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4 FRIERIR S 2 AV 8 b S A Ak, 3R
B B ok e ARDRL G Y TR I iR AT T O
X REZH U 7 W%, LAPP 2 fapRL AP i B A
TERI RIS K-, Ik R 1 PR e TS & A et
i RIS/

B ik

1.1 ##
L1 sEfa

SRS R ALT AR | AR A 25 B ROk O
SLE PR ORI 4 FPYEAT (R SORTE R | ELEE
EORTE M | /N VEM FIR B VE R ) & 2 5 K P

(5% #110% ) BL il ) 8 Fift 55 S80FN S5 RE A R, 4
PRBEAT I, 5T R JE AT /N2 B AR B
B o SCRETERI 5 7 70% ~80% i i ELEE
KBER B BETE A (935 i ki 70% ~80% . L
TRDRHRIE 736 07 < K 181 25 )t ISR 22 8 6, 80
FLaad b , 45 2% 21 0 6 70 5 39 20, P AR i il
TR FHFEIIRET, T3 IMA 30% B KIR A5 242
PIESPRROE o AL B AR 2 mm, K5 ~
10 mm FYRIAL, BT 110 CHEAFH AL 15 min, 60
CHET, G IR EHR AT - 20 “C kA
FF o SERARDRH EC T B MM 2H 2 e BT i3 1o

F1 RREARE T R AN S (% T A

Tab. 1 Formulation and proximate analysis of trial diets ( % dry diet)

5% EHEAE  10% E EEE 10% 5% 10%
5% W I 5% W I ; ; 5% e weekn pets
_— e e FoRIER  FRIER e NETERY  ORETEN  ARETEH
i ThiEs Bk SRRy IR ATHER AR
diets 5% waxy 5% waxy . . o
high-amylose high-amylose wheat cassava cassava
corn starch corn starch wheat starch
corn starch corn starch starch starch starch
[ 7 Ji{ 43 basal ingredient 78.50 78.50 78.50 78.50 78.50 78.50 78.50 78.50
K .3l soybean oil 7.50 5.32 5.32 7.50 5.32 7.50 5.32
JEH) raw starch 5.72 11.44 11.25 5.73 11.47 5.70 11.40
A1 4 zeolite powder 8.28 4.74 4.93 8.27 4.71 8.3 4.78
431 total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
43534 (% T4k}) proximate analysis (% dry diet)

HLEE H i/ % crude protein 47.65 48.32 48.23 47.91 48.24 48.65 48.438 48.83
FNG NG/ % crude lipid 12.98 10.19 12.82 9.78 12.87 10.06 12.33 9.81
MEF4E/ % crude fiber 0.70 0.71 0.69 0.79 0.83 1.13 1.18

] VAL TERS % digestible starch 5.40 9.84 7.83 5.22 9.43 5.31 10.28

A/ (MJ/kg) gross energy 18.48 18.41 18.50 18.27 18.51 18.41 18.38 18.34

T« [ 2 LA Ak (% TE) ,48. 00 A3 iy 4. 005 25 B2 5R1, 10. 005 TR R (18,5, 005 W8T LBk A , 4. 005 8 £ Y IERS , 2. 005 K G0
Ji 2. 50 5 BRSO ,0. 50 5 BEfR — 445 ,0.80; £4E,1.00; £%,0.70,

Note: constant ingredient( % dry diet). Fish meal, 48.00; Wheat gluten meal, 4.00; Soybean meal, 10.00; Corn gluten meal, 5.00; Spray-
dried blood meal, 4.00; Phospholipid oil, 2.50; Squid viscera meal, 2.00; Brewer’s yeast extract, 0.50; Calcium dihydrogen phosphate, 0. 80;

Vitamin premix 1.00; Mineral premix, 0.70.

1.2 SEsi)

U R ANE P2 R RN 210 2 L
E B A A PR AT
1.1.3 SB{Xas

S A 2 AN O EET (T6,
Jbmt 8 p il AL g8 A BR A\ A B D) R L
(RM2255, Leica, 1% [® ) . 4= ¥ B 4 4% ( E200-F,
NIKON, H 7<) JBAH#L(D5100,NIKON, H 4<) .Hl
G B (Kieltec 2200, FOSS, 12 ) (&R RS 10
JEAX (SOX416, Gerhardt, 18 [5 ) | £F 4k I 5& X
(FT12, Gerhardt, % [ ) #1451 (6200, Parr, 3%
) o
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1.2 FHix
121 FRESCH BT S IR B

SEER TR I SR il f (0 B L3 v X
FSRIE ) AL EAG AR R G P AT 2 JH
SR AT I, 3T ] AR L T A iRk
ARA R R iR, 2224 h VAL PR, Pk
BE MR FOR AR AR S S B0 ] AT o 2
PRI, SCR Aty 8 ARk Ab B, FAb B 3 A HAT,
BEBL T ICE] 24 4> 800 L AYSIS I KAG rh , Bk Al
IFHIIGR RB hy (23.45 = 0.08) g AL £
30 B FRAESEE R BGR MAL E B, 4 K AR M
UK (8:00 A1 16:00) . FrFH Z G MTE R K 4215 4



1 3] TRAEZR 25 TDRE AN TR TR U5 B KT %0 R 1T RGP T I 2 225 F) 5 ) 63

FUEARD o0 08 PEA T 4R AN K R A B, S 5630
[RI H ZROG IR, KR A F (28 = 1)°C, A
F7(0.25 + 0.05)mg/L,pH K 7.2 + 0.2, 5%
KT 6 mg/L, FRIHLIILEFLE 45 d,
1.2.2 BESCREE

FRIE SRR AE oG , S0 f 220t 24 h YLK,
IR KAE R 5 R fa F 55 DR EORE
WU AR , 25 PR JF 2R 740 R E 5% 5 B0
HELHZUE T Bouin” s [ ¥ H [ 5 24 h /R4
LR 5 — R E T+ - 80 CH A7,
T D A O 7
1.2.3  falba o3 FOAE S A DU

ek v R 11 9 R L G LS 5 )
RERELIR 5 0 7 R FH 2% ECRg ) 7 4S5 A b b
LT YER T L AT 2 A 7 5 ) ek ek A R T ALY
DU 5 Ak b Rl S Ak 3 #0075 7k 2 BR AOAC
U RPBEIRIN 2 2 I CARROLL! By 712
1.2.4 Py e il

IIAKE I B 2 g TRAKEHE T 95% LT,
FEIA DK I IR h0 3 v i , P A 100 mL i) H il
95 mL 1) 95% LREIG IR G 34515% 5 g WRLAE
PG, % T 100 mL 7K o 3 fini s 8 A s 1 B L
VESVRZE T b A 3 B 550 Hh R WA Bl 1 RS
BI5] BB AT B IR ARG YR BT B, X
JZEPATFL T, ) G AR Sy 25 21 ) Ty AT A
Mo

PRET e BRI 1 g DL IE ¥ T 100 mL
75% (1) TR, TN LI K B T (o Y 0 2 e 21 (5
BRI AT

0.5% fE LR TR : B 0. 5 g W ILER S T 100
mL 70% B i R S8

A R FE RS A 100 mL ZE 48 /K 2
WSO B B0 R AR 2T 0.5 g, BEFEE
i R HIZE 50 CHLA T mol/L £;f% 50 mL H-4iE$E
RA],REIE 25°CH N AREWARERE 0.5 g,
A T BES AA LLFmIRA o BEGE 24 h
WORIR B A BOR LA, P A TG MR 1 g B EK
e EE 1 h 5 RDSUZ IR 408 , IR VR R TG

SELIRIR, B ORICAE T 4 CH A

1.2.5 AU R 5jkeE

AV R H&E Yefo . 4 U 206 i 2 1%
K, RGBS o a2 Y R (JRJE
H5 pum), 2B ROBERTS' Jy k4T H&E Y

o, B R fa WA TSI R IR .

AU PAS e, (s FPREIEL) < A1 05 D)
F B 2K, SRS R TN 0. 5% 1Y i B R 7
WS min, 4 AR T A 0 i AR A T e 5 AR
KPR T min x 3 3R, DAYk 22 A3 0 e SRR VA VL 5 45
P8 T A I iR 10 min, ffT L 55 A SR
AL G R L0 SRS K V) A A R 7K
Y2 min x 3 YK MPE S ~ 10 ming K I
B R, e W NI A,

1.3 HE/ESEGSH

H&E Je( 5 i UIR 2 0S5 5k, B sk BEHLI 5
AP i i R G2 3 Tmage-pro plus 6.0
A7 40 Jf %% e R0 A B TET R A 4 3t A dE 4R
( Hepatosomatic index, HSI) % F FHI/ATIHE .

[ = W/W x 100% (1)
T AR B W D FHEEE ; W o8 f R
Bl T A Excel 2007 JfA4b B, A KL LIFE 2
{H £ ARUEIRE R . SR SPSS 17. 0 X8 #E17 5
K& )7 2247 #1 ( One-Way ANOVA) , f| Duncan’ s
Bt 2 25 R B EE A, W E K P <0.05,

2 4k

2.1 SEMHERKEINKOZGATREAL RN
BF A48 50 A 22 i

BT i, K0 PR 5 2 35 AN ] A U
KB L 5% JE R R R A 10% 15 BLBE &
K VE A AL 1) S 3 £ O 2 € 2 ff 21 €5, A
10% JE 3 i Aok 21 52 36 £ JHF WO 23 €6 34 3 30 & (1 3R
%o K2 N, bR T 10% = HAE T OKE R 411
HSI 5 5% W& it EoRWE M 4 JC 18 3% 22 S A (P >
0.05) , HAth 10% J& by 41 5256 Fa 1) HST 35 i 3
T 5% JEMTRAL (P <0.05) ,5% = B85 EOKTEM
I HSIBR 5 5% REVERH T AR EINP >
0.05) , 3@ Z (KT HAh A ZH (P <0.05) ,10% 15
EHE T K JE M S2 6 1 1Y HST B K T HoAh
10% JE R iR (P <0.05) o
2.2 EMERKENKOZBGFFEARLFSH
=ap=Al

32 firR, BB AN R VE Ry U S KT 1) )R
S, AN S 56 21 1 S 56 # e Tl AR B S
HST AL A8 AL R , T FF400 it 288 (B o g
F M ARLES) WAL o BB 5% B 0T BoREN: /N
TE RS FH A 25 3 3 ) ek 20 52 55 #0174 JHF 448 i 85 B2 G
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64 B SR = SRy N = 1

25 %

BEMEF(P>0.05), HYEE S T4 HB
10% JERFRBILL(P <0.05) . T E 5% 1 10%
e ELEE R K JE B R 2 1) S5 e T AT i 2 R 34
R T HAS A (P <0.05), H 5% & HiE £
K TER LA B T 10% 4., JFFIE4 2 Y]
H&E Qe 25 R BB 10% 85 5T EOKGEM
JINFZ TG A S U oy ek 20 1 I 40 s R A
Je et PR I —" ), #5853 JFF 44 i 2 3 A (&1 i
I, A7) BN 40 A% B 2 A0 Ml h 2 (B I,
“wp ) IS, B R B AL T 5% TE
KL A 10% 55 B BE K UE 83 1l ke 2 1 52 56 8 i
YU AR B IR
2.3 EMBERKEMAOZBHFERSENY
i

2 R, TEAS [FIVE B KT i iRk 4 22 1]
BRAE 1 5% F1 10% Mt 5 1 K YA Rl b4 1 52 56 £

JHRE IR0 A 5 22 S A, HiAth 5% B e
LAY TR I 2 B R T 10% (P <0.05) o
TER—TERKF T, 5% 1 FLAE B R TERY /N2
VE RIS 25 0 B 1 A 2 1) JTP R D 5 22 1R G
FEZES (P >0.05) HIYRFMRT 5% 8 &
ATEAR R (P <0.05) 510% o FLAE T OKTEHD
KL 2 8 T D AR T 10 %% I o K IR
B3 10% /N FER TR A 10% A EE A 1 41
(P <0.05) . FRPEHAGTER IR SR 3f R 10 SR i
2006 PN AR DR A 552 il e I e s kT R
R 2L (PR ISR ) w4 m] L (1 RII
“=7) 4 R, 10% BE R A K T PR T
I AR W o T 5% BEA A5 AE R — BE KD
KT i LB TR R AL 14 i D o A 2
THAGTER , 31X -5 M I 1 A 00 5 25 SR AR W)
(%2

®2 ARPRAERESRIRREKEXKORLFER . FFEEL AT ERT ETARERE M

Tab. 2 Effects of dietary different starch sources and levels on glycogen,

hepatosomatic index, hepatocyte density and hepatocyte area in largemouth bass

HFWELH 2R 2428 liver histology parameters

k) diets T I %o

glycogen content

hepatosomatic index

JiFem s e/
(4~ x10%/mm*)
hepatocyte density

JH- &40 e i A
/(pm?/4>)

hepatocyte area

iRES R

S0 I T T R
S%C‘fjfijffﬁh 7.91 £0.27% 2.42 £0.07° 7.99 +0.15¢ 125.95 +2.35"
10% ke
10%%%5%?@?& 8.45=0.12° 4.78 +0.21° 4.79 +0.09¢ 209.81 +3. 83"
[ e e R S AN
3% F AR RTER) 6.63 +0.23¢ 1.84 +0.04e 10.56 0. 14* 95.09 £1.31°
5% high-amylose corn starch
10% i AR RTER) 7.07 £0.16° 2.48 £0.07° 9.43 +0.09" 106. 19 +1.00°
10% high-amylose corn starch
5% INFEVENR
5% ”‘N/ﬁflgﬁh 6.42 0. 16" 2.35 £0.06 8.12+0.11° 123.73 £1.72"
109 SSERY
10%/”‘;&?%?0}1 7.53 +0.15" 4.68 +0.21° 4.77 £0.19¢ 214.96 +8.76°
0 - Byl
séfﬁfﬁjﬁch 6.12 £0.32¢ 2.04 £0.04% 8.05 0. 13¢ 124.76 £2.13"
10% TER
o RFETERY 8.37 £0.19° 3.8520.13" 5.05 +0.22¢ 207.63 =10.56*

10% cassava starch

T < [ BB R A AN R _E AR T B3R 22 53 35 (P <0.05) .

Note: Means with the different superscripts within the same column are significantly different at P <0.05.

3 Phe

AR, PR £ 2 A e e B K AL A
A7 S SRR 32 BE T IR T 28 B P A0 w1k
e, MR BT AR PR 2R DR K A A
Py Canges ) A B T T AR K R BE ST A FR, [l it
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1 3] TRAEZR 25 TDRE AN TR TR U5 B KT %0 R 1T RGP T I 2 225 F) 5 ) 65

RERVENS (s o7 TR TE A | e B B R TERY /A
TERIFAETEN) H, Bk i B 6% 5K 3k A 4%
AN BN TR R B 3 ek 5 o K
Tt iy R TE R SRR . W T RO TE R /N T
AR TE N h S HEVE R Y & 105 70% ~80%
T L6 R Dby vh BB VE R 1 5 o T0% ~
80% , i L iRk 3 A AT LR Y = L VE A B T
HASA KW EBEVER , Bt LA A] I8 AL TE # 1 7K
FEHABTEREAR (K 1) . ZMAEMPT5EE,
DR SRR B3R 4 e by 18 ROR] A 32 RE
HAEEATH B ZEFIK P b3 52 30 A A R Y
Pedto ASCETE 4 IR 2 KF T 8 FiapklxS T
S JH I P W D i R 2 2 1 R e R A T AR
T TR T AR A2 B R B SR Y
THALIR WS ) Fbegse g B s g s A 4 o

M2 S A TR A 0 88 B, B AT
ARG S iR DI RE , T2 MBS AR E . A
WFFEA S, TRDRH 3R U5 A K P X R 28 i e
AN PERHARTE RO A2 1 AN R RE B R 52 0
HHTE 5% W iR BHE By 2K I, S 50 8 T Y 41
L0 3 24 5 RLAE RS TR A 1 i 15 ) B I
PRTEEL o B K DR ) R 2H fe (IR, oAl 2H
6] JC W5 2= 5 (HIER K-8 10% i, ME = H
RS STck Kok S YR A D URERE DR R
HK[F T 5% JER W iRDRLZ, 3X AT RE 2 B T e L%
VEH T T A A3 7K P AR 1), At 25 2 A
AR, A H i 25 4 K, 3R B3 26 S £ 7 Rl
PRDBE A I 1) 7 Ao T 2 A T o7 o i 3 IR 2
{H AMOAH 45 (R B T R K B 3 Fh JE S8R 4
YIKF-(13% ,19% F1 25% ) (R ARRERE R 11 2 i 1y
JHARFE B & R, 7 AR X — 22 0 Y i
PRI AT R A2 S 0 et 1) W U 5 At 5 e fet P )
PR TF] B 250, AL T BB -5 S 0 ) Ak 1) LAt 75 5= ) Joit
P FIRMERE A 56, i hb, HoAth =73 X7 2% 28 K FH
st 2t 43l fi ( Sparus aurata) 220 g
W £81 ( Rachycentron canadus) RS ST, A
RS e rb i AT A T B K AL 5 0 B K F- 25 D
FHK

S R AR rh 3y YRR K B A TR 51 R T
JHFFEE A0 0 €2 35 118 e 7 S AR 5 ) T v {EL o wfe
DA A8 AH X 5 6 U ) 45 10 8 04T WD T
30 3 I 5 e AR Ji S R RO B I 1) 2 41
VIR &R, 3 B A 6502 3 AR 8 4 b

T ST Ay« B i 2 4 84 w25 JET 200 6 1 i i
A3 2 R B 2s 9A FA0  A 9E JE ) o A T
TR ARG (BRI o X BLH, K 0 g
DRI £ 7 3k 2 1 AT 30 P T e T 3 1 T g B
PR AR B AR DA SR 1 B U 4 2 52 5195 1 AT
DU DT, IR X 3 B 4 A S e 32 8 T
TR 4T, DT F2 47 194 A Rt B o7 32 ) 3
— AR, (AR R A, R TR Y
FOANE 7 AN R A1, T S0 00 e} H A 5 7
KA T J7 3R A 37 5 3L St KA
SBORE B0 5 5 (S [, B o ) — o 0 S P9 BF
REEWEG B ZESR ., AMOAH % Xt
TR R 128.5 g MK I BB THITIE K 3,3 Fh
TR HYIK(13% ,19% F125% ) BB R
171 65 ) T A B80T Dt ) 7K S 24 R 7 A
ERO RN S £ I A R S A T B
M, At A A SR A A0 B A 7 A T A4 i 88
AR 3R, SR, GOODWIN 25 iy i 5¢
B, R 1T BB DA P 1 0 2R3 HH KT 5 T A
SR Z5 AN B DA O, 0 T i A 2802 7™
A AR P W B R . A5 e S AR R
—E RS e D A T A3 A R
S R £ 3 TG R K /N T 20. 5%
Z5IE SRR e A —3k, A R H A a2k
DRSS B 5 14 AT M) P Bt 2K 4 00 T 75 | A T it
A i A SR T TR Dh B 2R K A B
FRRIF AR AN 20 L T 68 6 B K Ak 2 0 14 )
PSR 32 fE F1 A B o 25 4 ek o g T ) R ik ok
AWK T 8 3t 14% B PR 5 KO 522 1 FF,
FERCTRRES RIS S I A0 T 5 S BT 68 1 T
IHRESZ A, % oK Fp A 25 1 1 T 52 P AR
TN Al 1 26 9 BIF 5T Pt e B2 L G 1
Bt RO AR AR S B T ST A5 Y R R
5 LB R T 0 {6 P A e D 0 T
R ETORR , DT i 2% 38 4% 8Ll i i /K AL & 9 1Y)
AR AR 524 %S5 5 ABE SR,
X AT RE 5 R L BE B K TE R S A R ) BB
TENS , T 4% 52 2% 50 % HL s Ak A I RE A R A
X

L5 F TR, AS B 9T SR A VF B 41 2 14 €0 3 L
8¢ PR ORI 00 2 R 2R 00 e WL 114 5
B, VAL T R I SR e iRk b E A R K SF i R
RESI RN 320 o 50 20 Fr al LAAS Y DRt i ok
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Effects of dietary starch sources and levels on liver histology in largemouth
bass, Micropterus salmoides

XU Xiangtai, CHEN Naisong, LIU Zike, GOU Shipan, YIN Jia
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; A 45-day feeding test was conducted to investigate the effects of different kinds and levels of dietary
starch on liver histology of largemouth bass (LMB) with an initial body weight (23.45 +0.08) g. Eight iso-
nitrogenous and iso-energetic diets were formulated with four kinds of starch (wheat starch, waxy corn starch,
high-amylose corn starch, and cassava starch) at 5% and 10% levels, respectively. At the end of the feeding
test, liver samples of test fish were collected. Biochemical analysis and histological observation of the liver
tissues were performed. The results showed that the liver of fish, fed with all diets containing 5% starch and
diet containing 10% high-amylose corn starch, was found bright red as usual, while the liver of fish, fed with
the other diets with 10% starch, turned pale. Meanwhile, compared to fish with diets including 5% starch
and 10% high- amylase corn starch, the hepatocyte size, hepatosomatic index, hepatic glycogen content and
occurrence rates of the hepatocyte vacuolization and nuclei shifting to the cellular periphery were much higher
in fish fed other 10% starch diets. It would be concluded that both dietary starch kind and its level can have
a significant effect on glycogen content and tissue structure of the liver in LMB, high-amylose corn starch is
more suitable than wheat starch, waxy corn starch and cassava starch, and that an inclusion level of 5%
dietary starch is more suitable than of 10% .

Key words: largemouth bass; feed; starch source and level; glycogen; liver histology
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Plate I The liver appearance of test fish fed diets with different starch sources and levels ( showing colour)

1. 5% WEFERIERAL; 2. 10% BB EKIENIAL; 3. 5% = HAE TOKIEM 4 ; 4. 10% S EBETKRTEMLL; 5. 5% /INEEMA;
6. 10% /INAVERH; 7. 5% REFEHA; 8. 10% AREIEHA,

1. 5% waxy corn starch; 2. 10% waxy corn starch; 3. 5% high-amylose corn starch; 4. 10% high-amylose corn starch; 5. 5% wheat

starch; 6. 10% wheat starch; 7. 5% cassava starch; 8. 10% cassava starch.
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BRI BEAEEHESKERARMNINEATEARYIFE ( HRKE 3£ &)
Plate I Liver sections of test fish fed diets with different starch sources and levels ( H&E staining )
1. 5% BEBREKIERAL; 2. 10% BEBTEOKIEMAL; 3. 5% mEEEEKRIEMA; 4. 10% S EEEEARIERLL; 5. 5% /NEEHA;
6. 10% /NAEJERUL; 7. 5% RETEHUL; 8. 10% REEHLAL. “w  RAMZEMES,“—" mAMIK, A7 R,

1. 5% waxy corn starch; 2. 10% waxy corn starch; 3. 5% high-amylose corn starch; 4. 10% high-amylose corn starch; 5. 5% wheat

starch; 6. 10% wheat starch; 7. 5% cassava starch; 8. 10% cassava starch. “w” nuclei shifted to the periphery of the hepatocytes; “—"

swelling cells; “ A” vacuolation.
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BRI BEREESES KRNI EATAEARY R E( PAS &)
Plate I Liver sections of test fish fed diets with different starch sources and levels ( PAS staining )
1. 5% WS FERTEMAL; 2. 10% WS FRTEMAL; 3. 5% MEBEFAKERL; 4. 10% @ EEFKRERD; 5. 5% NETERA;
6. 10% /NEJERUL; 7. 5% REEHUL; 8. 10% REEHUL. “=” RIFHE.

1. 5% waxy corn starch; 2. 10% waxy corn starch; 3. 5% high-amylose corn starch ; 4. 10% high-amylose corn starch; 5. 5% wheat

starch ; 6. 10% wheat starch; 7. 5% cassava starch; 8. 10% cassava starch. “=>" glycogen.
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