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TR, G RO . X L s R 7T R B,
GluRIGIn/2& I g PE a2 1™, m] LU AR 42 A
a0 fE B, SRR R e e T, B
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ME 7 A R A o T, AR S BT S R bR A
[l 4 & HIGlu. GInFIMSG, it H o 5 A= K 4 B,
8 A R SO B B T B, LA T T i 45 1 B i 25
S, HFGRHEC T AR LR AL R KA .

1 RS

1.1 LR

TR0 BT 75 90 T B DS T R R X4 A IR A
M, Glu. GInFIMSGH VY13 B2 & RHE A R A
A B . DUSR LAt A Rl g o HRZH (S Glu 5 0K
7.47%, ¥ 5 J5 3% Y GB/T 18246-20191% /K fif i ; %
FWaters ACQUITY UPLC I-CLASS i &0k {4
B AT U 5 2, SEIE B GInd & 240.03%, LC-
MRS M), 78 FFE Al b 2 590 98 I w5 A BE B B
(0.2%#110.4%) {1 Glu.  GInFIMSG, 2H 3 14~ %} & 21
6N R 56 ML R ZH: CON. Glu-0.2. Glu-0.4. Gln-
0.2. Gln-0.4. MSG-0.2F1MSG-0.4. Tk} fic 75 Jz
B IR WLZR 1o TAREERHE R BEHL(PY )1 a7 BH A
F AU 32-1 10F B ¥ 5 40 H 7, 18
SINL(L R E R A R A R HC-508) R A 5, &
AL RGBT & 48 TRHG T &4 BR A FIDGP40-
CHY) il %3 mm 177 14 T R4 I TR 9 150°C),

23 BAR T 5, —20°C UK A IR-A745 -
12 EAFER

S 6 FH 65 35 At A RH(COND I 15d 5, Bl MLk
PRAERE . MRS IEST, VLR IR 8 (17.60+0.53) g5
S NTA, BHINEE, BN ERZISEH, MR TR
b AR AN A YT A it v R R 8 R I AL
SEIG S 3 B SR AT, BT RLRS: 490 cm, %530 cm,
60 cm. BE H HEME27K(8:304118:30), $& i &
RE 3% —5%. FRHH /K NERS H KK, 7EFR5H
HATA), AR L 4K 80%, 7K N23—29°C, pH N
6.7—7.2, R fRE>7.0 mg/L, & &<0.5 mg/L, WAL
#5<0.05 mg/L, i 1k ¥ K & <0.05 mg/L, 't i H#
(L:D)A12:12,
1.3 HaRNEES5SHh

HEmEE TE 85 7% B R 56 45 TR DL ik 24h,
AN BE Lk 6 85 & B MS-222FR I,
FreE H DL A K MR IR AR, TR A NS RRbUL
At gy, FF 4N AL B85 11 mL— o TC 1
VE ST B AE B ER K AL BT, 4500 r/miniss -0 10minfl] £
M35, ¥ N—80°CUKAH N AR A7, Fl T Iy 6 A
S o JE R UK AR, o B AR, 7R A —
fr BE em’ KNI BURN A £ 58 H RS 1 55 0
i, BB W, WEREE G, FN-80°C UK %
H o B4R B L BENLIEH 4R 85 7E T 25 1 T HL
Fil, W R VR, #5 N—-80°C VKA R AE, F T i

F1 EWIEARERREFR KR T EA)

Tab. 1 Composition and nutrient level of test diet (air-dry basis; %)

5 Hltem 20 5 Group
CON Glu-0.2 Glu-0.4 Gln-0.2 Gln-0.4 MSG-0.2 MSG-0.4

A FRGlutamate 0.20
A Z B Glutamine 0.20 0.40
RRAMRESodium glutamate 0.20 0.40
FRiE kI Basal feed 99.10 99.10 99.10 99.10 99.10 99.10
1 + Bentonite 0.90 0.70 0.70 0.50 0.70 0.50
it Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
B IR N (S E) Nutrients composition
/K43 Moisture 5.51 5.52 5.52 5.51 5.52 5.52
#H 2% A Crude protein 47.01 4721 47.19 47.24 4721 47.17
FE i Crude fat 9.65 9.63 9.71 9.65 9.63 9.66
#/K 3 Coarse ash 14.35 14.15 14.32 14.18 14.41 14.28

T F PSR AR LSRR A 38% XD 18%. HENI9.7%. B K 6%. BRI IK3% . AEH10% FK5%.
Bih2% KEM2%. BER —2852%. HITFR-K(30%) 0.05%. EaTRER2% (F24E. 20 . REMFmmmEis; 24, 2497
SR IEEZ). JULIEIHG50%) 0.2%. Bi#EiT0.1%. HLEMR0.05% ML 4R 1%

Note: The basic feed in the table includes Peruvian fish meal 38%, chicken powder 18%, fish steak powder 9.7%, protein powder 6%,
enzymatic hydrolysis of fish slurry 3%, tapioca starch 10%, corn 5%, fish oil 2%, soybean oil 2%, calcium dihydrogen phosphates 2%, bile
acid powder 0.05%, composite premix 2% (premix contains multi-vitamins, complex mineral, functional additives and carrier. multi-vitamin
and complex mineral refer to carnivorous fishes), choline chloride 0.2%, antifungal agent 0.1%, antioxidant 0.05% and microcrystalline

cellulose 1%
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1 B YR e ML A S s R A YL AN E
FEL A 107 2 5K 2R a3kl e s MK 7 R
550°C L 3 P B2 I i

Mm% SR FELIERNE B B
B (AST)VE T (L 832 28 T % 2 g (AL T3 4 (it
i) SPTEALAE J1(T-AOC)IE M (Eb i) AR —
i (MDA) % & (TBAE), 3K FH R sl @ il AE ) T %
HE 5C BT S 5, ELAARIN 52 T v 2 IR 6 i B

FHEAT

FFAEHER @Y A i E R E AR
A PR 2 =ARH

HLER IR AR E HEBM. REAE.

JEN . H-K -ATPEg A Na -K -ATPR i 1 % H
A SR AR ) AR T T A B S

F% %6 B2 18 15 M 35 ¥R Ifil % D-7L. 1% (D-
lactate) « WEHHK (ET)& &. A E(DAO)E
PRI R A g ik A= V)R A R 2 5] (1 Elisail 571
EE

7 & 13 A 40 4B AR
AR =AM
14 HURLIE

S 45 B SPSS 22,00} # i HEAT B R 5 %=
43 M7 (One-way ANOVA), H] DuncanlX £ & L5245y
Mo [A) 22 S5 0 5 MR RE TR, 24 P<0.05H NN 22 7
o 45 AR RV AR E 2 (meantSD) R

2 R

2.1 Glu. GInFAIMSGx 4 & M 58 & 17 F1 F
ppAl

TEGRFFINGIu. GInfIMSGJE, HHEZR(WGR)

b, Glu-0. 241 CONZLTE T 51 127.01% (P<0.05),

1 B IR AR AR

GIn-0.22H % CONZH & % F+ & 1 21.08% (P<0.05),
MSG-0.44 5 CON4H & 2 F+ 15 1 23.53% (P<0.05),
Glu-0.4. GIn-0.4. MSG-0.2% CONZH % F A i %
(P>0.05); & 3445 £ & (FI)H8 b 2% 52 56 2H 55 CON4,
IR 77.27% 16.53%- 11.35%- 8.71%-. 19.98%
H124.41% (P<0.05); 1A ¥} ¥ 1k # (FER)45 #x, Glu-
0.2F1GIn-0.2HHCONHZE R T, /AT T711.54%
H19.62% (P<0.05) , HAh 205 CONH YT B3 2 5
(P>0.05; % 2),
2.2 Glu. GInFIMSGXH RS . B 1L UL &E
RS2

EVRIP R INGIu. GInFIMSGJG, &S 56 20
B & B ST CONA S B2 FTH(P<0.05); GluZl
FIGIn-0.24H 1) B H-K -ATPH 5 14 % CON4H &, 2%
PE, AR E T 46.88%. 50.08%AH1124.48% (P<
0.05). 738 JiE & A B FE A5, Glu-0.24H % CON4 &
% LT 739.35% (P<0.05). i vek i i, & 52
6 40 34 55 3 v T CON4(P<0.05); Na -K '-A TP %
P, Glu4l. GIn-0.2. MSGHCONH B & T
24.77%. 12.84%. 10.09%. 11.92%#120.18% (P<
0.05; % 3).
2.3 Glu. GInFIMSG3 857 R FETH A B 22N

VR RAINGIu. GInFIMSGJG, & S2u6 20
M3ZET. D-LAS EHCONLLY) & 2% T F#(P<0.05);
GluZl. GIn-0.241. MSGHL I 3% DAOE 14 & 1K
TR (P<0.05; & 4).
24 Glu. GInFIMSG ¥t H5AIE 75 148 Ak B 220

CONZFIMSG-0.441 321/ i L WkE A,
778 55 R IITE95% UL b, M 4 Rl 5 m . &4
[B]#JChaol+ ShannonflSimpsondis TG i & 1 7= 7+
(P>0.05) , {HGIn4L[¥]Chaol. Shannonfi %7 5 CON
M LA FHF@HGEER 5. YR 7, 11K
VAR A BE Y N R BE TR 1] (Firmicutes)s 2% B

%= 2 Glu, GInFIMSGXTHRAE 14 BE K ARFLFI A B9 520G

Tab.2 Effects of Glutamate family on growth performance and feed utilization of mandarin fish

243 Group
i H Item

CON Glu-0.2 Glu-0.4 GIn-0.2 Gln-0.4 MSG-0.2 MSG-0.4
VIR EIBW (g)  17.62£036  17.66£031  17.69+0.39  17.68+0.28  17.66+0.13  17.67+025  17.60+0.31
LARBIEFBW (z)  59.91:0.41° 6829487  66.46:1.06°  69.06+1.03  63.17+139"  67.88+4.43°¢  71.33+0.63"
BRI (g) 40.60+1.21°  43.55£0.52°  47.31£1.90  4521+1.01%°  44.14+0.42°  48.71+1.41°  50.51+0.79°
BT HFR (%/d) 1.84+0.01 1.87+0.01 2.00+0.12 1.86+0.01 1.95+0.07 2.03+0.06 2.02+0.03
1§ # K WGR (%) 240.01411.02" 305.45+13.18" 275.69+6.29™ 290.61+11.07° 263.71£5.28" 284.1542.75" 303.66+19.6"
T kL% AL 2 FCR 1.04+0.03" 1.16+0.02° 1.03+0.02" 1.14+0.01° 0.97+0.03" 1.03£0.01" 1.06£0.02°

T R B N3 EE T ME; [FAT B B AR AN R T B OR 22 5 R 25 (P<0.05) . K[

Note: Data are means of triplicates. Values in the same row with different letter superscripts are significantly different (P<0.05). The

same applies below
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'] (Proteobacteria) F1 fUL # & |'] (Bacteroidetes) , Glu-
0.2 1) X BE 14 ] (Tenericutes) 3 & i % & T CON
4, HoNFTA 4 R (P<0.05); GluIGIndL (AR FT
'] (Fusobacteria) ¥ & % CONZL A [% K #4 %, 1M
MSGZHH % (P>0.05; & 1) . J&/KFGlu-0.24 1%
IK 5 KT 1 J& (Cetobacterium) ¥ J% 1 2 5 T CONZL
(P<0.05; & 2).
25 Glu. GInFIMSGxT BT AE Th s Fn2H R 2544
oA

I 3% ASTiFE 14, GluZH 5 CONZH 72 ¢ A Wi 2% (P>
0.05), GInZ1 FITMSGZH #; CON4 & % Ft 5 (P<0.05);
IM3% ALTIEYE, Gludl 5 CONZH 2 7 A .35 (P>0.05),
GInZHAIMSGZH #;: CONZH . 2 T+ #51(P<0.05; & 3).

o 85 U 0 R A e U0 R AT RO R R R
B, 5 CONZ AL, Glu. MSGZH 8 AT 41 i A5 1k A
B3, HEBUA G B N % % GIn-0.2. Gln-0.42H i i
MEZRBE AP K . 2SR I R W] B 2 (] 4).

2.6 Glu. GInFIMSGX}#finE taE HBIF N
M2 T-AOC, GluZl 5 CONZLAH LL 7 8 % % =
(P>0.05), GInZH#; CONZH & 2 T B&(P<0.05), MSG-
0.44H 3 CONA & 3% Tt =1 (P<0.05); GluZl . MSG#L
[ 1M MDA % CONZH 1) 12 3 PR, GInZH $: CONZH
)BT 5 (P<0.05; E 5).
3 g
3.1 Glu. GInFIMSGXIEFIFEME KRR
GluIGInA Mg . JULIRUR B AT Y 32 22
BB SRR, A RO e H KRN 6B 18 2 2 6] 4 b
(R, AT LAOR 3 40 B b 52 S AR 0 4, o503 i i ot
ERYR RIS 11, B BT R m e R Y,
AN FE 3R B, ER 80 R Glu 7 58.34% ) i 42
e FL B B S A TR B GRR A KE5.34%)
TG 2 g™ A sz R AL R T Glu B B
7.47%, R EEAAETEAMN, SRAHE ., ALK

&3 Glu. GInFIMSGXEEE . BAiEHLIRILEE SIRIRZNE
Tab. 3 Effects of Glu, Gln and MSG on gastrointestinal digestion and absorption of mandarin fish (U/mgprot)

#H 351 Group

I H Item

CON Glu-0.2 Glu-0.4 Gln-0.2 Gln-0.4 MSG-0.2 MSG-0.4
H Stomach
H & [ Pepsin 9.11x0.13"  12.2330.99°  11.04£0.09"  14.71£0.99%  15.74x3.08°  13.63+0.83"  14.53+1.42"
H'-K'-ATPase 6.254024"  9.18+2.71° 9.38+0.39° 7.78+0.18" 6.9940.47"  5.7120.11° 6.19+0.22"
Mg Gut
[ M Trypsin - 191.8122.58"  267.29+11.28° 227.82+5.55°  264.48+2.89" 212.15+30.8" 212.48+31.52" 226.83+5.73"
JE R Amylase 0.16+0.01° 0.19+0.01° 0.19+0.01° 0.21+0.01° 0.20£0.01°°  0.20£0.01™"  0.19+0.01"
Na'-K'-ATPase 1.09+0.01° 1.3620.01° 1.23+0.01° 1.20+0.01° 1.1120.01° 1.2240.01" 1.31£0.01°

4 Glu, GInFIMSGXI#jRAIE R FEINEEAE2 0T
Tab. 4 Effects of Glutamate family on intestinal barrier function of mandarin fish
T H Item Al Group
CON Glu-0.2 Glu-0.4 Gln-0.2 Gln-0.4 MSG-0.2 MSG-0.4

agrﬁf}ﬁﬁj faso(UmLy 21430690 13793036 17815031 1509:031°  2042:088°  15.06:0.88° 15732056
) ifxm ) 644.42134.86° 454.68:20.47° 451.56£25.53" 437.92418.25° 533.38422.32° 576.23£25.19" 565.52+31.24"
D-7LH 357.7348.50° 228.80+11.75" 287.20+5.90° 297.76+7.38" 233.1042.07° 233.90+10.58" 296.56+8.50"

D-Lactic acid (umol/L)

=5 Glu. GInFAMSGXIHRAAE R 48 A IR0

Tab. 5 Effects of Glutamate family on Microbiome of mandarin fish

ZH5 Group

Tji H Item
CON Glu-0.2 Glu-0.4 GIn-0.2 GIn-0.4 MSG-0.2 MSG-0.4
chaol 6720.78+£328.68 7253.81+£580.59 6855.16+23.14 6061.71+197.91 6192.33+900.35 6681.67+480.82 6393.36+97.96
Shannon 9.19+0.05 9.36+0.05 9.25+0.05 8.61+0.55 8.41+0.75 9.07+0.02 9.04+0.01
Simpson 0.98+0.00 0.98+0.00 0.98+0.00 0.96+0.00 0.96+0.01 0.98+0.00 0.98+0.00
Goods_coverage 0.95+0.01 0.96+0.02 0.96+0.01 0.96+0.01 0.96+0.01 0.97+0.02 0.96+0.01

Observed species 5183.55+£172.04 5398.25+500.99 5122.15428.35 4509.50+65.95 4521.90+698.00 4939.55+247.28 4711.90+146.80
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ANIMEGludylie A, BAEER, AT DL 0 ta)ek Y
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GlnE o BF R, {H W] i 1 iz 18 25 15 40 g 1 2R
AUE K, 1958 7 T W A BB 7, B e 0 R0 a1
TR, NI N 3% & & £ % #1(Crenop-
haryngodon idella) il ¥} H1 45 10.3%—1.2%[#) GIn %
4R Y ORI E A KRR, B PR R R

100
I H{thOthers

I Tenericutes

[ Planctomycetes

[ Acidobacteria

[ Fusobacteria

[ Chloroflexi
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[ Bacteroidetes
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x
(=]

(=)
(=]
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FHXF = B Relative abundance (%)
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Fig. 1  Species distribution map of mandarin fish intestinalis
(phylum level)
\’S 100 [ J{th Others
S
; [ Veillonella
Q 80 .
g [ Acinetobacter
g [ Streptococcus
"g 60 [ Geobacillus
02) [ Anoxybacillus
8=
% 40 [ Cetobacterium
@ I Delfiia
H_ 20 [ Thermus
E [ Muribaculaceae
Junsy
+=< 0 B Lactobacillus

o'@’ «Q?‘ 09".\' «Q?‘ 6’6} GQP‘
& ¢

ooé

K2 il B R AL A B s kP
Fig. 2 Species distribution map of mandarin fish intestinalis
(genus level)

[CJCON EXIGlu-0.2 EZGlu-0.4 [XAGIn-0.2
E3 GIn-0.4 [ MSG-0.2 MSG-0.4

(%]
S

3]
S
o

10

13 A A
Plasma transaminase (U/L)

AST

3 Glu. GInAIMSGX 8§ I 35 e 2 g A
Fig. 3 Effects of Glu, Gln and MSG on mandarin fish plasma
aminotransferase

B, AT A T GIndR N2 Fh 4302 AR AL
AL, IR DR AT R 2 RN DR T R v ) i
FHGIn R A w1

MSGRGluff il 3, B& A Na', B8R
FRBEE R T £ 050, RER% B 422 0 i £ S R o i e i
R . MSGTE K= skl 1 F 7t 6
A, W SEGRDIE (R B RN R 0.5% . AR AT o
MSGO.2%F10.4% 5 A8 I 7K~ 3 412 3E 3 & IR 1 v

Bl 4 Glu. GInFIMSG 5 T i 25 23 45 #4g 5 v

Fig. 4 Effects of Glu, Gln and MSG on the liver tissue structure
of mandarin fish

[CJCON EXIGlu-0.2 7 Glu-0.4 [ZAGIn-0.2

g 5o &2 Gln-0.4 IMSG-0.2 EXIMSG-0.4 - 7\5’
Zistp bbb =
) 3 7 =
Bz g :
=S| ’ a 3
4 g / a 5
B3 7 S
pI5 I L / 5
J % 5 ’ 3
<

= / =

g 0 g

e T-AOC =

K5 Glu. GInFIMSGX I E AL AE J1 KI5 IR

Fig. 5 Effects of Glu, Gln and MSG on antioxidant capacity of
mandarin fish
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&, (HFER TG & & 401k, .

2 b, mR R INGlu. GInFIMSGRHif A= K3
A A HEAE T, GluRl Glnid & 7 111(0.2%) 7] $2 & 17
BRI 2, 0.4%)8 Tt &9 0, MSG 3 22 2115
VE R, XAl kL R B sz m AN B 55, B FE R KB
it — 9.
3.2 Glu. GInFIMSGXI B FFIRERI N E

Jir 18 2 £ 2T A R I I = 3 B, S AR
B NEORET AR S B A G, TR ARG
1 5 ot e A 0 A K AT R o Y. 3
i b R b b LA s TG B R T, SRR aE
5%\ GluT 38 1o 338K A b 20 18 5 B R 2 st
E A B FEAIE B Glu AGInds) v #5540 i 38 T 1k il
P2 TIMS GOt £ K AL Bl 75 IR I R
WA AL 4E LR Glu. Glnn] $2 & 81 B 1w
R fE 71, Glus GInFIMSGHA AT AFE T8 5 i i AL
WG 1. D-LAFIET H 78 41 18 7= 2E , DAOJE
TSR E b B A B S TR, 5 A R R b Th e
%, D-LA. ETAIDAOZ HE N ML, 5 31 i
WIET .. ALK AR INGlu. GInfIMSGE, §§ 1 3%
ET. D-LA® =R DAOE 143546 B BEAR, 1 B335
TS 050 T i v 9 A 1 B B Ty e, N i T A )
GIEHE . 226 k%, Glul) B Ik 1E 5t .
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DIETARY GLUTAMIC ACID, GLUTAMINE AND MONOSODIUM GLUTA-
MATE ON FEEDING, GROWTH, GASTROINTESTINAL AND LIVER
FUNCTION OF MANDARIN FISH (SINIPERCA CHUATSI)

FANG Lan-Yue', XU Yao-Sheng', LIU Tian-Ji’, LI Hong-Qin’, LIU Cong’, LI Hong’, ZHAI Xu-Liang’, XUE Yang’,
SHEN Zi-Wei', CHEN Yong-Jun' and LUO Li'

(1. Key Laboratory of Freshwater Fish Resources and Reproductive Development of Ministry of Education, College of Fisheries,
Southwest University, Chongqing 400716, China; 2. Sichuan New Hope Liuhe Technology Innovation Co., LTD., Chengdu
610000, China; 3. Chonggqing Fisheries Technology Extension Station, Chongging 400400, China; 4. Southwest
Fishery Research Center, Yangtze River Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Chongqing 400400, China)

Abstract: This study aims to investigate the effects of glutamate (Glu), glutamine (Gln), and monosodium glutamate
(MSG) on the growth and gastrointestinal function of mandarin fish (Siniperca chuatsi). Six treatment groups were
established with varying concentrations of Glu, Gln, and MSG, along with a control group (CON). The fish, with an
initial body weight of (17.60+0.53) g, were fed for 56d. Compared to the CON group, the results indicated the follow-
ing: All three additives significantly increased food intake, with MSG exhibiting the most pronounced effect; Glu-0.2
and GIn-0.2 significantly improved the weight gain rate (WGR) and feed efficiency ratio (FER); Glu-0.2, Glu-0.4, and
GIn-0.2 significantly increased the activity of pepsin and gastric H'-K'-ATPase in each addition group; Glu-0.2
promoted the activity of intestinal trypsin; Na'-K'-ATPase activity did not promote GlIn-0.4, but was significantly
increased in other groups; Glu and MSG groups showed significant reductions in plasma D-LA, ET and DAO activity;
GIn group exhibited significantly increased plasma AST and ALT levels, accompanied by noticeable hepatocyte
swelling and vacuolation; Glu and MSG groups demonstrated significantly enhanced plasma antioxidant capacity,
while Gln group experienced a decrease; Glu-0.2 group showed significantly higher abundances of Tenericutes and
Cetobacterium compared to the CON group. In conclusion, Glu has a positive positively influence on mandarin fish by
promoting gastric acid secretion, gastrointestinal digestion, and absorption, fortifying intestinal physical barrier,
enhancing intestinal flora, and supporting growth; Gln improves the gastrointestinal function of mandarin fish but leads
to a decrease in the antioxidant capacity of body, along with damage to liver function; MSG stands out in promoting
feeding and growth but does not significantly improve feed conversion.

Key words: Glutamate; Glutamine; Monosodium glutamate; Stomach; Intestine; Liver; Siniperca chuatsi
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