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RAMERH A OCGHEL). 0.1, 02 501 0.4 g/kg ty 4 b LA kt, EREE GRER 3) T
FE AT [(0.080+0.002) g] 8 Bl J5, 44 T K KB R XTUF A& K % FRRAREN R
HHEAND W, £RET: ORMBET, KKE @D EFRG TN EE, BRA/RE,
Bt FER. BHEFAERRATEZED . QK CE Z R G AN EE, 04 gkg
ATE TR e R 25 T B4, 02 f1 0.4 gkg K CE Z 44 B2 E G fHH
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A TN 1A TR O AR, ok SR A R G
IR B R B b 6T A S B RS R kY AT
RetE . DRI, AR R B = S g T 6 R BTN
AT B, DAPR AR ER B2 XF W 9 £ Be 73 5

T EEASERE R S P MUK B AL i i RN R R
T DLGE S VS I kb 78 1 R ) 5Tk A A B AR A
PR, IRBIHCGEDUARTEREM B . RHTE IR
7 5 IR T B 5 TR %t Sl W AL A 7 T 2800 Y
AT BT, AEK L R SR T, DItk
TR I A I AR AT I A, AT R
mig R, MR, (REREE SRR, iH
BRI B R AR 2R R AR et
g Ji R ) A5 RE A R LA T I B AR A
B, ZEff XTIR AR ER N 3, BA 1 FL A I Xt
LU/ QORTR S 27Ny | Bl NERE oA P Y T 7o ¢
H 4 FHE ) 7K R E] (Silybum marianum) B9 5 52,
F B A J AK A R L e A B S Y
BAYUE UL E AL . B B iR 2 2
e TR R I A0 B AR B AR Y, R LRI
G g2 AT RPN TR T 55 5 TR A 207 24 BRAE U,
EEBRP R RN, K CE ZaEiR R A
(Ctenopharyngodon idella). 7 & % 3k f4 (GIFT
Oreochromis niloticus) . 3k i (Megalobrama
amblycephala) Tl K32 8 (Scophthalmus maximus) )
ARPEREYY, AR R B AR AR EE B R T
A AL RE S U, 35 U B8 (Oncorhynchus mykiss)
JH B 20 28 A 5 e 0 B, ] e T A
prfE R, R FegYh, KRS R R S
1L FESE (Eriocheir sinensis) ) {38 & % [] At
AE 4 = &) B B R b Ak e T, JFRBTE —
FRBE b 2 figp S Ak £ 0 4 8 3 R A 0 (B
A IR T F G fifk LA T IR AR R O Y A G
WG i A DR IE o

PR, A 529 fF 58 7 AR ER FE R A W] K TR s
S MK B ARDEES MLgEXF IR AR R BETR
bro I RRR AL 2B 48 | Tl 30 TR R A T 1) 5 )
PRIT T 7K "W i) 25 5% it FL 4 T %o BTG R 1 38 9 3%
BE, W XHERBT 38 T BE 4RDRL Y I & 4 A2 — 2 1Y
IS -

1 MRS TTE

1.1 SEEER
AR AIC R B2 R L4 1 X R 1 75 5% 9 SR B
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GEEEL DI ol B EE, il R
R WA A R TR, /N 22 TE R S W UG )
T ARPZEERL . K CETR AR5 0. 0.1,
0.2 F1 0.4 g/kg, 1]k} kL 28 by WE HL R 05 )5 120 80
Hif, WEARESZERIES, 28553 B A
BAUKIR G5, H PR K 2 mm kA% 1
BEEL, T ZAKHET 10%, B T-20 °C VK48
R o DB LR 1,

1.2 RFEER

LA % MR 4y R B 1 96 i A M 01 VAR
PR A R A, R0 5850 AE % 2 7 57 FE
HEAT o V7K AAG M G ¥ 2 A I, 83 v R
BEJE R, ERFE N 32, 9T ER AT FHIR K R 24
M R K, R EE FH K I KRR 2K TR R B o
TEIESE I HT, K g s: 2 i, &R ANRK
IR, HEFRFKIRERE N 3. FFH % Hirdh
I, BEMLPE LTS F1 58 (149 25 BF (0.080 = 0.002) g
TR IER LR, LA 4 417, B
T 3% K &L (110 emx80 cmx40 cm) Bl AL Jit A 41 R
50 . B H B 3, B 450 7:00,
12:00 1 20:00, R 4R B 45 PR I AR A 00 R 45 2 1
BUMPLJE RS, 0 SRR . B K 12, %k
Fo AR B B R o R A IR K . R AR
JE I 5 7K, N R 0 i AR AR 2 R D At
EEAKTT, BASFRIEN], 7Kk 24.5~30.0 °C,
WA AET 6.5 mg/L, MEA /DT 0.03 mg/L,
pH 7.5~8.0, FREHJEHIN 8 Ji .

1.3 HmREMITH

FRIH LI LSRG, B FLAN XTI AR £ 24 h
AT X UR s e AT T A ORR B (K R A 77
B BEAIS 3~5 °C), W TRFK A, FREIFgeit
FSATAF A . FEETREMLI 12 RBAF, W5 Hk
oo R BT R B AR BT, T AE R AR BR Y 4
Mo £HELTHEA 6 Ak T Wi 5z (o] B 3 ok, A F
=20 °CyKAf, HTKA . HEE . HAR D FH K
Sy E o RO R AR [ 2 7 4% Z R P EET, H
Files HE Jetab) . BHETREMIERER S EBIF, H 75%
RS AR AR HEAT I B, P FH 0 TR AR BER K o
Ve2~3 K, TELXRBMERMTHURRIE, &5
IR ETR S AR R TURA T o AR Tk -
R IR A B 414, B T80 °C VKA 1R A7
sH.
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Tab.1 Compositions of experimental diets

iH KK ZANE A 22/ (g/kg)  different groups of silymarin content

items 0 0.1 02 0.4

Xkl (g/kg) ingredients

¥y fish meal 370 370 370 370
EH  soybean meal 280 280 280 280
/NFEVERY  wheat starch 200 200 200 200
fal fish oil 22.8 22.8 22.8 22.8
KEH  soybean oil 25 25 25 25
SOBEAR  lecithin 10 10 10 10
JH[E®E  cholesterol 5 5 5 5
AL ZTRY)  vitamin premix 20 20 20 20
W PIRY)  mineral premix ° 5 5 5 5
4i4EFRC  vitamin C 1 1 1 1
RIS sodium carboxymethyl cellulose 30 30 30 30
A4EFE  cellulose 11.2 111 11.0 10.8
TRERES  calcium carbonate 20 20 20 20
KKHEIFE  silymarin 0 0.1 0.2 04

W Hr/(g/kg) proximate analysis

/K% moisture 93.5 90.7 90.1 92.3
¥l M crude protein 341 342 347 344
FLAERT  crude lipid 87.1 88.9 88.5 87.5
FL&K4r  crude ash 110.9 1143 109.7 113.6

e a 4EERTURY(g/kg BURY) IR 4EA 5B, 0.5, 4E4:%B, 3.0, 4E/E#B, 1.0, DLZRAS 5.0, Ml 5.0, MK 0.05, Wi 0.18, 44
#B), 0.002, FALAEEK 100.0, WLUEE 5.0, 4iEFRK 2.0, 4E4ERARELER(20 000 1U/g) 5.0, 442 D4(400 000 1U/g) 0.002, DL-a-E & W R
(250 IU/g) 8.0, 4743 865.266; b. i Wi TiRA) (/100 gHIRA) ELHE /S /K FALEG 0.004, FKBRIRHT 0.250, BRIRTEL 4.0, H/KARREE 28.398,
—KBRER %R 0.650, RUALAR 0.067, TWAREERE 0.010, L/KBREREE 13.193, WHER 24N 15, £74E3% 38.428

Notes: a. vitamin premix, diluted in cellulose, provided the following vitamins(g/kg premix) are thiamin HCI 0.5, riboflavin 3.0, pyridoxine HCI 1.0, DL
Ca-pantothenate 5.0, nicotinic acid 5.0, biotin 0.05, folic acid 0.18, vitamin B, 0.002, choline chloride 100.0, inositol 5.0, menadione 2.0, vitamin A
acetate (20 000 IU/g) 5.0, vitamin D5 (400 000 IU/g) 0.002, DL-alpha-tocopheryl acetate (250 IU/g) 8.0, a-cellulose 865.266; b. trace mineral premix
provided the following minerals (g/100 g premix) are CoCl,-6H,0 0.004, CuSO,-5H,0 0.250, FeSO, 4.0, MgSO,- 7H,0 28.398, MnSO,-H,0 0.650, KI
0.067, Na,SeO; 0.010, ZnSO,-7H,0 13.193, NaH,PO, 15, filler 38.428

A IFBAANA B R AT SRR R B, AR, RN - (HE) Y, IR
IOy Hr S % AOAC(2000) RUARME 5 ¥, 7K 70 & 5 um ¥ F . i BX51 (OLYMPUS, H 7<) Xf 4t
KA 105 cCHET 2= EE 24 hy, MK MERM @) 5 #4504
550 °C I 8§ 4 4 52 3% (PCD-E3000, Serials, Peaks, HACEE . S B AR K B E M TH 1L i
Japan), AL AL D500 € 20 R FHEILIGE /0 06 1k 2 0 R 4 22 00 Rk A ik ) &l A7 . 2R
% (KjeltecTM8200, FOSS, Sweden) F1 % [T il 4% B LT 5 Tl R D R 2 SR P TR I A 9 WA O vk
% (FOSS, SoxtecTM2055, i), e, e A B R EY R A B E]

B R 8B &5 R JFBE IR AE 4% 7§ % (MDA)(TBA #:). M8 & 4k W 5 Ak i (T-
ZRFEE P EE L 2405, Bk, “HIERF SOD)(¥% e %) a A AL A B (CAT)(FT WOtk
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A3 e H O AL W (GPx(FE (k) i JE AL A
JotHBK (GSH)(f bR %) 1R T % 1R B (ACP)(f iR
5) . BREERRES (AKP)(MURIE) . B4 LR (POX)
(ELISA M5, %5 T B (LZM)(E 325 ) il ik
&0 B R AR TR . B SE
5o 1840 S U I AT
14 HEGZE

ARKAERITE AL

14 5 ¥ (weight gain rate, WGR, %) = (W~W,) /
Wy x 100%

TE3% 2 (survival rate, SR, %) =N,/ Ny x 100%

1) B} 22 8L (feed conversion ratio, FCR) = W/
(W, = W)

A3 (condition factor, CF, g/cm®) = W/L® x 100

JF{A H (hepatosomatic index, HSI, %) = W/W x
100%
X, Wy AXTEF RGBT & (2), W, A RTERAY
LR (g), Ny WXATERMIWI GG E R (B), N,
RXFER AR Em (), W MEEAREE (g),
Wy N IF B B R & (g), L WXTEREK (em), W
XU AT (g)o
15 BpEERES

S U g 38 R A P AR ) S DNA ] EZNL
A. soil DNA i 7] & (OMEGA, USA)#H, I H
NanoDrop ND-2000 43 Jt: O & it (Thermo, USA)
5 Py 4% DNA 2 B2 R B2 . i I IE 19 5 9 338F
(5'ACTCCTACGGGAGGCAGCA3 ") Fl J [f] 5]
1) 806R(5’"GGACTACHVGGGTWTCTAAT3') §~
HA 20T 16S RNA SE[H Y V3~V4 = A48 X, PCR
ST AR F R 25 pl, SRS 98 °C T AE 1
2 min; 98 °CZM: 15s, 55°CiB k 30s, 72 °C
FEAH 30s, 26 MEH; 72 °C ZAEAH S min, Zlifk
J5 19 PCR =4, 3% 1 36 35 A ) B2 25 R B A B
/], 383 Ilumina MiSeq PE300 “F & #E 47 BUR
Iy DY o

A e 23 W) AR A5 I 46 Bcds L g QUIME #&
F (A5 1.9.1, http://qiime.org/install/index.html)
Xty 91 it AT 45, H] UPARSE(RRAS 5 7.0.
1090, http://www.driveS.com/uparse/) 5 AH 1Ll P &
T 97% 1 5 51 F 2 i [F]— A>3 S #RAE 5 TT (oper-
ational taxomomic units, OUTs), FH Usearch(Jit 4~
%5 7.0, http://www.driveS.com/usearch/) X} % #i& it
TAb 3, %iif OTU, & H RDP classifier DI it i

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

SRS 97% FHRLPEAKF 1 OUT AR ¥ 51 #4743
2K, ARERES OUT 5 Sliva 304 4 (https:/
www.arb-silva.de/) {4 A5 RUPE XT L 25 2R HE 17 4 Al i
BE o AR 53 52 et 45 3 43 B W 1 AR W ) BE
& WA ZER), ] Mothur #4317 Alpha £ £f
P43 4, 715 Chaol. Shannon, Ace fil Simpson
TE %0, {8 GraphPad Prism 5 4K 42 i #f 7% 20 h{
B, f#i H R &7 mixOmics 2 71 1 plsda FEFTAEA
STA T RER . T A AR E S R E A =
EEL A

1.6 HESH

A% 52 56 T A B S5 B A SPSS Statistics
23 (IBM, Armonk, NY, USA) & F, FIF 2 {5 b5
#fE1% (mean+ SE) F/r . XTHRZH. 0.1, 0.2 F10.4 g/kg
2 2Z 18] 14 22 5 43 A 4 1 53 ] 3R 5 2% 43 BT (One-
Way ANOVA), 5 i i 3 i #5 9£ 17 Duncan [ £
W, T 2 (Levene) 25 [] M6 56 J5 i A
SEREAS ¢ A6 56 20 A Xk BB 2 R 0.4 g/kg 4 22 [B] 1) 22
5, P<0.05 RREREE, P<0.01 FRERK
B,

2 4R
2.1 HKMHEE
IR TR 2 R N2 R B T X R

TRl 2R K AR T X R4 (P<0.05), 45 kb FRAL 7T
T SRR AE 5 BE G Bk 3 22 5 (P>0.05), 0.1 g/kg 2%
HR A PR B 38 0 T 0.4 g/kg /K KHT R IR n 4l
(P<0.05), 1H 5 X} I 4 AH tb UG & 3 22 % (P>0.05)
(#2).

2.2 SHMER S

FHAMR K . AN K . M
JU 441 TG . 2 Pk 22 5 (6 3)(P>0.05), {H Bt 25 fa Rk v
KR U TR, A AR K A R R
BH, 0.2 0.4 ghkg HHLEH . HLIR DT FIHLK 2>
B T R
2.3 HCERIEM

(SE2NEAE ST B2 Ml N CTR < e B 1 LT
XoF T Joke % A0 Ji T D T A it O P R T I S R )
(K 1)o FEFBRRRH, K RETZR AR R 0.4 g/kg
B, X MR A S5 A 1 B o il R U T 3 2 O L E
o3 BTG R 2 S TR IR (P < 0.05), TEMZE
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Tab.2 Growth performance of L. vannamei fed with silymarin at low salinity

TiH K RET AR & 7 2H/(g/kg)  different groups of silymarin content

items 0 0.1 02 04

HER/% WGR 3728.59 £ 106.96° 4207.94 + 120.82° 4309.68 + 57.83° 4202.58 + 67.30°

1FEZ/% SR

99.50 +0.50 98.00 + 1.41 96.50 + 1.26 97.00+1.29
Tk RE FCR 1.35+0.02° 1.24+0.03° 1.26 £0.01° 1.26 £0.01°
MEWEE(g/em’) - CF 0.68 + 0.00 0.70+0.01 0.69 £ 0.00 0.70 £0.01
JFAA /% HSI 5.57 +0.08" 5.66 + 0.20°" 5.43 +0.08™ 5.26+0.05"

e R EATER AR TR EARROR ZE R B3 (P<0.05), TH

Notes: different superscripts of the same row values are significantly different (P<<0.05), the same below (n=4)

&3 ARRRMAKTCE R RERE T LR R R B 2 B 0E (ELE R E)

Tab.3 Body composition of L. vannamei fed with silymarin at low salinity(wet mass basis)

HiH K& HET 2 AN & =2/ (g/kg)  different groups of silymarin content

items 0 0.1 0.2 0.4
JK43/%  moisture 77.8240.10 77.67+0.38 77.63 + 0.4 77.63 +0.20
HIEEE/%  crude protein 15.350.07 15.33£0.30 1539 +0.34 15.47 £0.17
HEI/%  crude lipid 3.55+0.08 3.76 £0.11 3.69+0.13 3.69+0.11
KK 53/%  crude ash 2.69+0.12 2.68 +0.02 2.84+0.06 2.77 +0.03

TH T T 1% 395 P 357 i 2 7K R 3R N 1 B
T, 0.2~0.4 g/kg 7K K H 3R fE b 35 45 = 2R 1
TE R Tl ARG 7 BTG 1 (P < 0.05)
24 HIZIRIR

B 5 7K QB 2 IS I G i, R R D
i MDA [ & i 2 PR, (A5 4lE TR E
225 (P>0.05)(1&] 2-a), ¥R 0.4 g/kg MK KA &K,
JHF B iR 2 21 P (4 T-SOD Al CAT 136 1 i 2 s T
X R (P<0.05)(l 2-b, ¢), H GSH & B EH
TR (P < 0.05)(8 2-¢), {H K K[ & %t Iz i
H1 T-SOD. CAT I GPx 1% ¥ JC & F 5 . 78
JhiE v, KRBT ME N 0.2 ghkg B, ACP
AKP 936 V£ 8 3% 5 1 B4 (P<0.05)(] 2-g, h).
K TR 2R VS TN AC X I BT G R 1 4 A il O A
SR, g L B AR AN i G G 1 R AL R
TR (E 2-0),

2.5 BFBRARLAZNLEH

TR R R I K TR 3 X A A RE 3R A B LA
JEE 0T W TR i 2H 2347 W S S 0 (PR . A5 0
21 (ERR-1) AHEE, BSIIK R AR R (-2~

https://www.china-fishery.cn

4) JIF IR B s f rh, I/ NMEHES B %, B
JEEREEEF e, A IR I ) 208 (F A B A )
T BRALIF /MR ZE 4R, HEI B RS, &R AEH
1117 I o P RS A = SE TR O A N A
K R ZE AN A B R R S K B AN A E 4
JfL, NI B 4R A K, (RECE D,

2.6 REE TRARFIRMAKTCE ZX LAE
POEANFPENEEEd: 0 EA )

X HEZH 1 0.4 g/kg 20 A 77 38 16S tDNA il
JF 43 A AL 4R AR 521 693 45781, RS REAR DT &
AT 50 000 4%, I 2R 440 bp,  LE XS IE
20N 0.4 g/kg 2% U 7 38 B A= 0 1) 2 AR R B,
KRIEA WL (P>0.05), 0.4 g/kg ZH 1Y) Chaol
$5%% . ACE 48%. Simpson $& 5% X FZHME A R
F%, 1 Shannon 8 8Xm&A FTh (B 3-a).

PLS-DA 73 #F & 3, X FR 40 FE A 17k K i
BRI REATT LI B X3 IR 2 258, 2
B ARA L, HAMBERIT, 24465 H
COMPI1 2 F ) i 3 (P<0.01), 1B XF & 2 F1 0.4
g/kg AXTURIAE R B HA D& 2E R, KUK CH
el —EBE Ly B A dl . ok,
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30
Bl AFFEAR  hepatopancreas i
. a
§ [ 1##i& intestine L
=E 20| b
= :
5 .
E S 10
I =
et
0 NN
0010204 0010204
AR BT 2R S E (g/ke)
dietary silymarin content
(a)
80
Bl /AR hepatopancreas
a
§ 60 F [ 1Mi& intestine -
o2 b
S % be
&9 407 ¢
8 b b
?& 20
0 010204 0 0.10204
FRPREH K AT 3 (g/kg)
dietary silymarin content
6 (b)
Bl /TR hepatopancreas la
g [ 1/%i¥ intestine ib
sz 4
2 .2 be
= o
1o
252
=
9z
0 Al
0010204 0010204

TR R ET 2R S E (g/ke)
dietary silymarin content

(©)

1 AR R MK BT R IMR R E T LRI AR
EEEE (a), M (b) FBERIEE (o) FFEIERFIN
Bl A | - B EAR R OoRE A AN % 7 B3 (P<0.05), TR
Fig. 1 Specific activity of protease (a), amylase (b) and
lipase (c) in hepatopancreas and intestines of
L. vannamei fed with silymarin at low salinity

Different letters mean significnat difference within same tissue (P<<0.05),
the same below
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i 3 PLS-DA J3 A1 Y A RE A 8540 A 1) B I 0
ATLLE Y, X B A A 1A 7 3 o A 2 B3 0
7K QAT B S I AR B TR A 2 Sk
(% 3-b, ),

TEIT 532K b, X BRZE A 0.4 g/kg 2H 4%
i ) 20 DA VR AL 2R BL, 2 A4 A 3L 1) g 3 R 32
W RER N —2, H A 1] (Proteobacteria) Fl
HUFF T 1] (Bacteroidetes) 7 5 A 4% A8 {45 K,
0 B BE AR G = B e 1R AR TR R T, HE AR
U UFFRIT] . Z TR 1] (Actinobacteria) FIHE L
B '] (Verrucomicrobia), X 4 28 # i B 5 g 1B
PR AR A O BB I 98%, HE44 I 7 Y 40 T HE 2
o T TR 4 L B e 99% (15 4).

2 0.4 g/kg 2H RN X JE 2 ML A4 V€ X MR %) g 1
Y P AE 1K A K9 25 57, R BLRDEL s
Tk CH R G, FLAR I X R 8 A SR
FIEF 20 1 ) (Gracilibacteria) AH ¥ = B i 2 F [%
(P<0.05)(1%] 5-a), Xf M 4lrh, J&BER ] (Firmi-
cutes) FEAUFT T TAXFERE LA 3.81x107 (1] 5-b,
R)), 0.4 gkgdl iz Ik i K 3.66x10° (&l 5-b,
Ry, WHEY KT 9.6, EEAN, LA 14 Fp
FHEREES, HRZWA WS I h, F
t L o e in 24 I I AT B (Actibacter) M AR
W J& (Fodinicola) Y £ . 3% T B, EARHFF R
J& (Shinella)., ANshFFHJE (Acinetobacter) F13l 7%
KR & (Dietzia) /) F & 1 35 &5 (8] S5-¢). {Hil
143 At B 2 RN 0.4 g/kg 2H 3 1 BE KEGG path-
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Fig. 2 Effects of silymarin on immune indexes of L. vannamei fed with silymarin at low salinity
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Fig. 4 Top 7 phyla of microbial community in L. vanname intestine of each treatment group
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Effects of silymarin on growth, activities of immune-related enzymes,
hepatopancreas histology and intestinal microbiota of the Pacific white shrimp
(Litopenaeus vannamei) at low salinity

LI Huifeng "**, LI Erchao ", XU Chang', ZHOULi', CHEN Ligiao*

(1. Key Laboratory of Tropical Hydrobiology and Biotechnology of Hainan Province,
Hainan Aquaculture Breeding Engineering Research Center, College of Marine Sciences, Hainan University, Haikou 570228, China;
2. School of Life Sciences, East China Normal University, Shanghai 200241, China;
3. Spread Station of Aquaculture Technology of Zhangjiagang, Zhangjiagang 215600, China)

Abstract: In order to explore the effect of silymarin on relieving low salinity induced stress in the Pacific white
shrimp, Litopenaeus vannamei, four experimental diets with silymarin supplementation of 0 (control group), 0.1,
0.2 and 0.4 g/kg were prepared. The effects of silymarin on shrimp growth, immune-related enzymes, microstruc-
ture of hepatopancreas and intestinal microbiota were analyzed after juvenile L. vannamei (0.080 + 0.002) g were
cultured at low salinity of 3 for 8 weeks. The results showed that: (U Silymarin significantly increased the weight
gain rate and decreased the feed coefficient of shrimp at low salinity, but had no significant effects on survival rate,
fatness and body composition. @) Silymarin increased the activities of digestive enzymes of shrimp. The activity of
amylase in hepatopancreas of 0.4 g/kg group was significantly higher than that of the control group. Dietary 0.2
and 0.4 g/kg silymarin significantly increased the activities of digestive enzymes in intestinal tract of shrimp. 3
Silymarin alleviated the oxidative damage of shrimp caused by low salinity and improved the antioxidant capacity
of shrimp. In 0.4 g/kg group, the activities of total superoxide dismutase (T-SOD), catalase (CAT) and reduced
glutathione (GSH) in hepatopancreas were significantly increased, but there was no significant change in intestinal
antioxidant capacity. The activities of intestinal acid phosphatase (ACP) and alkaline phosphatase (AKP) in 0.2
g/kg group were significantly higher than those in the control group, but the activities of lysozyme and phenoloxi-
dase had no significant change. @ With the increase of dietary silymarin content, the structure of hepatopancreas
of shrimp bacame more complete, the arrangement of hepatic corpuscles was compact, the crosssection of hepatic
tubules displayed the shape of regular polygonal star, and contained a large number of secretory cells (B cells) and
embryonic cells (E cells). ® The relative abundance of Bacteroides and Gracilibacteria decreased significantly in
L. vannamei fed 0.4 g/kg silymarin. The results suggest that silymarin as a feed additive can effectively alleviate
the stress caused by low salinity, improve the growth and antioxidant performance in L. vannamei, and have posit-
ive effects on the hepatopancreas health and the composition of intestinal microbiota.
Key words: Litopenaeus vannamei; silymarin; low salinity; growth; immunity; hepatopancreas histology; intest-
inal microbiota
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Plate Transverse hepatopancreas section of L. vannamei fed with silymarin at low salinity

Histological examination of 1-4 respectively shows the morphological changes of hepatopancreas after feeding 0 (control group), 0.1, 0.2 and 0.4 g/kg
silymarin to shrimp with low salinity. A. star shape of the lumen, C. basal membrance, B. secretory cells, R absorption cells, E. embryonic cells, F. fibro-

cytes, * indicates a significant increase in B cells. The multiple is 400 x
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