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Fh 5 B (VR 2 —, A p 2 i T
i 0 FESLAE R EAB IR B % . A R Z W0k} E
B 6 AR IE D, 201 4290 4E A Jafri ™ il
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Tab. 1 Ingredient compositions (g per kg) of reference and experimental diets
Ji EHngredient Ffili H AR Reference diet 0 H MR Test diet
[ 7= £ ¥y Domestic fish meal 580 406
EKYEH Corn starch 250 175
47 Fish oil 20 14
K 5.7l Soybean oil 50 35
A RDL-Met (99%) 0.5 0.35
% R4 Y Vitamin premix’ 2 1.4
¥R VR4 ¥ Mineral premix” 12 8.4
BERR 45 Ca(H,POy), 50 35
S ALEFE Choline chloride (50%) 6 42
FAECY,05 1 0.7
T 47 4E Z Microcrystalline cellulose 13.5 9.45
R B B 414 2 Carboxymethyl cellulose 15 10.5
W35 A Test ingredient 0 300
St Total 1 000 1000

T YA TR YICE T 5 FURE): 4E2E A, 2000 TU; 4542 5B, 5 mg; 4E4E 5B, 5 mg; 44 5B, 5 mg; 454 %B,,, 0.025 mg, 4k
£ FD;, 1200 1U; 484 KE, 21 mg; 4645 % K3, 2.5 mg; &, 1.3 mg; M EK, 0.05 mg; Z R4S, 20 mg; ALEE, 60 mg; FiIRIMLIR(35%),
110 mg; BABERZ, 25 mg; *H W IR & 0(5F T 5% H AR ): MnSO,, 10 mg; MgSO,, 10 mg; KCI, 95 mg; NaCl, 165 mg; ZnSO,, 20 mg; K,
1 mg; CuSOy, 12.5 mg; FeSO,4, 105 mg; Na,SeO;, 0.1 mg; Co, 1.5 mg

Note: 'Vitamin premix (per kg of diet): vitamin A, 2000 IU; vitamin B, (thiamin), 5 mg; vitamin B, (riboflavin), 5 mg; vitamin B,
5 mg; vitamin By,, 0.025 mg; vitamin D3, 1200 IU; vitamin E, 21 mg; vitamin K3, 2.5 mg; folic acid, 1.3 mg; biotin, 0.05 mg; pantothenic
acid calcium, 20 mg; inositol, 60 mg; ascorbic acid (35%), 110 mg; nicotinamide, 25 mg; *Mineral premix (per kg of diet): MnSQOy,, 10 mg;
MgSO0,, 10 mg; KCl, 95 mg; NaCl, 165 mg; ZnSOy, 20 mg; KI, 1 mg; CuSOy, 12.5 mg; FeSO,, 105 mg; Na,SeOs, 0.1 mg; Co, 1.5 mg
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Tab.2 Nutrient composition of twelve test ingredients

MBI g pep MU KT gence mp mca Mg Bz Bice BFe  HMn

ingredient (%) (%0) (%) o e ) (7o) o) (gle)  (ngp)  (ng/e) ()

d o A
]l;;%[/{“u 90.99 60.44 11.70 21.57 16.54 2.67 3.86 0.36 132.72 18.96 76.01 34.38

H
WEM 9252 63.77 793 19.64  17.02 272 4.67 029 16583  17.33 972 3125

TEIiEI\iE 91.85 58.87 4.44 5.56 17.38 0.74 0.37 0.52 100.15 18.36 21.91 52.09

7
%BEG*;' 88.79 19.57 0.37 11.25 16.65 0.51 1.03 0.36 71.19 17.51 203.71  153.07

WHAMHCM 9372 6342 1558  11.84  19.06  1.71 3.72 0.18 13501 1689 3810  9.30

KHERB 8946 436 18.13 898 1710 139 021 090 6561 11.69 3681 215.90
fRfIcsSM 9032 3314 0.67 809 1629 107 047 0.69 8830 21.04 2697 2138
SEHIRSM 8793 4996 298 660 1641 096 093 0.88 96.12 1143 4581  82.08
SHISBM  88.60  40.69 1.24 584 1631 054 051 0.38 5419 2033 2356  39.29

> 7N
Ejé?;l\?*ﬁ] 91.31 59.93 2.19 2.17 18.99 0.45 0.19 0.17 31.69 11.69 31.28 7.67

%g%%@g 85.52 23.79 13.17 6.92 17.20 1.24 0.60 0.38 63.85 10.23 30.38 27.97

D ESE A
23:?;1\? 90.24 79.79 1.07 13.07 16.15 0.06 0.60 0.06 — 14.86 121.08 2431

W R PEAE R AT E 3N FE T RSP I <RI H 25 3 T B s e IR R BE AL T & 8, JHRIERRR
ZVSL N/

Note: Values are the means of triplicate for each sample; “— means the results could not be detected; DM is expressed on air-dry
basis, other items are expressed on dry matter basis

3 EMERFREARNERRS
Tab.3 Nutrient composition of reference diet and test diets

o TR e o WD HLKA

BEEGE WP #5Ca Mg  4Zn  4fiCu ¥Fe  4iMn

: DM o CL CA o . o
Diet (%) (%) (%) o ®eo 0 (%0) (o) (mglg) (ng/e) (mgle)  (ngle)

Rt R

Reference ~ 8742 4727 1296 1595 1670 237 475 030 041 1911 100 7237
diet

o A
]’S;%I% 87.59 55.98 11.33 17.02 16.59 2.49 4.61 0.36 0.34 18.74 0.94 52.06

A
%V%l\ﬁ] 87.58 56.53 10.53 16.73 16.71 2.51 5.38 0.33 0.35 18.80 0.72 51.53

74;3:1\4/‘[}3 87.56 55.17 10.01 12.07 16.91 1.87 3.44 0.30 0.32 21.56 0.71 66.55

PG el
ﬁ]{DEgSE: 88.81 42.69 9.56 14.80 16.49 1.82 3.70 0.33 0.32 20.33 1.23 94.95

WAKCM  86.62 5569 1357 1425 1743 2.06 429 0.26 035 1985  0.70 52.91

KHERB  88.08 3970  14.06  14.07  17.02  2.08 3.07 0.48 032 1600 074  111.71
fEICSM 8778 5322 861 1376 1650  2.03 3.53 0.48 034 2061 076 56.94
SEHIRSM  87.80 4829 903 1357 1665  2.03 3.53 0.42 033 1643 075 69.92
THISBM 8791 5026 851 1295 1650 178 3.51 0.32 031 2328  0.70 60.19

> A
Ijé%ﬁ% 87.72 52.30 9.38 9.82 17.37 1.61 2.58 0.24 0.26 16.76 0.71 53.46

B
CDDGS 87.21 42.89 13.09 12.60 17.02 1.81 3.19 0.31 0.30 15.66 0.71 52.87

S 2 9
Zﬁ:?l\j? 88.63 57.92 10.12 15.26 16.39 1.77 3.60 0.26 — 17.37 1.20 64.21

T R P EAE R T E 3N B ST RSP < AR 45 R T B o R 256l T & &, HRIBIRER A
AL TS

Note: Values are the means of triplicate for each sample; “—" means the results could not be detected; DM is expressed on air-dry
basis, other items are expressed on dry matter basis
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R AR SE B FE T O, B 60 C L
W, BT HEASEF I T 20 ClKFERN . ik
55 R IR K I8 R G, FRFE K ARAS [A] BrHE <3E 4A,
KR N(26.0£2.0)°C, % fif4(6.52+0.62) mg/L, pH
7.50+0.32, E AL T0.05 mg/L, Y618 & W18 | ROk
HELRE .

1.3 BRNESIHESE

o U080 J5ORE AN 2S5 R & R K o & &R
AOAC™ M 52 J5 ¥, BIZE105°CHEAA bt T+ 248
= MBS R EETA SN HEA SR
K H 4 3 3h LK E A% (Kjeltec 2300 Analyzer, Foss
Tecator, Sweden)J & A 5 H & & &, 2 JHRLL6.25
BHMEA S E; DRRHIRE(SEBENEF)
D52 B 5 rFORL AR 17 04 5 ;e BB SR FH AR 304 (6200
Isoperibol Calorimeter, Illinois, USA) % ; ¥ 7K 43
FERKHSS0C kR B EE N E; FEMFIeER
B(Y), B (P). #5(Ca). BE(Mg). #E:(Zn)s #i(Cu).
Bk(Fe). Hh(Mn)ff & 5K B & S 5 T R4k
X (ICP-OES)(Optima8000DV, PerkinElmer,
USA)I5E .

Fnit H KRR 5G: H R B IR (1) R AL
EFEA LW

H AR o 4 5t 1 32 WV A 2 (%) =(1- H AR
Y,05% /2AE H1Y,04,%)%100;

H RS 77 B f e = R M AL 3R (%)=[1-(H
Y ,03% % F5H 5 77 153 %)/ (FEE Y ,05%x H
FRE TR %)] *x100;

R FRL T . R B AUE FE R 1R T

TR (Yo)=(IR 58 F R A 78 75 i (R R LT AL %6-0.7%
St HOR R R 7R O IR R W A6 %2)/30% 100
1.4 BHEGITERH

B s i 285 DL E AR ik 2R R, R H
B S8t B SPSS 20.0%F 5256 AT 7550 48 1 47 8 A
7 Z M1 (One-way ANOVA), 2422 T ik 51 i 2K
“F(P<0.05) )3t — 25 i@ i Duncan RiEHE T 2 FE L
AT

2 #R

2.1 EHRIFR2FREENTYR. HER. HE
BrFn R RERRIIE L ZR

F g 1205 E R . ME S MR
I A0 B () RV A 2R o 5 SR LR 4, S k)
T BUE IR R RIS B 1 3R VT A 2R B R R R 1
AN [RIT FE I B 3 2 R (P<0.05) .

FAF 12F 50 TR HITH A R24.93%—
85.68%, Frh Aty EF= k. fEER. BRI
KR R T4 0 2 W3 4 2R 2 3 v T A 56
JRAEHP<0.05); X5 IRy FIKAR K 2, BXS RIKG 2 3 =
KM (P<0.05); Bl Ja /&30 H . BRI R B R,
HiX =T B EEZE 7(P>0.05); HEFF1E PR )
T4 5 W7 A 256 5 2R T ARG i RH(P<0.05),
H AR YRR AR BT RRAI(P<0.05),
1 RH24.93%.

F2A7 0 1 270 SR B 1 AR AL N 50.02%—
97.40%. =k, [k eI E AR
WLV AL 2 8 2 v T AR 58 SRR (P<0.05); S

4 FEWNRMREERTYR. HES. HEHMBERNRIHELE
Tab.4 Apparent digestibility of dry matter, crude protein, crude lipid and gross energy of twelve ingredients for Cirrhinus mrigala (%)

56 JFUR Test ingredient T4 5iDM HEACP HHARBCL MAEGE
E 7= Uy DFM 83.37+1.21" 93.42+1.58" 73.8440.85° 94.22+0.86"
A& WFM 84.89+1.55" 97.40+2.07" 78.2120.60° 96.39+0.77"
LA HIPNM 85.68+1.81" 94.57+1.65" 90.96+1.00" 88.68+1.12°
i DDGS 24.93+0.31" 50.02+1.70° 60.53+1.65" 39.18+0.25¢
5 A CM 74.91+1.99 81.04+1.76° 80.53+0.59" 90.12+0.87"
KHHERB 67.16+0.84° 73.25+1.48° 94.0241.54" 78.31£1.47°
HEFHCSM 45.44+1.01° 81.91+0.44" 75.46+0.93% 59.75+0.66"
HHIRSM 51.87+1.13 84.95+1.21° 51.89+2.29° 56.93+0.60"
HfHSBM 82.77+1.39" 84.17£1.79° 71.50+1.71° 85.39+1.05°
FAREAHCGM 82.78+1.82° 75.09+1.76° 61.16£0.87" 84.11+0.74°
KT HECDDGS 52.45+2.42° 75.19+1.49° 82.92+1.70° 64.01+1.41°
PIEHFTM 55.28+2.18" 60.5+1.48" 61.95+0.85" 58.66+0.49"

T R PE T Y EEARAE R (n=3); [ —FI P ARAS [F 7 B} 1 948 18] 22 57 2 35 (P<0.05), A3 7] 5 BEFK -1~ (B 1] 22 5 A i 25

(P>0.05); T A

Note: values are means + SE (n=3); the different capital letters in the same column and small letters in the row stand for significant

difference at 0.05; the same applies below
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S RIS PR IR 2, DU 2 AN B35 (P>0.05);
Bt J5 2 K B DR A ORI R, R R A R
S A ZE B ARAY 950.02%, 2 31K T~ AR 56 J5 k)
(P<0.05).

F2 i3 o 1 2R 58 JEURLREL A 107 11 2 WLV Ak %
51.89%—94.02%, KL A= KE (1R g 105 9 44,26
fa; RORTPRE AN RS R IR 25 B S 1Y) 0k AR R
FELIR 05 9 A ZRAE 75% DA L, [ 7= 0 R (4 HH T
DT A ZEAET1% DA H SRR 2 2 22 57 (P>0.05),
BB ZR T A ALK (P<0.05); &5 A, 1K
SRy R B RO SR AR I 17 2 WL Ak e 8 22,
IXAE61.95% LA T o

2 g 60 1 270 6 JEURE L RE (10 R AL R N

39.18%—96.39%. [ Ky Al E 7= 0Ky 1) 5 B R
TH AR 3 T AR SR (P<0.05), I 2 1H]
o 7 7 (P>0.05); XS RKE . FEEH. S|
KEE A IS RER AL R, 18 3184% L |,
AT & 2w T 5 9 & (P<0.05), 3 HATwi & 5 )5
P 2 [ H TG 0 3 1 22 57 (P>0.05); KA. BRI
FELORRR. SRR R R R R R R, B
FAR T EAIR B OK B 8 (P<0.05), A Bl
39.18%—78.31%.
2.2 FEHIF12FRIEER R IR ITRARIE
e

FEE N 1 2R R 56 JFURL R 7R 0 R FI R
THALZM e g5 R WK 5.

213 07 120 56 SR} rh S Tl 1 2 ULV A 2R
Bl N9.72%—87.37%, H. &M E Rl 8] 2 7 & 3
(P<0.05), I EH &2 m T HA L RN P<0.05),

=5

FLUON KM SR NS R (9.72%), BEMLT H AR
5 JF B (P<0.05). 5703 MR WLH ARG LR
3.47%—25.92%, SAARAK, LG BEHRAPE
W m, =& %255 R (P>0.05); LIS RR B
7t 1 2 Ff 8 56 5k H B T RO Ak 2 Y L
26.11%—88.25%, A BN HOHIRI F KBRS 1)
BRI R AR B2 S T H AR RN P<0.05);
DAY PR A, 22 57 4525 (P<0.05) . FE X 12FH i
5 JEOR B 1 FOULTH AL 2R TG R 12.63%—66.35%,
B e PR R R, B AR AR AT o TR 128050 S5k
2R T 10 R VE L N 41.33%—104.86%, FIEH)
I v T AR BRI R HH R 2 W 46 2R (P<0.05),
SR A T AR 56 R (P<0.05) o ZE IR XS
1270 Rk 2k B R LV A 22 1E 10.69%—91.84%,
HEEE T HRAEFEH(P<0.05), 153
91%LA Iy H U KBEFAEAG, BOKHE S 3 m& TA
FI(P>0.05), X5 PR ) 5 25 K T H ARl 58 )5 k)
(P<0.05). 2 i % 4 1 32 UL T8 A0 2R 1R 9 3 96 L Ry
4.42%—85.49%, 1 =1 [ NP My, FHAR KM, B
I R, ALAE34% LT .
3 Tig
3.1 FpMRHREENPETEERIRMES
R ER

T4 I R e £ BV A 2R A AR I T 2 ]
BHERE AR B AR F KPR R A, 2 P ) 5
BI VA RE AR 48 Fr . AR T EM
TR Gy B W ) sk 2 B AR £ 28850 At 75 = 4 o RN g
BRI AR Aoz b 2R 8 BRI

Lo 2R R 7MY R T R RV R

Tab. 5 Apparent digestibility of seven minerals of twelve ingredients for Cirrhinus mrigala (%)

R 56 7 K] Test ingredient TP 5Ca Mg £Zn #Cu BkFe £iMn
[ 7= ¥ DFM 49.38£1.90° 20.87+0.87°  42.64+0.86° 21.75£0.76°  48.18£1.06'  58.08+0.98° 24.63+0.76"
A # Y WEM 54.70+1.05"  25.92£0.60°  46.96£0.92" 27.58£0.88°  53.14+0.70°  58.33:1.24° 26.22+0.98"
1EAFHPNM 4523+2.19°  15.15£0.60°  66.52£1.19°  14.17£0.61°  93.16£1.13°  33.59+1.39° 33.76+0.85°
H#DDGS 22.53+0.94°  11.34+0.82"  64.52+1.33 19.61+0.47° — — 4.42+1.04
XA CM 9724125 347+0.53°  26.114043'  2597+0.71°  47.98+1.43"  10.69+0.38" 20.61+0.89°
KAERB 71.50+0.55"  4.74£0.79®  79.55£1.31°  66.35:0.65°  83.89+1.26"  81.6£0.97" 79.08+1.47°
HHICSM 14.81£0.53"  5.57+0.68%  65.57+4.63° 12.63£0.37°  95.60+0.85" 60.57+0.46° 16.78+1.22"
SHIRSM 23.58+1.18°  9.32+£0.08°  54.34+1.78° 24.9241.75°  41.33+1.30°  46.59+0.86° 60.94+1.89°
THISBM 62.71£1.31°  25.90£1.55°  87.01£0.75°  50.65+0.88"  98.59+1.20° 38.92+0.82"  7.21+0.93"
FREAKCGM 56.33+1.77°  6.84+1.207  62.17+0.89° 18.61+1.33°  92.39+1.82°  46.93+0.70°  8.29+0.80'
FAIBEHICDDGS 37.13£1.19"  11.70£0.52°  86.28+£0.94"  32.43£1.55°  92.16£0.79°  51.25+1.07" 29.94+1.11°
FIEMFTM 87.37+0.60° 24.06+0.81"°  88.25+0.83" — 104.86+1.26"  91.84+1.36" 85.49+1.48"

T < AREARAI 1 &

Note: “—” means the results could not be detected
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RERITH AL RS T B 45 RBOREA, Hh A i
k. B, ARAR . SRR EKE R A
R T4 B A2 e, ShAPE JEURE R (R3S AR 4
TH AR R TR SR ORI
KB PR X LAV IR AEAE R BRI
oK R BT TURIEL BE 42U Ak R A AL
I RE S 3K = A JEORERE AR 20 AR 41 2 5 B AR
i, ZE REXS B SR . R BR & A
B EIR T, 1LFI80% L b, (HH A 5 M e & 1
AR BB, P RE DR HL 5 A KR 1 e i Xk DL g
AR, 8 A T R 22 sy
TEAPEIEORHCRME L A L SIOB R 0 A k)
TR BE W AL R AR T Bh W 1k SRR (B P B
K3 Ah), T RE S R 9 IX 8 JFURL B K Ak B ) B

e T A, OGRS
Z R HUE SR 5T 5 R AR AR 1k O B A R

Ak R FR ) T AT e B Y AR A, T AT R A
NHARR G ER S, RN R Z A4 R, F
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COMPARATIVE RESEARCH ON APPARENT DIGESTIBILITY OF TWELVE
INGREDIENTS FOR JUVENILE CIRRHINUS MRIGALA

FANG Jin-Guang, LIANG Xu-Fang, LIU Li-Wei, WANG Qing-Chao, YUAN Xiao-Chen and HE Shan

(College of Fisheries, Huazhong Agricultural University, Key Lab of Freshwater Animal Breeding, Ministry of Agriculture,
Freshwater Aquaculture Collaborative Innovation Center of Hubei Province, Wuhan 430070, China)

Abstract: Apparent digestibility coefficients of dry matter (DM), crude protein (CP), crude lipid (CL), gross energy
(GE), P, Ca, Mg, Zn, Cu, Fe and Mn in domestic fish meal (DFM), white fish meal (WFM), peanut meal (PNM),
DDGS, chicken meal (CM), rice bran (RB), cottonseed meal (CSM), rapeseed meal (RSM), soybean meal (SBM), corn
gluten meal (CGM), corn DDGS (CDDGS) and feather meal (FTM) were determined for juvenile Cirrhinus mrigala
(3.88+0.06) g. The results showed that apparent digestibility of dry matter, crude protein, crude lipid, gross energy, P,
Ca, Mg, Zn, Cu, Fe and Mn of twelve ingredients were among 24.93%—85.68%, 50.02%—97.40%, 51.89%—94.02%,
39.18%—96.39%, 9.72%—87.37%, 3.47%—25.92%, 26.11%—88.25%, 12.63%—66.35%, 41.33%—104.86%,
10.69%—91.84%, and 4.42%—85.49%, respectively. DFM and WFM had the highest apparent digestibility of dry
matter, crude protein and gross energy. In other ingredients except for fish meal, PNM, SBM and CGM had the highest
apparent digestibility of dry matter. PNM had the highest apparent digestibility of crude protein. RB and PNM showed
the highest apparent digestibility of crude lipid. PNM and CM had the highest apparent digestibility of gross energy.
DDGS showed the lowest apparent digestibility of dry matter, crude protein, crude lipid, and gross energy. As for ap-
parent digestibility coefficients of minerals, FTM had the highest apparent digestibility of P, Cu, Fe and Mn. RB had
the highest apparent digestibility of Zn. WFM, SBM and FTM had the highest apparent digestibility of Ca. SBM, FTM
and CDDGS had the highest apparent digestibility of Mg. CM had the lowest apparent digestibility of P, Ca, Mg and
Fe. PNM and CSM had the lowest apparent digestibility of Zn. RSM showed the lowest apparent digestibility of Cu and
DDGS had the lowest apparent digestibility of Mn. These results indicate that PNM, SBM and CGM are good protein
sources for juvenile C. mrigala to replace fish meal, and that RB could be used as superior energy source, and that FTM
could be considered as the potential source of minerals, and that DDGS showed the lowest nutritional value for juve-
nile C. mrigala among all the selected ingredients.

Key words: Cirrhinus mrigala; Test ingredients; Apparent digestibility



