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20
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AR N B A 07 SR R MR Ak 26 R R T A T DA e it i AR M s PR
TR BRERNG Y R SkEIRY MR Y EEREER?
(L) HRHFPERSEAR e, T 524088; 2. ZRIGFERSA/K 2Bt , JHIT 524088)
B ARG B TEDR DI RL S [ I G A 0 2 A E £ SR R R T A L i
JFF 192 JUE ¥ Al I 2 DA R 0L AR R S R S R AR R IS IR PR R . PR E
(7.5040.25) g 2P e 540 B, BEWlr N6 4l (FAHA3INEE, BNMELE 30 E) , 2l
TAMEARZE RN EI A 0 (KR |« 4%. 8%. 12%. 16%F1 20%[1) %5 At SRl ah iR, ik
oMy 8 JH . MK HXIRAAEL, RN 4%~ 200 k%t B I o g A4
AR AT AL R A B2 M (P>0.05); TR 4% ~16% A Z & ARl FiER
F R 2 AU B R TE A R TE i 35 52 (P >0.05); Rl I 4%~ 12% A 8 6 27
A i R T PR R O O S 35 4 (P >0.05) s AR R R RN LI E 20% LA )
AR (P>0.05) st (P<0.05) fij i Al kI Fis s M A e My Mg o il bk s DRk R

FORHISINLEBITE 4%~ 12960 R 42 iy LI5S 7 b B ATEE S AL DB AL B e 1, (B 22 3 N

N
i

m

(P>0.05), X ML HAth AE4R 7 1 o e F8 A5t JC S 2 500 (P >0.05) . MR 45 REZ G VP IE
AIRIGTAREE TP IR b R ED IR PRI LB 4%~ 1290 A 2354 B4k
0 (S FRVT R AT A L 1 38 R P JBA U A s e A L35 e e P S B AR R P AR AN R
Wi, AL AR A o
BRI B, RER: TR B JRRR R
PRI S963 SCHERBRIREG: A SO

AR FEEK TR X AEY, RER. M. mEmSia, 54

. BRESHOVET = RE Y. LR, MAEEGIRHET IR BIRORER,
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BRI R B BT AE R T, Dk, W] R B R 7 & A A A LG A8
BRAR A 7 A BN 2 R F TSI R R B ek s RE A B AT =, BLE O AR R
REE TR R AL A AT FOIE PR AR ZE Ry H T 00 L RS R B S P vl AT 1,
WA AT TR T IE I T E VD R T DASR S AR R 7= i K B . BRI, IR R R S AR
FORR A TE A REAT i VR DY, 7R S O PR R I — € EL AR Bk A 2o HLE
PAPEREM TR R MRS, H T A S TARE N B ARl B G EUAT RIS 7K
PRI TS, HR Z TR AR RCR b, X T AR R /K IR 58 B S ROR IR TR
NERT o XIS AE 7 A FE ) BE Al b 32 BRI AN [ 0 b9 A ok 5 27 A #8877 o W
AR ARSI A AR SV S B R AR 2R, AT AR A (8 2 AR 0 375 E i 8 2 it
— € IR EEA .
1 MESI%
1.1 RXEe s K bk
B0 ] 2 AR A [ T K T A B PR A =] 1 e, by i s B R,
WIGHARZE MW B MR, @8R =E XY, MEam. IR HE4E. K
SRR YIS 85 87.45%. 2.34%. 1.05%. 2.22%. 1.82%F!1 80.02%. HcHIAZ K}
AN 43309 0 (DO 21, VENXTHRZD) | 4% (D4 4H) . 8% (D841) . 12% (D12 41)
16% (D16 41) A120% (D20 #41) [ 6 Fh<5fess R i iy, AL E IR W& 1.
F1 RIS EFART

Table 1 Composition and nutrient levels of experimental diets %

5] Groups
TH Items
DO D4 D8 D12 D16 D20
JERE (RT-%:AD  Ingredients (air-dry basis)

4 Fish meal 3.00 3.00 3.00 3.00 3.00 3.00



41

42

43

44

45

46

47

48

A4 Soybean meal

SEFFF Colza meal

FE¥FH Cottonseed meal

ARZH Cassava meal

XKy Wheat middling

%k % Wheat bran

Zyih Soybean oil

il Fish oil

VR Premix?

&1t Total

20.00

24.00

14.00

15.50

17.00

2.00

1.50

3.00

100.00

20.00

25.00

14.00

4.00

15.50

12.00

2.00

1.50

3.00

100.00

B I35 K F (T 224 Nutrient levels (DM basis)?

fHEHAR CP

FLARRT EE

MK Ash

TRE Y NEF

30.48

5.36

5.42

36.86

30.17

5.20

531

37.53

20.00

25.00

15.00

8.00

10.50

12.00

2.00

1.50

3.00

100.00

30.12

5.13

5.37

37.66

22.00

25.00

15.00

12.00

8.50

8.00

2.00

1.50

3.00

100.00

30.24

4.99

5.29

37.83

24.00

25.00

14.00

16.00

5.00

6.20

2.00

1.80

3.00

100.00

30.11

521

531

37.94

28.00

25.00

12.00

20.00

3.20

2.00

2.00

1.80

3.00

100.00

30.24

51

5.26

38.11

DYV RL AT oAk {4t The premix provided the following per kilogram of diets: VA 7 500

IU, VD3 3600 IU, VK35 180 IU, VE 150 IU, VC 450 mg, VB130 mg, VB2 30 mg, VBes 60 mg, VB120.45 mg,

JHER nicotinic acid 120 mg, M-8 folic acid 15 mg, 72 R4S calcium pantothenate 60 mg, JLEE inositol 450 mg,

EW)E biotin 0.6 mg, MgSO4 7H20 150 mg, KCI 35 mg, KI0.75mg, ZnSOs 7H.0 7 mg, MnSOs 4H,0 1.5

mg, CuCl22.5mg, CoCl26H20 0.25 mg, FeSOs7H20 7.5 mg, KH2POsH20 2 250 mg, CaClz 1 400 mg.

D F KRS . Nutrient levels were measured values.

1.2 TFRERH

RIGEFEAERE . FHAER (7.5020.25) g P EM 540 B, BENL AN 6 N4, &4



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66
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71

3IANES, HAEKE 30 . WG 200 L [FRMERIEET, 24h 785, 3d # 1 7ok (&
SRS E R BRBOKE SRR 3. WIGTF AR ET T 5t A AL RN 2
JE, RS R 4 Wk, $RITTR] 4309 08:00, 12:00. 16:00. 20:00, HRXIETEA
ERE) 8%, RIGHIN 8 .
13 FEARMRAE S
1.31 FEFEAREE AL PE

TRMEAE L hiEHERL, 4 h 5 MRS e . BUEISEME, WORE BT T
TEAR LT (6545)  CHE 24 h HIlRURTFRER, &
1.32 JmiE. HHBRIERRAE S AL

WA G, FOELFEYPE 3 B (A 9 B , a0k LA, i

T R, SIBRARII LS, POd RS AT, BT 08T, ARid/E-20 B
B URORAT o
133 MiHHRE S

WIS G, BAERMLPNE 3 R (B4 9 B, FREEHHCRM5mL, 4 C
F'E 1.0~1.5h, 3000 r/min &0 L min, BCEZME, -20 MAGRAT&H .
1.4 BIAEAS BRI
141 EFEVITFRIE A AR

B AR S AN F LU BIAR R AR R T R R KRR R oy UG L i i
TR FH IR PERR R, DL AN BRERARIA K 4> (AN-ALA) AR RFAE,

AN-AIA EEIWE: PRI 10~12 g (MEFIZE 0.00019) . BERIIFEA (W,
KIENFE) F 500 mL #ER M, 64 2 4. EHER IR 1 g 4N 10 mL 4N-HCI
FIE NN AN-HCI, SR 5 7538 JRUEF A PR 2218 &6 30 min,  SETR I 11 AL A [nl vl 2

B, B5 HCI A1 H0 $i5; FIPudE EIEdt (H42 120 mm) i JE, 1 )5 H 85~100 mL 7544
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KRR BRI R N . BEJE, WA ISR IE4U N QA S 100 mL HHw (We) Hr, 7E
650 CLrib AR 6 he KALJG, HIRM A TGN AE SR, HRE (W . 4N-AIA
FrE R T AR

AN-AIA 55 (%)=100 X (W-We)/Ws.

A We AR AN-AIA BE (g) 3 W NFHIRE (¢) ; Ws AREAE.

TR S FR YRR T A R
FEFRMFIIEAZE (%) =100-100 X [fAELH AN-AIA & (%) /& AN-AIA &8 (%) ]
X[FEPEERYRSE (% MR ZERYRSE (%) ]
1.4.2 e R A TS AR P R A

H4-20 C ¥ RIRAE () B AR A AR AT WA B R e Ao N 2 1 g T 077 g R e o il
ETES
1.4.3  MIF R P S e F A R

SR P 5 A S AR T 7 R B A SR P L e i s Y PRI E I, S PR X A i
FRTIR R 0 e B BRI TR 1, SR 4 ot e e i A, BT AR &
P A ) R T
15 AI0HE b2 5 54

IEE K Excel 2007 BEATHIA AL S, H] SPSS 13.0 #ff i ANOVA Hi B3 47 i [A]
BT ESNT, 2 E B Duncan i . SRIGEHE R I E £ AR 2% (mean2SD) IR,
P<0.05 NZERB%.
2 RS0
2.1 AREMX B 0 TR F I A 5

H1%% 2 7] %1, D4.D8.D12 1 D16 4145 i 10 3 5550 B 240 72 e A 2 2% (P >0.05),

D20 A TR LB B RS, HEEMLT X, D4 #1 D8 ZH(P<<0.05); X R4 I &



95  HFEIMMAFEERTZHRK4, D16 M D20 41 554 257 ¥ (P<<0.05), D4. D8 fi
96 D12 HEXMRMAZEFAEEP>0.05); X THIAEIHRMIE LR, A E X I0H 2 1 2=
97  ®AEFE(P>0.05), {H D4 Hl D12 H¥m TR, Z3 o0l Lbxt B2 %1 0.97%F1 1.40%; % [
98 Al DA 4R K4 R M AL .2 7 T D12, D16 F1 D20 4H(P<<0.05); X R4 5 %R 5641 1)
99 PR MWHMEZERAEEP>0.05), H D12 HEm T 0L, X R 2H 1) e B A 2
100 751 D16 #1 D20 4H(P<<0.05), 5 D4. D8 1 D12 21 7% A .2 (P>0.05).
101 F 2 RERX P AR EE IRV R AE AL AR 1R
102 Table 2  Effects of cassava meal on apparent digestibility of nutrients of tilapia %
5 THst E A FHLG 17 iV iy 5 L
Groups DM CP EE Ash Ca TP
DO 60.12+.66% 73.38%2.30? 79.46+1.26 37.11+4 222 38.71+.34 60.16+.432
D4 58.81+2.322 72.55+1.66% 80.43H.77 36.91#.732 38.01+1.55 59.0140.71%®
D8 59.22+ .482 71.1642.53%® 79.02+2.23 35.9842.01%® 37.2240.87 60.9840.82%®
D12 57.6942.61%® 71.70.79% 80.86+1.46 34.87+1.98° 38.8140.92 58.2242.36%
D16 57.8642.29% 70.22+1.99° 78.46+1.06 34.00.37° 37.9840.66 57.98+1.36°
D20 55.11+.68° 70.5640.76° 79.11+2.61 34.68+.76° 37.8640.87 57.3142.25P
103 [FFVEHE A b R A SO A RN ER AR (P>0.05) , AE/NEFRRREREE (P<005 . T
104 %[,
105 In the same column, values with the same or no letter superscripts mean no significant difference (P>0.05) ,
106 while with different letter superscripts mean significant difference  (P<<0.05) . The same as below.
107 2.2 ARZENS B AR A2 i A0 BRI T A Al v A £ B
108 FH 2R 3 T] 41, o) HE4H i i 2 (A S 1 =, D4 D8 I D12 41 5 22 4~ l2. 3 (P>0.05),
109 D16 Al D20 415 FK T X 21 (P<<0.05); [ D20 ZH I i7iE e B s MEAK T 5 B2 4h,  Hith



110

111

112

113

114

115

116

117

118

119

120

121

122

123

BRI ZH 1) B T Ve A B TG PR 38) v TR R, (L2 ) 22 S 3 AN i35 (P >0.05) s &I 2H 1 i 1
I s B PR 2y T R, Hirh D12 1 D16 415 %0 BB 4 i 22 Sk ) 55 35 7K - (P << 0.05) .
223 ARE B A N A

Table 3 Effects of cassava meal on digestive enzyme activities in intestine of tilapia

5] Groups E Al Protease/ (U/g) JENIEE Amylase/ (U/g) e i Lipase/ (U/mg)
DO 561.16424.08? 0.2540.03 25.3341.88P
D4 532.07+19.62% 0.2740.04 26.97+ 428
D8 542.41433.04% 0.2740.05 27.00+.14%
D12 537.25425.48% 0.2940.02 28.2540).62?2
D16 513.77417.69° 0.2940.02 28.4440).722
D20 515.68423.17° 0.2540.02 25.81+ .41°

H13% 4 AT, BRIV INAN [ LA R A 0 2oy mI x2S 1) FPR IR 2 s 42 7 2 — E Y
SO, fH R 22 SRR B R 2 K (P>0.05), HA L D8 ZH T & H R s M f iy, D4
SHL 1) BT PR B 1 BT 1 B MK s X R4 55 D4 AN D8 2HL 11 AT F A i 473 FE 14 AH 24 (P>0.05), D16
R vE A B P B i, B3 T A 5 41(P<<0.05); S RRZHAHLL, TERL R INAS [H
ECAGI A S 0y 35 P A PR U I D P 1035 g e, VR INELAIAE 1696 LA IR, BRI M7 g 11 3% 1t
B AN L3 iz 5 T s, D4 D8. D12. D16 ZHARTHIEEE /51N 6.47%(P>0.05).
6.60%(P>>0.05). 9.00%(P<<0.05)#1 12.28%(P<<0.05), 451 Eb ik £ 20%F JF46 K %, D12
A1 D16 LT RAE i 7 B S 1 5 2% = T D20 41(P<<0.05).

R4 REHRS B Ak i T IR A B (1 B

Table 4 Effects of cassava meal on digestive enzyme activities in hepatopancreas of tilapia

15 Groups E B Protease/ (U/g) VEMEE Amylase/ (U/g) fEWiEE Lipase/ (U/mg)




124

125

126

127

128

129

130

131

132

133

134

DO 45.5945.58 0.0840.01° 25.8841.63°

D4 43.80+2.74 0.0840.01° 26.00+1.67%
D8 49.2443.70 0.080.02° 28.5541.98%
D12 44.69+3.88 0.0940.01° 29.77+.642
D16 45.2644.05 0.1149.022 31.20+2.35°
D20 47.5443.87 0.0740.01° 26.5941.11°

2.3 AREMR B L AR G R A (15

HE 5 AlA, SxIRAIMEL, D12, D16 A1 D20 4L i B BG4 B3R 5 T 5.56%.
1.81%F1 5.38%, {H %41/ % AR % (P>0.05); D4 H1 D12 4Ll 358 & A4 5 A0 Bl 1 43
SRR = T 3.05%A 2.90%, HABGRIGLHNIE T X R, (H&H 2 M ERAREP
>0.05); % 4 (10 I 375 568 P Tl P 07 14 25 5% S S 35 (P> 0.05), %1060 201 1f 375 B G g 110 0%
PR T AL, XIS4T P DL D4 A B R i, O IRAAEH 10.61%, LA
D16 4L iE i PE RN e VE A Ik, U ALt 4.80%; D4 A1 D12 ZH ) MLV IR PR B R i v
Phm TR, ot iRge H IS TR 2, 5 %20 1R 22 57 A B35 (P>0.05); ANRI I L4511
AR 25 ] BEA AL 37 o S R T T, (L 5 A0 ) 2 S 2 A Ok B 583 /K SF (P >0.05) 6

F5 ARERRT D Ao 0 TR SRR R B

Table 5 Effects of cassava meal on non-specific immune indices in serum of tilapia

A5 6 I A A i P Tk M VP i S A
Groups  LSD/ (U/mL) SOD/(U/mL) AKP/ (U/L) ACP/ (U/mL)  CAT/ (U/mL)
DO 81.2645.71 102.1747.72 35.6245.63 22.6942.71 3.0540.17
D4 74.4347.98 105.29+45.79 39.404.01 22.0943.50 2.8740.14

D8 80.2644.22 101.90+12.38 37.5143.67 23.7244.66 2.8049.23



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

D12 85.7845.45 105.14+3.17 37.8546.49 22.8443.05 2.8840.22

D16 82.7312.78 99.94+13.68 37.3312.42 20.7542.56 2.8340.28
D20 85.6344.65 96.8943.76 38.1446.68 21.2342.49 2.8340.19
3 W i

3.1 ARER AR E IR R AL AL R K

REA B ek & 8, 2R ol TARE S Ay A= 7 i BB O o), ik

WEFERM], AR B A AR e i) K T B A AR W ML IR 3, BRARAE P A,

PEmabrat. BRI Sk RS9k gt RAG Y, AETR AN 10%~ 200 A

B e R AR R BE AN T BRI A 3 o XS HH 7 S U AR 200 B A i/

ZEH0 O FLAATERT IR AR TP A Y, 3% A B AUKT ALXT AN 08 B R ey, BEE AR E NN

BRI N, M E AR R NG, HEFEMPIFERY, 2% P AR an AR Zm i+ B AR

Iy IRMEAER B ZE S T Uk, Sk, EMES, MEAR. HEINERIErESE

MZERARE, BEWTER. ARG RRY, KRERFMILEIFE 20%LL A X2 HE )

FELE AN B SV A2 R R, S INEE Dy 4%~ 120% 0 At HoH B E st FE AR 7y

FL BRI R AR 7= A S R, E 2 4k S8 nZs in bL ) e /L 2 3R KK 29 s Bl (1 3

RH R 2 B EFRAR. B SN SE AR BRI S w2 Ak, 2500580,

AN e S v AR A, 409% A I A9 B 5 2 A v B BRI 40 5 ) T AL

R, REARRE G RAR, XATHE S B RS TR KT ARG 9%, A6 HL i 1]

BHE AR 30%, 1 HE S SIS 0 PaDRHER 1 50KT 9 32%, 7341, B SRl ) ]

Beb B RO LS, AN B A ERE, ACBRIRBCH] 4 Hh S A0k LB, T H A —

SE LEBIRIER B, TR TR B 7 AR s sh Wtk 8 BRI A R B2 m T E A . S50

WHFER], 5 STk AR AN ELITE 120 A Y A 20 B 6 ) 2B A A E A PP AEE {3

PRI, XA AR 2
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177

3.2 REH X B R P AV A B 1 52

BRI T AR, BA AR, )T IR RE 9 SR R, AR E AL

SE DS A JE B K TR AR b 02 18], 0 S (R0 AUl T ZE A0 B I YR s A 21 4

2, R HH ARG W E TR AL E R RBESS . fER 8, ARt S il B g )

FALANIR], g U AR S K il DU = 2l P MR i 114 5 EZ S IST 3o 6f U5 A% 2 L 4 SRR 7

R, ARERHVERNE . FE AR EREVE R T L SR M SoKER A, RYIAE R

CASR i b B BT B A AR A B 0, AR A5 MR ZERI(E 4%~ 1693 I L 517 FEl P

TS ] B v oy WA i A i s A, (RS R RIS R AT SR R A S, ARG T A ulie K

M RAFR R, & IR 4L R A IR TR 8 BT -P AR, T B A ORI e 3R W

HH R B BT 2 S S 0k ) # 1) fi TE E 1 BR E  ASUIR AE SRR W], AREDR KA In B e

4%~ 16%IF, BEAEENINLE B ARG, R TE AN P IR e o B g s i P9 IR D BT, B

T LAV R AN IR S B RT3 e 2 AR e e R A 7 BV AL RE T« BARAE TR S I A R Ll

19 BRI A S K 25 ] A g v ) B S AR BRI, ELRE AR TN 89T 20% YA S8 I ik AT JBR AT 2

BRI TR e

3.3 RERN B HE I AR 1k S B AR bR AR

FERF R S R GURANRT TR IR R RGN 5 1, SRR IR R AR T A A,

T EMREGEARR A R R GHAT A o R B 9IRS S R 1 —, AR

Peik s i R B ERAE T, W] LA BRI AT R 71 e 5 B B 4 e A, I L e g1 g L

At G B DR 3o A T A B (RIS A5 H At G B DR W [RIHRBT A BT BN AR I, AR 45 R

71 BPRR PR IR INANTR] L A1 ) A SR ot 25 S 0 1) LT 9 T s P00 A 7 A 3 s, SR WA

DA AR AN 20% LA A BIACE A AN 206 % AR ) G BEN LA = A AN RS2 . B SR A 5

BRI N BRI, BAEHRR. PUEE. PURSIHURSEEDIRE, EinR Lk

VB —RhARRF S MR W by, LR B R AIHLELR R S B B T AL O AL AR
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199

200

TS A4 A FR A A B ER RS 3R B A P 8L, AR ARG 5 R m TR, SN B 49%A1 12%11)
2L 0 355 SR A T S A RS P 2 e TR TR AL, U IR B 3 L R N B9 T AR e % AR FL
GuBETNBE o Bl P R A AR W1 Ol R B 251 IR LR, R SR N L AR 4, Tl
R BRI VERE IR B AE 2LV A+ 00 )2, A sh ViR B i AL 7 LB
P S N e 4 A BN VR ) Bk P I S I P PR AR B % O T R RAT S DT )
WA, AP RE B Z R A . A, IR 2E 0 LS e R S VX T
XHRGAL, BERAARE R T2 AR ] S m H e L ae . LSRR A AL B LR PR R
PUAMLAE A, i A Y B BHE A N 10 B 2 1 B ROy | s, R
TR A A OKAT RS, W B RS LA REAT ORI A s, X ALY I

T E SIS T I 4L, 1 &6 2 % F Ak A R A BT T /KRG, AL

"/

eI R AL TP

4 % ®
R RIS AR, AR E IR AR B, R I 4%~ 12% R ZE R A2

X % A ) IR UL A3 | B AR JBR A VR A B A B LS AR e P S b A

RFZHE, AT BEARTA R AR o
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Effects of Cassava Meal on Nutrient Apparent Digestibility, Digestive Enzyme Activities in
Intestine and Hepatopancreas, and Serum Non-specific Immune Indices of Tilapia?
WANG Zhijing* CHEN Yaoxi' LI Sina! ZHANG Liuji* YIN Fuguan® DONG Xiaohui?
(1. College of Agriculture, Guangdong Ocean University, Zhanjiang 524088, China; 2. College of
Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)
Abstract: This study aimed to explore dietary different supplemental proportion of cassava meal
on nutrient apparent digestibility, digestive enzyme activities in intestine and hepatopancreas, and
serum non-specific immune indices of tilapia. A total of 540 healthy tilapia with the average body
weight of (7.50+0.25) g were selected and randomly divided into 6 group with each group had
three replicates and each replicate had 30 fish. The fish in the 6 groups were fed isoenergetic and
isonitrogenous experimental diets with the cassava meal supplemental proportions were 0
(control), 4%, 8%, 12%, 16% and 20%, respectively. The trial period was 8 weeks. The results
showed as follows: compared with the control group, diets added 4% to 20% cassava meal had no
significant effect on apparent digestibility of ether extract and calcium of tilapia (P>0.05); diets

added 4% to 16% cassava meal had no significant effect on apparent digestibility of dry matter,
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crude protein, ash and phosphorus of tilapia (P>0.05); diets added 4% to 12% cassava meal had
no significant effect on protease activity in intestine and hepatopancreas of tilapia (P>0.05); less
than 20% cassava meal added in diets could improve (P>0.05) or significantly improve (P<0.05)
the activities of lipase and amylase in intestine and hepatopancreas of tilapia; when diets cassava
meal supplemental proportions were 4% to 12%, serum lysozyme and superoxide dismutase
activities were increased, but differences were not significant (P>0.05), and there were no
significant effects on other serum non-specific immune indices (P>0.05). According to the results
of comprehensive evaluation on the basis of dietary nutrient levels in this trial, diets added 4% to
12% cassava meal do not have bad effects on nutrient apparent digestibility, digestive enzyme
activities in intestine and hepatopancreas, and serum non-specific immune indices of tilapia, and
can reduce the feed cost.

Key words: tilapia; cassava meal; digestibility; digestive enzyme; non-specific immune



