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(60 B)J5, & hic 77 eI RR U R T VR A, F AT
B AL BR AR N2 o (1370 P FRORL ] ek [ o P
(85+5)C1, ill¥r J& r vl F BT #1137 C R 22K 4 F
KT 10%(3 4L AR FF— 0 r BT i 18], == 36 B 3
FIR AR AT o RIS TR FC 7 2 R 278 77 o)
TEINE 1.
1.2 REEFMEFER

50 FH AT 680 B R B A i KO IR A R A
Ao I IR f5, Y1k24h, Phik276)2 K
AN BT, MR AR BT 6.(7.7+0.1) g, 3400 i 2
124 E 30 78 SAE PR K AR N (B 42 1.0 m, 7KTR0.8 m,
IKAEZI 650 L), k56 344 A FEAL, A4 B34
17, BAPAT23 R . 37 5H 1 A) A R 5 W 1 K
(9:00F116:00), H 45" &2 0 4k H [112%—5%, 1R
s 7RI R B B 1 100 AT 0 2 R R, A R DL
WA BN E . BT ME2—3h )5 AR
AR A, B 8 K3 IR, HoK ENTEH R 4L
1/3. FREEMIE KR 12—16°C, ¥ %, 6—7 mg/L, pH
7.24—7.78, WA <0.2 mg /L, WH§EZ 5 <<0.1 mg /L.
FRFER IS T20204F & ZR7E g g 7 K 24 g 77 5
FEME IR K BN EAT, FRAE IR LR 4L 56d.
1.3 #HRXRE

TEFFFIRIG LS G, ARYLIR24h, SEil-fAm b
UL 608 A B AR, TG E R DR R AR BOE
R, FAHBENLEO R M, FIMS-222fK (100 mg/L),
3R M 2S5 T20°CLRA7, FI T4 JL o0 19
Mg, R, WEMARE. K. A IFE R
G 2 B e 1 S5 4 AR 5 Ak A R i,
3500 r/min 50 10min, B T-80°C R 47; B4
JFF I T 98 ] s v [, T2 2 s, AR
JHFHEF—20°C LRAZ, FH 00 7 JFF i D 25 R0 JFF AU
ARG M LR 3R A, il 5 (7 L A5 B 1
15 Y FE ) AR AT IERE A T—20°C AR A7, T 52 AT
JIREZH ik o

TERFESE ARG, 5 T 4% 0L 6t 24k 2 5 M 3dl, fif 3
PR IEH FAEFDIRES . EYLHR240 )5, A HE1IX,
T HMEET(0) 2 M2 5 1hy 3h. Sh. 7hAH9h, FEAHEE
MUER 172 0L 0 (45 b B3 20 R A1 R A3 R fa), H
MS-222FK (100 mg/L), 15 FH 28 22 8 e i v 4
% B AL SR I, 3500 r/min S -Cr 10min 5 B,
T—80°CLRAF, HEAT AR & I 5E
1.4 MEERSHE

KM SR IERR
KREHR)VISEREER),

R WGR(%)=100x[ & AR E (o)W i A EH
(VIR E (2);

5 SR(%)=100x

=1 ABRERESEREEFTRS S ERTEA, g/ke)
Tab. 1 Ingredients and proximate composition of experimental
diets (air-dry basis, g/kg)

REFEJEH D ZVEk BLETER ToAKEH

Ji K} Ingredient’ (g/kg) 4l Cassava 41Wheat #4lPea  41Corn
starch starch starch starch

8 ¥ Fish meal 2500 2500  250.0  250.0
& ¥fISoybean meal 130.0 1300 1300  130.0
KR EA

Soybean protein 140.0 140.0 140.0 140.0
concentrate

fj% Meatandbone 15,5 1500 1500 150.0
i% ﬁ%mewerg died 400 400 400 400

=2 N

j;f}{lmﬂtpCassava 150.0

/NZZUE Ry Wheat starch 150.0

Wi & YT H Pea starch 150.0

T KIEHCorn starch 150.0
474 & Cellulose 49.5 49.5 49.5 49.5
{11 Fish oil 30.0 30.0 30.0 30.0
=l Soybean oil 30.0 30.0 30.0 30.0
ﬂﬁg?ﬁfﬁx 25.0 25.0 25.0 25.0
AL Y ttrium oxide 0.5 0.5 0.5 0.5
&1 Total 1000.0  1000.0  1000.0  1000.0
LA ﬁiProximate

composition

FF A fiCrude protein 4241 4235 4223 424.6
FHAE i Crude lipid 97.8 96.4 97.3 97.1
# K 4r Crude ash 133.5 132.1 134.5 133.0
7K 4 Moisture 85.4 84.7 82.9 88.6

v a. FADEHECRHE T- W L SR A IR J] o kR R
F & SR 06 (678 g/kg); SFH1(449 g/kg); KK 1
(631 g/kg); FI'EH(560 g/kg); Ml EERE(464 g/kg); b. 4L E T
TR RN mgEIU/kg 1ik}H: VA 10000 IU; VD; 3000 1U; VE 150 1U;
VKj; 12.17 mg; VB; 20 mg; VB, 20 mg; VB; 100 mg; VB¢ 22 mg;
VB, 0.15 mg; VC 1000 mg(35%); “E#) & biotin 0.6 mg; M &
folic acid 8 mg; WLEE inositol 500 mg; c. H 45T TR K (mgBk
1U/kg T k}): T 1.5 mg; Co 0.6 mg; Cu 3 mg; Fe 63 mg; Zn 89 mg;
Mn 11.45 mg; Se 0.24 mg; Mg 180 mg; Ca(H,PO,),-H,020 g

Note: a. The feed ingredients were purchased from Zhejiang
Yuehai Feed Co., Ltd. The protein contents of ingredients are as
follow: Fish meal (67.8%); Soybean meal (44.9%); Soybean
protein concentrate (63.1%); Meat and bone meal (56.0%);
Brewers dried yeast (46.4%); b. Vitamin premix (mg or IU/kg
diet): vitamin A 10000 IU; vitamin D5 3000 IU; vitamin E 150 IU;
vitamin K5 12.17 mg; vitamin B; 20 mg; vitamin B, 20 mg;
vitamin B; 100 mg; vitamin B4 22 mg; vitamin B, 0.15 mg;
vitamin C 1000 mg (35%); biotin 0.6 mg; folic acid 8 mg; inositol
500 mg; c. Mineral premix (mg/kg diet): I 1.5 mg; Co 0.6 mg; Cu
3 mg; Fe 63 mg; Zn 89 mg; Mn 11.45 mg; Se 0.24 mg; Mg 180 mg;
Ca(H,P0O,4),H,0 20 g

TR R BFCR =R & B(g)/[ A KRR E ()W A
HH ()]
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FEAA B VSI=100% P I 22 () AR Ei (g);

A& B HSI=100 AT I 5 (g)/ 1R i (g);

JIESH £ CF (g/cm’)=100x 14 (g)/fA £ (cm)’;

B AR PR (%)=100x a4 55 [ 5 e FH &/
BN E

e TR AR LR (%)=100x £ 42 i Ji I FH & /45
AN BRI A

2., FFIESARAER 4t 51 R K
gy A EENE 755K H105°C O KTk
FLIKE B3%(2300 H BN LK E &Y, FOSS, i), A
JE 17 2 FE D 5 K FH &0 - R R AR v, R R o3 e
KHI550°C i keisk .

FrEESENE  BHEAEAT4CHREE,
HY0.1 gZc A FEAE, B A S8 DA 1 3 AR R A
TR K ¥ N #20min, 75 2K R, K B a8 Ak
A TR 70 i) i e FH R e &

BEIERNE MyEHE . Hil=
P R JOE i 5 A B S RN A5 TR A
PR F et AR ) AR T A0 BT AR R S A B A
X (BioTeK Ynergy HTX, 3 &) 5E

B B 978 1K 161 B E 14 B9 ZE PR A A AT
ACHER, 512%, 4°C T 02(3000 r/min, 10min), B E i
V6 T T OO Bl (HK) B 2 K B (PFK)
PR R U (PR ot 2 0 T =X DA T PR i (PEPCK)
18] % - 6- T R B (GoPase) WG MEM 52 « R
AR W) TR S0 AT I & A B AR A (Bio TeK
Ynergy HTX, & [E)ill & bk fgvd k.

FFARALR N A i) HE G th: 4 BT WE
A it AT R, FHAN [R)AC B PG TRk AN
THIRRAW . HERBHMK, 2 G TR
AL P G sE TAE, Jeta 78 R R -7
2. Qe e i, R e WS AR AR,

i,
1.5 HuEALE

WA B DL e bn fE 2R R, X H
SPSS25. 0% AT B IR 25 U7 22 o3 #fr, &5 R A <13
HepriE iR RN, o 22 7 B 3% 3 3T Duncan £
b, 7257 0 % K N P<0.05.

2 #£R

2.1 HEKMEESHEIAKAIER

TEFRBRE R, & 2T A7 2 100%(FK 2).
Ay 2H 4 B R A 5 (1049.3%), TR R %$0(0.83)
AR SARZ AL, N, B
ZH RN T K Y by 4 11 16 B R 3 BRI, TR R AR 2
FF R (P<0.05), %34 7538 & R A kL 240 e 3%
ZR(P>0.05). SHAENEHE . MR LA AL 2
[B] .G i 3 72 J:(P>0.05)
22 ffk, BFREZERR

e 30 I, S dlE 4K MEARM. M
e W5 R K 2 & B L3808 35 25 7 (P>0.05). TEE
FEYD TR 5T, 5 AR RR B TR R G B2
ZF(P>0.05). MAEKS FHE B AR &
B R Z ISR (P>0.05) . i S IEN AT HE
BT E R T AR H(P<0.05); AREZiEH4.
INFEVER LR BOKE R LRI RE R & I B %
F(P>0.05).
23 MBS KGR

B A7) WL, %5 2H 035 H i =l JE ] e
A ZUER PP IS REA, 25 B S M AN 2 Y A S BT
PR TG 2 2 72 7:(P>0.05)
2.4 RTARHEACSEEIE M

FHR ST] DL, &% 20 7N TR B U I 38 767 H-6- Tl 1R
T Rk TR s T X A T T P T i 12 350 S =2 by b

R2 AREEHTRA AT S KM REATL AR R AR I R

Tab.2 Effects of dietary starches on growth and morphological indices of rainbow trout

1 H Item ARZ VTN 4 Cassava starch /NFZ VEN 4 Wheat starch E%iﬁjﬁiﬂ %ﬁiﬁ fE
VIR EIBW (g) 7.7£0.1 7.740.1 7.7£0.1 7.740.1
KA EFBW (2) 88.49+1.26" 84.57+1.26° 83.6242.76" 83.5242.57°
1R WGR (%) 1049.3+16.3" 998.2+7.3° 986.0+35.9" 984.7+33.3°
1% fr B Feed Intake (g/)2) 67.0+0.8 66.7+0.6 66.2+0.9 65.9+0.4
TR AFCR 0.83+0.01° 0.87+0.01° 0.87+0.03" 0.87+0.02°
JRIE SR (%) 100 100 100 100
JIEH 1 CF (g/em’) 1.47+0.06 1.50+0.10 1.49+0.10 1.46+0.09
JIIXEN=AAYS 9.49+1.31 9.37+0.96 9.56+1.49 8.85+0.86
HF AR ELHST 1.40+0.31 1.47+0.36 1.36+0.17 1.25+0.20

e FATEE B AR ANFNG RN AN R AR 22 7 B 25 (P<0.05). T[]

Note: In the same row, values with different lowercase superscripts indicate significant difference (P<0.05). The same applies below
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FHECM(P>0.05)0 A VE A 2L AN /N2 e b 2H BRI
ity 7% 1 N 3 v T S R AR K E R 4H.(P<0.05),
T IR SR WA v 1 5 3 v T ROK Ve R 4H.(P<0.05) -
25 BRIBESETK

HE oFNE 1a] WL, 25 4T 870 3 6 ), I b2
=R LA FRERER, £ 5 ThIgE &
BIAFIR . ARZ R S 5 1—7h i I
R E AT HA3HP<0.05). HEEonm}, &4 1
P ELEEZRP>0.05). WUEEDTHKE,
A8 IS 1) FIGE K b S 380 o) IR 2 A7 A ik 35 R Tl
(P<0.05), {H =35 22 HAE H JG 2.2 5200 (P>0.05) .
2.6 RFARZELRZE

f P 20] W, SAAAT ARSI A IE W, A& B BT
B AK . A WAL R R S RS S R

3 it
3.1  FREIFHETEM XU ES A K% BERI RN

TERY I RIE T 32, AN TRV 28 (1 b L B e
RS BEVER I & B RN 9 TS5 R T T
B AN, B/ S Al i R 1 L Agi) 2 52 i e 2856 e Ay
A Y, e ARG 1 F AR o, R R
S BEVERY & Bd . MWAEKMERERE, RETEN
PRI R RS T/ANERMA. BT iEh
RN R OKGE R 4, AR R B B A1, X 3 et
SCHEVE R 5 AR B R R . T
PrefferZe! mE 5c o, T 6t ot i ERTEM(1%HE
HE VE B 199 % ST HE JE A ) IR FH RE 7 e 1380 0K
TEH (28%—30% ELHEVE R F170%—T72% S HETER),

R"3ARLER AT S & FATBELA R IN(EEE, %)

Tab.3 Effects of dietary starches on body and liver composition of rainbow trout (fresh weight, %)

i B Ttem RZ IR N E R A i T GE FoRUERH
Cassava starch Wheat starch Pea starch Corn starch
1 {&Body (%)
/K4 Moisture 72.50+2.63 73.78+2.89 71.56+2.28 72.48+1.11
#H#K [ Crude protein 16.01£0.94 16.16£1.68 16.43+0.67 16.54+0.52
HIR i Crude lipid 6.50+1.02 5.74+1.37 6.93+0.50 6.18+0.24
* /K 43 Crude ash 2.29+0.25 2.16£0.21 2.35+0.02 2.4240.10
H H TR % Protein retention 50.27+3.55 48.48+5.30 49.20+3.54 49.69+2.53
HEM TR Lipid retention 92.82+15.42 78.1219.10 94.67+9.01 84.37+5.50
FFHELiver (%)
/K4 Moisture 74.23+1.49 74.76+1.19 73.92+0.48 74.3040.87
#H£& 4 Crude protein 16.81+0.92 17.03+0.57 17.26+0.55 17.07+0.73
#HL i W5 Crude lipid 3.47+0.22 3.69+0.29 3.52+0.25 3.65+0.33
HFFEJE Liver glycolgen (mg/g) 10.02+0.64" 9.96+0.02" 9.36+0.26" 10.02+0.55"
4 ARLER T2 XU 88 I A IR FR ARG
Tab. 4 Effects of dietary starches on serum biochemical indices of rainbow trout
B gE| R ER A N ERT AR i R AR FKUER
Item Cassava starch Wheat starch Pea starch Corn starch
Hih =EETG (mmol/L) 1.46+0.20 1.37+0.20 1.42+0.33 1.46+0.17
MBI EETCHO (mmol/L) 1.82+0.32 1.85+0.38 1.96£0.26 1.75+0.16
BEEFHEGOT (U/mL) 5.10+0.46 5.27+0.50 5.30+0.38 5.23+0.32
B AR BEGPT (U/mL) 3.34+0.31 3.37+0.24 3.53+0.17 3.41+0.30

RS ARLEH M SE AT A HE (S ERIE R RN

Tab.5 Effects of dietary starches on activities of carbohydrate metabolic enzymes in the liver of rainbow trout (U/mg prot)

5 H Ttem REGEH A N R i R A B ST

Cassava starch Wheat starch Pea starch Corn starch

I ER R PK 59.40+2.97 57.71£2.05 55.07+4.89 56.0443.39
CUBHM A HK 48.10+2.30" 49.13+1.28" 41.39+1.64° 42.3240.65°
TR BB PFK 28.1242.07" 28.35+0.30" 26.56+0.44" 25.17+1.18"

% E-6-TE TR E G6Pase 39.69+1.24 40.51+2.30 41.40+3.57 37.79+3.91
Tl R s e X TR T B R IR PEPCK 233.90+15.87 229.81+5.15 226.84+7.08 245.58+10.75




8 1 e L R A5 ML 4y £ AN [R] e b 0 1201

® 6 ARLEMMAITITEE R FMES EHFIT

Tab. 6 Effects of dietary starches on postprandial serum glucose content of rainbow trout (mmol/L)

W Time (b e iy P poopia

0 3.43+0.16" 3.08+0.19" 3.30+0.17" 3.31+0.32
1 6.00+0.62"" 3.90+0.38"" 3.75+0.38"" 4.00+0.37"**
3 8.15+0.66" € 6.19+1.41"" 5.85+0.96"" 5.83+0.52""%
5 9.64+0.52"" 7.89+0.42> ¢ 7.34+1.23"° 7.09+1.74>°
7 10.7120.83%" 8.45+0.69" 7.65+1.07"° 8.19+1.21™"
9 7.44+1.03° 6.18+0.63" 6.14+1.36" 6.23+1.55"

XK 353 B Two-way ANOVA

4 J5 i [A] Time 0.000

V&R Fli 2 Starches 0.000

4% H Interaction 0.505

T [ S Bl 8BRS R K 5 7 BER IR AN R I 1R 22 7t 58 35 (P<0.05)

Note: values with different capital letter superscripts indicate significant difference among different times (P<0.05)

i)
Time (h)
Bl AT R R S R AR

Fig. 1 The serum glucose content of rainbow trout after feeding

gk, R B R B A P b A 2R A R . (R
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LR/ SCBE LL e Ry i SR AR K T A R 2 A,
IR A B2 i 2 i S REVE R K AR IE R T BB G
MR K3 &, AR R B ) IR A K. AjAE:
PR, K O BB HIAG 4 (28 3620.10) g]
) ek H O ) AT Y A TE R 7K P R9.22%—10.05%,
T LT 686 T U 47K B (28.4+3.2) g bR} F )3 B GE M 7K
T4 19 18%(15%4 I ) F127%(18% KL g i)',
YU, T A T B M R RE T A2 b

TEARIG R, ST T B 5 25 57, RWHAE
15%5ER KT, FEAEISAL T 1E 5 A FRIRAS, (HEi S
VERM LR IR A BB T AR3ANAI0 A, IR ] RE
G e M E R & e, BRI 2 HEL
S, IITTREAR 1 BESERTIE R IR 2, X 5 Song ™!
FRAE 25170 K 1 2t 1R g5 .
3.2 [EIFHSETE ¥ X AT 88 & {428 pYO A0 I i A L 38
FREVEZ NG

FEA R, BRI 2H 7E 4 10 A0 T 0

< PR BT T80 S 3 22 5, S L L ) U s
é ol TH =8 AR AN SZBE R R SRR, T PSR ARAR

=z g R PR DL, RYIAS RIS HTeH Xt &

22 . F S 0 B A PR 7 A 5 S B .

22 4 FOUSRIT/NEEGERY . AR SR TR 3R AL
z o ASERE - REERA TER IR 4 1 (Rachycentron canadum), 3 4=
220 bR — Bk NI U 88 (Rachycentron canadum), 3 28
S0l 2R Rt R A 2B R SongSE TSR F/INZZVERD
A 0 1 2 3 4 5 6 7 8 9

Wi EUE R AR E R A A R OKTE R A TE R TR
TRINE R 1 BB 5 A At R (R T 625 2 5

A B AN Y T T R S W T e ) R
BIRbR, 2R AZ AR, R I v R 2 R T
B A, I T A A9 R N AR B P T . AEARIR
35 rp, 256 2E A 93 R 1) 4 AR S AT 5 TR B
R B S, AR T, % A EE A R
HIE AR b 95 R BB B 22 5
3.3 T REIFNIETE M XTHT SEHE (K IH B FN & /5 Bk
TR

ARG 2 T OB (HK) B IR S B
(PFK). P4 BTl (PK) 1 5 44 1 X, 74 T R 3 il
(PEPCK) F1 %] % ¥ -6- 16 FZ B (G 6 Pase) I B V& PE, 71
3Fh R T AR IR 12, J5 R B AE T HE R A 08
%o HKZ B RIS — A PR EG . 72 ARG
W R R L HKGE P B 25 8 T 3 S e M 4R &
KUEM 4, PRKIGPE R 2 5 T FoKTEM 4, I HA&
Ja 1—Thi M pE & Bt B8 T H A3, RS
) I KE 7K P S HK ATPFK 7 248 T 15 5, A L3 1 1
Ie /N 22 U K 20 1 A K% K S JF A s, (HHK
PFKE PRy, R R W AN 48, A ik — DA
Fio PKIEWERE ARG — 0 PR B, 75 AR5+,
K LHPKE T AN 52 U K Al 28 5 ), 5 B L T8 v R
0 (A TR 7K ST, PanseratZ™® s i 5i , T it 75 45 63
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Fig. 2 Tissue slices of rainbow trout liver (200x)
A REVEMH; B. DNEIERMY; C. BiGiERA; D. TKERA. “— i, < A 72 m
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CK I K I8 53 T84k, Ut B TRDE i B e
5 DR fBE R K M Y GePase
WA RFELW. EARKS, %4HPEPCKM
GO6Paselif P 72 S AN i 3, 150 BRI P P i V7% 1k A 52 VE
g e AR

G, W (Sparus aurata)” FIG £
Z Il Takifugu obscurus)” K 3AAL T & LBER A5
I, 2 FEUTHE 55 R, AR A K AR, 78
AGIG Y, A e A T8 1R 5 1—ThiILPE & T
HR3INMEMA, BN )G, FHIFLREZER, K
SEVE N A A B AR IURT U £ R L S At &
TR 2 R, HAEK M AR ST, 1X 1T e 2 AT 6 %
A4 ) FE A R 52 1 26 v PR 584 Bergot[mﬂ’ﬂﬁj’f%
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DIFFERENT EFFECTS OF VARIOUS DIETARY STARCHES ON THE GROWTH
AND METABOLISM OF RAINBOW TROUT JUVENILES

DANG Jiang-Yu, CAI You-Wang, ZHANG Chun-Yan, CAO Kai-Lin, LI Xiao-Qin and LENG Xiang-Jun

(Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental Ecology and
Fish Nutrition (CREEFN) of the Ministry of Agriculture, National Demonstration Center for Experimental Fisheries Science
Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of various starches on the growth, serum biochemical indices, and metabolism of
rainbow trout juveniles, cassava starch, wheat starch, pea starch and corn starch were included in diets at the same level
of 15% to form four isonitrogenous and isolipidic diets to feed rainbow trout with an initial body weight of (7.7+0.1) g
for 56 days. The results showed that the cassava starch group had the highest weight gain (1049.3%) and the lowest
feed coefficient ratio (0.83). There were no significant difference in viscera-body ratio, liver-body ratio, and proximate
composition of whole body and liver among all the groups (P>0.05). The liver glycogen content of pea starch group
was significantly lower than that of other groups (P<0.05). There were no significant differences in serum triglycerides,
total cholesterol, aspartate aminotransferase and alanine aminotransferase activity among all the groups (£>0.05). The
liver hexokinase activity of cassava starch and wheat starch groups was significantly higher than that of pea starch and
corn starch groups (P<0.05), and the liver phosphofructokinase activity in corn starch group was significantly lower
than that in cassava starch and wheat starch groups (P<0.05). Serum glucose content reached to the highest value at the
7" hour in all groups, and cassava starch group showed significantly higher serum glucose content than the other three
groups from the 1h to 7h (P<0.05). No significant difference in liver tissue morphology was observed among all the
groups. In conclusion, cassava starch is a suitable starch source for rainbow trout juveniles.

Key words: Starch types; Growth; Carbohydrate metabolic enzymes; Serum glucose; Hepatic histology; Oncorhynchus
mykiss
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