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ffi/if\ 5\(%—1’2 , 7]%%?— % 12,3 : i%jt$l’2’3

(T RIGEPER K22, K2 LT oE = 5Bl st s, &R T 524088;
2. R KBRS S 3% 5 T R TR R R AR AL, A T 524088;
3T RBIKFEEN YR ER I SR RTEE SRR E, JOAR YL 524088)

WE: YHAREAR PR oA EREHHEE (GML) X AR EER. 2R KA
BB pE AN . L% 4844 0. 500, 1000 . 1500, 2000 F¢ 2 500 mg/kg
GML 6 241 % A% flg LRk, %40 3 8F 404K [ 45 & 4 (0.3120.02) g] #4T7 4 #1 56 d
WREER. R 2, O B4, & 2000 mgkeg GML # 1 % # & 8 & & fo 4
FAEKEFDEBEMARZRK. QFEBF A GML X LN ESITERL>EHLEE. O%
BRANPEANTRNERBERILAERLELEFG THRLE. OFR4AMNL, &
KA THMELEERENLE LA, KEEZRAEEBAERAEHAHERYN L E
TFe; 500 Fr 1500 mg/kg 41H b B2 E 2% TH. ®% GML AT A 1500 mgkg i,
Al EEFA LA EABERAELF LR, GML I fnk-F# it 2 000 mg/kg B,
IMD. Toll Rk EN R AW E®EZE L, 2000mg/kg 4B £ B R kL ERF L.
B fn 40 Chaol 35 #fr Ace 354t 8 & L8, 1500 mg/kg 4 Fn 2 500 mg/kg 4 Shannon 5 %%
% Tif, 2500 mg/kg 41 Simpson 15 # & % T . LK ¥, WHiniE H Ko GML 7
BANENI R E KA. ERFHEEEZN, EGMLY TRFEAEREN FE,
REmEE LM, UHERNEERAF, FR T B r 2 142.99 mgkg GML Xt 44 % 7t &F
WAEKRRRE

KA LpEtdr; ABmEdmi,; Ak, EHERERE, TRk, HEHH
HESHES: S963.7 SCRRFRERS: A

B AT TR ™ fh B 5 K B R AR G, X AR
FrFE M HGH R . LA X IR 2 A i R 22 A
fEIR W I = RIRFHAR R Z — 1o ARk, e
F 7 A P B AT R F) 2 B 52 1 LA B 7 0
KB X AR IR B A R T ORI & TR K
FE L PR R XS AR SR B 1 B A R . IRk

WS HHA: 2022-05-03  {EEIHHEA: 2022-07-29

PUARSE 24 A AR S5 5 30 D) 5 BT R AL S AR R
oL R A

ho#%E fIg 5 B2 (medium-chain fatty acids,
MCFAs) & — i RIRBU I, HA Rk 245
AR, TS B R, TR
Uife e s A K. A R B H IR (glycerol

#HE: ERARESHES (31802316); EZK&E AWK TR (2019YFD0900200); |~ 7= 44 B K7 (2 10 H = -

(GDKTP2021048400)

F—1EE: BEAN R, NFKFWEFRESMEEBFEMI, E-mail: 593965702@qq.com
BEEE: BHE, AFKFIWEFER Sk 2 2P 7 HF 5, E-mail: qihuiyangd3@163.com
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10 4] TREA, B JVRERRBA B LA AR A | L RURERR | AR5 S 1 i K 1 T R ) 5 1913

monolaurate, GML) J& T~ & i 7 12 5 H v B v iy
—M, BAREBUR . PUREEDIREY, pHoEds
., GML AJ LUk A MBI IZE, B iE e
S N 8 VIR 7 R DA <0 o B sy S
AE, OGT GML X 3l W) fd A= K R 2 15 7 18 £ B A
M#EGE, CFERiAsiY IR, AR A i
BHEGR AT LA e A K e, BRI E A
W KIGHFF R (Escherichia coli) FIVP 1R (Salmon-
ella) ) FJE, LAMCAERRAF 48 09 g e s A
BEJm, GML ] DL E 4w iRkt e . shi
ARKPERE L I A AL RS R bR, (HAEAK
W o7 A RIE . H I, AR B RS
GML 1E A falBHaS et FLAMSE TR A o LA b
BT, MVEAARFE bR . ARRR S S S 3 TR A Y
SR, i GML 7E/K 7= F 58 1) 3z g H 2 ik 2
WARYE

1 MESIHE

1.1 SCIgARt

SRR LLZT f Ry o B IR, A
el FEERGH IR (£ 1)e GML (B AR, 4l N
85%, I AR NGIE2E SN H TR AR H0)
N 430 Sk 0. 500, 1000, 1500, 2 000 &
2 500 mg/kg. AR IS i FLAE A 0.18 mm
(R, i BEEURE & FE AR I INIA v BLRAHL
PE5), MAG . il SRS, BJain A4l
HeK FHEFEDL (M-256, AR T R2#) RS, H
WHBFFHF ML (F-75, AERFR TR B 1 : 210
FLBIRIVEEA5A 1.0 F1 1.5 mm FOEtRRRL, Z58L
(60 °C). KT J5 OKMET 10%) % A% £ 4837
A—20 °C vkt A",

1.2 LERITS5RFER

ARSI T T 2R R 2E AR U B P B R
I HEAT o BEHCARER . RIS 3% 55 1Y LN I X IR IR 1
1200 J& (0.3 g/) AL 6 LA 24 B IE£F
Y (0.3 m’, 4 NEE, TBANEKE 40 B). PIK
H $ M & R X IR YRR BT 5 (1 10%, MR R 2
(7:00, 11:00, 17:00 F121:00), M@= HMEIFHR
P ial e S BRI AR SR AR . SIS ) B R L B0k
ik 173, 4555 7K AR IR B A (30.5+0.8) °C,
B ANET 6 mg/L, $HhEEHN 29~31, HEWKE
AETF 0.02mg/L, WASERERIREA ST 0.10 mg/L,
pH 7.5~8.0,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

Fz1 EMANERFS5ERKE THOR)
Tab.1 Formula and nutrients levels of the

basic diets (dry matter)

iH items & 8/% content

JFHl  ingredients

2Lk} brown fish meal 20
A soybean meal 15
1eEH peanut meal 10
FKEEHR  comn gluten meal 8
EEEEK MY yeast hydrolyzate 5
IF5EHr  shrimp shell meal 9
¥ wheat flour 20
R — &4  calcium dihydrogen phosphate 15
i FRKC  vitamin C 0.03
SALAETE  choline chloride 0.05
KEZ BN  soy lecithin 1.5
il soybean oil 1.4
fiyl  fish oil 1.4
L ZTIREL  vitamin premix 0.3
W FUEEE  mineral premix 0.7
AR 4EE  microcrystalline cellulose 6.12
EF/KF  nutrient level

HEAF  crude protein 42.59
FHMRIT  crude lipid 6.51
AR5y crude ash 9.97

L 4EAERTORESA ST s i RHE L 4EAE KB 125.5 mg, IEE R
25mg, MEPSEES0 mg, FEi%F0.1 mg, "R 6.25 mg, TR 61
mg, MR 201 mg, FEME 2.5 mg, 44 ZFA 10 mg, ZEEED 120
mg, 4EERE 99 mg, 4EE KK 10 mg, £14E3589.65 mg; 2. H°4)
TR R N AT 5 R At K10, 0.06 mg, CoCly-6H,0 8.14 mg,
CuS0,-5H,0 39.68 mg, F7HEEREk 27.42 mg, ZnSO, 7H,0 56.56 mg,
MnSO,-7H,0 0.24 mg, Ca(PO,), 160 mg, MgSO,4-H,0 24.86 mg,
KC130.66 mg, NaSeO; 4 mg, Wififr1 648.38 mg

Notes: 1. Vitamin premix provides contain vitamin B 125.5 mg,
riboflavin 25 mg, pyridoxine 50 mg, cyanocobalamin 0.1 mg, folic acid
6.25 mg, calcium pantothenate 61 mg, niacin 201 mg, biotin 2.5 mg,
vitamin A 10 mg, vitamin D 120 mg, vitamin E 99 mg, vitamin K 10 mg,
cellulose 589.65 mg per kg of feed; 2. mineral premixes provided: KIO,
0.06 mg, CoCl,-6H,0 8.14 mg, CuSO,-5H,0 39.68 mg, ferric citrate
27.42 mg, ZnSO,4-5H,0 27.42 mg. 27.42 mg, ZnSO4-7H,0 56.56 mg,
MnSO,:7H,0 0.24 mg, Ca(PO,), 160 mg, MgSO,-H,0 24.86 mg, KCl
30.66 mg, NaSeO; 4 mg, zeolite powder 1 648.38 mg

1.3 HmRESHH

TSI AT, NLANEEXT R LA T (24 h)
JG RFE o XS AR AT ECRI AR E AT A K P
Febr. EEMERENLEL 25 B FLANEXTURHEA 7 R AL, B
Horp s BT 2R 487, BIK4 . HEA
JBi . KL 05 FUREL A 435 Bl o 5 O 5 R FLAEE
X IR 7 UL PR B R 5 s O 10 R FLAN Ik
WR, OMELG BRI, ERTH#E 4h, BoE
(3500 r /min, 10 min) §L )2 M03E, fiffF T80 °C

https://www.china-fishery.cn
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1914 KoE %R

46 &

FEH, T s A A AT AL A8 Al = . Tkt
Fl A UR R RS SR o & S IRE bR LA, K5y
(moisture) U 7& fiff H 105°C % K + 1 % (GB/T
6435—2006), Ft 37 5E F A & HLE H (crude
protein) & &, HLARNT (ether extract) i 5& {# F £ ik
FE 1 (GB/T 6432—2006), HLJK4) (crude ash) il
SEAHFH 550 °C 15215 (GB/T 6438—2007)1; fll
PR S R 7 1 ZE T U R A I B AR e A A R 2
RIHEATAIN , >R FH A A Bl & R IR 43 B A0 2 LA
SRR R (H 57 L-8800, HAN),

L7 B A (TP), BAHEEE (TC). Hh =
Bk (TG). =% B Mg & (IR [E B2 (HDL-C) ., {IR%5 &
fig & 1 0 [ B (LDL-C) 7 & LL & & N F5 & il
(ALT), A HEELEEHS (AST). MLEB AL
fitf (SOD) 5 i S (L ZU i (CAT) 1% 1 2R FH i b 357
& (B ) TR 9T ) JF 4 R UL 1 A5 3
W5E
14 EWRITE

FEWE K (survival rate, SR, %) =N,/N.x100%;

14 % (weight gain rate, WGR, %) = [W,—
W YW x100% ;

¥ A KR (specific growth rate, SGR, % /
d) =[In W,~In W.J/Nx100%;

TR B 22 #L (feed conversion ratio, FCR)=$% &
TR () /[ We]
A, Ny, BN, 53 501 3 7 S5 36 28 2R 0T MR 4 e A 55
IRIIEXT IR (FB); W, Ml W, 43 ) s FLAN I
Xof MR ST 56 25 AR R I 2 ST 56 ) B VAR T £ (g)5
N AR ESLH KA (4

15 BEEEsHh

BEMLEL 4 B FLANTERTIR , FH 75% ek,
TC A I e O i, 0.9% TR A B
ARGV AMEE , AP, IR ARE,
—20 °C P77

FETYHE 16S rDNA V3~V4 0] 7258 X Bt 7
S1¥ikit. 51¥F%1 ) 341F: CCTACGGGNGGCW
GCAG, 806R: GGACTACHVGGGTATCTAAT,
WAk s 3G P S R A O E HE Tk
Fa 0 > SCPE o i Tlumina PE250 - 5 % 3C 4
HEATINT o I 30 SR 2 3 S5 59T (opera-
tional taxomomic units, OTU)(Uparse v7.0.1001), R
i OTU 4r 222G it 25 kAT o ZREMETHT, X5

https://www.china-fishery.cn

Mridised 5 MEECR R P R 2484, Chaol
1 Ace FEHOTAL L E &, Shannon Fl Simpson
TRECOPAL B ZHEPE, T Good's coverage (Cover-
age) MIPPAG B RF A AT 2531,

1.6 RNA {2EX. ¢DNA A RHEXREERERE
EERNEERN

BT BENLEEL 5 R AR HE FLATEEXTEER, B
R IR SR H TRIzol i35 &5 (Invitrogen, JE[E) $#H
&L RNA, U 1uL RNA 7 1.5% Bl B 5 i i ok
KW i, dF Nanodrop 2000 (Thermo Scientific,
2% E) #£ 260 nm Kb #EATE . R M-MLV Jz §%
SR & (Promega, FE[E)) B2 A RNA S5 5
i, cDNA, 2 8 NCBI(National Center for Biotech-
nology Information) % 2 i) HAREER ¥4 (3% 2),
PL 18S rRNA WINSHEN, ZHE LG AEY) TRA R
o EIHAT SIS . M 4E SYBR"Premix
Ex Tag™ IIi&X#| & (TaKaRa, HA) [l E 20 uL 2
BARZ: 0.8 pL iF . Jem 54, 2 ul Wk 8 £ hY
cDNA, 10 uL SYBR Premix Ex Tag II (Tli RNaseH
Plus)(2x), H1 6.4 pL DEPC 4k ¥ /K , Ff 7F Light-
Cycler 480(Roche, Ftit:) A T8LH 580 & (RT-
qPCR)., W FEF: 95°C HiiZE M 30s, 95°CSs,
60 °C30 s, 40 7H ¥ ; H7E 95°C 5, 60 °C
1 min, 95°C 15 s 40 FH#EAT 1 AMEFR, SO Z5
J& , K SDS # 4 1E LightCycler 480 R 4t L 434
el A 27009 o T S R AR X R A

®2 AXBPATEERRESTHGY

Tab.2 Primers used for gene expression analysis in this study

514 52 19:7
primers sequences bp
18SrRNA  F:5-AACGCTCGTAGTTTGACTTCTGC-3' 202

R: 5-CACGACCATTCGGGCTGTA-3'

proPO F: 5" -TCCATTCCGTCCGTCTG-3' 122
R: 5'-GGCTTCGCTCTGGTTAGG-3'

CAT F: 5-GGCTATGGTTCTCGTACTTCCAAGC-3" 164
R: 5'-GCATTGTATAGGTCCCTTGTTGCA-3'

IMD F: 5'-GGAACGA GACAAGGTCGAGG-3' 153
R: 5-TGCCAGCGACTCATCATCTC-3'

Toll F: 5-GACCATCCCTTTTACACCAGACT-3' 268
R: 5-CCTCGCACATCCAGGACTTTTA-3’

17 BIRESHR

B R 4811 4K 44 statistical package for the

R E K224 F 7/ sponsored by China Society of Fisheries
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TREA, e JVRERR B B LA IR A K

UL RHERR | ARAR S e B i BT B4 52 ) 1915

social sciences(Version 20.0, IBM, 3E[E) #E474047,
ZA PR 72541 (One-Way ANOVA) Fll Duncan’s
ZEKK, DLk IS AL HL R ) 23 25 5 (P< 0.05),
VISE S {E+PREZE (mean+SD) 7R o

2 4R

2.1 GML Xf FLANE AR K14 82 B9 720

Biti 25 Ak i A R B H I R S N A ) B
WNINZH WGR F SGR &4 A TR, 7F

ZANEN 2 000 mg/kg B AR B K, HE
F X R4 (P<0.05); FCR NIZE 2 000 mg/kg 41
BN BB ZH 3 R B (P<0.05)(3% 3). ARG ER K Hy H|
Wik Hl , AR T RAAIAS AR FLA X AR

A R EGE NN 2 142.99 mg/kg (] 1)
2.2 GML %t FLASE X ENMA BR 43 B 52 1

IR ZKSE GML X PLYA X IR A B 43 (7K
gv . HLER . OHLAR G RCHLIK 43 ) & 234 0 5
Wi (P>0.05)(% 4).

3 GML X LRI K RERIS2 M
Tab.3 Effects of GML supplement in diet on growth performance of L. vannamei (n1=4)

GML Il #/(mg/kg) VI /(g/FE) KR H/g /% 5 AR % TR E TAEZ%
GML content initial weight feed intake WGR SGR FCR SR

0 0.30+0.01 307.060.00 1554.79+8.60° 5.01£0.01° 1.65+0.06" 98.33+2.89™

500 0.310.02 305.54+0.00 1553.93+7.71° 5.01£0.01° 1.58+0.03" 96.88+3.15™

1000 0.310.02 307.31£0.00 1651.23+18.80™ 5.12+0.02" 1.560.09™ 100+0.00°"

1500 0.310.02 305.48+0.00 1692.58+15.21° 5.15+0.01" 1.44+0.08" 95.63+7.18™

2 000 0.310.02 308.25+0.00 1882.36+224.90° 5.33+0.21° 1.40+0.13° 95.63+4.27%

2500 0.310.02 307.060.00 1773.28+174.34™ 5.2340.17% 1.43£0.04° 93.13+5.54°

T AFENGFREFORE R MIZRRE: TH

Notes: Different lowercase letters indicate significant differences in the same index; the same below

2000 ¢
1750 .
< y=-0.218 2x
1500 770 1641 50822 +2318.7
S 1250F R=087 R=1
5% 51000}
=
750
500 ¢ X=2 142.99 mg/kg
250 +
0 500 1000 1500 2000 2500 3000
GML # % /(mg/kg)
GML levels

El1 GMLFMESLAEMIMEER X RRKE
Fig. 1 Relationship between GML supplement and
WGR of L. vannamei

2.3 GML Xf FLAGEXTENIL A EERL B9 7200

S5XF A, BN BnT ZiER . BE
FETR Je 52 MR TR AR 8] B $E T (P<0.05);
BRI, Fradmdl &R (Gly). AEm
(Glu) ¥ I 2 5 T X R 4H (P<0.05), 2 500 mg/kg 2H
KGR (Asp) 3& = T XHIRZ (P<0.05); LA
S, i BIMAL ZER (Lys) & 3 g
TXFME4 (P<0.05); 2500 mg/kg ZHA MR (Phe).
IR R (Thr) &35 8 T X4 B 4] (P<0.05). GML ¥
o0 2L ) 2 R R i G R i %k 281 (] 34 G
EPEZS (P>0.05), WIS ER (Arg) & a2k
FHG KR H, 500~1500 mg/kg 41 Arg & i 3
T TR IR (P<0.05)(F 5).

R4 (AR GML RN EX LAEXTEMER 23 S0 (FA9REA)

Tab.4  Effects of GML supplement on body composition of L. vannamei (dry matter basis) (n=4) %
GML & #/(mg/kg)
i H GML content
items
0 500 1000 1500 2000 2500

K4 mositure 75.12+2.21 74.68+0.56 74.32+0.66 74.17+0.59 76.77+4.80 75.66+0.56
HEAR CP 69.16+1.54 69.11+0.44 68.3242.66 68.65+1.82 70.63£0.41 69.1240.43
HMAENT  EE 9.89+0.58 10.17£1.19 10.21+1.38 10.26+1.22 10.12+0.98 10.04+1.71
K4y ash 12.94+0.43 12.82+0.28 13.19+0.58 12.74+0.22 12.76+0.35 13.170.54

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries
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1916 b/ A SR 46 &
5 (AR GML RN E 3 FLAUEXT AL S 2R S0
Tab. S Effects of GML supplement on muscle amino acid profile of L. vannamei (1=4)
WiH items 0 500 1000 1500 2 000 2500
REARE  Asp' 2.010.04° 2.08+0.03" 2.08+0.02" 2.07£0.01°° 2.06+0.03" 2.09+0.02°
7R Thr 0.74+0.01° 0.75£0.01° 0.75£0.01% 0.76+0.00" 0.77+0.01*° 0.82+0.06°
5 Ser 0.71+0.01° 0.75+0.00™ 0.76+0.01" 0.76+0.01° 0.73+0.00° 0.76+0.01°
HER Gl 3.26+0.00° 3.45+0.04" 3.43+0.04" 3.48+0.00° 3.41x0.04" 3.51+0.14°
H&®R Gly' 1.94£0.01° 2.05+0.01° 2.04+0.00° 2.06+0.05" 2.05+0.01° 2.03+0.03"
WER Al 1.38+0.01 1.34£0.04 1.37£0.01 1.34£0.06 1.34£0.04 1.36+0.01
4B Val 0.84+0.01 0.85+0.01 0.83+0.01 0.85+0.01 0.83+0.01 0.85+0.01
HHEM  Met’ 0.57+0.00 0.60+0.01 0.590.01 0.590.01 0.58+0.01 0.59+0.01
FoaAm e 0.82+0.00 0.83+0.01 0.810.01 0.82+0.03 0.83+0.02 0.83+0.00
TR Led 1.51£0.01 1.54£0.04 1.53+0.03 1.520.00 1.53+0.03 1.56+0.01
ft% B Tyr 0.74+0.01° 0.79+0.02" 0.79+0.01* 0.80+0.01° 0.77+0.01° 0.78+0.01°
KNAM Phe 0.85:£0.00° 0.87+0.01*° 0.87+0.01° 0.87+0.01*° 0.86+0.00" 0.88+0.01°
W Lys® 1.63+0.03 1.70+0.04° 1.69+0.02° 1.69+0.01° 1.67+0.01° 1.70+0.02°
M His 0.43+0.01° 0.42+0.00" 0.41+0.00° 0.42+0.01" 0.43£0.01™ 0.45+0.00°
FER  Arg 1.83+0.00° 2.03+0.01° 2.03+0.06" 1.99£0.01° 1.94£0.10™ 1.90+0.01"
& Pro 1.44+0.02 1.52+0.13 1.52+0.10 1.56+0.08 1.52+0.18 1.61+0.01
ISRV 0y 8.58+0.04° 8.92+0.09° 8.92+0.08" 8.94+0.10° 8.85+0.07° 8.99:+0.21°
total flavor amino acids
Kb FREIER 6.95+0.01° 7.12+0.11°" 7.08+0.11° 7.08+0.05" 7.04£0.08" 7.20+0.04°
total essential amino acids
MR  total amino acids 20.67+0.08" 21.53+0.37° 21.50+0.36" 21.53+0.21° 21.27+0.28" 21.68+0.15°
e LEEREERR: 2. DR AR
Notes: 1. delicious amino acids; 2. essential amino acids
2.4  GML 3 FLEOE XTI 55 4 AL A5 FRAI 220 JG R RS, 1500 me/kg 41 5 w5 T IR 2

Tk s I GML X Il 75 AR AL F8 A A 3 5
Wi (P<0.05). NI I TP ¥ 3 & T XF 4l
(P<0.05), TERMIZKF K 2 000 mg/kg A ik £ i K
85 WK A 500 F1 1 500 mg/kght, IfL# TG
50 REZHAH [E 35 R R (P<0.05), ¥R in 21 1] 1 17
TG & & L F M # 5 (P>0.05); #shi4l LDL-C
B E LT X R (P<0.05), TETRINIKE R 2
500 mg/kg B ik B HEARME ; W n4l HDL-C % it W]
X RRAL; ALT 36 PEBEE A8 KO- 32 /5 1
FEAL (P<0.05), TEIRINIKF 2 500 mg/kgh ik £
BARAE s WS IN4l AST 6 7% B & K T X B4 (P<
0.05), FEW 7K FH 2 000 mg/kg B ik 3 £ A% (4
(# 6).

2.5 GML X LAVUEXTARATRRARIEFE Rt S /&
[k DA

JUAH I XF W JHF I i o SOD {ifi 4 78 7 Jin /K 7
4 500~1 500 mg/kg HFA FTHES:, it 1500 mg/kg

https://www.china-fishery.cn

F1 2 500 mg/kg 2 (P<0.05)([&] 2-a); LZM i P 7E
IINKSE A 500~2 500 mg/kg 5L FTH#E#, 2000
mg/kg 45 2 500 mg/kg 41 B E & T X4 B4 (P<
0.05), WL w3 25 5 (P>0.05)(1&] 2-b).

2.6 GML Xt LR ARETBR AR Se R £ E R E
AT

1y S AL B )5 (proPO) . CAT Fil Toll & K ik
FERMIKEH 500~2 000 mg/kg I 445 5% | T
#, Hid 2 000 mgke 5= TFREMBES, —HY
TEAN NN 2 000 mg/kg B A R H B & & T
XFREH (P<0.05)(I8 3-a, ¢, d); EHIKFE N 500~
1 500 mg/kg I, ZHNZH IMD HEPH 5k i 5% R4
T FEMEZES (P>0.05), BI/KFHE 2 000 mg/kg
J&i IMD ik i E 45 (P<0.05), HAE 2000 mg/kg
BB HKAE (F 3-b)s

2.7 GML X} FLEEXTHNEZ 18 B B RO 520
o ZREVED TSR BN, SXTRAML, R

R E K224 F 7/ sponsored by China Society of Fisheries
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10 1 FTREA, F AR I LANERRAER . ISR . JERR 5 G S 8 B A 1 2 1917
< 6 AR GML i E Xt FLAUE AR E A (L e FRA 200
Tab. 6 Effects of GML supplement on serum biochemical indexes of L. vannamei (n—=4)
o MEA/ A e e/ Hm=m  =%ERES  KEERED,  BEHEER A G
thiﬁfﬁ“Tg?g) (mmol/L) (mmolL)  (mmol/L) (mmol/L) (mmol/L) (UIL) (UIL)
conten TP TC TG HDL-C LDL-C ALT AST
0 69.39+1.32° 2.89+0.37® 6.18+1.28" 0.51+0.01 1.26+0.02° 90.39+5.81% 256.67+£58.07"
500 94.29+6.07° 3.04+0.18" 4.64+0.25" 0.55+0.04 0.54+0.00° 126.48+2.62° 99.18+11.92°
1000 102.15+8.39° 3.05+0.17* 4.82+0.17™ 0.66+0.01 0.66+0.05° 112.81+4.87" 89.08+5.07°
1500 91.00£13.57° 2.75+0.11" 4.15+0.06" 0.71+0.01 0.54+0.02° 98.74+13.43" 76.19+18.89°
2 000 120.76+3.73° 2.93+0.55® 4.85+0.04™ 0.91+0.50 0.49+0.03° 96.22+15.42" 74.63+7.10°
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Fig. 2 Effects of GML supplement on hepatopancreas immune enzymes activity of L. vannamei

(a) SOD activity, (b) LZM activity; different letters indicating significant differences (P < 0.05) among the groups, the same below

1 500~2 500 mg/kg () GML #1%F Ace F5%50A1 Chaol
ABERA (P<0.05); SXTHAAELL, BNk
“} 2 500 mg/kg i} Simpson 5% i & F [ (P<0.05),
AT AL 5% 46 3 Pk 22 7 (P>0.05), I
Jn7KSF-24 1 500 F1 2 500 mg/kg i Shannon $5& %1 %
TR (P<0.05), FLASE AL 5 X} 40 3 M
5 (P>0.05) (% 7).

ARSI FLAN U XoF 0 fig 3 TR T R B AT TR 1)
(Proteobacteria) . #IFF 1] (Bacteroidetes) ., JEERE R
['] (Firmicutes), JUZE T '] (Actinobacteria) A X iR
FFE 1] (Acidobacteria) %5 20 W (& 4-a). XJ B& 2 Fl1
VS TIEH ) R I8 A BB AR — B, HARA R A —
EZS . BEFE GML BSR4 5, BT
R EA BT, AT TTAR , 2 500
mg/kg HARTE R T AT = & B8 38 v X iR A (P<
0.05), FLUAT B I AR = B BE i I8 T X B4 (P<
0.05)(I4 4-c, d); 2 000 mg/kg £H JEBER | THIN - &
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JE S AR LE B B T AN B T I AR
F 5 B SN IR A TR, fERDKE B, B
BRI, 2T A (Rhodobacteraceae) LA J #(
H T F} (Flavobacteriaceae) F- & S ¥ 58 I THE T &
fa#, MY FRF (Vibrionaceae) N 8L 5E T B 5
TS (E 4-b).

3 i

3.1 GML 3 FLYEXTERNAE KRS0

TEAER AR I GML A FLAH € X R 4 1A 1) A=
KAPERE P B, M E AR S 2 KRB
A B TR TR, BHEN 2 000
mg/kg GML A DL 25§ = LA SRS HR A9 A KPR RE
PAFERGBIFFE T, EARDRE S T o S B A M 1 £
i AT DL PR S R A KRR
GML 2 BEE R B H s b iy — i, 748
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Fig.3 Effects of GML supplement on proPO (a), IMD (b), CAT (c) and Toll (d) gene expression levels in

hepatopancreas of L. vannamei

&7 1A GML RFMEX FLAUES T 7 S S R AR
Tab.7 Effects of GML supplement on gut species diversity of L. vannamei (n=4)

GMLR N/ (mg/kg) Shannon $5%{ Simpson $& % Chaol 5%k Ace 58 Coverage 531
GML content Shannon index Simpson index Chaol index Ace index Coverage index

0 6.8340.68° 0.960.03" 818.86+11.31° 816.80+38.03° 1

500 6.12+0.09" 0.92+0.01* 921.94+61.03° 876.65+2.80° 1

1 000 6.18+0.45" 0.92+0.00" 968.95+36.94° 932.93+38.02° 1

1500 4.82+0.07° 0.91£0.00" 888.55+11.25" 879.63+2.34° 1

2000 6.81+0.63° 0.96+0.02° 899.91+40.15° 879.19+17.50° 1

2500 5.59+0.50" 0.90+0.03" 912.90+6.95" 880.20+0.13° 1

FIfieks 5y i3 i AN RsE (A5 2 W R L AR IR
UMD RE , DRI B — @ e A AR ™Y,
AR, 4 Mo S5 W4l , GML HA W B2 AR
BN, W A (1 600 mg/kg) GML i i /)y i
(Mus musculus) A, HEIGER, RLIGHF
SR E5H -3 JFHRES & E GML # &
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Fig. 4 Communities and relative content of bacteria at the levels of phylum (a) and family (b) in intestine of

L. vannamei, with intestinal differential flora analysis at phylum level (c, d)

1.2 500 mg/kg, 2. 2 000 mg/kg, 3. 1 500 mg/kg, 4. 1 000 mg/kg, 5. 500 mg/kg, 6. 0 mg/kg; * indicates P<0.05, ** indicates P<0.01

Boar, BERE L0 (Sparus aurata) 1 RRIRL
#; Hanczakowska 5% BF9CHRIE , HEERGIDIRA
WREARAT I I B TR B B, I R m

IR, GML Xk 25 s B
PR A K R i3 B 3 B BESS HI RO PE T o AR S5 DA G
AR, E R LG, 15 LA
XURh AR GML Fol i 2 142.99 mg/kg.
3.2 GML 33 LR ST R R 4> FAL A | £ B8R
BENFN

TE JLAN X SRR 70 20 A vf . GMIL 8 ik
SEXFK G HLER L RN D AU o O
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EHERW, CAMREN, milE GML W RES
Ko sh Y ig 07 e BUE B, Huang 558 AP BF5E 46
e, MENTPEERR TR SZ K 2 — 1 zGpr84 =5 541
MR AR . AL R SR A —5, HR
KA RES GML M i 7R iR BARA OC, 1A
WP Iy LDL-C 5 TG & B % FHZM T
REMIR &R, 5—WC T RE A (Larimichthys crocea)
PSR, BIGRDREE S I GML AS 23 % K8 £
FWK ST . RISy LA SRR 17 A4 B a5 )
HR A FLAE X R LY SR & o, S
HRZHAR LG, ¥R 500~2 500 mg/kg 1 GML fE i 3
PER LA h SR 2 SR . BT SRR AR A
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S FE R Y H A8 B S 0 B R, S T
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PN i, R0 GML AT B8 m
LA Tk A AL A A SRR 1RGO, X 5T A
GO s R, RIRE, A WS HRIE GML
REFE FUG Y AR A LA P b R R R AR S
MER SR, LR R GML A i
SRS E SR E DI RE . BLAh, B4 LN
TEXTUR LA i 2 R . 3 R A A T A R Y i
BE LT, BELHEERRE SSHAFIRE.
B E J1 T RS — Z- 51 [ B2 w] UL I GML fY
FLGREE X SR HL A 5 B ol S5, LA O 1) A 2
LA

3.3 GML Xt JLAE TR I 55 4 (L3 FRA 520

LR AR P9 A58 7 1 A 4525 B
WS AR AR FE AR S PR E F2 R . P AR K
ST BEAR A B VR FR L R ke A sl ) i) B
AR, L TP 7878 324 ARy i A& 45 T A
M, HAA B ST ARG RE ) AH JEHREY
ASZE T, GML s I ML TP 8 4 g 3%
Tt, B GML 34 5% T HLAAXT R} b 2 5 ) )
HeeS, e, BRBAEIR N B 5 £ 2R EE
M, KT TC F1 TG M B nl (R ILAE B 7E ML
RN AR D, g iz ey, F22LL HDL-
C Fl LDL-C 45 I8 8 1 A 847 JFF A R I =2 [
iz, 1% HDL-C Y R fIK Al LDL-C /) Tt i AR 4
S I A9 B AR T ERY . ARSZE v GML B
ZH IML7% TC M LDL-C B 25 ¥ Jin /K SF- 45 & i T B
HDL-CIU FF &5, 280 GML X} FL 4N 1 %R 14 f iR
M A T — @ BIE R, it LDL-C ¥
JE T AR LW TG F TC By M . 31X 5 7F ALl
SRR XA LAY R ST A R — B, A AR
FW, sh¥ER T g i GML X 52 5% 3 4 i v
HDL-C Fl LDL-C ¥ £ 3 JC i E 52 ™, oy gl 1
AN—FAT BE S YR BRI AR AN TR A e . 3
RN By B, R A9 GML #2777/ B
i TG 1 LDL-C ¥ & JF . 3 4K HDL-C ¥k &g, it
7 3 B s I AR 22, 1 e 770 i GMIL A 2% figf X
FIAS BB o A W S il R 43 TR e A Tl T A B
AR P R B, RV X R AT AR 2
PR B () B AR AR, ARSCER H ALT K & 1R R
GML /K42 S mE A TR, W4l AST iS5
Xif HEZHAH HE S T R, SR B ARDRE AR i GML AT
RERAV T g i 37 8 XU
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34 GML 3 FLYESIESF F M REiEin R
F 1% EF RS20

CAT 5 SOD #HH. KCHE, —HI¥EshYikN
RAFEEZAERPUEIEE, 7T LIEBRILA N =4
A FEY T 07, Mk dn sz it , Hs vk
B2 AR Y R KE ARSI 1500 mg/kg
ZH 1 2 000 mg/kg ZH 1 SOD 7 Fl CAT A1
T IRAL, X5 Han %W Wy —80, £ E
) GML 1 4& = sy i P e fkie 01 . B AL
B IK (AMPs) 2 X BF B A 300 2 FdE o 5 1 fe g
K5, proPO J& M & fL R (PO) 7EXT IR A P (1) 77
I, YRR A RN, 22 %R & X R
proPO % A5 i, PO, i PO 7£— R F A AL I I
BB R, AR Rk e RS
L il 1 58 B S RO, FEARRFIE T, 2 000
mg/kg 411 proPOXE A ik & I 1G5, R IR
HES I GML A 3 A6 FL 4 ¥ X 0 1) i S8 L I 3R 48
F 4t LA XT IR B AR R S M g s BkAh, XTI
1N = BAREE Toll FI IMD % (5 516 5 R 58k
AR R SR s, T R AN R AR
Toll 3 12 0 X &5 % FG BH 40 B A EC T, IMD 3 42 )
N G RME R, IRiA S AMPs 1Y L EY, 7
A SZEH 2 000 mg/kg ZH Al 2 500 mg/kg ZH Toll
F1IMD FE R ik i R, RPN GML AJ
T E AR T FLANE TR PR E o

3.5 GML Xf FLYEXT N7 18 B B 45 0 0 5200

i 3 A A ) A A A A T A R D R 4 AR
FHEA, H2H iU S5 4452 15 2 09 8 TR0 R
SRR AR, 518 T A A AR B AR
FHEL RN LB SCFR o TR 52 e 7 18 TR A 25 44 1Y
BERER, @ X N [F ) GML T/ BUW B e
FERZEHE, B8 GML X g 38w Ff 9 9 19 4 T 2
A BRSO Y, R GML 3 A i A5 A
WA, BRI RS Y, O Ha
SEOARE R E T RS, ARSI, B
“H Chaol F5EUHI Ace 5% 5 XS FEHAH L B % BTt
2 500 mg/kg #H Shannon 45 U F Simpson #5405
FTRE, SAT ARG R 3. WHZHETRE
AR S HAM R IR A O, PHEkP], GML BRA 1
BRI T PR RE , 10 ) B o 2 B R 2 AR
T, ILERR EmEAEY) BA R M ETE
e, FTHCGENLARR IR B P aE, (A2
SENREE A e N

ARIEHRY, 1ET K b, AR w R E
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B2, (BAREIA R 2ER . #E—Lor
KWL, Hp AR, FFE T SRR ] s
TR 80% LI L, I FLAA TR i i A I 4
WHE, X5 Zhou FFP WL LE L AHML  HUw LAY
VT IR g 3 AU B T T A o R s i R AT
Wb, g A= B R 2 4 v FLAN T X I i 3 v AR TP
BT FRE, I 208 i FLAN T X U (9 R S
G REREDY, TEARSLEH, 2 500 mg/kg 2H 3% IR
AT TR 4B 2% B, AT T4
FEEETIH, £ GML I DUA Rk MLl =
XTUF 7 8 PR RE LS, AR LA

FERKE B, ZEFFRRF L SO AT WA B
S EFHE T RER G, MR BT R
Ja BT, T gt e LY X A g 1 A
R, EAT WA S IR B2 A
KPR RS K8 BT ERZ
THHEASRG Y, TEREE KIS Y AE
FBL R RS AR, SRt R, fEik
FrER BT HoA v] 58 e 6% 2k A 2 PUIE
LAY R ST R E AR T
BGCs"™,  [A e A 58 GML & =y NLAH v Xf
IR Rt A A RE UL 5 BT B R 3 B 0 4
FA K AFEE IR AR tropodithietic acid
(TDA) & —Ff ik SR b &4, #52E7" TDA [
Phaeobacter inhibens DSM17395 ¥ Jill 1| K P ~F 41
Wi (Ostrea edulis) F10F, AT LA 8 BRI B9 AH
XFE R X AT g AN o R AR R
1 Ji A

4 g5

zE ERr, B GML AE R L4 i X i 2l A
TEREA A IR e 3 P AR R, AR Ak
AL & NS TN B o S5 € Lt 7B 1 3 FRN D
B RO, AR AR, LR
X W & A e RE R, GML B il A8 h N 2 142.99
mg/kg,
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Effects of glycerol monolaurate on growth performance, muscle amino acids,
non-specific immunity and intestinal flora of Litopenaeus vannamei

WEI Hongjie '’, LI Xuehe ’, WU Yuancai *, YI Yuanming ",
ZHU Dongwenjun %, YANG Qihui ***, TAN Beiping **
(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,
3. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture, Zhanjiang 524088, China)

Abstract: A feed trial was conducted in Litopenaeus vannamei to evaluate the effects of glycerol monolaurate
(GML) supplement on growth, muscle amino acids, non-specific immunity, disease resistance, and intestinal flora
structure. Juvenile L. vannamei [body weight = (0.31+0.02) g] were fed for 56 days with six iso-nitrogenous and
isoenergetic experimental diets containing 0 (control group), 500, 1 000, 1 500, 2 000 and 2 500 mg/kg GML,
respectively. The results showed that, D) 2 000 mg/kg GML significantly increased the weight gain rate and spe-
cific growth rate and significantly reduced the feed coefficient compared to the control group. @ Feeding L. van-
namei with GML diet had no significant effect on the body composition of the fish. @) L. vannamei fed with GML
diet had significantly higher content of flavor amino acids and total amino acids. 4) Serum total protein content
was significantly higher, LDL cholesterol content and glutathione transaminase activity were significantly lower in
all addition groups; triglyceride content was significantly lower in those fed with 500 mg/kg and 1 500 mg/kg
GML. ® Superoxide dismutase activity and catalase expression were significantly up-regulated in those fed with
1 500 mg/kg GML, and IMD, Toll expressions, and lysozyme activity were significantly up-regulated in those fed
with 2 000 and 2 500 mg/kg GML, and phenol oxidase pro expression was significantly up-regulated in those fed
with 2 000 mg/kg GML. ©) All addition groups had significantly increased Chaol and Ace indexes, L. vannamei
fed with 1 500 and 2 500 mg/kg GML had significantly decreased Shannon index, and Simpson index was signific-
antly decreased in those fed with 2 500 mg/kg. In summary, the results of the present study emphasized the favor-
able effects of adequate dietary GML on growth performance and non-specific immunity and intestinal flora. Diet-
ary GML at 2 142.99 mg/kg GML was recommended to maintain optimal growth performance of L. vannamei.
Key words: Litopenaeus vannamei; glycerol monolaurate; growth; non-specific immunity; disease resistance;
intestinal flora
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