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#=1 EMANEASERKE (FHR)
Tab.1 Formula and nutrients levels of

the basic diets (dry matter)

TiH THE
items content

JE#L/% ingredient

Ji4ERS & vitamin-free casein 33.00
WK gelatin 8.00
H Ay white fish meal 8.00
FKIEH  corn starch 25.00
fajh  fish oil 2.00
K corn oil 2.00
YL ZPREL  vitamin premix 1.00
W YR FEE  mineral premix 2.00
S4LHEBE  choline chloride 0.10
PUAILER  ascorbic acid 0.05
B &4 monocalcium phosphate 1.50
RPBAYE LR sodium carboxymethylcellulose 2.00
TAREF4EZR  microcrystalline cellulose 15.35
it total 100.00

EFF/KF  nutrient levels

HMEA/%  crude protein 39.55
HLARWI/%  crude lipid 7.12
#E/(mg/kg)  zinc 2.88

Ee 1 EERTURA DOV T AR AL JEAERA 10.00 mg, 4EE
#D 120.00 mg, #4i4:FKE 99.00 mg, 424 KK 10.00 mg, £F4E%
589.65 mg, Bilk# 25.50 mg, #%IiE 25.00 mg, MEMEEE 50.00 mg,
FAF 0.10 mg, R 6.25 mg, ZERES 61.00 mg, WLEE 800.00
mg, WA 201.00 mg, EMZEK 2.50 mg; 2. § YR TR AT 5E A
RHEME: SILERET 0.06 mg, AKAEWE 8.14 m, FKBIERM
39.68 mg, AR 27.42 mg, LKATEGE 0.24 mg, BEERES
160.00 mg, —I/KBiREE 24.86 mg, LA 30.66 mg, IEAFERE 4.00
mg, WAH 1648.38 mg

Notes: 1. Vitamin premix provided the following ingredients per kg of
feed: vitamin A 10.00 mg, vitamin D 120.00 mg, vitamin E 99.00 mg,
vitamin K 10.00 mg, cellulose 589.65 mg, thiamin 25.50 mg, riboflavin
25.00 mg, pyridoxine 50.00 mg, cyanocobalamine 0.10 mg, folic acid
6.25 mg, calcium pantothenate 61.00 mg, inositol 800.00 mg, niacin
201.00 mg, biotin 2.50 mg; 2. mineral premix provided the following
ingredients per kg of feed: KIO, 0.06 mg, CoCl,-6H,0 8.14 mg,
CuSO,-5H,0 39.68 mg, Ferric citrate 27.42 mg, MnSO,-7H,0 0.24 mg,
Ca;(POy), 160.00 mg, MgSO,-H,0 24.86 mg, KCI 30.66 mg, NaSeOs
4.00 mg, Zeolite powder 1 648.38 mg
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20, 40, 60. 80. 100. 150 mg/kgly A ke, il
B 7 AR ARG I SEER iRk, A5 SRR A BRI R
e S 2k 80 i W9, i T Jr o A Bk BB 4% A ) 4 43
IO bR ac o 45 4 JRURE R BE 5 B SR FH 2
P RIEREWAIE, A FOK LS
It Y 2K R AR AT, FHOSUR T B 25 ML
KiAE N 1.0 A1 1.5 mm 2 FhELAS (OS2 B0 00K, &5
Ak (60 °C, 30 min) 7EBH B T HRAL T I, Jr
W, 20 °C IRAETR

1.2 SLEhI R FEER

ARSI T AR W VE R AU AR W) O O
FNFRIE R G AT o IR I T VLR M 2%
WARENE T, B3R T =40 b Z A5 N 0.30~
0.70 g 24 h 25 &5, BRIl . AR %)
R [ 0 18 K B i 4 (0.45+0.01) g] HATRENL M 4H &
28 4~ 0.30 m® WY BE BE LT A NAT . LRI 7 A
W, 4A4EE, BAES 40 BYEF, ¥IKH
PR A 4 IR R Y 10%, 4 H 7:00, 11:00,
16:00 1 21:00 & BRI o A4l XF iR AR ORI . £
BTa . KREFREWA M, MERRE, 576
Y1) 7K 1A 30%~50%, Hi IR KK, S5 )
BER#RK o W &K [(29.540.8) °C]. #h
(29~31). A (5~6mg/L), ZA S (<0.03mg/L).
pH(7.8~8.2) %, ISP ARG SN, MEHE %
SCIR I RIAR G AET B O . FRAEJE IR 8 JH

1.3 H@RXESSEE

Ha R E AN REER 240, B
LR X MR T EOF AR S e . B S AL
W10 EXTERHEA T FRLC Bl , K597 T 1.5 mL
PIEOE, 4°CHE RhEHITEL EBLSH
3 4°C, 4000 r/min, 10 min), K5 B 5 W%
FE T80 CHEEAR L VKA . T I A= AL 48 5 1
e S5 M R FE AR I A o FH 4 KR BT
T B T fge ) 6T HE, ARAT B R N 4 i A ) T
WA, WS E-80 °C %R A7, MR
T AR AR M e W, 2 T A
BT Hoh, BAEHE PRI S B XTERE T
WEAS PR T —20°C, HT )5 4R A5 1Y
I3t o

A RKF\AFAFT AKX RIELG IR R
SERie S, ORELIRI AR E . H R
FEEIOT M . bR IR KA, T E
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FOWELRE. FREAKE D B BRECE A
TH3,
175 % (survival rate, SR, %) =
N./No x 100%
HIE K (weight gain rate, WGR, %) =
(W= Wo+ W.)/Wo x 100%
Ak} 23X (feed conversion ratio, FCR) =
F/(Wi—Wo+ W)
FEE 4K & (specific growth rate, SGR, %/
d) = (InW, — InWo)/t x 100%
TR (protein efficiency ratio, PER%) =
(W, —Wo+ W,)] (FXP)x%

K, N Ny 3 03 kg 52 6 AR A7 16 X R 4 K
HISL B0 W) 4 A AR I R (B)s W, W 0 9l g
B LR M2 B0 9 B X W BV () W, M SE R
[RISET- XTI B (2); ¢ AFRIHREL (d); F RS
IMEEIRRH T (2); P OWIRRHHEE AR & (%).

A3 R B I IR A 4T S R K
A MR LT 7P R - K48 (moisture) 7
I E R 105 °C # He TR vk B A
(CP) & 5 (1 I = 2R HTBIL IR AR % 5 RLAR
Ui (CL) &2 e >R R FRgih 4R 3% 5 HUKIY (CA)
B I 5 R 550 °C Dyl i K be ik

o 7 A AR FE AT Fe AR 4 b R AR AT 6 T

I3 AR 1 (TP), EIHEEE (TC), Hl =
i (TG) By & &, DL R i 75 vh ol 4801k W) 15 Ak il
(SOD). 4 W B2 i (ACP). i I % 2 i} (AKP)
f 3% P DL BN U (MDA) & . BB L fig
(T-AOC) il & 15 7™ & 4% B & (R = 2k
Y TR ST ) BE B AT 48R 4E . S 4h, g
iy A AL W i (PO) ¥ M 9 AE 2 IR E 75 AR 45 Y 11y
Jitke

P 8 ) BE 4 M) AT W 3 A W A
b A A A YRR RS W) AT R
JF 50 M o 38 3k X I B 1 AR SRR 43 25 BR T (opera-
tional taxonomic units, OTUs) G 1T . ¥ Fh £ FE M
o3BT K 1 TERE 25 AR 3 A4S T3 TR 23 A ARDEL R s
BEXT FLAN T X8 W Ji 3 TR A RS2 )
14 JLACEITERRG 4RI B R H L

A S5 i e 4 [T (Vibrio harveyi) Ta P
KA TTARAE KT S YR A Y R ORAT R
VEH RS E . WA PRI G e

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

10 4] AR, S5 BEXT LN IRA A | JEAR S SR AR | PR 1 B I T TR 45 4 14 R 1729

Wi, RIS R TR, &
TS, ARAS 0 2k [CIITE X L4 T X EF i) 2 4%
HHEHE (LDsy, 7d) N 1.0x107 cfu/mL, 5558 45 R
i, BEERAILE 10 BIFHET ISR, B S0
L DV R 1% I 4 TSI TR YA T S 3] S 0 X M
FOWL PR, DA S A R A A SR K AR R X R
GEit LR IR B 5 7 d BB T R, TR
FEG

L5 HEALIE

FIFH SPSS Version 17.0 #A4:XF 52 56 £ i/ 47
G, SRR R 5 2243 97 75 % (One-Way ANO-
VA), AR EMEZES (P<0.05), WI#E4T Duncan
RZHE AR, DLV ELPRHE2 (mean + SD)
DI NS 2 E O

2 4R

2.1 (ARSERINEX FLAVERTERNE M4 BERI 7200

A KA i B (FBW). WGR. SGR. SR Al
PER Pl 2 b} v A 8 i i 0 388 i S S T 5 R
o, H o FBW. WGR fl SGR ¥ 7E 60 mg/kg 41
SEF| % K, SR Fl PER 7F 80 mg/kg 2H ik 3 % =
8, ¥%FEETXEA (P<0.05); FCRI & A F4%
Ja TRy aFE, 1E 80 mg/kg 4 ik B B AR AE . BE U
Jin¢H FBW., WGR, SGR, FCR Fil PER 4[] JC i
%25 (P>0.05), T SR 7E R H A 4L (150 mg/kg
) & E KT 80 mg/kg 4H (P<0.05)(3 2). LI WGR
fE R FIW R BE , & 20U Hris d . FLgl
VEE KT HR &y SR AR v B ) J5 3 AN A Dl 94.46 mg/kg
(1),

R 2 EARSERMEX YR IR KM RER 0T

ab. ects of Zn supplement in dietary on growth performance of L. vannamei -
Tab. 2 Effects of Zn suppl t in dietary on growth perf fL i n=4
BENINE/(mg/kg)  WIMRTRTI R/ KRR R/g /% KR E KR/ (%/d) IR RS TETEZR % ESp V&S
Zn supplement IBW FBW WGR SGR FCR SR PER

0 0.4540.01 8.88+0.22" 1872.99+49.75* 5.32+0.04° 1.94£0.05"  74.17+3.82° 1.35+0.04"

20 0.4540.01 9.360.35% 1980.10+78.21® 5.42+0.07" 1.74+0.10° 77.50+2.50™ 1.50+0.08™

40 0.4540.01 9.60+0.13" 2033.96+28.00° 5.47+0.02" 1.69+0.12° 77.50+4.33* 1.55+0.11°

60 0.4540.01 10.03+1.04° 2128.34+230.97° 5.54%0.18" 1.67+0.16 76.67£5.20™ 1.57+0.15°

80 0.4540.01 9.74+1.06™ 2065.52+234.97* 5.48+0.20" 1.60+0.11° 82.50+4.33 1.64+0.10°

100 0.4540.01 9.82+0.40™ 2081.31+87.84® 5.50+0.07" 1.72+0.04° 75.83+1.44™ 1.52+0.04°

150 0.45+0.01 9.64+0.18" 2042.22+40.18" 5.47+0.03% 1.76+0.04"  75.00+2.50° 1.49£0.03*

e B EARARE T RROR ZE R B (P<0.05), R

Notes: Different letters in the same column show significant difference (P<0.05), the same below

2400 }
2200 t

y=-0.024 2x*+4.571 7x+1 889
R*=0.8799

A

2000 |
5 1800 ¥
B 1600 |
1400 |
94.46 mg/k
1200 | o
1000 - - -
0 50 100 150
EEIN D2/ (mg/kg)

Zn supplement
1 SHERMESNAENMEERXARAE

Fig. 1 Relationship between Zn supplement and
WGR of L. vannamei

2.2 ARISERME X FLAE X ERME B 5 B 200
Bk v 8 A 0 LN 5 o8 R A K 7 Y
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WA /N s TR IN 2 X IR ML R 1 R S T IR
Jo i # 2 5% (P>0.05), i 20 mg/kg 411 100 mg/kg
HRLE SRR E KT 80 mgkg 41 (P<0.05); X
RE A LA I 7 i i 351K T 80~150 mg/kg US4 (P<
0.05); 40~80 mg/kg s fi 2 X 4R A K oy 7 2 B 3
T FR4H (P<0.05)(# 3).

2.3 ARISER N E X LR X EN I E & L3R
AL

T b v S TR S R ) ML 4N Y X6 I 1 45 0
I35 AL FE AR (P<0.05),  Fifi 5 1 Rk i B S ik ~F
R, SRR E% LR TRMEBHE. 8
U 0 2H 5 I I3 e TP TC ¥ 5 3% w6 R4
(P<0.05), J7F 80 mg/kg £ ik | dx KAl ; %F HE4H
TG & & . & ik T 40~150 mg/kg 4 (P<0.05), 7E
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1730 KorE ¥R 45 &
#=3 AREERMEX FLPESTINMAR 2 B0 (T RER)
Tab.3  Effects of Zn supplement on body composition of L. vannamei (dry matter basis) n=
BN IR/ (mg/kg) IKG % HEAT% ARG /% FLIK 3%
Zn supplement moisture CP CL CA

0 75.70+0.63 72.65+0.53® 7.70+0.64° 13.12+0.07"
20 75.56+0.20 72.03+0.70" 8.27+0.50" 13.12+0.08"
40 75.83+0.16 72.97+0.58™ 8.45+0.31% 13.37+0.05°
60 75.79+0.73 72.51£0.62™ 8.51+0.72% 13.37+0.16°
80 75.69+0.87 73.54+0.82° 9.14+0.27° 13.33+0.06"
100 75.69+0.28 71.91+0.59° 8.70+0.48" 13.22+0.08%
150 75.55+0.09 72.54+0.49® 9.19+0.63° 13.13+0.07*

60 mg/kg 2H ik Fl i KMH (% 4).

2.4 ARSERME R LRI ER L E EH =

MR IEIRRE

A

Bifi & ) BE A B K T B B, X I L 9
SOD. PO. T-AOC. AKP. ACP W& TEI & W

% ETHE TRERES, HdSsoD. PO, T-AOC
H1AKP 1935 £ 2175 80 mg/kg 4H ik B e KA, T
ACP 7% PETE 100 mg/kg 4H ik B e KR8, 5%
T X B (P<0.05); 1LY 1 MDA /) % it [ & 5F
YN INER  Hn  E RR R TR Ra #, 80 mg/kg 41

MDA i i Ak, TEMTXT

M2 (P<0.05)(F 5),

4 FARVEERINE X FLYYE X R I E & iR AR A
Tab. 4 Effects of Zn supplement on serum biochemical index of L. vannamei n=
BEA IR/ (mg/kg) MEHAA(gL) o JEL[E B/ (mmol/L) H it = /(mmol/L)
Zn supplement TP TC TG
0 46.960+0.270° 0.073+0.001° 0.067+0.001°
20 57.140+1.080° 0.082+0. 000° 0.069+0.003
40 57.450+1.840° 0.084+0.001° 0.071£0.001™
60 56.330+0.940° 0.085+0.001° 0.072+0.001°¢
80 57.480£1.130° 0.085+0.001° 0.07120.002"
100 55.990+1.040° 0.084+0.001° 0.070+0.002"
150 55.460+2.130° 0.084+0.001° 0.069+0.001"
RS FEXNYUEIERILE IR R R IR0
Tab.S5  Effects of Zn supplement on serum non-specific immune indexes of L. vannamei n=4
RN/ AL AL/ Ty SE AL T/ N/ SAPTELLRE S/ Tl LRI/ P M R e/
(mg/kg) (mmol/L) (mmol/L) (mmol/L) (mM) (& IRHBA/100 mL) (4 RH#47/100 mL)
Zn supplement SOD PO MDA T-AOC AKP ACP
0 170.88+5.47° 441.67+6.80" 20.62+0.36° 8.79+0.37° 2.63£0.29° 5.95+0.12°
20 177.48+4.16™ 445.83+10.76™ 19.57+0.37¢ 9.33+0.31" 3.09+0.04° 6.07+0.09°
40 186.37+3.84™¢ 460.42+14.23% 18.99+0.20™ 9.63+0.34" 3.5240.24% 6.27+0.07°
60 187.17+4.02¢ 472.92412.50° 18.74+0.20™ 9.93+0.14" 3.53+0.08* 6.95+0.09°
80 188.55+9.46° 493.75+7.98¢ 18.50+0.45" 10.23+0.24° 3.69+0.14° 7.07+0.09°
100 176.07+8.82" 464.58+7.98° 19.20+0.10% 9.84+0.33" 3.31+0.05" 7.1140.17°
150 175.30+11.59® 458.33+6.80™ 19.28+0.14% 9.80+0.18™ 3.14+0.13° 6.98+0.16°
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25 ARSERMEXN LRI EMHE I
A
JUANENT IR 2 A BN 3 7 d 5, BRI
TIZE AR A0 258 387 i 25 1 0 R A (P<0.05)(1#] 2)
B & ] RE H BE K P 1 B2 v AR R B TS R
TR, 7F 80 mg/kg 4k B IEAH
100

80
b bc cd — ¢

(o))
(==}

TEIE 2R 1%
survival rate
N
(e

[\
(=]

S

0 20 40 60 80 100 150

BRI B/ (mg/kg)
Zn supplement

B2 RRERHERINERGNAEXIRHEFEE
Fig. 2 The survival rate of L. vannamei

challenged with V. harveyi

2.6 ARSERMEX LRI NGB E B

SEaF LA T ST i A A OTU 4k B 49 %
e B DR TR RE A IS AR, xR A A
% OTU B H JeTHE %, DIXTIR4H OTU #efik, o
Tndd Hr 40 A 100 mg/kg 41 OTU & % & T % R 41
(P<0.05), HAA4H A JC 3 22 5 (P>0.05)(& 3).
ST FL4 AT ST I A 4 B AR F
B2 4 22 K 2 56 F Tllumina HiSeq 7 °F-
B, H XK Y 7 (Paired-End) 19 )7 8, # #
INRBCSCEESEATIN Y . BB REE RS

400

w2
S
S
o0
o
&
&

ab

H2 OTU #H
effective OTUs
— [\o}
S [
o [«

0 20 40 60 80 100 150

BER IR/ (mg/kg)
Zn supplement

B3 FAEMEZERN OTU K H

Fig.3 Effective OTUs in intestine of L. vannamei

JE N Z FE% ] LU Alpha ZHEPE B ol . 7 5
HAG KL (Coverage) 7E 45 H ¥R T 0.99, Bl 4%
ZHRE LB ER R P 225K . 100 mg/kg 4 F 5 Ace
PR i T X B4 (P<0.05), HiAth A g 5 %t
WA2H 22 F A B3 (P>0.05); X BE41 3 5 & Chaol 15
B ELT 40, 60 1100 mg/kg 4H (P<0.05), HA4r
Wi 2R, AR T8 %X (Shannon) FlIaE 3 2R 45
% (Simpson) TEA5 41 Z [H] JC B 3% 25 5 (P>0.05)(3 6).
S5 5 FL 40 IR S 5T M 18 TR BF AL AR 89 7 oR)
A S0 ML AN X W B R R R AR IER]
(Proteobacteria). A #T & ['] (Bacteroidetes), J& BE
B ] (Firmicutes), CEE B ] (Tenericutes). Jif £k
WA 1] (Actinobacteria) 55 [ 1S 2H AL o 4% 41 X A fizy 1
Hh Y BRAE 2 ST T 2R AR, (HTE 4 A BT o L A
—EM 225, 80 Fl 150 me/kg 41T 1 1] A A X
FRE U AR T X BRZH % A 0 B v Tk
HAZH . 80 mg/kg ZH JEERETA ] Ay AH X =F B2 I &b v T
X RRZH o BR 40 me/kg ALAh, HA 25 AR BE B T
FAE T = BEAAC T XTI . SXTIRA A, B

6 AR E X LSRRI E MR S R RS20

Tab. 6 Effects of Zn supplement on gut species diversity of L. vannamei n=4
BEIN IR/ (mg/kg) AcefR# Chaol &% AR AR B AR
Zn supplement Ace index Chaol index Shannon index Simpson index Coverage
0 251.64+74.48" 248.95+76.06" 3.82+0.82 0.86+0.06 0.99+0.00
20 300.72+7.48" 296.47+4.24" 4.4740.55 0.88+0.03 0.99+0.00
40 321.57+50.62° 325.04+53.54" 4.49+0.30 0.8740.02 0.99+0.00
60 321.77£19.81" 328.60+16.08"™ 4.00+0.26 0.8340.03 0.99+0.00
80 273.77+20.89" 273.24+15.80" 4.07+0.66 0.86+0.02 0.99+0.00
100 347.75+£14.63° 354.03+11.58° 4.1940.30 0.86+0.02 0.99+0.00
150 281.56+17.36™ 279.11£23.45® 3.94+0.45 0.86+0.01 0.99+0.00
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VS INA 2 A T T P AR 3 B2 358 BT R % (1] 4),
DL 0T 3 Jigg 308 T R AE R K P B BR TR A
TG 1 %5 50 ) H & (unclassified) 4b, EZA G ARK
W J& (Ruegeria). Motilimonas. N J& (Vibrio)
Hopperia %5 . FFUINAL TR 7 P& KK EE
Fl Motilimonas W) A % =F FE 3 & T X B4l i
Hopperia fAXT £ LT XA . 74h, s
7 80 Fl1 150 mg/kg 2H A1 X = & BH g i F X R 4

HARHERAK (HS5),
3 e

3.0 5EX FLAUESTERNE K AR AL 5 B B2

HESVARNEERZHMETR, &
HEWRNERR . RIS, RS, 4R R A
Yo A AT AR SRR R P R TR
TR A — D EE A, P —E. FERA

[ (o))

relative abundance

HAR 21

()

fRAERKBIER, HIFEKE R85 S 5 ik TR I |
DNA KA . RNA RE W . mRrEwieng . 2Lk
Ut S 55 I %) B O L DT 2 2 Bl P L AR
YRS 2EREEE, AT AR R R B
AT DL K G B IR R AR SR B Y R YR A i 3 4]
BRI A e TS5 A LR
AT $2 8 FL AU % MR X6 A I AL . AR SR A5
TR S N3 B YA T S R i L AN X R 4T
IR E R FREAERBLEARSE, X5
KGN B R A R AL . AR, AR R
PHEEE F T 42 & % [RIB IR (Macrobrachium rosen-
bergii)*" I th 4£ 4% F2 & (Eriocheir sinensis)™ ) >R
i, DT PR R AR I B s TR S R . TS,
BRPES 3P [GIRIRY . HATBEF (Macrobrachium
nipponense)*” . BETI XU (Penaeus monodon)™ . &
BEJ 8 (Platichthys stellatus)™ ., &t (Ctenopharyn-
godon idella)™ ., ‘4 ffi (Rachycentron canadum)®™ |

1.00
Phylum
W K452 unclassified
0 IBJiEfA1] Spirochaetes
B 5 ERE-MEAVE 1] Deinococcus-Thermus
| VFHEBI]  Planctomycetes

0.7 [ APIREET]  Patescibacteria
B 54T Chlamydiae
[ Z¥STE] Chloroflexi
[ Epsilonbacteraeo
[ RAFEET]  Fusobacteria
W Wps-2
B Ve T Verrucomicrobia
B FeFFEITT  Acidobacteria
B Dependentiae
] Dadabacteria

0.5 [ #£#17  Cyanobacteria
B KR Actinobacteria
| BEEHT]  Tenericutes
[0 JEEEFE ] Firmicutes
B WAFET] Bacteroidetes
B 1] Proteobacteria

0.2

0
C1 c2 C3 C4 C5 Cc6 Cc7

4 AYEMTFESRITKPHAMERESE
CI~C7 B 7NE&: C1.0mgkg, C2.20mgkg, C3.40 mg/kg, C4.60 mg/kg, C5.80mgkg, C6.100 mg/kg, C7.150 mgkg, T I[H

Fig. 4 Communities and relative content of bacteria at the level of Phylum in intestine of L. vannamei
C1-C7 are Zn supplement: C1. 0 mg/kg, C2. 20 mg/kg, C3.40 mg/kg, C4. 60 mg/kg, C5. 80 mg/kg, C6. 100 mg/kg, C7. 150 mg/kg, the same below
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Fig. 5 Communities and relative content of bacteria at the level of Genus in intestine of L. vannamei
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LRI L ZN P MR W ITE (7 G A I i
Xof M 407 0T A A ) B RN Dl 94.46 mg/kg

32 HMAHEMMMBEEN. FHFRHER
S E TR PR UEA)

MR AEFF S AN A RS A EE
BERAE T, DR I i A R A, AT R
W 2l ) ILAA 8 55 0 S AR L o 3 AR Ak DA % i B
G ARBLEY, IR A e 20 W i R R A LIRS iy i
A o I RS TP & B AE— o R FRE S 3
S7/DA R S ViR A N R N M s R 2 ) | ELE AN
YRUEXT RN TP % & W& e, AR R U B
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15 H 9 TC A TG Sz 1 5 2l ) i HP IR it 5 19
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G 45 R — 20, H A Sk 85 (Megalobr-
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Effects of dietary zinc on growth, serum non-specific immune indexes, disease
resistance and intestinal flora structure in juvenile Litopenaeus vannamei

HE Shuqing ', LIRimei', YANG Qihui "*, TAN Beiping?, DONG Xiaohui "%,
CHI Shuyan '?,  ZHANG Shuang ', LIU Hongyu "*

(1. Laboratory of Aquatic Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China,
2. Aquatic Animals Precision Nutrition and High-Efficiency Feed Engineering Research Centre of
Guangdong Province, Zhanjiang 524088, China)

Abstract: The trial was conducted to study the effects of dietary zinc (Zn) on growth, non-specific immune
indexes, disease resistance and intestinal flora structure in juvenile Lifopenaeus vannamei. Zinc sulfate heptahy-
drate (ZnSO,4-7H,0) was used as the Zn source in this experiment. The healthy prawns [initial body weight
(0.45+0.01) g] were fed diets (isonitrogenous and isolipid) containing available Zn levels (i.e., 0, 20, 40, 60, 80,
100, and 150 mg/kg) for 8 weeks, respectively. The results showed that: (O The weight gain rate (WGR) and spe-
cific growth rate (SGR) in the 60 mg/kg group were significantly higher than those in the control group, and the
best feed conversion rate (FCR), the optimal protein efficiency ratio (PER) and survival rate (SR) were found in 80
mg/kg group.@ The crude lipid (CL) contents in 80-150 mg/kg groups were significantly higher than that in con-
trol group, and the contents of crude ash (CA) in 40-80 mg/kg groups were significantly higher than that in control
group.® The contents of serum total protein (TP), total cholesterol (TC) and triglyceride (TG) in Zn supplemen-
ted groups were significantly higher than those in control group. @ Dietary Zn supplement increased the activities
of serum superoxide dismutase (SOD), phenol oxidase (PO), alkaline phosphatase (AKP) and acid phosphatase
(ACP) and total antioxidant capacity (T-AOC), and significantly decreased the content of malondialdehyde (MDA)
in serum, indicating that Zn could improve the non-specific immunity of L. vannamei.® In the experiment of arti-
ficial acute infection with Vibrio harveyi, the survival rate of shrimp increased firstly and then decreased with the
increase of Zn levels. The survival rate in Zn supplemented group was significantly higher than that in control
group, and the highest survival rate and disease resistance were found in 80 mg/kg group. © In the analysis of
intestinal flora, the numbers of effective OTUs in 40 mg/kg and 100 mg/kg groups were significantly higher than
that in control group. With the increase of dietary Zn, the Ace index and Chaol index increased significantly, while
the Shannon index and Simpson index had no significant changes. The results showed that an optimal level of Zn
could promote the growth and improve the disease resistance of juvenile L. vannamei. The growth performance
and disease resistance of L. vannamei were poor when Zn was deficient in diets, while excessive Zn level inhibited
the growth of L. vannamei to a certain extent. Overall, based on the WGR, the growth performance of L. vannamei
was significantly improved by supplementing 94.46 mg/kg Zn to the diets. Based on the evaluation of disease res-

istance, the optimal dietary Zn supplement of L. vannamei was 80 mg/kg.
Key words: Litopenaeus vannamei; zinc; growth; non-specific immunity; disease resistance; intestinal flora
Corresponding author: YANG Qihui. E-mail: qihuiyang03@163.com

Funding projects: National Natural Science Foundation of China (31802316); National Key Research & Develop-
ment Program of China (2019YFD0900200); China Agriculture Research System (CARS-47); Industry Techno-
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