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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)
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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
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