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Table 1

Composition and nutrient levels of basal diets (air-dry basis) %

4 & Content

i H

Items

JNHERE(16~21 H L)

gkl (22~70 H i)

Ducklings’ diet (16 to 21 days of age) Fattening ducks’ diet (22 to 70 days of age)

JE Bl Ingredients

E K Corn 61.80
K1 Soybean meal 26.00
44} Fish meal 4.20
/NZZ #) Wheat bran 4.00
HAMR Met 0.13
%5 Limestone 1.22
R E%5 CaHPO, 0.95
23k NaCl 0.20
WIR K} Premix" 1.50
41T Total 100.00
377K F Nutrient levels”

RIEE ME/(MI/kg) 2.80
KL H BT CP 20.00
A 4E CF 2.80
5 Ca 1.25
LS TP 0.70
HAR Met 0.45
HAMR+Y AR Met+Cys 0.80
MR Lys 1.05

62.00
20.00

14.00
0.15
1.50
1.07
0.28
1.50

100.00

2.68
15.50
3.12
1.74
0.65
0.40
0.68
0.75

1) R BT e A 244t The premix provided the following per kg of diets; VA 8 000 IU, VD, 3 000 U, VE 20 IU,
VK, 2 mg, VB, 4 mg, VB, 3.6 mg, VB, 40 mg, VB, 4 mg, VB, 0.02 mg, =¥ & biotin 0.15 mg, M FR folic acid 1.0 mg, D—iZ
iz D-pantothenic acid 11 mg, Jfi8 nicotinic acid 10 mg, HT 5 fL 5 antioxidant 100 mg, Cu (as copper sulfate) 10 mg,Fe (as

ferrous sulfate) 80 mg,Mn (as manganese sulfate) 80 mg,Zn (as zinc sulfate) 75 mg,I (as potassium iodide) 0.40 mg,Se (as

sodium selenite) 0.30 mg,

2) AR RE A, HoAs Sl ., ME was a calculated value, while the others were measured values.
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1.3 REBEFEHNHEREENETEFHRSNUE

FET T8 00 J55 R R ook e i 7K o 45 36l 7
30% ~40% , BlJE A 2% A #7) (He Bk 1:1 1)
RO o T 4 T P B R LR B ) TR AT, A AR
45,510 ,30 CT AR 72 h,

IRFERITE B B R 72 h 5, AL 3 ARk
EERHE RAFE TS HE 5 SRR U Ak BEET S
1) JEF 45 RA 1 HL 2B R (GB/T 6432—1994) HL i
i ( GB/T 6433—2006) . #l £F 4 ( GB/T 6434—
2006) . /K 4+ ( GB/T 6435—2006) . 55 ( GB/T
6436—2002) . B ( GB/T 6437—2002) . ¥l JK 43¢
(GB/T 6438—2007) & .

1.4 HWiEHR
1.4.1 AKMRE

G300 T WG /NG R s S B B (21,4270
H il ) XoF i 56 75 8 1E A7 0 B0 52, IR 4% B8 Liu 451
M7 R AT AR R DU |, 3K 2 1 A 4K 1 BB A
AL 72 H 4 8 (ADG) P34 H R & & ( AD-
FI) BLE L (F/G) 706 R 3G H A (45 B33
1 kg T AE TR I AR )

1.4.2 BoAtERe Ay E R

F 70 HidF R ($EHT2E 6 h) , WAL h
BEMLZEE 6 R (A EE AL 1 H) B
1% o J5 S0 KR I B00E , #e B K & AL kg 4 1)
RIBEFBEER ST 1E) (NY/T 823—2004 ) #:17 B
o e SR EQ U O i il = o S SR 1
VA AR LA BRIPLES IR0
ERERE RS E RBTREITAEASLWT .,

MEEEEE (k)= EERE(g)/
TR (kg) .
1.4.3 WA EER S &

EEAH P BEDLIE I 6 H &0 (A EE &
BEBLEL 1 ) #8525 R 1S Z2 i B AL 100 ¢, i
HHric, 2% GB 5009.124—2016 #7510 & L
A 2 R )

1.4.4 5T bR

B RIS H A7 7600 4 A 30 A AL 43 B A
R, B A2 FEALIE R 6 Mg (A4 & 4% AL
Bl By e e brtlds . SEH (TP) (HE
(ALB) . Bk & H (GLB) . JK & (UREA) , Il &
(CRE) JKFR (UA) | i % B B #5 1 I [# B ( HDL-
C) K% NG 8 H IH [ i ( LDL-C ) 75 & F1 N 2 iR

IR (ALT) R & AR A% B
(AST) {GPE L HER L (A/G) AST/ALT,
1.4.5  Z&MGEAH o5y

AL R 6 H M (44 & E 4%
MUEC1L K, T 16,42 K 70 H & BUHr & 19 2%
60.0 gZit7, AR KT IR A B 5], s brid, # 47
TG N ki, =% GB/T 8576—
2010 M7 e IR AR R e B K &% &, 5% NY
525—2012 My e AL & & .
1.5 Zitsh

KM SPSS 17.0 B4 X5 & 4 i 47 40 A ab B
LSD £ & [k e 4 (|) 25 57, 25 5 IF- 2494 < 45
M2 (SD) ER, P<0.05 FRERBE, P<0.01
TREFWEE,

2 H#R595W
2.1 FEHEABIEENERKINEL

M 2 s, 5 & BERT R HUE = oM L, &
T S AR KA HEL B 0 AL 2T 2 DR R 43 A b 3
FE (P<0.01), 73 5] T K& 29.73% . 37.80% .
57.27% ;KB ML 2 A & & i B & TH &
32.69% ( P<0.01) ,
2.2 KB ESAE KRN IT

W 3 Fros, 55T A, 10% % % b #5 ok
AN MR T H 15% 20% K 518 R ) 3
RN 42 70 H A E (P<0.05) , X RIS
I R T IO R R 2 BRI A g A L, HL R TR T AR R
b 3 6k e, % 7 S 4 B A 2R AR A P A B J

Wk 4 Frn, A 5B A R E & RAT
250, 14489 ADG M1 F/G B & &S TRBA 51 .
M4 (P<0.05), I M4AH ADG & ZF K T XF I
H(P<0.05); [ 1 M4 AYFETE R X B4,

W A TR, INZE T 3% 2% A1 B8 43 AT, 4 38 2o
T AR TC 7 2 738 I Y 45 2 ) M B A R AT R R
Y1) %] B 2 B R AR AR S BUAS Sy 415 JT/kg, KT
B R A % 1.2 Ji/kg L, A OB R A
(1 250 Jo/t) + 5 5] G RE A + A I 26 1 N Tk
A T MM A N 3.855 Jo/kg, 11 4H 1) 1) Fi
WA k3,708 Ji/kg, T4 ) 1A M B AR
3.560 JG/kg, 3 R4 B3 T AL A ) K A ARk,
AL FR 4L, T 10, 04 % 386 5 A% A 43 1) F %
17.51% 9.58% .10.77%
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Table 2 Nutritional analysis of fermented navel orange pomace %

i H % TR K G
Items Before fermentation After fermentation
HE AT CP 5.20+0.31° 6.90+0.20"
HIEW EE 3.70+0.22" 2.60+0.11°
HLZT4E CF 12.70+0.13% 7.90+0.07"
MUK Ash 6.600.04" 2.82+0.02°8
45 Ca 1.84+0.01 1.42+0.15
WP 0.12+0.01 0.11+0.01
7K 4% Moisture 10.00+1.01 11.10£0.99

IFAT KO 4 T 7 B sl M )N 5 2 25 SR 535 ( P>0.05) | A Il/NG 5 B 37 25 5 L 3 (P<0.05) , R K5 5
BN ZE S WA (P<0.01) . &I,

In the same row, values with no letter or the same small letter superscripts mean no significant difference ( P>0.05) , while
with different small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean

significant difference ( P<0.01). The same as below.

x3 REFEHRNARMNREBEENR M

Table 3 Effects of fermented navel orange pomace on weight of Muscovy ducks at different stages kg
Wi H Ttems Xt H&4H Control group I 4 Group 1 4 Group Il 41 Group I
16 H i 16 days of age 0.27+0.02 0.28+0.01 0.27+0.01 0.28+0.01
21 H#® 21 days of age 0.49+0.04 0.47+0.04 0.45+0.03 0.45+0.03
42 H % 42 days of age 1.62+0.05" 1.54+0.05° 1.39+0.07° 1.28+0.06"
70 H i 70 days of age 3.29+0.12° 3.43+0.17° 2.97+0.09" 2.94+0.10°

R4 REEFERNEGERKMERERZ S EH R

Table 4 Effects of fermented navel orange pomace on growth performance and economic benefits of Muscovy ducks

Wi H Items %I AEZH Control group I #H Group 1 I 4 Group 1l I £ Group I
SEHHE ADG/[g/(d - H) ] 50.24+2.42° 56.62+3.37" 48.78+1.99" 48.58+2.40"
FHHRERE
164.48+5.02 164.62+7.15 161.62+3.78 165.45+5.78

ADFI/[g/(d + H)] * * * *
BE L F/G 3.29+0.16" 2.92+0.76" 3.32+0.13" 3.41+0.17*
95 Survival rate/ % 90.00 97.80 98.90 96.70

T R
H @DKEMK . 0.68 0.63 0.60 0.59
Daily feeding cost/[ Jt/(d - H) ]
14T A
HIEAUA 13.59 11.21 12.29 12.12

Weight gain cost/ ( JG/kg)

23 REFEMNEBEEMHREFERHEN

=21

JHE AR i SR it Ik 45 K5 0k R 2 4 A7 A
PEZE S5t (P<0.05) .

e 5 Fros, R IRAUAR L, 2% 1006 4 3 15 Y
JB SR M LA R LA O BEE A U S A ik
PR R R0 WL 5 BRI IR B 15 802 A 3 (P>
0.05) 5 1 25 A9 fii JIE 45 %, I 2 %) JiF U 45 % 1 i
SRS AR e JUE 4 5 T2 G o v i AR i

24 FEFEANMELCIASERSENHMN
6 Fron, T ALNLA AL IR 1 & I8 o,
HEM ANEAR MEAR CEAR S TR
R S B S XTIRA 22 7 A B3 (P>0.05) 5 T 411
WRITARR A EAR 2B AR HZR .
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HRR AR NEAR HEAR EAR MEAR., K18 ME IR A B 5 X IR A 7E W35 M 22 =
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Table 5 Effects of fermented navel orange pomace on slaughter performance and organ indexes of Muscovy ducks

i H Items %t B84 Control group [ 41 Group 1 I 4 Group II M4 Group I
J& 54 % Slaughter rate/% 82.94+1.51 82.48+1.29 81.01£2.04 80.99+1.19
244 % Half only chamber rate/% 77.30+1.12° 77.06+1.35 75.40+1.94 74.32+0.80"
4V i R Total only chamber rate/% 70.03%1.42" 69.60+1.32° 68.51+1.79® 66.84+0.66"
NS Fat ratio/% 1.33+0.68" 1.76+0.67" 0.57+0.25" 1.57£0.65°
M4 JLZ Breast muscle rate/% 12.33x1.60 12.39+0.79 10.18+1.20 10.65+0.72
BEWLZ Leg muscle rate/% 13.27+1.40 13.40+0.75 14.76x1.36 12.70£0.49
U HEFE$L Heart index/ ( g/kg) 6.62+0.47 5.76+0.50 6.24%1.34 6.40+1.13
JFAEFE 5L Liver index/ ( g/kg) 18.89+1.52" 18.38+1.19" 21.05+2.21° 20.29+0.82"
JiLHE +5 %4 Spleen index/ ( g/kg) 0.84+0.15* 0.66+0.17" 0.55+0.10" 0.55+0.09"
fili {FE $5 %0 Lung index ( g/kg) 13.13%2.41° 10.87+1.78" 8.50+0.88¢ 9.35+1.35™
B JEFE % Kidney index ( g/kg) 7.29+0.39 6.97+1.12 7.73£1.30 7.26£0.76
B [CHEF5 %0 Bursa of Fabricius index/ ( g/kg) 1.12+0.27 0.93+0.18 1.00+0.20 1.00+0.40
WLE F5%L Gizzard index/ ( g/kg) 15.93+1.93 16.30+1.75 17.19+2.10 16.15+1.66
% B 5 %L Proventriculus index/ ( g/kg) 2.91+0.25 2.63+0.47 2.87+0.50 3.27+0.63

R6 REFEMRMELCIASERSENZNE

Table 6 Effects of fermented navel orange pomace on amino acid contents of muscle of Muscovy ducks %

i H TItems %I HEZH Control group I 40 Group 1
RITZHEIR Asp' 1.84£0.05" 1.93£0.02°
AER Gl 3.00%0.07° 3.16%0.04°
2R Ser” 0.81+0.02° 0.86+0.01°
HE W His 0.32+0.08 0.36+0.03
AR Arg 1.31+0.04° 1.38+0.01°
H& i Gly" 0.98+0.03" 1.06+0.02°
IR AR Thr'* 0.89+0.02° 0.94+0.01°
482 Pro® 0.74+0.02" 0.78+0.01°
NER Ala" 1.12+0.03° 1.18+0.01°
HEMR Val® 1.07+0.03" 1.14+0.01°
E R R Met” 0.52+0.01° 0.55+0.01°
it Z R Cys-Cys 0.13+0.01° 0.15+0.01°
FGAMR le” 0.94+0.02° 1.01£0.01°
SeE MR Leu” 1.6+0.04" 1.71+0.02°
KNEIR Phe” 0.74%0.03 0.79+0.01
&R Lys”™ 1.66+0.04° 1.80+0.08"
Wik R Tyr 0.62+0.02 0.69%0.06
R Trp” 0.19+0.01 0.21+0.01
ﬁ%ﬂ%@&ug Total amount of flavor amino acids 9.55+0.11"° 10.27+0.09*

MR S Total amount of essential amino acids 7.56x0.10 8.20+0.23
18 ﬁ]ﬂ%ﬂi&,mg Total amount of 18 amino acids 18.50+0.46" 19.70+0.25"

N BER IR 5 b IR

# represented flavor amino acids; * represented essential amino acids.
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Table 7 Effects of fermented navel orange pomace on serum biochemical indexes of Muscovy ducks

Wi H Ttems X+ HE 4] Control group I 41 Group I I 4 Group 1I M4 Group I
HEH TP/(g/L) 34.83+1.91° 32.00£1.26° 33.83+2.86° 33.60+2.53"

HEH ALB/(g/L) 14.53+0.81° 13.77+0.39* 14.18+0.38* 14.33+0.92*

B GLB/(g/L) 20.30+1.18° 18.23+1.14° 19.65+2.64° 19.27+1.67°

HERH A/G 0.72+0.04" 0.77+0.05° 0.75+0.08° 0.75+0.05"

WA ALK ALT/(U/L) 8.78+1.13" 11.50+4.86™ 12.82+2.40" 10.55+3.65™
RITE AR AL TR o . . o o
AST/(U/L) 34.32+5.77 33.30+18.42 47.78+13.98 35.18+17.36
RITE AR AL LT/

R TR AL R i 3.88+0.30° 3.47+1.29° 3.72+0.72° 3.25+0.76"

AST/ALT

JRZE UREA/(mmol/L) 0.52+0.12° 0.68+0.09™ 0.85+0.45" 0.51+0.10°

JLETF CRE/ ( wmol/L) 8.65+5.79° 14.85+8.42° 18.02+7.38° 16.20+4.42*

JRR UA( wmol/L)
R 25 TR A 1 I [

arcb

HDL-C/( mmol/L) 2.48%0.35
% BE e H [] e

P55 i B 1 O ] e 1.15+0.25%

LDL-C/( mmol/L)

170.17+46.09*

153.12+32.80°

2.56+0.30™

1.03+0.22°

198.37+£45.55"

2.84+0.25"

1.39+0.24"

166.18+34.03"

2.70+0.25®

1.35+0.22°

2.6 REEFFEHAXEMIEM S BT

8 o, Sxr AL, T I 4153

(P<0.05 5% P<0.01) ; &4 0] HLJE & &= N pH 22

R (P>0.05)

AR R T B B a3 e S e T
K8 REEFEMXEMGIEEM ST

Table 8 Effects of fermented navel orange pomace on feces composition of Muscovy ducks

Ui H Items YT HE 4] Control group I 41 Group I I 2 Group II M 2H Group I
BA Total N/% 4.74+0.03" 3.81+0.14° 3.71+0.17° 4.24+0.10°
BB PO 1) 3.85+0.12" 3.17+0.03" 2.44+0.34° 2.68+0.02"
9.00x0. 9.17x0.0: 44x0.¢ .060x0.

P (calculated as P,O;)/%
B (L K,0 1)

Aa ABb Ab o Bb
K (caleulated as K,0)/% 1.570.01 1.41+0.01 1.22+0.05 1.1820.03
7K 43> Moisture/ % 8.14+0.12"* 5.54+0.235° 4.23+0.66° 2.53+0.08°°
FHHLFE Organic matter/ % 86.90+2.10 88.00+1.95 85.50+1.99 84.70+1.45
pH 6.27+0.02 6.18+0.36 5.75+0.25 5.71+0.23

L P T TR P9 A B v R e 1 Ak

3 i i Vs AL (SOD) |, REWS 70 fift & I T A 5 43 i B9 K

3.1 REFEHREFRSHENL

JHERES R 22 L R R I R T e 1 LA AR
FIEERAN B Z IR G 8 A B B E A B T 5
fEk b B HOLER 1 B i N32.69% 7

JRER FNET4E 3R, IR AR B B R A — 758 2 1) KL T 4
I R T S BT P REL T 2 5 ik 35 B IR 37.80% 1,
Tl W e e 0 I 4 K1 o ) 2 3 JB A 0 A I A D
K5 H H R G & BE A BT R A & b A Y
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RlERDRR R, > 3k 8 FH ke I M A R R AR o0
Bl ERD RIS, 25 B3 AROREL 2 11 5T 9 48 A B2 B A 1Y 7K
I e ) MR R L2 AR K7, SR, 3 5 T I IO
FIRRAR 10% SE il 1 AR 5 ] R G fith ) R AH L, 211
ADG I #4#5 ,F/G W& TR AR/ A K
e E RS . BRI AN A& &G
RREATG R T 4 & i i, T 7 8 0y AR K PR R OF o i 2
REAG, H = W, A LAR 2 Jy iR A . — 5,
T IO AR H ) 7L R TR R 1R T B 8 ) AR R
LA 2 R, R b PR A B AR 1 B R A
E R FE IR B =, [ B AR AT DL A T 1R
DL/ 5 o i B KL 4 25, AT fin P i i i 1k,
P25 5 1 1 7 Ak Dy e B IR SOK - RIE T
S A AR PERE T 5 — i, R BRI AR Y
B A8 A0 J5T TR A T A0 o] R il AR v 7 R ) BT
Ak, HEARPI T LA B R HoA
TR e 328 J7 R 75 3l P i K SF- i VR, T
TRBEFWS A K PERE S . R BRI 15%
1 20% FERE R ML ADG A F R, X2l T
1 Z2 A W0 TR R ) W 1 A I FE
ST E IR T, SE R W 1E 3 S WA B 0 SR W i
WRSCR PR AE K & R v 56 T & I8 5T I
R AR A 5 At ) R T 7 g A K M B Wl
REBLEN AT 2 — 2B R ABFGE ., Ah, #4550 4
(1) 7 T 44 T AR 40 /0 | 8 U A A 4 v, R B TR
FEEAR H B,
33 ABFEMNEBEEERERIEEEMN
A

J S5 P g 2 S e A 4R BT ) — > BB R AR
Horp g s R A i R B A R v iy 2 A
br, R R E S AN EEE R, —
MK B 52 RAE 80% L I AV iR AE 60% LA I,
PURPERE R4 A op, & i IO AR AR
3 R R T 2 6 B 52 SR AR HFAE 80% LA |- 42

i RAR R TE 60% L) b, 18 B & T JBF 4 ke %o 2
P APERETC A Rz i, b, 1140 09 JH JIE 45 %
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Effects of Fermented Navel Orange Pomace on Growth Performance,
Slaughter Performance, Muscle Amino Acid Contents and Serum
Biochemical Indexes of Muscovy Ducks

LEI Xiaowen' LIU Zhenni' KONG Zhiwei' SU Zhou' TAN Donghai' CHEN Ronggiang'
XIE Hualiang' WU Yijian> ZHONG Yunping'*
(1. Ganzhou Animal Husbandry Research Institute, Gannan Academy of Sciences, Ganzhou 341401, China; 2. College of
Animal Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract; The purpose of this study was to explore the effects of fermented navel orange pomance on growth
performance, slaughter performance, muscle amino acid contents and serum biochemical indexes of Muscovy
ducks. Navel orange pomace was fermented with the compound bacteria and its nutritional composition was an-
alyzed. Three hundred and sixty 15-day-old male Muscovy ducks were divided into 4 groups (6 replicates per
group, 15 ducks per replicate) . Fermentation of navel orange pomace and basic diet are mixed to feed Musco-
vy ducks. The control group was fed the basic diet; group I was fed 90% basic diet+10% fermented navel or-
ange; group Il was fed 85% basic diet+15% fermented navel orange; group Il was fed 80% basic diet+20%
fermented navel orange. The pre-feeding period was 7 days and the formal test period was 48 days. Results
showed as follows: 1) the content of crude protein extremely boosted in fermented navel orange pomace ( P<
0.01) , while the contents of crude fat, crude fiber and crude ash significantly decreased ( P<0.05). The nutri-
tional value of fermented navel orange pomace was improved. 2) The average daily gain and feed/gain of
group I were significantly higher than those of control group, groups II and Il ( P<0.05). 3) Compared
with the control group, the contents of Asp, Glu, Ser, Arg, Gly, Thr, Pro, Ala, Val, Met, Cys, Ile, Leu,
Lys, flavor amino acid and total amino acid in group I were clearly elevated ( P<0.05). 4) The contents of
alanine aminotransferase activity, urea and high density lipoprotein cholesterol contents in group II were signif-
icantly higher than those in the control group ( P<0.05). 5) The contents of nitrogen, phosphorus, potassium
and moisture in duck feces of groups I , II and I were significantly lower than those of control group. It can
be seen that 10% fermented navel orange pomace can significantly improve the growth performance of Musco-
vy duck, improving the contents of essential amino acids and fresh amino acids in Muscovy duck muscle, en-
hancing the metabolism, and reducing the emission of nitrogen, phosphorus, potassium and other pollutants in
duck feces, which shows that it is feasible to replace 10% basic diet with fermented navel orange pomace for
Muscovy ducks. [ Chinese Journal of Animal Nutrition, 2020, 32(11) :5175-5184 ]

Key words: navel orange pomace; Muscovy ducks; growth performance; slaughter performance; muscle ami-

no acids; serum biochemical index
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