 56 ;K5 DBD ol ys ol e 5 565
el b ol 5 ey ad 5 21530 s & 1,(NAPS)
Gor 4 L) iy 1Sl Slaa £ 558 5 das g ol
OB (gilue 5 Jb ys ol cpl bdas e (6 mi
JS25 DBD by ot gy 58T, slas
Jolss 5 8L LS 5 L Joles . das o 2alS 1 NAPS
331, NAPS (61l 0581 L agarlso 5 bos diile Joses
& Olge 4 PCLOM)AS o Slge i (g5lwo 5 Jsb
Lo 5 0l W1 55148 Slads T 3 Ll 5 o OISl T
4 S |y denl Sl S 5 das L2als” 1,DBD

S s olgs 4« DBD ol s

PV b cild 0senlinst gl Gdn gla e s
XV BUPRVRCY PN PG PSSR PRE A JVS
sl sPseudomonas  slas S . Lsd o oslinal
Gl el U155 oo imen Sl 5aud 5 LS slag 5T
3a.sﬁAMQ}:M\A:,J\A{JM:J&.:UM\):UTgﬁ-
)3 5 n d (St 55 HIULE A5 4 i
bl e 51 56 Ygeme LS, Jldde il
33 &Sy i JialS .l s S LI L (6303055
Js 4wt OsldnSTT Slee sdmsplis ale sladks
» PC Lty .(vp)cwt DBD 45 PC | Ol s
sbli> 314 DBD Lugeus )y ROS gl 2
ST S T3l 5o ke 655 5 OT a2 g L6

S oSS

Yo 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

5 s e a1y SIS 5T ol PC o8 (g4
ol s e &yl 1) o9 K ds gLl DBD Lt
sl 5 b GlaaliSS) Sl eslizal oy Laasl
LS o e 1y gbos blde Lis 5 5T 5 Ll
a3 o gealy 1 Lt 53 sl 5 oS (sla 1SS 45
slp Slos bl e leay 5 Ol
308 Jeged 5 b sy ) Ul S ST ()05 e e

el 3,0 Sl Gladase 53 LOT e

OIS PC s DBD (S5 0leys o IS 55k 4 . das
ol b glaalds S 5T ol , g4
JoSS 1y ol 4 DBD Ol ys e 11 5 das e

S

S5 Ao
Sy &S Olgesa DBD Ly 5 PC 51 eslizal
Al sbals ) Sde Rl gl oS gkl
sy ke Oncorhynchus mykiss (¥7J 3
4 DBD Lty s PC L gl ys 7 s oo 0L Lo asllles
S Pl A o e a9 A8y e 55k
b 5 S oS a5 5 dadea Sl 11 S|
S 550 V0 4 5 ¥ 1 VTS el slads e

ve 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

). Milijasevic JB, Milijasevic M, Djordjevic
V, editors. Modified atmosphere packaging of fish—
an impact on shelf life. IOP Conference Series: Earth
and Environmental Science; 2019: IOP Publishing.

Y. Sampels S. The effects of processing
technologies and preparation on the final quality of
fish products. Trends in Food Science &
Technology. 2015;44(2):131-46.

Y. Zhao Y-M, de Alba M, Sun D-W, Tiwari
B. Principles and recent applications of novel non-
thermal processing technologies for the fish
industry—A review. Critical reviews in food science
and nutrition. 2019;59(5):728-42.

¥ Pan Y, Cheng JH, Sun DW. Cold plasma-
mediated treatments for shelf life extension of fresh
produce: A review of recent research developments.
Comprehensive Reviews in Food science and Food
safety. 2019;18(5):1312-26.

o, Pankaj SK, Wan Z, Keener KM. Effects of
cold plasma on food quality: A review. Foods.
2018;7(1):4.

7. Rao W, Li Y, Dhaliwal H, Feng M, Xiang
Q, Roopesh M, et al. The application of cold plasma
technology in  low-moisture  foods. Food
Engineering Reviews. 2023;15(1):86-112.

V. Olatunde OO, Benjakul S, Vongkamjan K.
Cold plasma combined with liposomal ethanolic
coconut husk extract: A potential hurdle technology
for shelf-life extension of Asian sea bass slices
packaged under modified atmosphere. Innovative
Food Science & Emerging Technologies.
2020;65:102448.

A, Ke Z, Bai Y, Bai Y, ChuY, Gu S, Xiang X,
et al. Cold plasma treated air improves the
characteristic flavor of Dry-cured black carp through
facilitating lipid oxidation. Food Chemistry.
2022;377:131932.

4. Fernandes R, Campos J, Serra M, Fidalgo
J, Almeida H, Casas A, et al. Exploring the benefits
of phycocyanin: From Spirulina cultivation to its
widespread applications. Pharmaceuticals.
2023;16(4):592.

Ve Thevarajah B, Nishshanka GKSH,
Premaratne M, Nimarshana P, Nagarajan D, Chang
J-S, et al. Large-scale production of Spirulina-based
proteins and c-phycocyanin: A  biorefinery
approach. Biochemical Engineering Journal.
2022;185:108541.

VY, Nowruzi B, Porzani SJ. Study of
temperature and food-grade preservatives affecting
the in vitro stability of phycocyanin and
phycoerythrin extracted from two Nostoc strains.
Acta Biologica Slovenica. 2022;65(1):28-47.

VY. Ismail GA, Allam NG, El-Gemizy WM,
Salem MA. The role of silver nanoparticles
biosynthesized by Anabaena variabilis and Spirulina
platensis cyanobacteria for malachite green removal

o Y18 (ol b ald 5, ile ful Bl 1 rilowsgSid S 9 S i1 (60 s Al slowsdly 211381 o2 5

oS

égl.i.o

from wastewater. Environmental Technology.
2021;42(28):4475-89.

AR Olatunde OO, Benjakul S, Vongkamjan K.
Combined effects of high voltage cold atmospheric
plasma and antioxidants on the qualities and shelf-
life of Asian sea bass slices. Innovative food science
& emerging technologies. 2019;54:113-22.

V¥ Ambrosio RL, Gogliettino M, Agrillo B,
Proroga YT, Balestrieri M, Gratino L, et al. An
Active Peptide-Based Packaging System to Improve
the Freshness and Safety of Fish Products: A Case
Study. Foods. 2022;11(3):338.

Vo, Capelli F, Tappi S, Gritti T, de Aguiar
Saldanha Pinheiro AC, Laurita R, Tylewicz U, et al.
Decontamination of food packages from SARS-
CoV-2 RNA with a cold plasma-assisted system.
Applied Sciences. 2021;11(9):4177.

V7, Wu J, Cui C, Li L. Effect of cold plasma on
lipid oxidation of fish and fish-based products: a
review. International Journal of Food Science &
Technology. 2024;59(3):1958-67.

VY. Shiekh KA, Benjakul S. Effect of high
voltage cold atmospheric plasma processing on the
quality and shelf-life of Pacific white shrimp treated
with Chamuang leaf extract. Innovative Food
Science & Emerging Technologies.
2020;64:102435.

YA, Rebougas LdOS, do Vale Figueiredo JP, da
Silva MC, Campelo JMSdM, Rebougas RBG,
Alves-Junior C, et al. Cold Plasma: An Alternative
in Litopenaeus vannamei Shrimp Preservation.
Journal of Agricultural Studies. 2021;9(2):521-36.
‘4, Molina-Hernandez JB, Laika J, Peralta-
Ruiz Y, Palivala VK, Tappi S, Cappelli F, et al.
Influence of Atmospheric Cold Plasma Exposure on
Naturally ~ Present  Fungal Spores  and
Physicochemical ~Characteristics of Sundried
Tomatoes (Solanum lycopersicum L.). Foods.
2022;11(2):210.

Y. Bao T, Hao X, Shishir MRI, Karim N,
Chen W. Cold plasma: an emerging pretreatment
technology for the drying of jujube slices. Food
Chemistry. 2021;337:127783.

Y)Y, Yiicer TD, Beyatli Y, Pabuccu K. The
antiproliferative and antimicrobial effects of
cultivated Anabaena circinalis Rabenhorts ex Bornet
and Flahault and Nostoc entophytum Bornet and
Flahault. Tropical Journal of Pharmaceutical
Research. 2018;17(8):1571-7.

Yy, Cai Z, Wang J, Liu C, Chen G, Sang X,
Zhang J. Effects of High Voltage Atmospheric Cold
Plasma Treatment on the Number of
Microorganisms and the Quality of Trachinotus
ovatus during Refrigerator Storage. Foods.
2022;11(17):2706.

Yy, Rathod NB, Ranveer RC, Bhagwat PK,
Ozogul F, Benjakul S, Pillai S, et al. Cold plasma for

v 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html

[ Downloaded from amfi.ir on 2026-05-25 ]

the preservation of aquatic food products: An
overview. Comprehensive reviews in food science
and food safety. 2021;20(5):4407-25.

Y¥, Gu X, Huang D, Chen J, Li X, Zhou Y,
Huang M, et al. Bacterial inactivation and biofilm
disruption through indigenous prophage activation
using low-intensity cold atmospheric plasma.
Environmental Science & Technology.
2022;56(12):8920-31.

Yo, Maybin J-A, Thompson TP, Flynn PB,
Skvortsov T, Hickok NJ, Freeman TA, et al. Cold
atmospheric pressure plasma-antibiotic synergy in
Pseudomonas aeruginosa biofilms is mediated via
oxidative stress response. Biofilm. 2023;5:100122.
Y7, Baik KY, Jo H, Ki SH, Kwon G-C, Cho G.
Synergistic effect of hydrogen peroxide and cold
atmospheric pressure plasma-jet for microbial
disinfection .Applied Sciences. 2023;13(5):3324.
v, Etemadi A, Azizi A, Pourhajibagher M,
Chiniforush N. In Vitro Efficacy of Antimicrobial
Photodynamic Therapy with Phycocyanin and
Diode Laser for the Reduction of Porphyromonas
gingivalis. Journal of Lasers in Medical Sciences.
2022;13.

YA, Abou Elmaaty T, Sayed-Ahmed K, Elsisi
H, Magdi M. Optimization of extraction of natural
antimicrobial pigments using supercritical fluids: A
review. Processes. 2022;10(10):2111.

ARY Kim H-J, Jayasena D, Yong H, Jo C.
Quality of cold plasma treated foods of animal
origin. Cold plasma in food and agriculture.
2016:273-91.

Y, Olatunde OO, Benjakul S, Vongkamjan K.
Comparative study on nitrogen and argon-based
modified atmosphere packaging on microbiological,
chemical, and sensory attributes as well as on
microbial diversity of Asian sea bass. Food
Packaging and Shelf Life. 2019;22:100404.

. Giannoglou M,  Dimitrakellis P,
Efthimiadou A, Gogolides E, Katsaros G.
Comparative study on the effect of cold atmospheric
plasma, ozonation ,pulsed electromagnetic fields

and high-pressure technologies on sea bream fillet
quality indices and shelf life. Food Engineering
Reviews. 2021;13(1):175-84.

Y. Guo H, Wang Y, Liao L, Li Z, Pan S,
Puyang C, et al. Review on remediation of organic-
contaminated soil by discharge plasma: Plasma
types, impact factors, plasma-assisted catalysis, and
indexes for remediation. Chemical Engineering
Journal. 2022;436:135239.

Y. Nirmal NP, Benjakul S. Retardation of
quality changes of Pacific white shrimp by green tea
extract treatment and modified atmosphere
packaging during refrigerated storage. International
Journal of Food Microbiology. 2011;149(3):247-53.
v¥ Yarnpakdee S, Benjakul S, Senphan T.
Antioxidant activity of the extracts from freshwater
macroalgae (Cladophora glomerata) grown in
Northern Thailand and its preventive effect against
lipid oxidation of refrigerated eastern little tuna
slice. Turkish Journal of Fisheries and Aquatic
Sciences. 2018;19(3):209-19.

Yo, Safari R, Raftani Amiri Z, Esmaeilzadeh
Kenari R. Antioxidant and antibacterial activities of
C-phycocyanin from common name Spirulina
platensis. Iranian journal of fisheries sciences.
2020;19(4):1911-27.

Y7, Qiao B-W, Liu X-T, Wang C-X, Song S,
Ai C-Q, Fu Y-H. Preparation, characterization ,and
antioxidant properties of phycocyanin complexes
based on sodium alginate and lysozyme. Frontiers in
Nutrition. 2022;9:890942.

v, Esua OJ, Sun D-W, Cheng J-H, Wang H,
Lv M. Functional and bioactive properties of
Larimichthys polyactis protein hydrolysates as
influenced by plasma functionalized water-
ultrasound hybrid treatments and enzyme types.
Ultrasonics Sonochemistry. 2022;86:106023.

YA 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-181-fa.html
http://www.tcpdf.org

