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R ILEAT KBRSV RIIRIE -

ARSI LU ZR SN BT TR B, 203 A K GE Ky
FIARZEVER FREIR, BEE AR INKT, 25585
A RGP A T 2R A T B AT
JIE AL 2R 22 RIS, B 8 1 B VA A2 5 KPR TT
e O 2R B e Rl 3 (AR K 4R, HE S P ek 24 3
IREETRIENL (R — D R

1 MR57

11 SIS RRER
SR 2x 3R B, 45 BLE KA A

KREEVE R A BEIR, W E3MIER KT (5% 10% A0
15%), FLoM 2 RS AR Rl . SEI0 TRk AL 7 7 & L
1o AR R0 A1 4 20K fliT 5 2H TR R
TR ECRE T Wi S R A R A A & EA
BHECEHI 0 ik 60 B i 5, 210 77 EL PR BUEAT TR
&, I ERE A B ML (SLP-45, T [E 7K 7= Bl 248 5 B
W ATUAX I FTRT) il BORL AR 2 mm R0 14 kL 1]
Bl BT, B E g T B o T % A .
1.2 SZW&EFEFER

FEHH S 90 AE VG R W AR B R AR AR e H
HEAT, S286fa 2 E SE iR At . St R
BLINICIO Plus, #H 2K 158%, FHAR T 15%)# 7= 911k
208 5, EELT20 BARKE A . KA 35— 1 7 AR ik

#1 IRARNESERRERBSOE

Tab. 1 Ingredients and proximate composition of experimental diets (%)
. o T KIEHK Corn starch (%) ARZ e K Cassava starch (%)
J7 Kl Ingredient
5 10 15 5 10 15

68 Fish meal 50 50 50 50 50 50
HfISoybean meal 4 4 4 4
K % 5 A Fermented soybean meal 4 4 4 4
23 UK Wheat gluten 4 4 4 4
K Eik 45 % H Soybean protein concentrate 8 8 8 8 8
FKIE# Corn starch 5 10 15
A g Ky Cassava starch 5 10 15
13l Fish oil 3 3 3 3 3 3
Z.hSoybean oil 3 3 3 3 3 3
5965 Squid paste 2 2 2 2 2 2
K E #lgSoybean lecithin 3 3 3 3 3 3
A R TIE A Vitamin premixb 0.6 0.6 0.6 0.6 0.6 0.6
9 )5 TR A Mineral premix’ 2.5 2.5 2.5 2.5 2.5 2.5
#-4 % Cellulose 8 4 0 8 4 0
i 1-Bentonite 2.83 1.83 0.83 2.83 1.83 0.83
%% W Tea polyphenols 0.02 0.02 0.02 0.02 0.02 0.02
H A4 Yttrium oxide 0.05 0.05 0.05 0.05 0.05 0.05
Bt Total 100 100 100 100 100 100
i I 2H B Proximate composition
#H 2 (7 Crude protein 46.50 46.78 46.87 46.83 46.59 46.80
HLAE i Crude lipid 12.32 12.31 12.25 12.29 12.26 12.40
K4y Ash 12.64 11.79 10.78 12.61 11.45 10.97
7K Moisture 8.74 8.04 8.72 8.66 8.58 8.01

Era FRERIE AR S REW T AR67.8 %) TH1(44.9%). KEEHI(50.0%) KEIKGEE H(65.0%) M4 Tk (80.0%); b. 4
A R TR AN gk IU/kg #1%}H): VA 10000 1U; VD5 3000 1U; VE 150 TU; VK5 12.17 mg; VB, 20 mg; VB, 20 mg; VB3 100 mg; VB4 22 mg;
VB, 0.15 mg; VC 1000 mg (35%); “EHZ biotin 0.6 mg; MR folic acid 8 mg; JJLEE inositol 500 mg; c. 45 TR EHmgg/kg fkh: T
1.5 mg; Co 0.6 mg; Cu 3mg; Fe 63 mg; Zn 89 mg; Mn 11.45 mg; Se 0.24 mg; Mg 180 mg; Ca(H,PO,),-H,0 20 g

Note: a. The protein contents of ingredients are as follow: Fish meal (67.8%); Soybean meal (44.9%); Fermented soybean meal
(50.0%); Soybean protein concentrate (65.0%); Wheat gluten (80.0%); b. Vitamin premix (mg or IU/kg diet): Vitamin A 10000 IU; Vitamin
D; 3000 IU; Vitamin E 150 IU; Vitamin K3 12.17 mg; Vitamin B; 20 mg; Vitamin B, 20 mg; Vitamin B; 100 mg; Vitamin By 22 mg;
Vitamin By, 0.15 mg; Vitamin C 1000 mg (35%); Biotin 0.6 mg; Folic acid 8 mg; Inositol 500 mg; c. Mineral premix (mg or g/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,P0,4),-H,020 g
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(0.50+0.03) g, Bl ML AL 2184 ¥ RHE H (+£:0.55 m,
7£0.30 m, #50.20 m, /KAAAEF10.0165 m’), 4545246
Y3ANER, IO EEA0RE M. FREAE AR KTFE
A, KB 912 L/min. 7258 #1H], &K AE(10:00-
14:00H118.00)3 /] [A] sl AT R, B R RE L)
AR EE [1)2.0%—3.0%, [F] [l KR AR & 17 0l
TR, AR — B R, R DL
FREEAFE FKHREMKE F AR NE. F75H
SRR AR KK, HIEATRFR U 4 >6 mg/
L, /Ki#7.5—12.5°C, pH 7.5—8.0, A% <0.1 mg/L,
TEAHR £ <<0.1 mg/L, H-4 J SR LR E 5 21K
TR S0 FFE84d

1.3 HmX&E

FERA LI 4 UG, AR EE YL R 240, Gt REHE
WA RHOIFRRE, tFEIGEERWGR). TR R
(FCRMISIE 2 . BRHERA LIS 2 0 R i &), I &
Fopk EAIARAK, SR 5 AR5 LN AR L, B R
(CF)FIEAR 48 B (HST) . 55 U I A i 38 (4 ),
20 CA A, T IFEA e s E . miEik
Wt v PRI S o (RIS AR HE S BEHLEL G 2, T4
AR RS i, HH SR B BRI TR ER . S L
6 F T IE, M AFpE & 2. FHOGRAITE
Tk B e, T IR R
1.4 MERFSGE

KM R SR IERR
RV RE(R);

B TR (%)=100x[ A4k F (g)- ¥ 1A FE () ]/ ¥4k
H(g);

PikE R B=R B (o) R (@) IR HE (2)];

A4 EL =100 PN I 2 (2)/1& ()

I B (2/em™)=100x 44 T (g)/f K (cm) ;

A TR 2 (%)=100x f 4R & [ 5 I A0 /4%
NREH B T

T W DTURR 26 (Yo)=100 F1 44 Fig iy T A /43 N ]
REPIR 7 AE

cE5FEMER S0 5EKS . HE
2 B E 20 IR FH 105 °C o | TR E LR 2 A
(2300 EH hEIL K 2 BAX, FOSS, Hi i), F g7 & &
W7 K A7 - F R B2 15, K 20 R FH 550°C
AT .

BIAEHLEENE WE. WE@EmFEART
A°CHRYE, FiREE] %, 4°CE0(3000 r/min, 10min), {#
B EIE R, R ARG S . B R
FE Ky Bl 7% M K FH B U AR ) AR 9 B it
R E - T B RS PR AR AR E

AR LIEFR RATHER S EMNE  BUFIER:

B 2 (%)=100x 2 JE

ATACHRE, BBAK, 4°CHEL (3000 r/min,
10min), {R B8 G, KA/ s @AY TR
B iR G RS B 2B (GOT) AN A
(GPT). st fIH[EEE(TCHO)AIH M =FR(TG)iE 1.

WHFIEFEAR T4 CRRYRIG, FRE, IS 0R
DAL 3R RUR S, 73 K HH #4420 min, 15 27K
PRI, R FH i R R AE A T RE A 50 TR S o i

FFAERRN ) AU A HE YL 5 W0 AR fif
JFF RIEASE o AT 5 9 R B, P S TR0 P PR R T
FEiR —HRRAW . —HIRBEMOK, 2GR
W, A, Y. RS TE. REFEER, 5T
FRJEE T B PR ALUEE.
1.5 HENE

K F SPSS25. 05 A4 kAT 5. IR -7 J7 22 43 By AT
R 20 H, 45 50 TP EEbRHE R FoR, Hd
Z R B EH I TDuncan® L, Z R EEZEKPEN
P<0.05.

2 #£R

2.1 HEKMEEMFIAIERR

TEFRFHIE R, S AEIE HHAEI6% LA (3 2).
B 5 AR R R A S e R K e, 3G
B LI E TR, R R B T RS ETHP<0.05),
FELE10% 7K 1 2H 328 2 e i, A1 10% A e Ky 231
R (518.81%), Tkl R BURAK(1.32), 15%IE K
ZH A 16 B R B B R T 10%M15%2(P<0.05) . 7E[A]
— VR AT R, 2R e K 2H 1 18 SRR R 2R B
AR 77 (P>0.05). TRNER KPR A 1A
Bl R EAFAE 2 R (P<0.05), VEM RIS R H AT B
VE AT 335 5 (P>0.05), T FEDRHE K i 25 F0 7K
PSR R A Bl RN R RE 38 L R e (P>
0.05).
22 Z&EEBRNMEFYRITIAE

FHE SRS HEA . AU K
Grir g BT E 22 F(P>0.05) . ARHEN KT
& E TR ZRAFAE 235 F2 10 (P<0.05), TE A FhSE A
KT B 7 TR SR A7 AE (8 2 BE IR (P<0.05), HH: —
FHAZ HAE R R B 25 (P>0.05). 15%/K T4
A FRUR R B E LT HAR KT (P<0.05); 1 g i
DRI BE 5 vk AR T s e TS TR, 10%
REJEN 3 5 T E KT 4.(P<0.05; % 3).
23 BIEHELE

TEZR 4, JEN RS RIK T R HAZ BAE G B
A B S TR G M RCA B R (P>0.05), 1H
VE R 7K B3 R T NI o I R g B 1 1 (P<



72

KR R

46 %

0.05). Bt 1Al RL R sE Ry AKSE B4 &, ek BE A i
EEEE S E TS 5%5E R K T 201 7 vE K i
Fifig & A BEESS)  EK T H A /K P (P<0.05).
2.4 FFREEWIEFRNATHER

FHZ SH] UL, JE R PSR AK T e Hox2 HAE R
JFIEGPT. GOTIEHMEAMTCHO. TGE EWEA &

S (P<0.05), Bl DR SE R K 32 =, RS 5
SRR ETHES, 15%0E R K240 2 & T HARK
“F(P<0.05).
25 FFRRRRZE

WE V7R, B A A VE R A K TE # 7K1 (1)
PEwn, FEA M a6 i, o B B A% A F8 F 2 i dk

FHFN(P>0.05) TR KX PR S 5 oA AR i35 BH, H LA15% ity BN IR

Rz 2 ARLEM IR I R e 4 & A M BERN S (R FE FR RO B2 0T
Tab. 2 Effects of dietary starch on growth and morphological indices of brown trout juvenile
o TR KT MR T 254 P 1A
iﬁ El Sﬁfi}lﬁi Starch level (%) P-value of two-way ANOVA
ype 5 10 15 T L TxL

YIHE EIBW (g) FRIER 0.50+0.03 0.50+£0.02 0.50+0.04
KEZjEH: 0.50+0.06 0.50+0.05 0.50+0.01

LR FEFBW (g) FRIEH 2.96+0.02° 3.0240.05" 2.71+0.05° 0215 0.000 0.321
KBRS 2.97+0.02° 3.09+0.04" 2.7140.03°

HEHE R WGR (%) EAITH 491.543.8" 503.949.6°  442.9+10.1° 0.242 0.000 0.304
%ggjﬁﬁ 4943+48°  5188+8.0°  441.2+6.4°

Ak ZHFCR FKIER 1.37+0.03°  1.36£0.01°  1.54+0.03" 0.175 0.000 0.855
R 1.36+0.03°  1.3240.04°  1.52+0.03°

HIE#ESR (%) BV ST 1 98.3+1.2 96.7+1.2 97.5+0.00 0.558 0.272 0.703
REZVEN 98.3+2.4 96.7+2.4 99.2+1.2

JIEH 1 CF (g/om’) Tk 1.49+0.13 1.5020.11 1.48+0.12 0.809 0.953 0.925
KRB VERY 1.50+0.18 1.57+0.18 1.41£0.07

JiEAR LE Vs FRIERD 7.80+1.24 8.32+0.95 8.51+1.53 0.147 0.401 0.497
R VER 8.24+0.95 9.24+0.90 8.49+1.33

e FATEEE R ARAS RS - REEOR IR R A [F] K41 18] 22 57 .35 (P<0.05); [Al—48 45 T~ B9 R Z1 8 B AR AN RS R0
[ — KA R R e by 4L 1) 22 57 (2.3 (P<0.05) . T. JEM RIS L. Sk K F; T IE

Note: In the same row, values with different superscripts in lowercase letters indicated significant difference among different starch
level groups following the same starch type (P<0.05); in the same column, values with different capital letter superscripts indicated
significant difference among different starch groups following the same starch level (P<0.05). T. starch type; L. starch level. The same

applies below

=3 ARUEMIHERK LS T R4S S & ARMEFRYIRMRRNZI
Tab. 3 Effects of dietary starch on body composition and nutrient retention of brown trout juvenile (%)
o WK WA R T Z 5 PlE
?ti E S{tiaff:}}ﬁ% Starch level (%) P-value of two-way ANOVA
ype 5 10 15 T L TxL
7K 4rMoisture FoKER 77.23+0.74  77.67+0.34  77.13x0.43 0.659 0.297 0.336
N7 76.62+0.74  77.36£0.26  77.64+0.50
2 1 )5 Crude protein FRGER 1537£0.19  15.0240.58  15.06+0.21 0.740 0.220 0.999
KE R 15.4240.15  15.08+0.19  15.18+0.47
HIR i Crude lipid FRUER 2.72+0.10  2.82+0.37  2.90+0.42 0.699 0.755 0.972
RE e 279£0.45  2.95+0.12  2.92+0.21
HK 5> Ash TORIER 2.08+0.03  2.10+0.01 2.12+0.07 0.420 0.851 0.721
N7 2.09+0.02  2.07+0.03 2.08+0.05
% A R U # Protein retention (%) EKiER 25.440.53"  24.74+0.12° 22.13+0.48" 0.146 0.000 0.538
KB RER 25.49+0.63"  25.65+0.78" 22.630.50"
He i TR Z Lipid retention (%) TKiEk 17.97+0.35" 18.73+0.08"° 16.70+0.22° 0.005 0.000 0.081
AKBEFEH 18.55+0.43" 20.27+0.58"" 17.84+0.22°
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3.1 AREEM IR XTI R b4 & 4 KM RE
oAl

JE B R BR K AL B DA R A 75 K, (3 —
SE 5 [ B KA A 4 24 f50RE 5 A 8 Jon ag: e 2 4 e o
I, AT DAY/ H BRI IR T R A e B 5 ) A3 1
AN B8 22 1) 2 1 5 R i s P T f A R 2R G, 3R
TRER R 22, #E K7 Pt (Salmo salar)™
1 @)’—7(Lateolabraxjaponicus)Dl] HhEHIE AR B, Ak
HFER KT 9% 2%, fa kA K RETS 2 T
FRTE. ARSI, & & e E K- eE
T AR N ) A K e, AR PR 3 B F AR R
V. 2R B ) £ sk b A 1R T B K P N 10%, 5 UL
(Oncorhynchus mykiss)™ B KAL A0 75 35-5:(12%)
A, )P T M (Oreochromis niloticusx
O. aureus) [33]7F[lE@(Ctenopharyngodon idellus)[34]
LR} R B 7K AY S ) 1 SR VS N R T IA F1 22 % A
30% LA b, Jzeaze sy TV AR fi X PR O T AR B )R T

PR VA K £ 285, e 2 PR B £ e £ Ko P £
B SR SR A I B AR I

AR, SR 0 SR Bt 2 K 0 3 A KR A
VERY E LR VA S BEVE R R RV LR, S
B L L BEVE B S A 5 K AR, T DA T L
B ks BT AL R, AT K = s K,
LigP Vo) 7 bt i i g 32 B, 78K 1SR B N
B REVERY EU ) VRS, BBV AR I T
TR 0 F A LA TS A BT P e, A S 1 (1 48 I
R ZK P, AT 36 30 Hh o L v B 491 e P b
o A A (0 R AL T % < e o LA 7
F R YL R R R B v ) T LA, S IR Bt AR
) ) A S M R S S M U AR
AN REIGF10% KR EEHARIEERES T
KAER, (025 AR T3, 2 W AR VT RS ST B Ve
3 A5 5 (SR BB R LR 2, I A — B 9
3.2 AREERMAFIK TN T R et4E 2 AEARR
FOEAL

FE R PR T SR, B S KR 4

R4 ARLERIAFK TN T R e S B IEH BRI R0

Tab. 4 Effects of dietary starch on digestive enzyme activities of brown trout juvenile

_ NONN TER K UK 2% J5 2 AT PIE
q *E/*’F Vi*ﬁhﬂ]% Starch level (%) P-value of two-way ANOVA
Index (U/mg prot) Starch type 5 10 15 T L T<L
H &% F B Pepsin FoKyE R 26.23+2.84 27.06+0.92 27.12+3.45 0733 0817 0919
REGER 25.37+4.32 25.47+4.63 27.50+3.05 ’ ' '
B VR B Stomach amylase K VER) 0.33+0.03 0.3440.03 0.33+0.05
I, 0.957 0.345 0.423
REER 0.29+0.03 0.35+0.04 0.35+0.03
J% & A W Intestine protease T K IEHY 274.2246.69°  339.6449.00°  364.66+6.60"
. X 0.117 0.000 0.657
RIEEVER 281.25£10.93°  369.88+7.92 407.94+12.39
e ¥ i Intestine amylase K IEH) 0.29+0.03° 0.38+0.03" 0.45+0.05" 0,856 0,000 01
KR 0.27+0.03" 0.40+0.05" 0.454+0.04 ’ ’ ’

RS AREEMRRIERIK X R 40 & BT AR & (L RIR R AT R IR RS20

Tab.5 Effects of dietary starch on liver biochemical indices and liver glycogen of brown trout juvenile

Jer g e ST YA
Ifn'édtf;( Sftﬁafcff y%’je Staflﬁ;}feﬁ%) P-vﬁo%f%tzvjfwjijfl\{%VA
5 10 15 T L T=L
B EEIGPT (U/g prot) FRIEHN  79.41£14.04  73.73+8.95 71.85+6.92 0.707 0.902 0.650
AREVEt 7546931 74.73+10.45  81.90+12.56
BHEEAMGOT (U/g prot) FKUEN  106.6449.81  97.79+12.92  92.49+17.59  0.616 0.540 0.678
KEJEH  107.84£15.01  94.95+4.54  106.50+18.43
A FE B2 TCHO (mmol/g prot) FKER 3.91+0.44 4.04+0.47 4.210.07 0.171 0.308 0.889
KEZBUEH 4.07+0.45 4.39+0.27 4.58+0.25
H M =EETG (mmol/g prot) TRk 5.92+0.28 6.11£0.66 5.91+0.46 0.190 0.530 0.604
ARE e 6.51+0.11 6.31+0.11 6.00+0.19
¥ i Liver glycolgen (mg/g) FoKEH 77.46£5.12°  84.95+8.58"  109.01%7.59" 0.445 0.001 0.699
KEVEN 82.48+7.62°  92.02+6.98" 107.28+8.95"
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m, RTS8 LT . (B SR SUA B (Epinephe-
lus akaara)” " FVEEEW (Sparus latus)”” W78,
B & KA G VK 3 v, AR S &R
B o A SIS VAR i 4 2H AN 32 TE R AP R 50K
Esem, 515 KZE 6 (Scophthalmus maximus Lin-
naeus)" b (RHE AL IX AT BE R R A AN R R A K
X UE R I T BE 7 AN [F) 3 B

B SLIG vh Ax f0 2 IR R R 3 2 R, (HTE R
KT I8 2 R e 4 B AR ZR AR T U AR 2 15%
VER ZHL ) B R UTRA 2R R AR T AR AR 4,
10%3E B 7K 125 (14 i 107 UAR 28 4 25 v T oAt 2> 7K
F, XEERHIMENERTIUER .. A, KE
VEN 10%ZE ¥ g [0 Ui AR 6 16 2 v T oK TE# 10%
4, W eV R R4 £ 8 ST A R P SCREVE R
33 ARLEMFRERK TR T RS 6 T IFIEH
1L EBRYFZE

TH AT PR P T AE — o R B A R S 1]
BUE TR THAL . RS R R BT . 7E AR SEEG 1
B, YE R B AKX AR B 1 2 il 2 B Ve R
AR A A0 S 2 SR, T i 2 18 I A U K B A
K KR4 =T g . A % B (Rachycentron
canadum)"” . B8 (Acanthopagrus schlegelii)" " F1&
IR (Rhynchocypris lagowskii Dybowski)m]ﬁfjﬂjﬁ
R HRTE o VE R BETE G N, TR N T
ST 7 R KA £ T A L 3 e
3.4 EARUEMFRAEFIK T L R EES BT IRE L
LAl

GOTHIGPT & S W I T BE 1) FE ZEHR b, H i

K1 WAREL S AT IEHRY)

= TR RO o T D) s e £ LA IR T AU S 0 . A
K BT, 21.74%5% K AL S 7K 4 I
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Fig. 1 Tissue slices of brown trout juvenile liver (200x)
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THE SUITABLE STARCH TYPES AND LEVELS IN THE DIET OF BROWN
TROUT (SALMO TRUTTA) JUVENILES
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(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
China; 2. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN) of the Ministry of Agriculture, Shanghai
Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of starch on the growth, feed utilization, digestive enzyme activity, liver biochemi-
cal indexes and liver histology of brown trout juveniles, six isonitrogenous and isolipidic diets were formulated with
corn starch and cassava starch at three levels of 5%, 10% and 15%, respectively, to feed brown trout juveniles with an
initial body weight of (0.50+0.03) g for 84 days. The results indicated that the weight gain rate (WGR) first increased
and then decreased, while the feed coefficient ratio (FCR) showed an opposite trend with the increasing dietary starch
level (P<0.05). The 10% cassava starch group had the highest WGR (518.8%) and the lowest FCR (1.32). There were
no significant differences in the survival, viscera-body ratio, condition factor, and body composition among the groups
(P>0.05). The crude protein retention decreased with the increasing starch level, and the 15% starch group had signifi-
cantly lower values than that of the other groups (P<0.05). While the lipid retention first increased and then decreased
with the increasing dietary starch level, and the 10% cassava starch group showed significantly higher lipid retention
than that of the 10% corn starch group (P<0.05). The starch types and levels did not significantly affect the activities of
pepsin, gastric amylase, liver alanine aminotransferase, liver aspartate aminotransferase, and the contents of total cho-
lesterol and triglycerides in liver (P>0.05), while the activities of intestinal amylase and protease in 15% starch group
were significantly higher than those in other groups (P<0.05). The 15% starch groups showed significantly higher liver
glycogen content and more nucleus shift and cell vacuolation than the other groups. In conclusion, the suitable diet for
brown trout juveniles was suggested to be 10% cassava starch under the experimental conditions.

Key words: Salmo trutta; Corn starch; Cassava starch; Growth; Digestive enzymes; Hepatic histology



