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i XoT i AR JEARE R BRI ARDR R 1) 2 U3 AL
R AR E L 4T 25°C A 30 COKIR AT
H Sk i 4l a7 Fh P IR DR EOR O R L B
e . R IR AT R AR AR LR,
TAC T Ak v 258 g AT Sk B A I T 5 e Ak i AR S5 )
FLAh AR o
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1.1 KRN SR

TR AL} R A I AR VR DRt U 5 B A Ak
FEHR 3 7 W LU BIAE AR, JEERI AL} IE 5 B R 4
DL 1, ISR 7 Fh AR IEEDRL R A8 (fish
meal, FM) (4 [ 3& EBTHi B i) . %K (soybean
meal, SBM) (I F BT B Fr /8 3 8 A= A LA FR
NF) . S M (rapeseed meal, RSM) () H 4 M A 44
HAEA FRAF]) . #ikf(cottonseed meal, CSM) (14
s b7 R 3 28 A ) VA FRA R - BERER B
(yeast extract fermentation, YEF) (I H Hdt B 8 %
PEERE A A PR F]) . IR E ¥ (meat and bone
meal, MBM) (I H K W)  4E 4= # (peanut meal,
PNM) (4 H 1L < 7K B3z v s A PR A\l ) o 180
)5 AT Sk f Yol 3G 2 7 i P 7 B 0 B R WL T 6 %,
28R P REDRE R 2 R B i SOCE IR A LR 2
R A R DR OB A e 0k 60 B i, 15C i Bk
Y,0; YEAMEAE /R A, BInER 0.05%, RG],
IEHERLAIL T SRR, i T 4°CUKEE T H
1.2 KEigt

R SR B NEIRIG R RGE T, FRAEK
A (d=0.72 m, h=0.85 m)7K¥E 0.60~0.65 m. Ff i
W13k 5 40y £6 008 FL VL9 M D K R R A E 7 .
T 4G B e (R R TR R g b, (R

TR e, 22 7 d ANk Phak i AE
—& ., RTE(34.38+1.06) g. 1% J1RE B A Sk 5 FH
T8, WAL N 16 4, B4 3 NEE, H4H
OV 20 A, YAk B, WS o 4 i HE
Femae, ERE IR, 51 3 do

®1 EMEANESREFEAR

Tab.1 Formulation and nutrient composition of basal diet
%; KT dry matter

/‘»’\E A’\E

JE kL ingredient M EEL ingredient H R
content content
663 fish meal 5.00 || Ca(H,PO,), 1.80
L

GRER 4.00 | BURA} premix” 1.00
meat and bone meal
=M1 soybean meal 11.93 | &4k (1@#9%) NaCl 0.30
%K rapeseed meal 9.95 | A LE Y,0; 0.05

HEH1 cottonseed meal 9.93
B2 yeast extract

B F7 41 WY, nutrient composition

fermentation 4.00 | TH dry matter 92.08
A4 K peanut meal 4.00 | #LZE M crude protein 27.45
¥ wheat flour 29.30 | LB/ ether extract 7.15
%k [z wheat bran 14.99 | #1 K4 ash 8.21
K27l soybean oil 3.80 | & HE(kJ/g) gross energy  18.23

e WU A LUT dE R H (T SRR A ) 4E2EE A 900000
U, 442 D 200000 TU, ZEA4: 2% E 4500 mg, 4k 2 K3220 mg, 4
423 B1320 mg, 4E2EFE B, 1090 mg, 4E4: % Bs2000 mg, 4zl K
B 500 mg, 44 By 1.6 mg, 4E4EZE C 5000 mg, Z2 1000 mg,
MR 165 mg, HBE 60000 mg. BUEM b &7 5k (BT 5e il k&
B): R 2.0 g, FREREK 25 ¢, MRFREF 22 g, WRERGL 7 g WATIFR
40.04 g, BALHT 0.026 g, EALEE 0.1 ¢.

Note: *Premix supplied the following vitamins (per kilogram diet):
VA900000 1U, VD200000 IU, VE4500 mg, VK;220 mg, VB;320
mg, VB, 1090 mg, VBs 2000 mg, VBs 500 mg, VB, 1.6 mg,
VC5000 mg, pantothenate1 000 mg, folicacid 165 mg, choline60000
mg. Premix supplied the following minerals (per kilogram diet):
CuS0,-5H,0 2.0 g, FeSO4-7H,0 25 g, ZnSO4-7H,0 22 g, K1 0.026
g, MnSO4-4H,0 7 g, Na,Se0; 0.04 g, CoCl,-6H,0 0.1 g.

RIS KIRQRSCHT 30°C), I8 K K
Ab 275 3R] T A e U AR VA K HLEA T
PEPR PR, I PR T S e W K AT B, ARk
e WA R A B KR, A5 TR B A O 4 o A
Q7£1)C . BAREF IR 8 4Lk, 7EdE TIER
R A KR8 LT 2R Ir i iR, R
RN OE T, U145 A58 B 3l 50 6 5% 5 JF
U AT IE R . B R, AR R K R E e
(2.05+0.5, 30.0+£0.5)C, @FEFHE, FHlK %
%>5.0 mg/L, NH, -N<0.5 mg/L, pH } 6.5~7.6,
NO,-N< 0.05 mg/L,
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Tab. 2 Nutrient composition and amino acids of test protein ingredients
%; MTE dry matter
T VR ERLEUR} test protein ingredient
E IR nutrient composition gy [AREE ) T S ik [E3H3E2) T
fish meal bn(;:?nizgl soybean meal rapeseed meal cot:gg:le ed f}']:rirsltefli:?:r: peanut meal

TH i dry matter 90.36 92.20 89.39 89.19 89.01 93.81 86.86
# & [ crude protein 59.13 51.41 43.55 34.56 45.81 69.67 46.30
HIR I ether extract 10.51 8.33 0.60 2.20 1.69 0.33 0.92
MKy ash 17.50 34.75 6.09 6.72 7.02 8.91 6.23
B HE(kJ/g) gross energy 19.41 16.81 18.28 18.26 18.09 18.30 17.84
A HRR amino acid
KERBR Asp 5.38 3.05 4.95 2.55 3.63 6.17 5.54
JNE R Thr 2.56 1.32 1.75 1.62 1.33 2.84 1.34
225 % Ser 2.39 1.75 227 1.62 1.82 2.84 2.38
A2 Glu 7.71 4.91 7.57 6.25 7.81 9.37 8.94
H2 R Gly 3.94 7.05 1.85 1.83 1.64 2.71 2.82
N Ala 3.85 3.47 1.91 1.63 1.58 6.41 1.92
5L Cys 0.58 0.40 0.58 0.68 0.60 0.62 0.56
HRE R Val 2.86 1.60 2.00 1.79 1.73 3.64 1.90
EA M Met 1.79 0.58 0.49 0.59 0.51 0.92 0.46
SESCEMR Tle 2.46 1.09 1.94 1.40 1.21 2.92 1.58
FLRMR Leu 4.44 2.41 3.38 2.61 2.35 4.25 3.15
Ji% 2R Tyr 1.76 0.81 1.39 0.89 0.98 1.68 1.63
RN Phe 2.53 1.41 2.26 1.51 2.26 2.66 2.44
W2 Lys 4.43 2.02 2.61 2.07 1.78 4.43 1.57
4 His 1.52 0.64 1.10 0.97 1.12 1.25 1.08
K@M Arg 3.34 3.28 3.04 2.14 4.86 3.18 5.35
Jifi 2R Pro 2.43 4.18 2.12 2.20 1.41 2.24 1.93

T MR KSR IR, BRI,

Note: Tryptophan was destroyed during the hydrolysis process, so it had not been detected.

1.3 AFEESHARE

IEFGRIRET, 2 RIBEALN 8 4l 1 411k
FXFHRA, HAY 7 AR A, X IR 2 R S A
Tk, RE 4 HIEE 7 ARG ERL . 8 H E R
TR, SRS 23514 7:00 F1 14:00 W5
0 A RS DL IE %, IR 10 H 4 TR R AR
VISR o FR0H 7 d JE R ZEAE, T Sk 5 7 45 R 4 i
) 5~6 h iF AHEEE S, R % S 87 MK %
R RSB BT fE . OB BB TR SR, JF
BEREFR g5, Freedist 28 do WSS R A K 3%
EET 6SCHA T T, HHTHHSTET
—20°CHFHL -

1.4 ERNESIHERZ

RIS A PR DR R | fRDRE S T T
KAy MUK 50K Fl AOAC FIf 7R J7 i A5, HLEE
fifi 4> H sh Bl R E BN (FOSS KT260, Fii-t )il
Bt KRG A R APk e B RE 1 41
S PR A A5 R GE i 4 [ Bh & LR 4 A
{X (Hitachi L-8900 Y, H A 75 H 4 o¥ K 75 &,
TN 2 5 2 ) P T A 3R FH R /K e, 4 ) ek R S i
R KRR — AR, FE T AshEik
PR 43 BT ASCGHE R 2 43 BT s B 4 B 42 (Y) 15 1 v Jek
A SE B IR R BT ACP) AR H A 1

T 6 ek R L A AmDRRL v A R B R UL TH fk
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AR AT

Tk T R AL R =(1-Sy/Fy)x 100%

TR ER L RN BE S A R LR 1 WL T A R =
[1-(Fi/S)*(Sy/Fy)] x100%
Kb, Sy Bk Y,0; & i (%), Fy
Y205 & 1 (%); S R i ek v 8 552 i o 1 i
(%); Fi A WCARZEAE th B35 35 i & 1 (%) -

Frill g A RoR b AR . T, AR
Je B IR I T AR 0 T3 7 vk B A =an

Di= (Dr—rDp)/(1-T)
r = (WrXg)/WrXt

A, Dy Fom BTl A F IR pRDRH R B — A R AR
I3 BRI H (%); Dr Rl ik rh s
I U RWTH AL 3 (%); Dy K SRl i)k h 4
g I U0 I RT3 (%); W s A S
TRl b B AR ARDRL B i ()5 Wir 7R S5 Y16 5]
BT (g); Xr 267R AR L8 35 B4 1 A
I35 5 (%); Xy 2 il gtk i 3L A 3R o 1Y
A& (%)
15 HiELEESH

R A 1S 8 [ S i SPSS20.0 4T
WHZE T4 (two-way ANOVA), 4 2% 5 i 3%

it, F One-way ANOVA H1 1) Tukey 581777 2257
BrIEdEAT T K8, 0BT 2s R FF S bR R
(X£SE)#IR, (P<0.05)H£/RER WE, (P<0.01)#
INZE SN
2 HERESW

21 Akt 7 MEAREAMNERTYR., HE
BB BERNRWIE L ER

AR B Sk % 7 Fhi (3 PR R RORE S 5F
AT LR RS RERY 2L R L 3,

16 30°CHY, 7 R AR 5
WAL R AE 24.88%~90.63%, LAl iRl I LR
H 62.98%, EERRREYTHAEALR RS, H
90.63%, A H3 AR 04 T 4k 256 5 HoAth 25 3 V54
BHECR A e B 25 5K (P<0.05), BB # 0L R
A%, M 24.88%,1F 25°CHT, 7 R AR 1 R E R}
T 5 () MTH AL RAE 33.65%~79.79%, FHEili 1]
RHTHALR N 63.72%, U FIEE R0 T4 5 Ay
FEWLTH A5 HA X 95 28 1 IR R A L 2
B (P<0.05), FLRIFISERT Y I 40 % B 3 5 T4
K. AR LA HI(P<0.05), WEFHRIE, S5H
SRR IR AR FURHAH L 2 3 3K (P<0.05) . H1#E 3

&3 HEkEhx 7 HERRIARIERTE 30CHM 25 CTEFRRTHIRIHLE
Tab. 3 Apparent digestibility of nutrientsin seven test protein ingredients under the temperature of
30°C and 25°C for Megal obrama amblycephala

%; n=3; X+SE
T 1 B ek 2k T dry matter MEF crude protein BfE gross energy

test protein ingredient 30°C 25°C 30°C 25°C 30°C 25°C
1t FM 82.67+4.42" 79.79+2.394 89.15+1.46° 88.80+1.65° 95.25+4.20% 89.79+2.754
W5 MBM 24.88+6.13¢ 33.65+4.45 52.32+4.24° 64.23+2.28 60.37+1.47% 65.08+7.37°
M1 SBM 76.15+2.27%° 71.04+2.7°8 93.71+1.83* 96.53+0.374 83.71£3.11% 78.42+2.53A8
3K RSM 72.06+8.55% 67.26+4.12° 90.81+3.49* 91.10+3.3348 78.91+7.18° 72.86+3.725¢
ik CSM 36.78+7.87¢ 52.51+1.90¢ 85.86+3.69° 88.52+1.77° 47.77+6.46° 58.17+1.24°
R EER B YEF 90.63+4.06*" 78.2241.75% 94.88+0.52% 93.03+0.3148 102.69+4.38*" 87.98+1.06*
AE/1 K PNM 63.60+3.18° 58.34+1.48¢ 92.34+1.49* 91.95+2.60" 72.96+2.80% 69.64+2.325¢
7K temperature 0.758 0.056 0.249

JiUB} ingredient 0.000 0.000 0.000

22 H AT interaction 0.055 0.123 0.092

TE: WA TR R R/ NG TR IR 26 5 135 (P<0.05), IR K/INE “FhERIR 22 57 8 135 (P>0.05), [RAT K/NE 8430 3R P 7KL
[FIF7 A Free* R R TITJG P 22 53 T35 (P<0.05), [RIATJE AR+ R R TG P4 22 5% . 35 (P<0.01).

Note: In the same row, values with different superscripts mean significant differences (P<0.05), the same superscripts mean no significant
differences (P>0.05), the different superscripts mean two temperatures; “*” means significant differences (P<0.05); “**” means extremely

significant differences (P<0.01).
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ALE AT T4 5 %) T A 3 7 A Y R A
E(P>0.05), & 15 mRHFERG T 9 5 R
77 A 4 5 B 3 (P<0.05), 7K IR I EDRNIE A BAE
FH(P>0.05) ZE AR IR T F 3k i % 7 Fh bl 5ot
W RT3 R T 0 A R T L R AR 2 R
(P<0.05).

TE 30°CHY, 7 R IR RDRHEOR R 0 &
WAL RIE 52.32%~94.88%, JHLflifal ki 1k %
H 86.69%, TRy 2 I H H5 i AR 11 2ROUE T
E, S 94.88%, i P Bk I S AR Y FRUE T
b3, By 52.32%, S5HAEABEERHEEAE
ERAR(P<0.05), faky . T, M. MRTRIEA
¥R JC 2. 3 22 57(P>0.05) . 7 25°CHY, 7 Fi & IR
T Al JEURERL 2 1 B4 28 LT AL R AE 64.23%~96.53%,
FERMERA I L3N 89.52%, MR B Y
R IR, R 96.53%, 1N ¥ =00 &K
ML, N 64.23%, 5HAYE A RFERER AR
R AR (P<0.05), faky . BElHiRmy . k. #
AFAEA R 8] G i 3 22 5(P>0.05) . A3 3 I,
AKX R T AL R Y R A B 3 (P>0.05), K
R DR BEORE X 5 e (i 35 (P<0.05), 7K ik FH i
BTEAE HAEFH(P>0.05)0 7EAS [FIZK IR T A Sk 5 %) 7
ot 2 1 Ve SR H R M R P ) 2 T 1
FAFAE D 2 25 5 (P<0.05),

e 30°CHF, 7 A FUR R ERL R RE 1) 2 0
THALRAE 47.77%~102.69%, Fehilfa k1L 3R K
69.02%, BTk Ky MR TH R 5 HAAE AR
T HEREAR L 35 05 (P<0.05), R 230K |
TEAE RV B RS, S AR AR, s bR 5
% 2R IR DR R (IR B R B AP AH B S 2 IR
(P<0.05).7E 25°CI, ELRERRITHILZIE 58.17%~
89.79%, FEANIERIFITH LR 70.48%, kR
W R LTE AL RN 89.79%, BELHIZ A K T4
¥y, BRIRBL R TE AR, 5 HAAE A
BHEURHR 1L 35 5K (P<0.05), ti5% 3 IT 0L, 7K
X L RE T AL AR AR R B 3 (P>0.05), B A
4 ek TR XL BE T Ak AR R R e
(P<0.05), 7Kl ARG HAER (P>0.05), 75 AN F]
KT ALk k7 A IR DR R Hh R R A

SVAE I FR L TH fb F A A 3 22 5 (P<0.05)
22 BAkgxt 7MEQRAMERSERNORE
PUINSE

TEATR KR Sk %) 7 Fh f s AR ROk
HIRMRAF MM LRI 4,

FE 30°CHF, 7 FhER A IR EDREEURE B L R Y
FWIAL RN 51.18%~95.15%, Hehilfa ki1 1k
o 88.61%, Horh GoMIEmr, RE S HRE
1R ARDREEURHAH H 25 IR (P<0.05), Higy 5 Fh
R IR U] G 2 3 2% 5 (P>0.05) . #E 25°C
F, 7 2R R AR RO L S L R Y 2 LT bR
TE 57.13%~97.4%, FEREFRITHLER R 88.15%,
Horp GRS v, T PR R R B A ) 2 T b
N 57.13%, 5 HAEE IR EDENEORA L
BAR(P<0.05), HAy 4 Fha 1 IR RDREEURH R RIBR
ANIEITE i 25 5 (P>0.05), MK 4 Al L, JKiRXT
S FE R T AR 7R AR I R R B 35 (P>0.05), &
F AL DR Xt R 3 R T A R A A )
(P<0.05), 7KIEANEAEICAS B AEH(P>0.05),

FE 30°CHF, 7 FhEE IR AADREEUR 06 5 R LR
B FEWLIE AL Ny 42.97%~95.5%, LAl iRRAY 1L
FH 84.92%, FEERRKYEcE, MAE K S HRE
R ARDRE DR L i 25 5K (P<0.05), o4y 4 Fh
B R TERE JEORE (R R BR A6 ) (8] G B 3 22 (P>
0.05). £ 25°CH}, 7 B IR DR R L 75 2 SE IR
LTS AL % 49.03%~97.3%, FERl TR AL
FH 84.42%, Hrh SRR, B R R
R, K 49.03%, S5HAE A FEMER
JFURHHA L B AR (P<0.05), 1k . BERHR R . 3%
FRIAE A b 2 6] TG 8 35 25 57 (P>0.05) N 4 7T 1AL,
IR X 0 T R R TR 114 3 LT AR 7 A A S R I
F(P>0.05), & U ARk R 06 75 2 L R T 1k
R 1R 3 (P<0.05), 7K IR A EUR G AE B
YEH(P>0.05) o 7EAN [ 7K I T 1A Sk 5 6] F 1322 43 v
Wb B8 R W 2RV AL R A7 i 2 22 7 (P<0.05)

16 30°CHY, FSk@ixt 7 Fha R R4
Wb B BE TR 1) & LI T 3R AR LA e B2 40 I v,
T RS 20 R A T 1 SR e s A 2 KT, R IR 1L
RH LR EAER %, HEREH. 78 25°CHE,
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Comparative study of the apparent digestibility of seven feed proten
ingredients at different temperaturesin Megalobrama amblycephala

XUE Yunfei, JIANG Guangzhen, CAI Wancun, QIAN Yu, LIU Wenbin

Key Laboratory of Aquatic Nutrition of Jiangsu Province, College of Animal Science and Technology, Nanjing Agri-
cultural University, Nanjing 210095, China.

Abstract: Blunt snout bream (Megalobrama amblycephala) is an herbivorous fish belonging to the Cyprinidae
family. It has been widely cultured in China due to its excellent value. Research on the feed ingredients should be
conducted to optimize feed formula under various circumstances. This study investigated the apparent digestibility
of dry matter (DM), crude protein (CP), gross energy (GE), total amino acid (TAA), and essential amino acid
(EAA) in fish meal (FM), meat and bone meal (MBM), soybean meal (SBM), rapeseed meal (RSM), cottonseed
meal (CSM), yeast extract fermentation (YEF), and peanut meal (PNM) at different temperatures (25°C and 30°C)
indicated by 0.05% Y,0; for blunt snout bream (34.38+2.16 g). The diets consisted of a 70% basal diet and 30%
test ingredients. Fish were fed twice daily in recirculation water system aquaria for 4 weeks. During the feeding
trial, excrement was collected 30 minutes after feeding, then dried and stored for analysis. At 30°C, the apparent
digestibility of DM, CP, GE, TAA, and EAA was approximately 24.88%-90.63%, 52.32%-94.88%, 47.77%—
102.68%, 51.18%-95.15%, 42.97%-95.5%, and 50.49%—-94.9%, respectively. YEF had the highest apparent di-
gestibility of DM, CP, GE, and EAA. SBM had the highest apparent digestibility of TAA. MBM showed the lowest
apparent digestibility of DM, CP, TAA, and EAA. CSM had the lowest apparent digestibility of GE. At 25°C, the
apparent digestibility of DM, CP, GE, TAA, and EAA was approximately 33.65%-79.79%, 64.23%-96.53%,
58.17%—-89.79%, 57.13%-97.4%, 49.03%-97.3%, and 56.85%—97.09%. SBM had the highest apparent digestibil-
ity of CP, TAA, and EAA, FM had the highest apparent digestibility of all other nutritional compositions. The
same result was found at 30°C. In addition, the apparent digestibility of DM, CP, TAA, EAA, and MBM was the
lowest, while CSM had the lowest apparent digestibility of GE. Therefore, the apparent digestibility of the seven
feed protein ingredients were all different at different temperatures in blunt snout bream. In other words, tempera-
ture affected the apparent digestibility of feed protein ingredients. In conclusion, the apparent digestibility of ani-
mal protein feedstuff was better than nonanimal protein feedstuff for blunt snout bream, perhaps because this is an
herbivorous fish that can use plant proteins more efficiently. YEF showed the highest apparent digestibility of all
ingredients at 30°C; therefore, it can be used as a high quality fish feed ingredient. However, the amino acid bal-
ance of YEF was worse than FM, and should have methionine (Met) added to the feed, to enable the fish to use it
better. Conversely, MBM had the lowest apparent digestibility, which may have been due to the numerous bones,
which cannot be digested by fish, with the result that the nutriment of bone could not be used by blunt snout bream.
Therefore, it should be used rarely in fish feed. At 25°C, the highest apparent digestibilities of all ingredients were
in the FM and SBM, which can be used as high quality alternative protein sources for blunt snout bream. At 25°C,
MBM was not a good feed ingredient. CSM showed the lowest apparent digestibility of GE under both tempera-
tures, which may have been because CSM had a high level of cellulose, and the fish cannot process cellulose, so
that this feed moved faster through the intestinal canal. The apparent digestibility of amino acids varied among
different test ingredients, the same was found for single test ingredients. Overall, the apparent digestibility of DM,
CP, GE, TAA, and EAA in FM, MBM, SBM, RSM, CSM, YEF, and PNM were different at different temperatures.

K ey words: Megal obrama amblycephal a; protein ingredient; temperature; apparent digestibility
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