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Tab.1 Formulation and nutrient composition of the diets

TRk KT

TiH dietary protein levels

items 35% 25%
JEHl ingredients
.44/% fish meal 4.00 3.00
ZH1/% soybean meal 25.00 12.00
SE /% rapeseed meal 22.00 14.00
}#1/% cotton meal 20.00 12.00
UK /% wheat middling 18.00 48.00
4 Z TR RN % vitamin premix 1.00 1.00
P05 TR AL % mineral premix 1.00 1.00
TR —5U45/% Ca(H,POy), 1.50 1.50
K% corn oil 2.50 2.40
K EiH/% soybean oil 2.50 2.40
JiZi /% bentonite 2.00 2.20
SALIEBH(50%)/% choline chloride 0.50 0.50

EFRMAR(TH) proximate analysis(dry matter)

T4 /% dry matter 91.80 91.28
A /% crude protein 36.27 26.02
HUBEII/% crude fat 5.71 5.72
HIK 53 /% crude ash 10.89 9.78
KLfi8/(kJ/g) total energy 17.53 15.72
5 B4 /(76/kg) formula cost 3.31 2.79

e AR Shiau S5 PRC ) 425 3 BUR BN JEHL S iRk
Notes: vitamin premix and mineral premix were formulated according to
formula of Shiau et al*™

FEAMBEVLEC 3R, R iR s, HFit
FRC R s TR ERIKEUA, 4 CCUKAE N HEE
2h, PA3000 r/min AY%% 3 5.0 15 min, 1537518
ML3E, PRAFT—20 °CukF T, TIN5 i 1k
febr; BEJEHURE . NAEIEARE, TR
R EE . WEAAR LG 5 BUIR]— 35057 4 358 43 JF B A, ik
T 4% L R P RE WD, TR D0 R 0k 4 2 45
Fo ZepamEafa . IR AU AL YR LR A F-20 °C
UKAETR D R LR SR Y .

K FHE B T 1 22 7K 43 % & (GB/T 5009.3-
2003); HLECE Z %W E & A RS & (GB/
T5009.5-2003); 2 [Cfh 48 2% 0 2 AL s i 7 &
(GB/T 5009.6-2003) ; ke FR 200 K 7 5 5
(GB/T 5009.4-2003), fifi ] & #{L (SDACM4000,
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4 A g AL BT (CHEMIX-800, H Ay #% 3%
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14 75 % (weight gain rate, WGR, %)=(W,—
W) 100/ W,

Fi 4k K% (specific growth rate, SGR,
%/d)=(InW,—In Wy)x100/z

T 3% (feed efficiency, FE)y=(W W)/ Wy

T M AR (protein efficiency rate, PER
YoY=(W- W) < 100/ Wy x Py,

JELIE # (survival rate, SR, %) = Nx100/N;

JIE35# ) (condition factor, CF, g/cm®)=Wx100/L’

JF 4K kb (hepatosomatic index , HSI, %) =
Wix100/W

JEA M (viscerasomatic index, VSI, %) =
Wyx100/W

TR Bl B AS (feed cost, FC, JC/kg)=(W
Ca)*1000/(W - 177

& F (feed intake, FI, %/d)=100x
WAI[0.5(Wy+ W]
X, SR RE(d), WM, 505k 5256 A 1)
WG . ARBRT R (g), WAHAIW S35 o 525 8
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1.5 SZitH*®

K HSPSS18.0%f Fir 4 B4 #4740 B o B[]
% )7 27 BT (One-Way ANOVA) #5512 56 &b B iy
SO o N ARDRL R BT 2K P AR MR R AT XA
RN, RE2AHFEMEEEH. RH
Tukey 25 5 L1 85 A 50 52 50 Ak 2 34 {5 [R] 1) 22 57 b
FHE, MP<0.05M RN 22 5 W . LI
R ULV B {E +47 ME 25 (mean + SD)R IR .
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& 40 & A M REFNIE R R A R AR

T ek 2 TR K S X6 S8 £ Y A AR B (FW)
B E A (WGR) ., 724 KR (SGR) . TR UK

(FE) M4 £ % (FI) 5% I i 2 (P<0.05)(352), A7
1 52 850 (PER)FE M A {2 35 (P>0.05) 5 43 PRI
FH RS ) FW ., WGR. SGR. FE. PERFI
FI(P<0.05). Fifi %5 5% WA 58 /g 38 i, S5 56 44 1)
FW. WGR. SGRAIFLE 4 /il (P<0.05); FEFI
PERIJ R I B W AR a3, DR/dSEg
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Tk 2 1A KRR R ) 7 R fa gl
A FW . WGRHISGRAY 2E H A 2 3 (P<0.05).
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B £ AT R R A, FCB T, 3Wk/d4L iy
FC & % T 1R/ (P<0.05).
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& HAEH 3 (P<0.05), X HAhE 57 L4 34 76 i
FH A HAEH (P>0.05),
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Tab.2 Effects of dietary protein levels and feeding frequency on growth and feed utilizations of
juvenile GIFT O. niloticus
SRR /() WItER R R & pi=v} . FE AR N N
B AT, TP DR BRI g, WEERE e memasme Bsom)
) feeding initial body final body /(%/d)
protein level . . WGR FE PER FI
frequency weight weight SGR
26.02 1 15.87+0.32 38.95+0.29" 145.57+6.51° 2.14+0.06* 0.70+0.05™ 2.68+0.19° 1.70+0.09*
2 15.89+0.32 48.41+1.97° 204.59+6.30° 2.65£0.05° 0.56+0.03" 2.17£0.12" 3.03+0.02°
3 16.20+0.77 59.2743.79°  265.79+12.91° 3.09+0.08° 0.51+0.05° 1.95+0.20" 4.07+0.04°
36.27 1 16.21+0.65  43.69£2.29" 169.81x18.01"  2.360.16™ 0.91+0.04 2.50+0.10% 1.53+0.07*
2 16.10£0.55 63.77£1.97°  296.55£23.22°  3.28+0.14° 0.80+£0.07 2.20+0.18™ 2.67+0.08°
3 16.510.81 77.18£1.39°  368.01£19.62"  3.67£0.10° 0.63£0.07* 1.74+0.18° 3.57+0.10°
WK K7 2250 Two-Way ANOVA
H F /K protein level s s s s ns s
VRSN feeding frequency s s s s s s
A HAEH interactions s s S ns ns ns

W A FEFRAE RN FREE R R ZR AR E P> 0.05), NE/NEFRERREREFH(P<0.05). sRAZRZEP<0.05), nskx

ZERAREEP>0.05). FH

Notes: In the same row, values with the same small letter or no letter superscripts meant no significant differences , different small letter superscripts

meant signifiant differences(P < 0.05).s meant significant differences, ns meant no significant differences. The same below

#3 ANEARKTERRMENBTESTESNEHEER. BIFERMEA™NBEEANRR

Tab.3 Effects of dietary protein levels and feeding frequency on survival, body indexes and feed cost of

juvenile GIFT O. niloticus

AR % BORBE/(R/) % I AL/ % JE s /% JIEH R (g/em’) FRL A/ (T8 /kg)
protein level feeding frequency SR HSI VSI CF FC

1 97.78+3.85 1.52+0.41 9.11£1.62 3.38+0.16" 4.40+£0.32"

26.02 2 91.11£10.18 1.68+0.31 8.85+1.61 3.66+0.23" 5.42+0.30™
3 100.00 1.66+0.28 8.96+0.17 3.56+0.12" 6.05+0.61°
1 100.00 1.24+0.09 7.33+0.48 3.45+0.90° 3.98+0.16"

36.27 2 91.11£15.40 1.53+0.11 7.19+£0.13 3.90+£0.09™ 4.54+0.38"
3 88.859+13.88 1.93+0.23 7.57+£0.33 3.94+0.06° 5.75+0.58°

MK 25 255 HT Two-Way ANOVA

H A /K F protein level ns ns s s s

VRS feeding frequency ns s ns s s

2 H A interactions ns ns ns ns ns

H I HDLC/K - 1) 52 B A 5k 2 (P<0.05). KA, B0 M A% 22 2 TR 2

25 ANEBRKTFERRMRNEETIF
a4 BT AR AR 4B R4S A0 Y 52T Pt S5 MR A0 3R 014 34 0 40 A B T 2 —

H.B G (4 L5 1R JB0K - 5 45 IR X
S5 £ T 1Ak 2H 2R 45 A B B2 UL IR 1 S £ Y
IFERMIHES ) S5, AT LM . MR AL i
B2 H M 26.02% 25 1 B ialkl RS2 56 £, T4 i i

JHT 200 160 35 b, T UL %€ 3 Y 4

http://www.scxuebao.cn
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Tab. 4 Effects of dietary protein levels and feeding frequency on eviscerated whole body, viscera, hepatopancreas

composition of juvenile GIFT O. niloticus

AR LR/
FrH (W)

F2ANE4: i eviscerated whole body PIHE? viscera JHF AT hepatopancreas

protein  feeding Kor%  KNEWI/% MEA/% K% K%  HEAF/Y%  HEEEN % KG1%  KEAR/% AR %
level  frequency moisture crude fat crude protein crude ash moisture  crude protein  crude fat moisture  crude protein  crude fat
26.02 1 72.74+0.51™ 5.41+0.70° 15.80+0.34 4.15+0.18™ 72.68+0.51° 9.11+0.51  10.89+0.31° 68.01+1.55" 10.13£0.46  7.93+0.88"
2 71.05£0.53® 7.91£0.37" 15.91£0.21 3.79+0.05° 66.75£0.20° 8.57+0.40  17.91x0.42° 71.57+1.63" 8.47£0.79 10.14+0.56™
3 69.25+0.40" 9.04+0.81° 16.20+0.31 3.71+0.11° 65.66+2.18"  9.64+0.62  18.12+1.20° 61.15+2.96" 9.86+0.52  16.92+£0.98°
36.27 1 74.21£0.43° 5.57£0.25" 15.85+0.46 4.50+0.03° 79.47+1.28° 9.70£0.60  4.76+1.18" 67.60£0.71° 12.26+0.55  7.14+0.97"
2 71.644+0.58™ 6.23+0.47° 16.18+0.18 4.21+0.04™ 73.58+£0.68" 8.54+£0.41  11.19+0.98" 69.94+2.81" 12.00+1.64  7.45+0.95
3 69.84+0.97" 7.50+0.36™ 16.54+0.59 3.97+0.13" 62.89+1.04" 10.24+0.48 16.83+1.89° 64.70£0.44" 11.03+1.00 11.79+0.87°
MUK 27 Z2 5T Two-Way ANOVA
HA K
. ns s ns s s ns s ns ns s
protein level
A
s s ns s s ns s s ns s
feeding frequency
A HAEF
ns ns ns ns s ns ns ns ns ns

interactions

Ee # NENFRIE

Notes: #, not including hepatopancreas

x5 AHERRKEFERRMEN TS T ALY EMEE KRR
Tab.5 Effects of dietary protein levels and feeding frequency on serum biochemical indexes of

juvenile GIFT O. niloticus

BETOKT  BREER () &£ AL AR serum biochemical indexes
protein level  feeding frequency EA‘US/E; ALT/(U/L)  TP/(g/L) ?;f)/ (n;rrf(i//L) (;gjl(/){) (HI;IEI;]%) (;21(;5{)
26.02 1 22.3342.03  16.67+2.47° 29.67+1.48° 8.67+0.44  3.15:024® 4.03+0.42° 4.05+0.21* 0.78+0.12°
2 21.33+£1.86 25.17+0.76° 38.80+1.06° 9.73+0.39  2.99+0.31™ 4.16£0.10® 3.45+0.28"  0.60+0.06™
3 20.50+1.32  16.67+2.93"® 35.33+1.45" 9.17+0.73  3.80+0.13" 5.17+0.05" 4.83+0.58°  0.92+0.04°
36.27 1 2533£1.36  12.83+1.61° 27.00+4.77° 8.00£0.58  1.62+0.09° 3.31+0.43" 3.79+0.92®  0.30+0.12°
2 21.00+0.87  20.17+2.02° 31.33+0.73" 8.67+0.33  2.93+0.70" 4.16+0.43" 4.67£0.31™ 0.52+0.04™
3 21.00+1.73  15.67+2.75® 32.00+1.53" 9.17+0.33  3.40+0.57" 4.93+0.24" 4.98+0.04° 0.71£0.10®
WUF 3 J5 225007 Two-Way ANOVA
H HF K protein level ns S s ns ns ns s s
PRSI feeding frequency ns s s ns s s s s
22 HAEH interactions ns ns ns ns ns ns s ns
3 g BE 2R 1 BOKF R T, HAR MR RE B L AR
MU, HYEA KBS RN, K
31 WHERRKFSEBRAENTETE  gppmm. AR fERE™, E52

i ERMEE. WARFARERMERTIORE w0, A kb, Mk 536.27%0 % 1
FiX 16 gy Je B B HE fi o Ak mg Y, SR A
AR IO E AR E RN R I, RS AR R R AR KRR R R

M)
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1 EANERRKESHEBENENEET & RIEAR LN
(a), (b), (c) I HEME26.02%5 4 5 K Ak, MEHZ 4 B 1. 23 /AN 5 S P HEmIFRIES 4 (d), (o), (DN RME36.27%E (4 5 7K F
TR, BEVEAERAHON. 2R3 /AN E P AR A TR A . M. A N ARARAR NML BRE s V. 4l s i AR

Fig. 1 Effects of dietary protein levels and feeding frequency on hepatopancreas

structure of juvenile GIFT O. niloticus

(a), (b), (¢) in the figure represent the hepatopancreas structure of GIFT tilapia fed diet contian 26.02% protein, and feed frequency was 1 time/day, 2

times/d and 3 times/d respectively. (d), (e), (f) in the figure represent the hepatopancreas structure of GIFT tilapia fed diet contain 36.27% protein, and

feed frequency was 1 time/day, 2 times/d and 3 times/d respectively. M. liver cell membrane; N. liver cell nucleus; NM. liver cell nuclear migration; V.

vacuolar degeneration

B R T HOR26.02%0, X5 HTARIBTS R —E
(1, RIABIR36.27%HE H FUKF- A fapRE T S2 5 i
8 A DB SCR S B AT e R T . TEA 2
10 &5 R bt 2 SRR AR 1 5K X S 5 £ 1 2
SR ESHTES ALY VEE S (0PN
(Barbus capito)?" | B RILEE(Platichthys
stellatus)¥ | RV F (Diplodus puntazzo
Cetti)*" S5 8 [ By 22t (I pF T Pt A & B8

— Ok YF, AR AR, AT DU 2k
SEEERIGN, MRS A KGRI 1, A
SEH R LS R AT LU, A MR B 1
PEERBFR I, RARFUR | 98 RARE AE
KA BT = o (H IR A A I 26.02%8 H 5T
KOV TR SR g R T R
36.27%0Y, D AT HE-5 1 4426.02% 4 11 5K - 45
B BE BARA G, Py £ 28 AT LLGE i A R 5
BRI R AR, A, & IR
A BRI RS, S A YRR RCR AN
FSCR N B W REAR, X RAE 2 A Lk
PR AR B 5E rhA  BEP S A R
5 DA 1) 1 I A £ ) A 3 T Ak 7% 3 S
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PRI, 2 B 58 42 0 10 R ) 785 57 40 I i 2% 1o
EC PN TK RIS A RN Y 1 e R T 7 DR 912 2
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SR U A A S 3 36.27% 3K M R AKF- A R
(R S0 rp R AR MR Ry 3R /S 5 £ 1 A
KAERE AL T 520 /dAy , {8 2 HARDRL R R
B BTROR W AR, DR A 3 T, R
B 3V /AIF AN 2 fc 3 A I B MR % . TE AR SR
kR KT 5 AR M R B A A A
KA R EMZTIERN, I kBB R A
J5T 7K V- 241 26.02% H. 4% MR A 238 2 3 /d 55 B £ Y A
KM RE 5 B AR R K 4136.27% H AR IR
RO U /AR LG 0 B 22 5, AR RDRL A (B
EIbE, X R AR AR n] DL A R
B R R B A K E A, B
2V .

— A, RLG . AR EERIIE T B R e i
PRAE RS W I 28 R A EE T v 1% JL A 3
HOE TR D E IR BT R fe w0 5 R A R,
FEAR S h, B MR B B, AR B R T
B, XM SEERNINE X, fEELZY
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B AR g 0 A K KR A AR LR AR A9 R 757

B BULE R R o T A L R AR S B K
PR PR 5, X 1% 526.02%3E [ BT 7K 1Rk}
R R OK AL S VKR G, AiliE RS
W 45 B K AL S W DREIS I IIE B D5 G R
RE I3 sm, PRI & s FIRRTENIE, F3L
THER AR 309, e X B B JF £ (Oreochromis
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Effects of dietary protein level and feeding frequency on growth and some
physiological-biochemical indexes of GIFT strain of
juvenile Nile tilapia (Oreochromis niloticus)

LIU Wei, WEN Hua’, JIANG Ming, WU Fan, TIAN Juan, YANG Changgeng, HUANG Feng

(Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture, Yangtze River Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Wuhan 430223, China;)

Abstract: Protein is a crucial nutrient in fish diets, and must be supplied in sufficient amounts to assure healthy
growth processes and cell renewal. Feeding frequency is important to the survival and growth of fish, especially at
early life stages. A few studies reported the relationship between feeding frequency and the dietary protein level,
and supported that protein level required for maximum growth may be related to the feeding frequency. But how
dietary protein level and feeding frequency affected growth and health of fish was still not clear. Therefore, this
study was to estimate the effects of dietary protein and feeding frequency on the growth and health of fish. A 6-
week feeding experiment was conducted to determine the effects of dietary protein and feeding frequency on
growth, body composition, serum indexes and hepatopancreas structure of the GIFT strain of juvenile Nile tilapia
Oreochromis niloticus. Three replicate buckets of fish [average weight of (16.13+0.13) g] were fed to visual satiety
with either 36.27% or 26.02% crude protein (CP) dietary, at different feeding frequencies (one meal per day, two
meals per day or three meals per day). Each bucket was stocked with 15 fish. At the end of the feeding trial, with
increasing dietary protein levels, there was significant increase in the final body weight (FW), weight gain rate
(WGR), specific growth rate(SGR), feed efficiency(FE), condition factor(CF), the content of eviscerated whole
body crude ash (EWA), viscera moisture(VM) and the level of serum high density lipoprotein cholesterol (HDLC)
of the fish, while there was remarkable decrease in protein efficiency ratio(PER), feed intake(FI), viscerasomatic
index (VSI), feed cost(FC), the content of eviscerated whole body crude fat (EWF), viscera crude fat (VF) and
hepatopancreas crude fat (HF)(P<0.05). As feeding frequency increased, FW, WGR, SGR, hepatosomatic
index(HSI), CF, FC, EWF, VF, HF, the level of serum total cholesterol (TCHO), HDLC, low density lipoprotein
cholesterol(LDLC), total protein(TP), triglyceride (TGK) increased significantly (P<0.05), while FE, PER, VM,
EWA hepatopancreas moisture (HM) decreased significantly(P<0.05). Significant interactions between dietary
protein level and feeding frequency were found in FW, WGR, SGR, VM and HDLC (P<0.05). The liver cells of
the fish fed with 26.02% protein dietary were swelling, vacuolated and the nucleus offset, but the cells in the fish
fed with 36.27% protein dietary had distinct cytoplasm, less vacuolated. Considering all the indexes, the dietary
protein content of 36.27% was fit for GIFT strain of juvenile Nile tilapia, Oreochromis niloticus, and the
appropriate feeding frequency was more than 2 times/d, which can be adjusted according to the tilapia market
situation.

Key words: GIFT Oreochromis niloticus; protein level; feeding frequency; growth; body composition; serum

biochemical indexes; hepatopancreas structure
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