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g R R R S, R PR AR
MRENR L, MOE 5 HF R SRR, &R
g LI B N 44.2/4 (D1), 39.6/6 (D2). 35.0/8 (D3).
30.4/10 (D4), 25.8/12 (D5). SZ5 R LA A g A1 %
HEARMEEI, DIERTEN RE, KEIhANE
KR AR IR, KRt 40 H % 5 09 J5ORHT#
WERIFR S, Z9R4 (20 min). HidiERE (15 min)
JZKIR AT (20 min) J5 , il B ELAE Y 2.0 mm [ “TH
SROTRL PR R 2 R B ) UOR L
TORDRHEZS TS (25 °C) FIHT a2 A EH4s T,
TUKF (—20 °C) HRFERF T . BAREC T FVE S 1y
DL 1, AROGIHRVERNEDRHAC 125 SCER [20] BT

1.2 SeEigit

HEPEAEA) REY AR (M,
mMP), s 2 F, BFREH G ALk
PR (27.00+0.11) g 9411 500 & T REAH 56
SRy, EE SAEEA, KELBHANE 4 E
5, BAEE 25 Bk, 54 DI, D2,
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BR=12 1 12, FRFHMIRIBE T B e A, & H
i) MEL B ) A 9:00 1 18:00,  H #5 ME &y 1A 5 £ 1)
4%, B HICHR Mt miEN, T EHEME. bR
W PG 4 K K A5 I A, JHE A I R] 457 22 58 U 4
KR A T 6.0 mg/L, /KiR (29.0 +2.0) °C,
pH 7.0+ 0.4, ZAMWEMLT 0.2 mg/L,
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*1 ANERBESEFHES

Tab. 1 Formulation and proximate composition of the basal diet (g/kg) %
SH Bi/ME  C/L
items 44.2/4 39.6/6 35.0/8 30.4/10 25.8/12
(D1) (D2) (D3) (D4 (D5)

FKIEM  corn starch 44.20 39.60 35.00 30.40 25.60
BEFE [ casein 30.00 30.00 30.00 30.00 30.00
Bl gelatin 7.50 7.50 7.50 7.50 7.50
i soybean oil 2.25 3.38 4.51 5.63 6.76
TEFRI  linseed oil 1.75 2.62 3.49 437 5.24
AFYEE  cellulose 7.07 9.67 12.27 14.87 17.67
MR %45 monocalcium phosphate 2.00 2.00 2.00 2.00 2.00
FALAESE  choline chloride 0.25 0.25 0.25 0.25 0.25
Z 4" mixed vitamin' 2.00 2.00 2.00 2.00 2.00
217 mixed minerals’® 2.00 2.00 2.00 2.00 2.00
=R Cr0, 0.03 0.03 0.03 0.03 0.03
Yiclig  ester Ve 0.20 0.20 0.20 0.20 0.20
A% taurine 0.75 0.75 0.75 0.75 0.75
ME total quantity 100.00 100.00 100.00 100.00 100.00

B4 nutrient component

MEH  crude protein 33.62 32.98 32.62 31.91 33.23
MW crude lipid 4.13 6.01 7.89 10.18 11.90
FHKSy  crude ash 1.81 1.65 1.68 1.64 1.71

1.2 4k (g/kg): 44 % A (IU/kg), 3500000;4E4 3% D (IU/kg), 1000000; 443K E, 20; 4E4E 5K Ky, 2.5; PUIR AR, 63; Mili K, 4; 435K, 15; MASEE,
6; #illi, 0.025; D-calcium panthothenate, 20; HHER, 25; MR, 2.5; £HI %K, 0.05; WLEE, 70 UL 34K, T MR EMHE ARG IR AR . 2.24”
(g/kg): WERR 4045, 123.2; Wb A3 K}, 474.22; BERR 4N, 42.03; MR, 163.83; MilREk, 10.8; FristFREk, 38.4; BRREE, 44; BMIRREE, 1.2; BiMR4R, 0.4;
AR, 0.6; BRERH, 0.22; BRERES, 0.52; ILERES, 0.02; SALHN, 32.4; SALHN, 66; M4, 157.2; 5L W TR —K A F

Notes: 1. Vitamin premix (g/kg): vitamin A (IU/kg), 3 500000; vitamin D (IU/kg), 1000 000; vitamin E, 20; vitamin K3, 2.5; ascorbic acid, 63; thiamin-
HCI, 4; riboflavin, 15; pyridoxine-HCl, 6; cyanocobalamin, 0.025; D-calcium panthothenate, 20; niacin, 25; folic acid, 2.5; D-biotin, 0.05; inositol 70 and
the carrier rice chaff. The vitamin premixes were obtained from Guangzhou Hinter Bio-technology Co., Ltd., China.2.Mineral premix (g/kg):
Ca(H,P0O,),, 123.2; Zeolite powder, 474.22; NaH,PO,, 42.03; K,S0,4,163.83; FeSO,, 10.8; Ferric citrate, 38.4; MgSOy, 44; ZnSOy,, 1.2; MnSOy, 0.4;
Sodium selenite, 0.6; CuSOy, 0.22; CoSOy, 0.52; CalO;, 0.02; NaCl, 32.4; KCI, 66; Microcrystalline cellulose, 157.2; The Mineral premixes were

obtained from Guangzhou Hinter Bio-technology Co., Ltd., China
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B4 F 2R (weight gain, WG, %) = (W~;) x 100/
Wy

TG 3R (survival rate, SR, %) = N,x 100/N;;

JIEAA [t (visceral somatic index, VSI, % ) = W, x
100/Wy,

M 22 IG5 45 30 (mesenteric fat index, MFI,
%)=, x 100/ ¥,

JF A Lt (hepatosomatic index, HSI, %) = W), x
100/

JIt 3% & (condition factor, CF, %) = W, x 100/
Ly

BB R (feeding rate, FR, %)=F,x 100x 2/(W+
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RS B Y A AL 3 8 NS I RE ik T M) 2
1t A= 76 R R B4 T Tllumina Miseq /= 38 5010
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O, HATE R, RIE Novaseq 6000 [ PE 250 15
K BT o AR T 5 B R M Y barcode F175 |4
79 DX A B 074, A E 91 O ) ek
PRI o FERHIL AR B B 54T 03 2827 43 M
DI BITE A 00 2K B ST EAEA A i 2
I-45 4 Heatmap EI X 7 & 2 AF fa B FEAR 4700
BT, B e 5 B RMIGE BE A A A SR AR, AT AN [+
53 2H B RE i 7E 2% 3 28 KT v 2 0 AR AL
25 I RREAR (-2 M) i E E P ARG
e il P R E D R A 2R . PICRUSE
Uite s 4 2 BN R AL BRAE (0] 35 & 2 3E i FE A
T EY R DI Re R 2 50k . sl E s T
7E OmicShare z -5 (www.omicshare.com) FiF47,

JR AR EE B & %] NCBI(SRP340983),
1.9 Ziitsth

SIS R SPSS 22 R 4 iy L K 2 O 25 4 Bt
(One-Way ANOVA) #1740 #H, 454 Tukey [CJ5 7k
HATZE IV, BRSPS EAR 2" ER

2 4R

21 AEFERELEARNEETIEEEKMEEM
AL E o A

W2 )G, BEEE LR D14, D2 4
B R g AR TIPS LU Y D3 AN D4 41 (P<0.05).
10 i )5, & A28 ERE 5 AR E (P>0.05)
(£ 2). &P AL DA JEAK LA RIS 50,
H B E®T DI(P<0.05); D1 4 A i, H
3 = T D5(P<0.05); 4% 41 8] N W5 B2 e A b 25k
Z5 (P>0.05)(% 3).

22 AEERLLARNETETEE S KEMD

A0

D2 R &E A &&=, H D1 A D2 4108
F &5 25 T DA(P<0.05), HAxksyr . HLUIENG
FL K 43 7 R[] A Aig Eb Ab B fa] 00 G o 25 Mk 22
(P>0.05) (3 4).

23 AEFERLLERNEETIFEFE. A
B A FNHE IR B9 R0

D1~D4 4 5256 6 it 25 Tl B IE FL RS T R, BT
I =R AR, ELH I =R & & D1 Al D4
4H 2% F B3 (P<0.05), D5 ZHTFIE H il =g & &
A ETE(E 1), S AR . AL
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Fz2 TEERLARIRI AGNEESEaEERTH
Tab.2 Weight gain of juvenile GIFT tilapia fed test diets during the 10 weeks

HAE /% weight gain

/e
C/L 2 4 6J4 84 10)4
weeks weeks weeks weeks weeks
44.2/4 (D1) 51.28+0.87° 116.98+0.28 183.43+4.94 256.36+4.81 332.00+8.44
39.6/6 (D2) 51.31+1.58° 120.65+3.43 176.13+£11.19 238.35+13.27 300.68+18.18
35.0/8 (D3) 86.71+2.66" 121.61£1.37 183.65+7.01 248.75+11.04 315.38+19.17
30.4/10 (D4) 73.59+5.83° 113.62+3.06 175.76+7.67 240.63£10.72 309.41+16.20
25.8/12 (D5) 69.95+6.90™ 116.01+£2.41 188.97+6.66 250.54+7.20 315.65+7.08

W FAEEATE A E/ NS F R EHREZF AR P > 0.05), ARNEFRMURZER B35 (P <0.05). FEF
Notes: In the same row, value with same small letter superscripts or no letter superscripts mean no significant differences (P > 0.05)different small
superscripts mean significant differences (P< 0.05). The same below

3 TEERELANIEI0 AGNEESTEREKRN
Tab.3 Growth performance of GIFT tilapia fed test diets for 10 weeks

Hi/g 1HE /% JUE A EE/% JiFA EL/% IZEN SR G0 HE /% FREER% [EERE(
C/L SR VSI HSI MFI CF FR FCR
44.2/4 (DI1) 100.00+0.00 9.76+0.33° 2.50+0.24° 1.4140.15° 3.50+0.19 3.3240.26 1.48+0.14
39.6/6 (D2) 96.00+3.27 10.70+0.50° 2.36+0.15" 1.3740.13° 3.50+0.13 3.59+0.16 1.70+0.11
35.0/8 (D3) 98.00+3.46 10.88+0.49" 2.29+0.09® 2.12+0.33" 3.60+0.13 3.42+0.21 1.60+0.20
30.4/10 (D4) 96.00+4.62 11.51+0.42° 2.40+0.17" 2.81+0.34° 3.54+0.11 3.49+0.17 1.60+0.02
25.8/12 (D5) 99.00+1.73 10.66+0.37" 1.90+0.13 2.00+0.26™ 3.67+0.06 3.34+0.19 1.54+0.11
F4 TEMEBSLLARHARE 10 BB P4 2 0] J S IR R & i 22 57 B (P<0.05); JRE
ERFFESBHER FRHR L DU AL, AR D44, HMHZ
Tab.4 Whole body composition of GIFT tilapia fed [6] 22 5 B 2 (P<0.05), A LIEPRT, 5418
= 0, . S 2 =1
fest diets for 10 weeks b EAL AEA. REA . IERIRAE R2ESY
(3% MEH MR AR K9y

ANEF (P>0.05)(F 2).

body composition crude protein crude lipid crude ash  moisture
442/4(D1)  159120.14 10.56£027 337+0.19 69.82+0.83 25 AEEELLARNEESTIEEEMNZEN
39.6/6 (D2) 16.12+0.14*  12.04£0.40 3.64+£0.24 67.88+0.92 A
35.0/8(D3) 15.53+0.17* 11.62+£0.35 3.63£0.13  68.8%1.13 . ey -
TE ] A [FHE A L AARE 10 J8 J5 i 47 A it 52
30.4/10(D4)  14.99+0.25" 10.23£0.58 3.25£0.14 70.54+1.30

25.8/12(D5) 15.36+0.13" 10.90+0.23 3.40+0.15 68.44+0.39

AR & i 22 AR B 3 (P>0.05).

24 AEERLLARMNETETESEEEHIE
FREIR

B FE bR b 45 4L S0 50t A . FLER AN
il 2 % 1 15 O . 3 M 25 S (P>0.05). BRARIHAH OC
febrdr, Hih=m. BAHFEE . mEEIEEAM
] R 55 M 7 TR 7 b 45 4 25 S AN B 3 (P<<0.05);
MEEREO T ERS N2 DILA, RN E
D3 41, Hipmdl 5 H A gl 2 K2 B AG 2 1 & &
25 W3 (P<0.05)., AFEBRCIH LI i, &
REM G BRSNS DA, RIKNMEDI4, H

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

SRS, SESRFE, R RIS SRR AR b Ak 3
Y E DR b S S B e T, B
FEE SR AR S 30 min IR EKAE, EES S
3~6 h K& BIEH K-, Hrh 44.2/4 HAE IR B B
W S WK 52 e b, 44.2/4 HIOBETR ZRE H B E = T
HAl454H (P<0.05)(1 3).

2.6 ARIFERLLEARMNSTEFZERMEMEY
A

TE TR aMmEFTHRAMBEEETTKFEL
o £ B BEE A NIE 10 MR, KdAE
Wik A Ll (B 4-c). Bk D444, FRE
S AR = LR R BE T T2 R ATR T (Fus-
obacterian), ZFJZ ] (Proteobacteria) FIHLAT 1]
(Bacteroidetes), —#1EAA N D1(39.14%, 24.06%,
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g 00020 23 20 ——

5 00015 E=215 =l _
o | R
= : 0 B 0 =7 7
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HR ZHZ

tissue tissue

(@)

1 10 AFEHERELL AR EETIEEAE. A HEH=E (a) MR (b) BN

BINET L7 T REARIZORH W ZE R B2, P<0.05

Fig. 1 Effects of different treatments on triglyceride (a) and glycogen (b) content of liver and muscle of

GIFT tilapia fed for 10 weeks

Values with different letters on columns are statistically different (P < 0.05)
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15

(2) BEAQHHE AR, L &M, 2 LFR, 3. IBHRR.  (b) MRACEAR SR b, 4. Hl =, 5. SIEREE, 6. W AR RS, 7K% ZREA
JHE R, 8. WS ARNIER. (o) EMACHANCIR R, 9. REZER, 10 JRE. (d) LMk tEs: 11 REA, 122A4EA, 13.5KEA, 144
HAMREA, 15 WIEBRE. S50 B R FR R AL 2 5 83 (P<0.05)

Fig. 2 Effects of different treatments on physiology and biochemistry indices of GIFT tilapia fed for 10 weeks

(a) glucose metabolism related indices ; 1. glucose; 2. lactate; 3. Pyruvate.(b) lipid metabolism related indices ; 4. TG(triglycerides); 5. TC(total choles-

terol); 6. HDL(high density lipoprotein); 7. LDL( low density lipoprotein); 8. FA(free fatty acid); (c) amino acid related indices; 9. amino acids, 10.urea.
(d) immune related indices; 11. TP(total protein); 12. ALB(albumin); 13. globin; 14. albumin/globin; 15. ALP( alkaline phosphatase). Values with differ-

ent letters on columns are statistically different (P < 0.05)
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Fig.3 Effects of different treatments on the glucose
tolerance test of GIFT tilapia fed for 10 weeks

Values are means+SD (n = 3). Values with different letters on columns
statistically differ (P < 0.05)
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Fig. 4 Effects of different treatments on gut microbiota of GIFT tilapia fed for 10 weeks

(a)(b) The stacked column graph represents the average percentage of phylum and genus of microflora; (c)(d) heatmap of phylum and genus of micro-
flora; (e)(f) The a diversity of sob and Shannon index; (g) PICRUSt2 analysis.1.carbohydrate metabolism, 2.amion acid metabolism, 3.lipid metabolism,

4.energy metabolism
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Fig. 5 Survival rate of GIFT tilapia after
S. agalactiae intraperitoneally injected for 7 days

Values with different letters on columns statistically differ at P < 0.05
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Effects of dietary carbohydrate-to-lipid ratio on growth, physiology and
biochemistry, gut microbiota and disease resistance of
GIFT tilapia (Oreochromis niloticus)

NING Lijun', CHENSen', RONG Hua’, CHEN Xiaoying’, ZHENG Jia',
ZHANG Haotian !, PAN Qing', LI Yuanyou "

(1. College of Marine Sciences of South China Agricultural University, Guangzhou 510642, China,
2. College of Animal Sciences of Yunnan Agricultural University, Kunming 650000, China;
3. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: The experiment was conducted to study the effects of different carbohydrate-to-lipid ratio diets on
growth, physiological and biochemical indices, gut microbiota composition and disease resistance of juvenile GIFT
tilapia (Oreochromis niloticus). Fish with an average body weight of 27g were selected as the research object. Five
isonitrogenous and isoenergetic diets with different carbohydrate-to-lipid ratios were used respectively:
44.2/4(D1), 39.6/6(D2), 35/8(D3), 30.4/10(D4), 25.8/12(D5) and fed for 10 weeks. Nutritional and biochemical
analysis methods combined with high-throughput sequencing technology were used to determine the indices. The
results showed that the changed C/L ratio had significant effect on the growth of GIFT tilapia in the early feeding
stage of 2 weeks, both the growth effects of low- C/L and high- C/L ratio groups were not good. While in 4-10
weeks, there was no significant difference among all groups (P > 0.05). At 10 weeks, low C/L ratio-D4 was signi-
ficantly higher than high C/L ratio-D1 in viscera/body ratio (P < 0.05), while whose serum urea and disease resist-
ance were lower than D1 (P < 0.05). Moreover, mesenteric index of D4 was higher than high C/L ratios D1 and D2
(P < 0.05), while whose whole-body crude protein was significantly lower than D1 and D2 (P < 0.05). On the
other hand, the hepatosomatic of D1 was higher than that of low C/L ratio-D5 (P < 0.05), and the low-density lipo-
protein cholesterol and glucose tolerance of D1 were higher than those of other groups (P < 0.05). The species
composition and heat map showed that D4 was separated from the other groups. In terms of phylum heatmap,
Chlamydia, Chloroflexi and Actinomycetes of D4 were higher than other groups (especially D2 and D1), while its
firmicutes were lower than other groups (especially D2). Further at genus level, Phreatobacter of D4 was signific-
antly higher than that of other groups, while Lactobacillus and Bifidobacterium in D4 was significantly lower than
that of other groups (except D3). In conclusion, GIFT tilapia has strong adaptability and utilization ability to differ-
ent C/L ratio diets. Under the experimental conditions, although 39.6/6(D2) diet group had no significant differ-
ence with other groups in growth, its whole-body crude protein content was the highest among groups, and the
composition of gut microbiota was also superior to other groups, which was an appropriate C/L ratio for GIFT
tilapia.

Key words: Oreochromis niloticus; carbohydrate-to-lipid ratio; growth performance; glucose tolerance; gut micro-
biota
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