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1
Tab. 1 Ingredients and nutrient can position of diets
Ingredients % Nutriton can positon %

Fish meal 10 Gross energy ( kJ/g) 18 1

Soyb ean m eal 30 Crude protein 352

Rap eseed m eal 25 Crude lipid 25

W heatm iddIings 26 Fibre 68

Com oil 2 Ash 111
Viam in pren i! 1
M ineral prem i® 5
C atboxym ethy | cellulose 1

1 (mg/kg ): B,, 10 , 20 Be 10 By, 2 A4 Ds, 0. 4 K, 8Q , 5
, 40 , 400 , 150 E, 60 , 6000 G 50Q 2 (glkg ): , 0.25 , 3.75
8 , 5 ,0.72 , 0. 88 , 0. 088; , 0. 040 , 0. 008 , 0. 00023 , 0. 00075

1 Viem in pran k (mg/ kg of diet): thiamme 1Q rboflavin 2Q pyridoxine 10, cobalm m 2 retmal 4 cholecalcifero] 0.4 phylbqunone 8Q
blic acd § Cakum pantoheninte 40 mosiol 400 nicin 150 tcophew] 60 choling 600Q ascotbic acd 500, 2M neral pranix (g/kg of diet):

NaCl0.25 Mg, 3.75 KH,PO, & Ca(H,P0,), 5 FeSO, 0.72

(CH, CHCOO),Cz 5H,0, 0.88 ZnSO,* 7H,0 0.08% M1SO,* 4H,0

0. 40, CuSO,* S5H,0, 0.008 CoCL* 6H,0, 000025 KD,* 6H,0, 0 00075

1.2 , 4
, 0010 0. 1%
0. 20% , , 30
3. 90¢
, 14d , ,
8
(100an % 50an % 50am) , 30
10 L/m in , 25—28C, ACO-
318 24h , 6.5—
8. 0mg/L, pH 7.2—7.4 , 1/3
, 0.01 g 2
, & 00 16 00
1.3 1 ,
0. % CnO; )
1. 5mm ,
, 10 , 0. % Cr0;
) 1h
, 50C ,
CeO;
Cn0;
1.4 , 24h,

. MS-222

) ) 35,
1.4 ,
3 10 ,
(FWA)
,  28—30C 24— 48h ,
loglOCFU /
, 30— 300
, 3—5
, FWA , 28C
24— 48h 4C
§ e«
»( Bergey s M annual of Detem inative Bacterio b-
e (9 )
15 ,
24h , MS-222 ,
5, , 4C
(0.85% ) ,
, , , —20TC
. -20C | ’ .
4C ,
, , 10 4C
0. 8%% , 5m n
20000 r/m n 15m in , 4C
, 8h
5% 1%
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;g 76 30C s , 10 ,
Im n (Hg/g® mmn) : ,
lg M 7.6 2mm , 0. 1mol/L
30C , Imn (Bg/ , ,
g* mh) ;g , ,
mH 76 30C , 30m in 10mg 1 , Leica
(mg/g* 30m i) QW in
1.6 17
0.5an X 0. 5an s 4C , Duncan’ s s
(0.85% ) , * SAS
, Boun , (6.12) (General Linear M odels
; 2. Yo Procedure)
’ : 2
) , 0.2—0.5am ,
Leica R 21
) ) ) 2, )
, Leica Qwn 0.1060 0.1%%  0.20%
3 (p< 0.05)
2

Tab. 2 Effect of CuMT on btal aerbic bacteril counts of ntestine ofN ile tikpia ( loglO0 CFU per gram)

Basal d et 0. 10k Cu-MMT 0. 1% CuMMT 0.20%0 CuMMT

6.47 0. 51* 5.48%0 63" 5.25 0. 42" 4.73%0. 46

Intestina |l tota | aerbic b acteria

+ ,n=3 (p< 0.05) ;
Notes Values are presented asm eans and standard deviations n= 3 per treatnent M eansw ihin a lnew ih different letters shows significant difler

ence (p< 0. 05); The same as folbws

3,

3
Tab. 3 Effect of CWuMMT on the canposition of intestinalm icroflora of N ile tikapia (% )

Basal diet 0. 10% CuMMT 0. 1% CuMMT 0. 200% CuMMT

Aer. 40. 2 36.8 33.5 30. 6
Pse. 10. 4 8.2 7.7 7.2
Fla. . 8 5.2 56 4.6
Act. .1 2.7 1.6 0

Ale. . 6 3.5 2.3 2.7
Ent 18. 6 15.8 15. 0 15. 8
Vib. 5.3 3.9 .1 3.7
Bac. — 8.7 10. 4 13.9
Cor. — 7.3 10. 8 12. 1
M ic. 3.5 5.2 5.7 5.6
Ot 1.5 2.7 3.8 3.3

D=7 Not detected (Ae. ) (Pse.) (Fla.) (Aci) (Ale. )
(Ent) (Vib.) (Bac.) (Cor.) (Mic. ) (Oth.)

Note “—” Notdetected Aeranonas(Aer. ), Psaudanonas(Pse. ), F lavoba cteium (F la. ), Acinewbacter(A ci. ), A lcaligence(A lc. ), Enieroba cteriace-
ae(Ent. ), Vibrio (Vib. ), Bacillus (Bac. ), Corynebacterium (Cor. ), M icococavs (M ic. ), Other (Oth. )
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2.2 5.63% 6.24% 6.91% ,
4 . , 4.6 5.63% 5.98%
0.10% 0. 15% 0. 20% 0. 1% 0. 20%
6.43% 8.4 8. 8F%, 18.77% 15. 0%%
4
Tab. 4 Effect of CeMMT on the apparent digestbilities of feed nutrients
Basal diet 0. 106 CuMMT 0. 1% CuMMT 0.20% CuMMT
D1y matter 62. 0812. 07" 66. 07 £1. 08* 67. 34£2. 43¢ 67. 56 £ 1. 63¢
Crude protein 84. 19£1. 95" 88.93£2. 02¢ 89. 44 £1. 09* 89. 17£2. 28°
Ether extract 82. 07%1. 24" 85. 86%3. 12¢ 86. 7112, 37° 8. 98 1. 41°
Cmude ash 21. 74%2. 08" 4. 72 1. 94® 25.82%2. 01° 25. 02 1. 49°
2.3 (p < 0.05),
5 " 0. 15%% 0.20%
(p> 0.05) s (p< 0.05)
0.100 0. 1%% 0. 20%
5
Tab. 5 Effect of CuMMT on the digestive enzyme activities in the hepatopancreas and intestine
Basal diet 0. 10 CuMMT 0.13% CuMMT 0.20% CuMMT
H epabpancreas (U)
P wiease 72. 1915 83 74 31 £6. 27 75. 09£8. 09 74. 98 5. 99
Amy hse 7.18%0 51 7. 89 X0. 74 8. 09£0. 75 8 11%0.91
L ppase 527. 06+49. 17 538. 19%46. 12 540. 9141. 09 541. 04%57. 14
Intestine (U)
P mlease 1209. 4£108. 5 1509. 18 £157.03* 1557. 7%141. 42 1542. 3£176.9°
Amy hse 10.9£1.3 3.9 1. 2% 15 4%1. 3 15. 6 £1. 4
L ipase 895. 7t119. 1" 1131. 1£96. 3® 1245. 7£102. 9 1269. 0+ 138.9*
2.4 1 2 , ,
6 , , ;
0.10% 0. 15% 0. 20%
(p< 0.05)
6
Tab. 6 Effect of CuMMT on villus andm icrovillus heights at different reg ions of the ntestinal tract
Basal diet 0.10% CuMMT 0.1% CuMMT 0 20% CuMMT
V illus heights (Hm )
Foregut 350. 29£29. 07" 428.07 £40. 72¢ 435. 15124 16* 437. 03142.45*
M idgut 637. 04£38.91" 735.81 +49. 73* 758. 68 £60. 16* 761. 94 £55. 04
H indgut 361. 371 18. 19" 422.13 £28. 09° 430. 81132 41° 8. 16140.07*

M icrovillus heights(Hm)

Foregut 7.24%0.51° 8. 38 0. 37¢ 8. 53%0. 72¢ 8 61 *0. 832
M idgut 7. 89£0. 45° 9. 16%0. 74 9. 84%0. 32° 9 81 F0. 55°
H indgut 3.56%0. 12" 4.3710. 37* 4. 4910. 48° 4 52 %0. 312
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M1 B YR L EEE ( x70)
Fig. 1 The optical photo of midgut in Nile tilapia
a. A H 4 Control ; b. #HI %2 M A 41 Cu-MMT

M2 ZHAEfah gyl b i 8 85 ( x 20K)
Fig. 2 The SEM photo of midgut in Nile tilapia
a. A B4 Control ; b. #RH1%2 %8 A 41 Cu-MMT
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EFFECTS OF COPPER-BEARING MONTMORILLONITE ON INTESTINAL M I CROFLORA
AND DIGESTIVE FUNCTION OF NILE TILAPIA (OREOCHROMI1S NI LOTI CUS)

HU CaiHong, XU Yong, XIONG Li, XIA M eiSheng’ and XU Z+Rong '
(1 College of Animal Science, Zhgiang Unwersity, theK ey Laboratory of M olearlar AnimalNutrition M inistry o Eduaation, Hangzhou 310029
2 Deartnent of Earth Science Zhejiang Unwersity, H angzhou 310027)

Abstract A total of 360 N ile tilapia at an average initial body we ght of 3 9g were randan ly albcated to 4 tream ents

each of which had three replicates of 30 fish /tank and used to nvestigate the effects of copperbearing monimorillonite
(CueMMT) on ntestinal microflora and digestve functon The f&h received the sam e basal diet and CeMMT was alded
to the basal detatQ Q 100, Q 15 and Q 200, respectivelp As conpared with the contro] supplen entaton wih
CuMMT sin ificantly reduced he total intestinal aerobic bacternl counts affected the canpositon of intestinalm icroflora
w ith a tendency of A eramonas Pseudamonas Flavobacterum, A cinetobacter A lcaligence Entewbacteriaceae and V brb
decreasing Addition of @ 10/, Q 1% and 0 2070 CuMMT sgnificantly mproved the apparent d gestibility coeffi-
cients of drym atter crude protein and crude lpid and by @ 43%, 8 4% and 8 830, 5 63, G 240 and 6 910,

4 6% 565 and 5 98, respectively(p< Q 05). The apparent digestbility coefficient of ash w ere sin ificantly m-
proved by 18 7% and 15 0% with Q 13 and Q 2000 CuMMT consumpton (p < Q 05). CuMMT sgnificantly -
proved he actwities of the intestinal potease enzymes (p < O 05), and prmoted ntestnal anylase and lpase actw ities
wihQ 15 and Q 2000 Ce-MMT add ition (p< Q 05). Cu-MMT also increased villus and m cwvillis heghts at different
sites of the intestine The results suggest that CeMMT can inh bit effectvely he gowth and pwoliferation of pathogen ic
bacteria m the ntestmnal tract which can potect ntestinal mucosa fran nvasn of pathogenic bacteriun and toxins re-
sulting i a positive effect on the healh and function of ntestnalmucosa and hen pranote the d gestion and absorp ton

of dietaty nutrition

K ey words Copper-bearng monmorilbn it¢ Intestinalm twoflora D gestve functonn N ile tilapia



