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This study was conducted to evaluate the effects of dietary silymarin supplementation on the growth performance,
feed utilization, innate immunity and antioxidant capacity of Pacific white shrimp Litopenaeus vannamei. Four ex-
perimental diets were formulated to contain 0, 0.025, 0.05 and 0.1% silymarin (designated as Con, S0025, S005 and
S01, respectively). Triplicate groups of shrimp (initial body weight: 0.70 g) were fed each of the diets for 6 weeks.
After the feeding trial, weight gain and specific growth rate were significantly higher in silymarin-supplemented
groups compared to Con group. Dietary silymarin significantly enhanced protein efficiency ratio of SO1 group and
reduced feed conversion ratio of S005 and SO1 groups. Phenoloxidase and anti-protease activities were significantly
higher in SO1 group compared to Con group. Glutathione peroxidase and catalase activities were significantly higher
in silymarin-supplemented groups compared to those of Con group. The results of this study indicate that dietary si-
lymarin could improve the growth performance, feed utilization, innate immunity and antioxidant capacity of Pacific
white shrimp. The optimum level of silymarin in diet for Pacific white shrimp is suggested to be >0.025%.
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Phytochemical-> e, A2, 3= 59 Aol A el e =2
2, F=Y AlHolA dgaz 2= dov A
UEel= slgHEo]th(Arts and Hollman, 2005). Phytochemi-
cal:> o 78] A4, AHRA] 31, HI5o)A WY e, HAtelE, Al
/] Aol tiet A Hd= S 2 4= Qlth(Chakraborty and
Hancz, 2011). Olusola et al. (2013)2 phytochemical®] g4
FAAIe Fe] ol WS dor|A §7] wiEel A
SAYA| 24 o]- 82 4= Qlrkal BT}, Sivaram et al. (2004)
2 greasy grouper Epinephelus tauvina A}=.f| phytochemical

thistle Silybum marianumo|| 4 =% flavonolignan A4 3}
el B3kA|o]tt. Silymarin silybin, silydianin, silychris-
tine, taxifolin 52 2 A0, o] £ silybin< silymarin 32
=9 50-60%5 AAsh= 2 B4 Fez A A UATHEl-
Garhy et al., 2016). Silymarin> 71421 7FE S A &2 UefA
Ao, T2 7ol A chala ghdof ot 2] ZhA| O]
AT} = A2 ] A ] Tego] El= A 0= U A 9l
THWau et al., 2015). E3F silymarina 7HA|320] =8-A] F-9]of
24 Agsto]l sA4Ede A% WAIsHL, glutathione|
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RESFE: 7h2:A17) 0 20 ZHA E ko] 7] THALSRE ook 4
o & or##] 9t Dwivedi et al., 2022). Chou et al. (2012)&
sitymarino] A S-FAAL WES Aske] F O WA
= AaA7) L, B A ek ks 7 ghekar Harskeict.
F Ak U silymarin®] % 7}+= gibel carp Carassius auratus
gibelio (Yi et al., 2012), grass carp Ctenopharyngodon idellus
(Xiao et al., 2017), turbot Scophthalmus maximus L. (Wang
et al,, 2019)9] 4T AR S-S SHA7] L, Ak S
Z2ctal B E T} Jia et al. (2013)0]] w2 silymaring:
wo|gF common carp Cyprinus carpio®l| A AF3ek4~(CCl,)
of ofgk TiAfo] AIH 0.2 Zorki B}, 227 ol
(Oncorhynchus mykiss)o| A+ silymaring o3-S off HY
Ho| F7lsh= o2 EE 9] o vj(Ahmadi et al., 2012),
A% ¢1oi(Salmo salanol| A= aHitete & SXA7|= Al o=
B 1= Ith(Sanchez et al., 2016). ©] 4 silymarina 2] o]
FollA s A7} o] R H o A RE e m g A
T EETH
B th2| Aj-~(Litopenaeus vannameiy= 3+7 2-5-8 0] 7}slaL,
T FAT E|ZE ARRO 2 ESE ARsstel AAR o R
74} 2 o4 A ol FAO (2020)0] w i 2leke)
A 3 25 AN % oF 53%E AXI3tol, S Atk
2 5,492%(2018), 7,542%(2019), 8,124=(2020) 2.2 wijd =
7FskaL QITHKOSIS, 2021). Sthe|Al$-= this A4 o'
FAIE AL QoA AL o] {7 oSt AL Ao kEE7]
ok 2] A ol 7|2kl tigh At Zids] xlg)E o
¥ch(Tassanakajon et al., 2013). 2| S0 x|&2 07 Z7}35}
A Sl ST =2 RS Eol7] SR H e R A
= W 7158 A7HAIE 53 vI5ol A WY gt Bt A+
7} B 1% 31 QtKLi et al., 2022). wbA] 2 ¢ Lo| A= ALR
Y silymarin®] 717} sickel s 9-o] 44, A A S, vl S0l 4
wlolel 3} ahAkslelo] vl Al ke ZAlelAlc,

Iz H A

SEIG]

ARAB o AR silymarin (=% 20%)S E9A|HA(Bu-
cheon, Korea)oll A Al-gREQttt t AR = o), |5
AbEE(tuna byproduct meal)d} Aol o]E(sardine meal)S
8 el 0 2 Algalo] 2ehilH 3%k 244 7%7] 9
L& 2 At AR = t 2 AR 9] wheat flourS: TA]
S A] silymarin (S)= 2+ 0.025, 0.05, 0.1% (S0025, S005,
SO01) A7kete] Bl 23 % 47le) ARAHES Azt
(Table 1). 2= Al Y Ee ALRE 7] oA L5 EFE e
™, AR E3E-2 H A 2 7](SP-50; KumKang ENG, Daegu,
Korea)2 £ 2 mm 2172 Q1A E R 438 ATt
F= 24°Coll A 8AIZE B XA & Ak 3 A7 A

() maslgir.
SENER PR

St AFEEAR = AHZA 2742 FEpage-o
A PRSI, AFEATE AFefs seksel s ) A
- A8 ARSAIE A 2= Yo AR = 25 BeF 2
w2 38%2} 24 7% FAE AR S o] Fien]
AFR; CJ Cheiljedang, Seoul, Korea)E 533 AgeH7gof
SANZT. 24 T BFAH0.70£001 gy 7F 5%
200t 4, gt o 3Rk o2 5 12709 ¥ =2(170 L)
of FA= HiXH . =2 | F23F &4t (dissolved
oxygen, DO)E &-517| £18l 57144 7] (aeration) 5 4 %] 5}

Table 1. Dietary formulation and proximate composition of the ex-
perimental diets for the feeding trial of Pacific white shrimp Lito-
penaeus vannamei (% dry matter basis)

Experimental diets

Ingredients
Con S0025  S005 S01

Sardine meal 5.00 5.00 5.00 5.00
Tuna byproduct meal? 10.0 10.0 10.0 10.0
Soybean meal 35.0 35.0 35.0 35.0
Squid liver powder 5.00 5.00 5.00 5.00
Wheat flour 2580 25775 2575 25.70
Silymarin® 0.00 0.025 0.05 0.10
Starch 8.00 8.00 8.00 8.00
Cod liver oil* 3.00 3.00 3.00 3.00
Mineral premix? 2.00 2.00 2.00 2.00
Vitamin premix® 1.00 1.00 1.00 1.00
Choline chloride 1.00 1.00 1.00 1.00
Lecithin 1.00 1.00 1.00 1.00
Cholesterol 0.20 0.20 0.20 0.20
MCP’ 3.00 3.00 3.00 3.00
Proximate composition (% dry matter)

Moisture 8.88 9.37 9.86 9.56

Crude protein 353 35.2 36.1 35.6

Crude lipid 7.43 8.13 7.60 7.48

Ash 10.5 10.5 10.6 10.6

'Orizon S.A., Corp., Santiago, Chile. 2Wooginfeed Industry Co.
Ltd., Incheon, Korea. *Product purity 20%, Synergen Inc., Bu-
cheon, Korea. “E-wha oil & fat Industry Corp., Busan, Korea.
SEach kg of premix contains 12.0 g manganous sulfate, 20.0 g fer-
rous sulfate, 6.00 g copper sulfate and 25.0 g zinc sulfate. °Each
kg of premix contains 1.65 g retinol, 0.025 g ergocalciferol, 20.0
g tocopherol, 5.00 g menadione, 20.0 g ascorbic acid, 2.00 g thia-
mine, 20.0 g riboflavin, 15.0 g pyridoxine, 4.00 g folic acid, 0.01
g cobalamin, 54.0 g inositol, 40.0 g nicotinic acid, 30.0 g calcium
pantothenate and 0.30 g biotin. "Mono-calcium phosphate
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Fom, AR50 2H54=53]E 7](200 W)oll 9J8f] LA HA|
FAE AT F571= B35l 28 12 light:12 dark= =4

oltk. A AR 14 63](08:00, 10:00, 12:00, 14:00, 16:00,
18:00 hyoll Whro] & 6557+ AlRtaa(M-A%2 6-12%) =
ok ARSAY Fe 2 29 2, DO, Ha2 WY SAH
lom, pHe v 13] S = leh. 3 Ry ol 5= Ver-
douw et al. (1978)9] W of whet o 3= 13] 24 =] ¢lck, A4
T2 A4 ol A A= gl e, 22 28.8+0.26'C, DO
L 6.70+0.14 mg/L, 922 31.0 psu, pH= 6.83+0.55, ¢F =1
o} &= 0.016+0.00 ppm ©.& 52| =] gic}.

Samplingz} &AM

A FR -, Dok A2 SAle(weight gain, WG)}
HES(urvivah 21918 2 9§ A9 A
ollE 24l AR FRES 871 ATad
o AR 9] FFFolr, Al= Al (feed conversion ratio, FCR)2}
A o]-8-§ E(protein efficiency ratio, PER)S A&} A}
B Sude iR At A 54 %, 2 3uke
(97 9nkel)e] keSS FASlE Adstel g
2 ul3A)71 &, Alsever's solution (Sigma-Aldrich, St. Louis,
MO, USA)o] %1%l FA|E o8-8t hemolymphE 5]
a1lct. A3 % hemolymph= ¢4lE2] F v 5o] 4 WY}
Akt A o] AREE]7] H7EA] WE(-80°C) K= SiTt.

AR bR HoHA| 9] dubgdE-2 AOAC (2005) B o] w}
2hA R ATFEAERI(125°C, 3 h), BlE AxdE]st
H(550°C, 4 h)o & BAEglow, 2ehulale 2rhul A7
(Kjeltec system 2300; Foss, Hillered, Denmark)E -85}
EAERIT) A HRS Lalel 224%](SOX406 fat analyz-
er; Jinan Hanon Instruments, Shandong, China)E ©]-&3}of
Folch et al. (1957)¢] ®wof ujat EA =] qlct.

H| 50| 2 e 2 F 47}A] ol 4] 2AFE itk Phenolox-
idase (PO) 42 Hernandez-Lopez et al. (1996), lysozyme
A2 Paglia and Valentine (1967)2] WS 7|22 HA 5
¢t} Anti-protease 4d-2 Ellis (1990), nitro-blue tetrazolium

ol

(NBT) 242 Zhang et al. (2013)9] WS 7|22 BAE|9]
o}, AT L AFE kitS 0]-835}0] superoxide dismutase
(SOD) (S311; Dojindo Molecular Technologies Inc., Kuma-
moto, Japan), glutathione peroxidase (GPx) (703102; Cayman
Chemical Co., Ann Arbor, M1, USA), catalase (DG-CAT400;
DoGenBio, Seoul, Korea)e] T4 24 S8 ZAME AT
712347 e A4S §J9l total protein, glucose, triglyceride,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT)= A5 AsFel-E47](SLIM; SEAC Inc, Florence, It-
aly)& 58] 2459l

ternational Business Machines Co., New York, NY, USA) ==
23S AFg51o] One-way ANOVAR 27 BA=| ) b
o|E k2] f2]*H= Duncan’s multiple range test (P<0.05)2
H| ] Qe WE-E t|o|El= arcsine $Ho.E WEsto] A
Ao AREEIQIEE B HlofE= Bt H A (mean +
SD)& #7]% %}

2

Final body weight, WG, specific growth ratex= %= silyma-
rin 7} Ao A dfzTto] Bl 94 0= =itk Table
2). FCR2 S0052} S01 A3l=17} tjz+tof H|8l %oz
4Tk PERS SO1 AR 17} t 2ok 24 02 &9kt
REBS BE AGT Aolo] 21219l Zhol7k g9tk A5
At dap, 2ok, 224, o1 E, ettt
silymarin 37} A#5E Abo]of] §-2] 4 Q1 zfo]7} §lSIth(Table
3). 7| % A7 = F4 Ai(Table 4), total protein o 212} si-
lymarin %7} 47 Abolo] 9121 217} ¢i9iek. Glucose
L S01 AF 7 2ot 494 0 & =9k} Triglyceride
= 80059} S01 A7) ty 2t H e}t §-9] 4 0 & Ukt AST

Table 2. Growth performance, feed utilization and survival of Pacific white shrimp Litopenaeus vannamei (initial body weight: 0.70 g) fed
the experimental diets for 6 weeks. The diets were added with graded levels of silymarin (S) by 0.025, 0.05 and 0.1% to the control diet

(Con) (designated as Con, S0025, S005 and SO1, respectively)

Diets FBW' WG? PER* FCR® Survival (%)
Con 8.12+0.19° 1,063.2+29.3° 5.98+0.06° 2.24+0.06° 1.26+0.03° 98.3+£2.89
S0025 8.92+0.06° 1,182.4+26.0° 6.21+0.072 2.29+0.05%® 1.21£0.03% 93.3+2.89
S005 9.17+0.432 1,215.3+67.6° 6.27+0.05° 2.324£0.09% 1.19+0.05° 95.0+£0.00
S01 9.23+0.10° 1,217.2+6.30° 6.29£0.06° 2.38£0.042 1.19+£0.02° 98.3+2.89

'FBW, Final body weight (g). *Weight gain (WG; %)=[(final body weight (g)-initial body weight (g))/initial body weight (g)]x100. *Specific
growth rate (SGR; %)=[(log, final body weight (g)-log, initial body weight (g))/days]*100. ‘Protein efficiency ratio (PER)=wet body weight
gain (g)/total protein given (g). *Feed conversion ratio (FCR)=dry feed intake (g)/wet body weight gain (g). Values are mean of triplicate
groups and presented as mean+SD. Values with different superscripts in the same column are significantly different (P<0.05).
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& BE silymarin H7F A-17} df 2t vl -9 4 08 v
rch ALTE= S0052F S01 A L7F 2t H ) g-9]4 o 2 Ut
Pl

AL Y silymarin®] Z7H= Sltte]Af9-9] B Eo] 4 W&
FEA71E A o2 e TK(Table 5). PO 2442 S01 Aol
7F 2R 92 0 2 F7sEGI T Lysozyme g2 t £
2} silymarin 7} A9 -E Atoof] §-9 2 Q1 2ol 7} g1 O,
silymarin 27} A3 tollA] AeFA 02 F7Fsh3ith. Anti-pro-
tease 2> SO01 AP 7 21T FojAor F716H3]
TF NBT 2402 & A Abolofl §21421 ko] 7} glqltt.

Aol A AR W] silymarin®] 37h= ke A -9f 4t
s 7= A o= e th(Table 6). SOD 2/d-2-
219} silymarin 7} AE T Abool] 2] 421 2to| 7k G191
U, silymarin 37} A g Lol A H A o &2 F7skgich GPx &
738 B silymarin 7F Aol A HizTto] B3] f-2l40
T Eokom, H7t skt ok g S8kl Catalase 2
/32 BLE silymarin 7} AE Lol A thzAtol] vlaf F-9 4 o
= F7kskeich

2

i

1oL A] AbE W silymarin®] H7b= 3lttejafe-o] A4
HEI ARAES PIA7= A0 E e THTable 2). A

Table 3. Whole-body proximate composition (%, wet basis) of
Pacific white shrimp Litopenaeus vannamei (initial body weight:
0.70 g) fed the experimental diets for 6 weeks. The diets were add-
ed with graded levels of silymarin (S) by 0.025, 0.05 and 0.1% to
the control diet (Con) (designated as Con, S0025, S005 and SO1,
respectively)

Diets Crude protein  Crude lipid Ash Moisture

Con 19.5¢0.05 1.33+0.01 3.57x0.13 75.2x0.47
S0025 19.8£0.73  1.28£0.15 3.43+0.25 75.1+1.38
S005 19.8+0.87  1.23+0.02 3.69+0.47 73.7+0.85
S01 19.5¢0.26  1.39£0.11  3.22+0.45 74.9x0.34

Values are mean of triplicate and presented as mean+SD.

& Y| phytochemical®] d7H= o172 AlRASHET AlR SR
£ ol L, Tl BAS FUNL 4 o AoR way
S tH(Citarasu, 2010). Abdel-Latif et al. (2023)2 silymarin
o] striped catfish Pangasianodon hypophthalmus®] 4~3}& 4
T Tl S ATkl et Hassaan et al.
(2019)-2 silymarin©] Nile tilapia Oreochromis niloticus®] /3
4 72 §7Ae] S PAPAIZICHL B gk T, Wang
et al. (2019) silymarin®] 7FR 5o} W52 a1}7} turbot
o /7ol 374l e & 4 AUkl HArskgl o m, Wei et
al. (2020)2 silymarin®] grass carp] & 3¢} 7|5 &4
AN BRI ARERS) S0 BHHY 4 et
I B ugich

2 Atoll A ok A AR W silymarin 371= 7] 207
E 7RA A 7]= A o2 YE TR (Table 4). Hemolymph 4] total
protein, glucose, triglyceride= St} A 2-2] AZFR| E2 4 &
L= th(Mercier et al., 2006). 23552 tAFC 2 gt 1419
A+ silymarin®] €35 glucose A& W& 4 It By
%10k (Khazaei et al., 2022), & A1) A= silymarin®] 3]tk
A9 glucoseS -9 0 & F7HA7]= A2 YERyT
AN-E tjAre &2 St A8 A1-4(Galindo et al., 2009)2} H| 2.5}
o[t Aol ] glucose =2 7F AARFA 0= 22 H7FS Hole
o, o= AR W TpkE-d o] Sl ofsf dak A
0% FheElc ASTSF LT 7} Algo] 418 49 2715
L AoR JeiA Qo §Eo) A% AR AT 2R
2] 3 2 AM-EltH(Inyang et al., 2010). Silymarin2 7HA|| 3Z2] A
0} S8 Alo] Agstel ALE W] gakEzlel 1R Qo
9] =& YA Te =N TS X S 5)al(Vargas-Mendoza
etal., 2014), 7+ f Tz o o] ko sto] A ThA|
o] NS ATA O Z FH=rh B EQITH(Schiimann et al.,
2003). Banaee et al. (2011)2 2] 7140] A= Y silymarin®]
A7F= ASTEFALTE 93 e & aazickal H skt
2 Aol A= AR U silymarin®] H7H= Sltk2| 2] AST
O} ALTE 94 &2 ZAaAlZl=t], o]+ silymarin®] 7H 3
g o |8 702 AR

sictel 9o} e 7R TR AL AW 9lo.

Table 4. Hematological parameters of Pacific white shrimp Litopenaeus vannamei (initial body weight: 0.70 g) fed the experimental diets
for 6 weeks. The diets were added with graded levels of silymarin (S) by 0.025, 0.05 and 0.1% to the control diet (Con) (designated as Con,

S0025, S005 and SO1, respectively)

Diets Total protein (g/dL) Glucose (mg/dL)  Triglyceride (mg/dL) AST (U/L) ALT (U/L)Y?
Con 4.39+0.16 654.4+12.5° 138.2+8.33° 82.0£9.702 138.2+8.33°
S0025 4.540.49 658.8+4.20° 135.6+4.58° 69.2+3.61° 134.7+3.85°
S005 4.51+0.19 648.4+6.02° 119.0£10.5° 64.0+1.68° 119.0£10.5°
S01 4.40£0.28 675.4+4.10° 83.1+3.87°¢ 65.447.45° 83.6+4.38°

'AST, Aspartate aminotransferase. 2ALT, Alanine aminotransferase. Values are mean of triplicate groups and presented as mean+SD. Values
with different superscripts in the same column are significantly different (P<0.05).
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D2 A7t M) Al BIEo|A HAA| A o] 2A &JEF T 2
oI Lof| 4] Blthe| A9 AFR W silymarin®] H7H= H]Eo0] 2]
e M7= AL YEpgth(Table 5). A= W phyto-
chemical 2 tf| 3K Fenneropenaeus chinensis) (Luo, 1997), 3l
o+ A}--(Lawhavinit et al., 2011), A7 0| A}-$-(Macrobra-
chium rosenbergii) (El-Desouky et al., 2012)2] v]E0]2 H
oS ATl B E gl Hemolymph W PO 24
Sad 2K opsonization)E §3ll 2] AAE A-E8-S F3]
714, @oll-gatof wrofstem zhRo] A Hfo A mf
2 Q3% 2|2 AE-FT} Chandran et al. (2016)2 AR U
phytochemical®] H7}= 3t}2]| A5 A-9-(Penaeus monodon)
of Bl 504 e E(lysozyme, PO)= F/FAIZI AL HATs}3L
. < Aol A% silymarin®] 371= flebe|Ale-9] PO 27
& 57471 A0 ot WMol AN o] o] 87K ol
I WET Lysozyme 4270 AR WA 2
at A Y sPUEM, BlSolA o' Tt tofl et

> o 4

o o

Table 5. Innate immune responses of Pacific white shrimp Litope-
naeus vannamei (initial body weight: 0.70 g) fed the experimen-
tal diets for 6 weeks. The diets were added with graded levels of
silymarin (S) by 0.025, 0.05 and 0.1% to the control diet (Con)
(designated as Con, S0025, S005 and SO1, respectively)

PO Lysozyme Anti-protease NBT

Diets (absorbance)' (ug/mL) (% inhibition) (absorbance)?

Con 0.22£0.02° 5.51+£0.07 11.3%x1.23>  0.90%0.10
S0025 0.2620.03* 6.06+0.36 12.0+0.21°  0.98+0.10
S005 0.25%0.01* 6.12+0.12 12.4+0.46*® 0.98+0.01
S01 0.28+£0.01 5.62+1.15 13.6£0.36°  0.95+0.09

'PO, Phenoloxidase. 2NBT, Nitro-blue tetrazolium. Values are
mean of triplicate groups and presented as mean+SD. Values with
different superscripts in the same column are significantly different
(P<0.05).

Table 6. Antioxidant capacities of Pacific white shrimp Litope-
naeus vannamei (initial body weight: 0.70 g) fed the experimen-
tal diets for 6 weeks. The diets were added with graded levels of
silymarin (S) by 0.025, 0.05 and 0.1% to the control diet (Con)
(designated as Con, S0025, S005 and SO1, respectively)

Diets . SOD GPx Catalase
(% inhibition)' (mU/mL)? (mU/mL)
Con 62.5+9.56 189.5+5.29° 186.1+£2.93°
S0025 71.845.28 219.9+3.072 215.7+0.69?
S005 75.1+7.95 239.1+15.22 216.0+9.06°
S01 75.316.16 241.1+£19.02 211.344.332

ISOD, Superoxide dismutase activity. 2GPx, Glutathione peroxi-
dase activity. Values are mean of triplicate groups and presented as
mean+SD. Values with different superscripts in the same column
are significantly different (P<0.05).

A - g

=
Tt 0176]—1_":

28-S VERdIT) ALE Y] silymarin®] H7Hs F2] 740
(Ahmadi et al., 2012)2} turbot (Wang et al., 2019)2] lysozyme
S FolF o= SN BaE Qi) ey, & At
ol A= AREe]l silymaring H7F3iE wf lysozyme 2/ ol =
on|gt JoFs PIAA| o= A& UEFTE Anti-protease+
protease S SIS} A S =4 Aol ARt et A4
= Aot A o I fasolnh o] {of 2RO AR W
silymarin Z7}7} anti-protease 4 o] 1) 2] = G ok tfajA =
HuE vp7h glov, & A4 Abs W silymarin®] 37H=
Sltte]Al-9] anti-protease 22 FSXIAIZTE NBT+= th4]
Aliz S5 B7el] SRt A A2 W | 35
Zdo] A WAYSH= superoxide anion®] ATFES 7|Hto 7 =
ek ol 7o 12 AR W silymarin 3 7}o] ©E NBT &
ol TeF A= it vpzh glom, 2 dA-tol A= Sloke] Ay
< At W sitymarin 717F NBT 2/l f-2jn|gt Gk vl
A7) o A 0.2 ey,

Silymarin< reactive oxygen species A AALE JA|A]|
Ao &M free radical®] F4JE WASHAY AHH 02 A|A
Sk 4= TH(Yin et al., 2011). Silymarina 7F|A] cysteine T}
d& o =H glutathione /43S FHAI7IH, o] 5 Sl
AT REg-ofl 710fdk= A 0= dref A ¢lrh(Vargas-Mendoza
et al., 2014). Abenavoli et al. (2018)2 silymarin®] A o]-2
9] chelation, heat shock protein 34 &4 E3f FAkSt &
W5 SHAAZIT AL Ak SOD= AW =4 A A=
2l superoxide ion (O,)< hydrogen peroxide (H,0,)& %1%t
8111, catalase= H,0,5 H,OZ Eago2H A2E 542
ZRE ES3cH(Nordberg and Arner, 2001). GPx+= 443
2R3t ] DEoA AAE+= lipid hydroperoxide®} free
hydrogen peroxideE A| A 5l=t] 835+ 4TS i (Muthu-
kumar et al., 2011). Jia et al. (2013} A& W silymarin
7}7F @Jo19] SOD &35 oA o= F7AIXIThL Harskg]
o™, Wang et al. (2019)2> At= U] silymarin 2717} turbot 2]
SOD, GPx, catalaseZAS& -o)& o2 ZZA|7Ichal B I15}H
% tt. Hassaan et al. (2019)<2 Nile tilapia A% W silymarin %
7= SO0D, catalase 4] & 3-0] & © &2 ZZ|A]7Ithal B 15}
o}, 3 QoM BIcke] A9 AR W silymarin H7H= SOD
S AFH 02 SR o1, GPx2} catalase ] EAS
o502 ZRA71E A0 ey,

AEA ez Ak W silymaring 0.025% o)/ 3 7FsHd 2ok
-0 A AFR A, Bl5olA WY} S 19
A o2 ZHAA 4= 9l o, silymarin AR H7HA| 24 3ok
2 A9-2] A E2lat WY SRl A Y Ao = AR HTh

ok

At AL

o] A= EAHA S AT AR 7] = AFAFA(2019R1
A6A1A03033553 & 2021R1A2C2008384)2] A& HIQES
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