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Effects of Diet Supplementation with Onion Allium cepa L. Juice
Processing By-products on Juvenile Black Rockfish Sebastes schlegelii
Growth, Feed Utilization and Antioxidant Enzymes Activity

Chang-Hwan Lee, Hwa Yong Oh, Da-Yeon Lee, Tae Hoon Lee and Hee Sung Kim*
Department of Marine Biology and Aquaculture, Gyeongsang National University, Tongyeong 53064, Republic of Korea

An eight-week feeding trial was conducted to evaluate the effects of a diet consisting of different onion juice process-
ing by-product (OJPB) levels on juvenile black rockfish Sebastes schlegelii growth, feed utilization, and, lysozyme
and antioxidant enzymes activities. Juvenile rockfish (2.2 g) were randomly distributed into 15 flow-through tanks
(30 fish/tank). Five experimental diets were prepared in triplicate. The experimental diets were supplemented with
OJPB at different levels of 0 (control), 0.25, 0.5, 0.75 and 1% (designated as OJPB0, OJPB0.25, OJPBO0.5, OJPB0.75
and OJPBI, respectively). At the end of the feeding trial, the results revealed that the fish that were fed the OJPB0.75
and OJPBI diets showed enhancement in growth (weight gain and specific growth rate) and feed utilization (feed
efficiency and protein efficiency ratio) compared with the fish that were fed other diets. Plasma lysozyme, glutathi-
one concentration, and superoxide dismutase and catalase activities significantly increased in the fish that were fed
the OJPB0.75 and OJPBI diets. In conclusion, dietary supplementation of 0.75-1% OJPB in juvenile rockfish diet
improved the growth performance and antioxidant status.

Keywords: Onion juice processing by-product (OJPB), Growth, Feed utilization, Antioxidant enzymes activity, Black
rockfish
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2| ZIg A oA Qb ARl ko] AR Q1% 2579
AR 7HA 7ol gt whe o177 B v E b 9tk Lim et al.,
2009; Lee et al., 2016; Yun et al., 2016; Kim et al., 2019; Jang
et al,, 2021). 53] 217} AlZFOo 22X 7HX|7} §l= Thakst A
7)Y BAME[& ] B 55 H A (Banavreh et al., 2019), 32
EFEARANE(Peiia et al., 2020), 2= FFANS(Camara et al.,
2020), W74 FAFE(Oh etal, 2022) 519] ol & AL A7
24 o] 7H5 Aol et R <7k oy v gk,

SuHAllium cepa L= WRHs wigkuo] &5l AlE=
(Pareek et al., 2017), 2 AAIZAS R ufjE= A& 5 3y
o]th(Roldén et al., 2008). %T}= vitamin, saponin, phenolic
compounds 5= &-3-3}1(Breu, 1996; Mousavi et al., 2016),
flavonoid®] =491 querceting &-3-3kaL Qlo(Pés et al.,
2018), gt, Akl e Soll a9l Aes dEA ot
(Ramos et al., 2006; Jeong et al., 2009). o] w}z} b= A7}
AlFOEH AAAHCZ Me|E, Az, 2 A5, 1}
Ab o -2 oheret FEl = A F =L 1tk (van Wyk, 2014). &
8] ol Al= A7 S H A Y] BA o7 ukge A &
E2H AFsks Aol dedte o] 9laL, T g BilE A
£2 07 F7F Aor AFEEEIS, 2021). e Fukss
2 7ha-okal E2 A S| SFubg - AkE(onion juice process-
ing by-product, OJPB)- T 4] #H|7|== {H5=5to] vl
2, 47} 59 Yo Aslol $7 L Fm ofjet 4
FulE 25kl o= AAolth sHARE OJPB+= flavonoids,
fructooligosaccharide 53} 22 48 24 &3 AT sha-s)
11 Qlof(Lecain et al., 1999; Kee and Park, 2000), 7|57 &4
24 o] @75 g0l thet A7} o] Foixl vl Itk(Kim et al.,
2019). £5] flavonoids= & 257} 2-2 G A1a} 7|52 744 &
=9 A ol FFE 1A 4= 3l (Baker, 1998), oF8-4]
=25 E F53 flavonoids®] ol Ak H7k= 44, A4t
a2 9 Tele] ghtol EIAQ) Ao LA SlekZhou e
al., 2015; Li et al., 2019). Fructooligosaccharide gt 44+
=AFREY prebioticsZ24 1 f50] H11H v} 9] 9 T(Ringd et
al,, 2010), o152} 474, AbRol-84d 9 W olE F4do] avtA
o]l Ao g2 dHA gltiMahious et al., 2006; Grisdale-Helland
etal., 2008).

OIPBO| 44H5E8 Wighlay olfAol Ba et
A1 Haliotis discus) A|7)8 WiEAlz) ShFE(w]e)) o
A ¥=m=4 OIPBO] thA| 717} 44 a4t 3710l u
£ 2EY A Ao anpAel Ao HarH v gltk(Jeong et
al, 2020). 712} 2Bt 2o] vhatAkE AR A2 A
OJPB2] 37} kol ot A<= min|gt A o|m, ofof whe}
2 Aol M= sidALR W OIPB 37}t bl whe ZujEet
2] 0] o] A7, AR ol-84d, A2, EAAA, lysozyme H A
sha s FAo| nlA]= Feke ARSI

Iz H U

YMERAE(0JPB) 22 ME

SIS FARS(OIPB) 71l A7<5 AAFAA|(Daegu, Ko-
rea)ol| Al et on, o]& Ax7|(KED-M07D1; Kiturami
Co. Ltd., Seoul, Korea)E ©]-83}0] 20°Col|A] T2A|7F Azx3H
7|2 Rafalel Beshl & ARAR A2 H7H] 20C

Y& aLoll A Haksiict.

M) 247} bR Table o] Lhepiic. A%ALR
of 2 GUlE L0 R Aol Bah WA TR AHE ST
A A0 2L of §2} 772 ALGSHeIL OIPBE H7H5HA]
Ok At Y2(OIPBO) AR o] §atgon, h2 A7
AtE+= OJPBO A= 2] AW Al OJPBE 7+ 0.25%, 0.5%,
0.75% 2 1% A7Hste] % 5E59] AAIRE Az
AP ZTHIA L AR 7] E0.2 504-509%, A
AL AR 7| F 02 14.1-15.0%¢19le. A Ak Ao
S8 AEARE B UG T AT BN AL ol &
stel 17 3 mm 2712 9% ARt ALH AR
2715 ol 510} 20°CoIA] 48AKE A 5 35COA ALR

T A7) Bt 2 ARARRE 8577 19 281(09:00,
17:00) 20 2 gk F3319ic).

o

FAFNA FUsHA A ole &6 T AR ol 254l
7171 f18l 257 = AISHGIAL 2] 717F 52t -2 _t oo Al
8 AR (CASHALALR 35 2haA 52%, 222 10%)
£ 1Y 23] S5tk ARA-NA A sh7-5¢E A ARl
o T 22 go] £ Bet x|o]Z 300124 15749] 40 L <
X Az} Behre] 224, 30 Lol 22 BA9lm 859
th 87| AR VIR 2 e et 0.84 LY
min®| ) 0., Z}7}k9] 2ol = F 23t aerationS Al AT
AR 71722211 +0.21°C, Y=+ 31.9+0.12 psu, 82
A4 7.0+0.06 mg/L (mean £ SD) 0]l o™, FF7]+= 2}
Wo7] 28 e,
oxl =58

85:7F0) Ab% A1F] Fi 5 2417 AAIE o152 100 ppm
9] tricaine methanesulfonate (MS-222; Sigma-Aldrich, St.
Louis, MI, USA)= t}3{A| A 2} 2 AESH A 429} 25
S 24egom, 425 100)S 2292 Aestel A
oA A2 APE St oA E5 7 Hweight gain), U2
A& (specific growth rate, SGR), A= &-8(feed efficiency) 2
HTEE (condition factor)E B 7|51t



dole] DT @A lysozyme B @Aketa A A4S
oA 10024 2= AdEsho] MS-222 (150
FA|E olgsto] nl ol A s}
et &gt AL 8,000 rpm g 1057F YA Re] 3 &z
& Eejste] B A7H2] -80°C 242 ¥5are]| Bstoict.
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st

AAAE L} oA 9] URHdEEA2> AOAC (1990)

HHof| whgl =22 105°C dry ovenol| A 24A17F B¢F Az
ZAs1 ek 2k e KD200-B-1038 KjelROC Ana-
lyzer (OPSIS Liquid LINE, Furulund, Sweden)&- ©]-&-3}o] &
A, XA ofH|2 FEW(ST 243 SoxtecTM; Foss,
Hillerod, Sweden) ©. 2 F-41519] o1, 3]2-2 550°C 2]3}&9]|
Al 4417t F7t B2 & sl

S{0H A AL
=—1co
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=~
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FAY aspartate aminotransferase activity (AST), alanine
aminotransferase activity (ALT), glucose (GLU), total cho-
lesterol (T-CHO), total protein (TP) 42 A-5&HEA 7]

JLER I

(FUJI Dri-Chem NX500i; Fujifilm, Tokyo, Japan)g ©]-835

Table 1. Feed formulation of the experimental diets (DM basis, %)
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Lysozyme % itstg s BA

A lysozyme ZH4J-2 lysozyme assay kit (Thermo Fisher
Scientific, Waltham, MA, USA)E o|-&3fo] €42 0.01 M
NaCl#} 0.01 mg NaCle.2 -4 ¥ 1X reaction H 3 25 mLoj|
3] A71 3 Micrococcus lysodeikticus (50 mg/mL)Z A H
fluorescein isothiocynate 50 mLE- 96-well plateo] -3 &
37°Coll A 3087t 235}ar fluorescence reader (1420 Multi-
label Counter Victor3; Perkin Elmer, Branford, CT, USA)&
o]8-31o] 485/535 nmof| A &4 313t} Superoxide dismutase
(SOD)9] &4J-2 Cayman Superoxide Dismutase Assay Kit
(Cayman Chemical, Ann Arbor, MI, USA)E ©|-8-35}¢] well
plateo] @4 10 pL, radical detector 200 uL, xanthine oxidase
20 L& AU 2 B58101 208271 vl oFgt & spectrophotom-
eter (Multiskan Go; Thermo Scientific, Vantaa, Finland)& ©|
£-310] 440 nmof| A &4 3131tt. Catalase (CAT) 242 Cay-
man Catalase Assay Kit (Cayman Chemical, Ann Arbor)E- ©]
4510 well-plateof] 3 20 uL2} assay buffer 100 uL 2 HEk
2 30 pLe} &35kl H)0, 20 pL& £558F & Aol 4] 20
7+ ufoFseich, vl kst E3HE-2- 30 ul o] potassium hydroxide

Experimental diets

OJPBO OJPBO0.25 OJPB0.5 OJPBO0.75 OJPB1
Ingredients (%)
Sardine meal 50 50 50 50 50
Fermented soybean meal 1.5 1.5 1.5 1.5 1.5
Wheat flour 27 26.75 26.5 26.25 26
OJPB! 0 0.25 0.5 0.75 1
Fish oil 45 4.5 45 45 45
Soybean oil 4.5 45 45 45 4.5
Vitamin premix2 1 1 1 1 1
Mineral premix® 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5
Nutrients (%)
Dry matter 94.0 93.5 93.6 92.3 93.4
Crude protein 50.5 50.4 50.6 50.9 50.7
Crude lipid 15.0 14.1 14.6 14.2 14.5
Ash 8.2 10.3 10.3 94 9.9

'0JPB (onion juice processing by-product) were supplied from Youngjin health food store (Daegu, Korea). >Vitamin premix contained the

following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride,
2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid,
0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003. *Mineral premix
contained the following ingredients (g/kg mix): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KCI, 130.0; ferric citrate, 40.0; ZnSO,-7H,0,

20.0; Ca-lactate, 356.5; CuCl, 0.2; AIC1,-6H,0, 0.15; KI, 0.15; Na,Se

(6}
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0.01; MnSO,H,0, 2.0; CoCl,6H,0, 1.0.
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= H7slo] W& £ A X711 30 ul9] catalase purpaidS 3
7}5ko] 10571 vjF3t & catalase potassium periodateE- 10
pL B523F & 5E7F ufjofst 3 spectrophotometer (Multiskan
Go; Thermo Scientific)E ©]-8-5}4] 540 nmol| 4 =43} ct.
Glutathione (GSH) &2 Cayman GSH Assay Kit (Cay-
man Chemical, Ann Arbor)E ©]-83}o] well-plateo]|] A2
50 uL& MES buffer [2-(N-morpholino) ethanesulfonic acid],
cofactors, enzymes, water, and DTNB [5,5-dithio-bis-(2-ni-
trobenzoic acid)]7} - assay cocktail 150 pLe} &35t &
spectrophotometer (Multiskan Go; Thermo Scientific)E ©|-&
5to] 405 nmof| 4] 30425 <t S 1HH o 2 S5t

sH 24

L= djo]E+= SPSS program version 25.0 (SPSS Inc., Chi-
cago, IL, USA)E o83} One-way ANOVAS} Duncan’s
multiple range test (Duncan, 1955)2 Z} A&7+ 5-2]4
(P<0.05)= A7g3t3it
Zm o oy

OIPB Z7} BiekS el ABAIRE 857 BAUE %
et 7Joje] 44 AHE Table 201 ek ek AR AR 5

BA BEELE BE AR Hat 96% o o2 AR 7P°ﬂ
o219l 2ol 7} LpeRER] Q1okekP>0.05). T2t ol A5 E 7
4 JdUGgAE2 OJIPB0.75¢2F OJPBI 377} t+& E% A
AR SETET oA 02 A U THP<0.05). 2 A
= Ae} -F-AlSHA brown-marbled grouper Epinephelus fiis-
coguttatuol] 3} T2 2% H7HA] ofAlF S7Het L%
Eo| L7t ]l =35t AIE H TR Apines-Amar et
al., 2012). =3+ YL e etu]ol Oreochromis niloticus) AF& U
0.5% 2 1% o5 B2 H7H ol 35710t QU A4
of uj-L- g}A 0] Z1 o & W i1E ul QIth(Younes et al., 2021).
Aftrican catfish Clarias gariepinus %] o] Bi&ALRE ] 2%, 4% 2
6%2] S A 2| W= FA7HRl vlsl A el &
T2 B Yrh(Aluta et al,, 2021). LHHE O 2 oFulo} 7ho. oFg
A5 bioflavonoids+ ©5F A%} SFA}ol a1kE Hol= 2o
2 dHA Ick(Younes et al., 2021).

OJPB 7} g Gefst AdAaE 857 g3t =
2t X0l ARAHE, AlRas, dddsta s W
A= Table 30 UeRSITE Alm A& T A eta
OJPB0.75 ¥ OJPBI &7t th2 Addtol Hlsf §-2
2 =7 UERTHP<0.05). AFR-3-aeka} uluk=l- OJPB
2ol W 9015} 2}o] 7}k $IGITHP>0.05). o] & Lol|A]

‘3_\:_
e

;
F

kel

o
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oo 1o rlo

Table 2. Survival, weight gain and SGR of juvenile rockfish Sebastes schlegelii fed the experimental diets containing different concentration

of onion juice processing by-products (OJPB) for 8 weeks

Experimental diets Initial weight (g/fish) Final weight (g/fish) Survival (%) Weight gain (g/fish) SGR!

OJPBO 2.2+0.022 9.740.152 97.8+1.112 7.4+0.16° 2.98+0.0422
0OJPB0.25 2.2+0.00° 9.610.182 98.9+1.112 7.440.18° 2.98+0.037¢°
OJPB0.5 2.2+0.01° 9.6+0.082 100+0.00? 7.4+0.09° 2.97+0.0222
0OJPB0.75 2.2+0.012 10.2+0.09° 100+0.00? 8.0£0.09° 3.11£0.022°
OJPB1 2.3%0.06° 10.3+0.06° 98.9+1.112 8.1+0.10° 3.09+0.057°
P-values P<0.001 P>0.3 P<0.004 P<0.01

'Specific growth rate (SGR, %/day)=(In final weight of fish-In initial weight of fish)/days of feeding trialx100. Values (means of triplicate+SE)
in the same column sharing the different superscript letter are significantly different (P<0.05).

Table 3. Feed consumption, FE, PER and CF of juvenile rockfish Sebastes schlegelii fed the experimental diets containing different concen-

tration of onion juice processing by-products (OJPB) for § weeks

Experimental diets Feed consumption (g/fish) FE' PER? CF*

OJPBO 9.0+0.142 0.85+0.0112 1.64+0.059° 1.79+0.008°
OJPB0.25 8.7+0.342 0.850.0052 1.67+0.024° 1.76+0.0532
OJPBO0.5 8.810.112 0.86+0.0202 1.62+0.016° 1.82+0.043°
OJPBO0.75 8.7+0.132 0.91+0.003° 1.78+0.006° 1.77£0.019°
OJPB1 9.0+0.152 0.91+0.013° 1.75£0.028° 1.82+0.076°
P-values P>0.8 P<0.005 P<0.03 P>0.8

'Feed efficiency (FE)=Weight gain of fish/feed consumed. *Protein efficiency rate (PER)=Weight gain of fish/protein consumed. *Protein
retention (PR)=Protein gain/protein consumedx100. “Condition factor (CF)=Fish weight/total length®x100. Values (means of triplicate +
SE) in the same column sharing the different superscript letter are significantly different (P<0.05).



23|82 2o] AR PRFRAE

S ZJo] AYARY 0.75% o449 OJPBE] H7h= AR
23} GRS S710] Bl 402 ekl ot
= A5 R Qlof 4318 27| S 23120 o]
Al7F Th=3ttkal &4 A ¢l H(Platel and Srinivasan, 2001),
fructooligosaccharide@} 7+& =84 4-G-H o] gF&-E o] glo]
gAY v] A= (bifidobacteria ¥ lactobacilli 5)2] E0]4 443
= AFAIA AbR O84S S7HAIZITHAL HALE HE QIek(Ermnst
and Feldheim, 2000; Benkeblia and Shiomi, 2006; Binaii et
al., 2014). Z°](Ctenopharyngodon idella) *| o] B &tALE Y %F
T2 1%, 2% 2 3% H7H= tH27H0%)l Hlste] Abz g
A Ao anpzo]lal(Anwer et al., 2018), k=g 0.5
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9 1% H7F AFRE 553 beluga Huso huso *] 01+ o] 271
(0%t Abrdgtago] i itk Akrami et al., 2015).
ESH climbing perch Anabas testudineus x| o] Ab= U] Yt
w 2% H7h FHE SHEARE L] foli ANE velo
™ (Pimpimon et al., 2018), E. fuscoguttatu *|]of Fu}-5at
1% 35-& P A7 I PR AR IS Pl 50 B gt
(Apines-Amar et al., 2012). 71 8o = YA e 2lujo} x| of Al=
ol pmtirel 17} giegel S7ke] ket w9 AgHE o]
A R = 21 0 7 ZFZF e TR (Seden, 2013). £5] Aluta et al.
(2021) C. gariepinus %] o] WiFAFR Y] 2%, 4% X 6%2] ¥t
A4 B A7t AlRAdgt e g T A A sk e g T4l ol At

Table 4. Proximate composition (%, wet weight basis) of whole body of juvenile rockfish Sebastes schlegelii fed the experimental diets

containing different concentration of onion juice processing by-products (OJPB) for 8 weeks

Experimental diets Moisture Crude protein Crude lipid Ash

OJPBO 72.2+0.122 16.6+0.002 5.940.122 4.3+0.06°
0OJPB0.25 72.3+0.172 16.7+0.072 5.7+0.122 4.1+0.122
OJPB0.5 72.0+0.232 16.9+0.122 5.9+0.19° 4.2+0.072
0OJPB0.75 72.4+0.272 16.8+0.282 5.8+0.122 4.3+0.09°
OJPB1 72.3+0.232 16.8+0.212 5.7+0.232 4.1+0.09°
P-values P>0.7 P>0.8 P>0.3

Values (means of triplicate+SE) in the same column sharing the different superscript letter are significantly different (P<0.05).

Table 5. Hematological parameters of whole body of juvenile rockfish Sebastes schlegelii fed the experimental diets containing different

concentration of onion juice processing by-products (OJPB) for 8 weeks

Experimental diets AST! (UIL) ALT? (U/L) T-CHO? (mg/dL) TP* (g/dL) GLU?® (mg/dL)
OJPBO 153.00+31.56° 34.67+3.332 209.331+36.412 4.37+0.43° 60.00+4.932
0JPB0.25 153.3360.20° 39.3314.842 199.00+19.972 5.47+0.372 49.00+9.642
0JPB0.5 139.00+31.50° 39.33+0.882 219.33449.78° 5.97+0.99° 39.67+4.81°
0JPBO0.75 113.33£11.332 37.00+2.082 225.33+47.80° 5.77+0.722 46.00+9.07°
OJPB1 158.00+£37.112 37.67+1.86° 262.00+18.36° 5.50+0.422 56.67+8.372
P-values P>0.9 P>0.7 P>0.7 P>0.4 P>0.3

'AST, Aspartate aminotransferase. 2ALT, Alanine aminotransferase. *T-CHO, Total cholesterol. “TP, Total protein. *GLU, Glucose. Values
(means of triplicate+SE) in the same column sharing the different superscript letter are significantly different (P<0.05).

Table 6. Plasma lysozyme and antioxidant enzymes activities of juvenile black rockfish Sebastes schlegelii fed the experimental diets con-

taining different concentration of onion juice processing by-products (OJPB) for 8 weeks

Experimental diets Lysozyme (U/mL) SOD' (U/mL) GSH? (um) CAT? (nmol/min/mL)
OJPBO 54.7 +2.142 5.0 £ 0.35° 15.2+0.73 21+0.102
OJPB0.25 54.9 + 1.802 5.2 +0.26° 15.3+0.61° 2.10.072
OJPBO0.5 56.0 +2.382 5.0 £ 0.40° 154 £0.61° 2.1+0.08
OJPBO0.75 64.4 £2.10° 6.7 £0.35° 18.3+0.64° 27+0.13°
OJPB1 62.6 £ 1.67° 6.4 +0.34° 174 +043° 24 +£0.07°
P-values P<0.009 P<0.009 P<0.02 P<0.003

ISOD, Superoxide dismutase. 2GSH, Glutathione. 3CAT, Catalase. Values (means of triplicate+SE) in the same column sharing the different

superscript letter are significantly different (P<0.05).
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Zo|n, o] ofu} AU bioflavonoids®} 7S A S EZ o]
Ofgh A3} 4450 2 Qlsto] 4ot A Wl 28HE ol T
3t 7o 2 B Is¢ith T35 European sea bass Dicentrarchus
labrax 2] ofol] AL} Gt 0.5%2F 1%2] 7k AFR
shaa oA dgka & ool antAel Ao w vegont
(Saleh et al., 2015), ‘@ x| (Paralichthys olivaceus) X|©12] 2l
AAREET} TS GE ok W7} k] whE §
ofgt o]& o) %] 943Irh(Cho and Lee, 2012). o]} o] &
Lo 4] 0.75%2} 1%2] OJPB H7H= zuj&et 2]ojo] AFR
o] 84 aFdoll olaf 447 Aol AaE Bl Ao ' Al ETh
oA AR AR A el B g b
o] gAol m A= Bif= thA ol Folut 7iIA| o] 271, W7} o,
o15-0] AT A, A4 2 ol meheeb 4 glt
(Cho and Lee, 2012; Akrami et al., 2015).

857Fe] AMAE TRA] HolA o] ARMIEEA AT
Table 4] e STt o] 4 o] Urt/d&-2 viekAl= W OJPB
of el W fela G WA o A0E Uyt
(P>0.05). & A2} FARBHAl St E 25(0.5%, 1%,
2%, 3% 9 5%)& D] w3t |A Zof 7HARO] A2/
§olat Aol S ol o= 2102 ehtouH(Cho and Lee,
2012), $&eRso] Hofo] glof HjgAEY ouhEare] A
7F S ol A o] ek ghekol o3t Pk Helom, o]
A1 ol HAAIS] B3 W B, ofge] A
ARz 0 Afo] w0 g2 1 gk Hl Qltk(Saleh et al., 2015).

8710) AH8 A% A 2] %et Alofo] WA ALT, AST,
T-CHO, TP ¥ GLUS] &2 Table 50f Yepy e}, 245

= FE-2 i FEY OJPB 3ol 9ok A k2 1o
2 Lpepteh(P0.05). ol8l AT ATIek §ARHA W] Alo] v
GAkRY Gt 7HRo] (0%, 0.5%, 1%, 3% B 5%) 87t
o 2 HYTP, GLU, AST, ALT, T-CHO ¥ triglyceride=
ARl fo128l 2ol7h LAl 9kEL(Cho and Lee,
2012), C. gariepinus WA= W St 55 17F5w A 84
Y| TP, albumin % globulin 3+ §-2J3t 2}o| & K o|A] 9k
tH(Bello et al., 2014).

OIPB 7} §S Geleh ARAIRE 857 TS 21

el

o =
2 Table 60 YePH T A lysozymeZ4]-2 OJPB0.75
4 OJPBI Fg-17} th& AdA= Fg-oll vlgte] fol8 o
2 =7 YeRGTth(P<0.05). Lysozyme-S- Alit-2] AlZ = pep-
tidoglycan®| 7h=-all & Suljsto] A28 2] JES §EAA
Al /3% AA| Tz Abdol] 288k vl 50l 4] wol HAYS
2 SA5h= A xE I A ATH(Yin et al., 2006; Saurabh and
Sahoo, 2008; Li et al., 2021). & ALA e} GARSHA AL U
Gt 0.5% 2 1% H7= o "etg]of 2]019] lysozyme
A Rl avtA el A7 B¢ o n(Younes et al., 2021),
AbEY FutEEe] 7t ko] S7H=E H. huso®] lyso-

zyme 20| 7= S B A TH Arkami et al., 2015). &
3] Shin et al. (2010)°]] 2J5} utof| A &3t querceting: HY
AR 0.25% 2 0.5% H7HA] {2 2] @3] lysozyme 24
GrAtoll aatA el Ao B sl 0w, quercetind} lysozyme
2 Abol o] WS AHAAE Fx3qT) 2 AollA %
W SOD¢} CAT £+ 9 GSH 352 OJPB0.75 4 OJPB1-3+
T7F o AFARE Sl Hlske] oA 02 A vERy
TH(P<0.05). ] 5824 & G4 allicind} 22 7793}
A2 FAR7]5-& 7HA AL hydroxyl radical} #H:Hs} 202
& 2ATO RN FEAN Y FAR-E F7HAIA lipoxygen-
ase AAE JASHL ABIALE F7H= A2 SEA
ol th(Metwally, 2009; Aluta et al., 2021). & LA zkel 3
SHA| QFubtd Es gt FEES ARRY H7HA U EE]
o} 2]019] SOD Y CAT 4 F7H& H.3laL, GHE 0.5% &
& thE A7) v]ste] GSH §3& S7HA7]= A2 &
EFTH(Younes et al., 2021). o] 2] %= C. gariepinus®] CAT &
/37 GSH 3k Abm ) ofubg A o] 7} gkl $71e
5 Z7Fk=s 43S 9 tHAluta et al., 2021).

olfe| Axuks aefshd HigkAlE Y 0.75-1% OJPB 7H=
2052 2|0 9] A, Ak ol 84, lysozyme H A4St A 4 &
A A EFH Q1 A o2 ke a1y 25 OJPB7F =
1&g vj 5ol WYY, Aritold Fof n|X|= F3Fat 2
2 AL} AARTHAIEN FAER RS A 74
et YA AT T B2 F7HHQ AGEE Skl AlEe
B2 7R 7F gl H7|E R R AL e duksiabEe] &
o ARARY 0. 2 9] A& 7 Aol tiet S A7 REEA]
o|Fojd a7} QIS Ao & AR HT

At AL

o] k= AR (I | BEAIF) Q) A Y 02 St At A)
ko] 2] 912 wro} 43 91519} (No. 2020R1G1A1006483).
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