SIS IR 2020,32(4) 1684-1692
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2020.04.027

HAMRHMEESmEFHKAXNEBEERE,
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etk XAy’ SRS sk K B T wikE

(LSRR A2 e, 5 55002552, 520 & S REmAT 52 B, 5B 550025)

B E, ARBREEMRHAATRBEY S L SGZ AR RKASTEBSA T HE EHR LANLRE
B MR AR A R T e e, IR 25 B AR &R 500 R AL R 5 A, B s ANER
FAER20 A, STRASRA B K 1~4 BELBARTRMLS o/kg ASBAEWE,
B RRm0.1.0.1.5F 2.0 g/kg 9 Rt 324, TRXE 1 B, EXH8 A, £X &AW 1)5
sERAARIL KR 1 AT R T A E L R EF B (P<0.05), 5K 1 A48k KEE 3 Fo 4
A0 R E R EBAK(P<0.05) X3 3 Am 4 A E LR F e (P<0.05), X4 68 FH &
FRFIEIm(P<0.05), 2) 5arRaart X% 2.3 e 4 L6 R TR E B E I (P<0.05) , X%
2 3 MM EHTMETFERZ(P<0.05), R4 M FERE S EHIK(P<0.05), 5XE1 4
A, IRIE2 3 A M ELRERZIEM(P<0.05), XRB2AHELZRERTFRZ(P<
0.05) ., 3) 5t BaAark | &K 320 o i Fo ik 35 A — B (MDA) 42 2 F 41K (P<0.05) , fo 7 Ao
B A E AN HEACE (SOD) 7E M B E 1 A (P<0.05) ; X I 20 fo 75 25 Br H Bk T B4k 4 B
(GSH-Px) B X3k 2.3 A= 4 L% 3k GSH-Px E R £33/ (P<0.05), 53K3 1 A48k 3K
I 2 An 3 A e &3k SOD E M T F 3 5 (P<0.05) X3 3 41 &0 75 GSH-Px #& £ B %38 e ( P<
0.05) , X3 2 .3 fo 4 28 % GSH-Px &M B E 3 (P<0.05), 4) 53 BLAAA | &K I 20 do i
Fo M= (TG) B2 B B (TC) AL F E 5% 9 28 B2 (LDL-C) 4 ¥ 2 F % 1& (P<
0.05), 5 % E & aeE i (HDL-C) 42 2 %3 m(P<0.05), 5K 1 A0k, X% 3 Ah
HTC A FREBEIL(P<0.05) X 2.3 fmd EH TC 4 F R FHEAK(P<0.05) , K% 3 Ak
#Ae B LDL-C A% % % %48 (P<0.05) ,iX 3 2 A= 3 41074 HDL-C 4 & % %7 % (P<0.05) ,
5) 5t AR, KRR MR E R AKES G(IgG) L BEHKE G A(IgA)  LBEKE G M
(IgM) Fo+ =351 5 b B o5 3 8 A(SIgA) 22 H 2 X7 35 (P<0.05), 53X 1 448k, X
32 ki [gG AR ERZH(P<0.05) iK% 3 bk IgM A F R FHR 3 (P<0.05), T
I, A T B A A A AL B E R ARH B 3 IR R A R AL MR AR BUE IS ARG, B R R
FaQnbE AT RS ESZAREANTEFZERECRE, LA B EBRAAR
B K ERRARMR G LR REO» LT T HELARNTERERNALSZAR, L P X
¥340(1.5 g/kg AAHAR+1.5 g/kg AT ) L REIF,
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B (Moringa oleifera Lam) X FREHE# | Ry
BT | B 8 3 A= T AR T, w5 5% 4 (6 3=
NS EE 2R E LRt
P2 A A 1 38 i A7 78 T AE 9 25 A 38 47, 2 A B i
fig BT A Ak B % £ Rl AR B T, Coppin
403 Kunyanga 25 708 & B AR - rp S B R
O 0.18% ~1.64% (T4 LAl )  FEHT AL |
PET A A R SR AL e F1 AR I AR
B I 15 2 B0 AR AR

fa A WO — KA KRB A o AR ) S s
B3 B3 TR R, A 5 A, FE AR RS N £ 2B T
AT LS o 25X A 7 P R | 0 R R R R R
PUARGEE TN RESE " . 7608 F B A 25 3040 i Tif 24
PEIG AN S U 1 i b 24 P 5k B A TR H 25
HEAEOT , R 2 g5 A WAREE HAE )z Fl
YEFIZIN JCBR B O 24 P S5 O s 7 S B A 7 Hh 1
B TEATZ N AR R, SEERUEY, 5 A
B2 LE B AR A K A5 TR AR R AR ALY, P
] DU #F g5 2 TR Y 38 A 55 AR T AT DU 3 rh
LG WBCRTA N, R, 96 TR i B
g A= TR IE G 7 FH 9 AH O SCHR i DL aE PRt
ARG DL 25 i 4 0 B0 il 4 sh 1), 78 il 1]
HR IS AN TR 7K S 18 BOR i B2 B f R G AR AR
PR, PRI LT B A = g L B T P AR AR BE
Jig o A5 A fe 5 D) RE A 52 W, B TR R UK i i X
Yy RN 5 A5 TR CE BRRS A 7 b i g SR A — i ) B e
A .

1 #MR5FZE
1.1 RIe A

BRI W [ 22 MR S T A W R A
RN R A 8085 BRI B 5 1 20% 5 52 6 4
A A LR 5ok A Ok AR TR 4 A BR A
FE eSS A AT T R AT LR L T
i 1 TR R 3 T 2T W B Y69 45 2H B (3% T gk =
5.0x10° CFU/g, RN 0.1%~0.2%) .
1.2 R ER AR

VERER]— G & IR B R 47 7 B R AH IR 1 25
JEI 4 4 2 TS 500 H, BEBLAY K 5 4, B4 5 AN
BLOEAEE 20 H % R 2 R I Rl AR 5
T~4 HAE SRR TR 1.5 e¢/kg B A AW
Jo, BRI 0.1.0 1.5 F1 2.0 g/kg FBRA 12
B (A7 808 53 BROR B 5 82 43 551 A 0,200,300

F1400 mg/kg) o 50k HI R B F 48X ol 50
A HRE K (FLkRPokE) , AL AT
#% (15 h/d), B RN T K 2 K (0900 F
17:00) , & JEH & WS 2 K, R8It o A, Hrp
T 1 A, I 8 JA LA AR 2H B A E FRK
PR,

®1 EMEARARKRERKE(KFERM)
Table 1 Composition and nutrient levels of

the basal diet ( air-dry basis) %

I H Items & Content

JEB} Ingredients

EK Corn 39.78
/NZZ K Wheat flour 15.00
KB Rice bran 5.00
EtH Soybean meal 25.40
il Soybean oil 2.16
W2 45 CaHPO, 1.32
f1#; Limestone 8.89
JiZ i £ Bentonite 1.00
AL Eh NacCl 0.25
IR Z 4 NaHCO, 0.20
i E Permix" 1.00
41t Total 100.00
E 377K F Nutrient levels®

fRi5HRE ME/ (MJ/kg) 11.51
HLE H 5T CP 18.00
%5 Ca 3.80
A% AP 0.32
WML Lys 1.10
HAER Met 0.52

1) TR B A AT 52 1 kL it The premix provided the
following per kilogram of the diet: VA 8 000 IU, VD
1 000 IU, VE 35 mg,VB, 2 mg, VB, 4 mg, VB, 2 mg,VB,,
0.01 mg, ¥4 R nicotinic acid 60 mg, iZ R pantothenic acid
8 mg, "R folic acid 2 mg, 4=#) % biotin 1 mg, AHHH choline
1 000 mg,Fe (as ferrous sulfate) 70 mg,Cu (as copper sul-
fate) 10 mg,Mn (as manganese sulfate) 60 mg,Zn (as zinc
sulfate) 70 mg,Se (as sodium selenite)0.12 mg,I ( as potas-
sium iodide) 0.48 mg,

2) EF KRB A(H, Nutrient levels were calculat-

ed values.

1.3 MEEIREF*E
1.3.1  AEr=rEse

RIS 8] L E &k B, A H SR R
Aok R EREE S0 E AN I A H
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R o EE P EE RHE AR,
1.3.2 T

T i 0 25 R, B 5 A B AL A 6 Al
AT E S BT A2 . R FH 22 Dy R AR BT S0
FE SR AR e B R 0 RS SR B 5 SR
TOrHr R E B W AR b R T
PR RO R AR A TR R P8 B (R
BEAR) 5 R AU AR R R 40 500 I 2 2 5 1 Bt oy | v [
Al BB THIRL R 50 R B A B4 5 R FH AT iR
JEE ) SN o R R
1.3.3 P dsts

WA LS RRT 12 h 256, [H hiiok, B4
A LA 3 HOEE NS, 1 F Pk R i 2 mL,
3 000 r/min & 0> 10 min, 2 &5 L35 T —20 C £ 77
. BN 3 MRS B J3 B A R e 2R
WO T ML, B R PR A A S 2 mL F
EP &, —20 CORAA# . SR FH il 15t G 72 W i
7E (ELISA ) i 71 & W 5 ifn 3 2R B b o8 2
(MDA ) 7 it K S Ak Py B ALl ( SOD) | 45 e H ik
i3 A AL Y ( GSH-Px) 3 P, ELISA &5 & W H
IR A BR A
1.3.4  JRFARIEHHE bR

I35 FN AR AR AR R S 7 ik [A] 1.3.3, ] ELISA
7 43 S I v AN R B R H IR R (TG) |
JREEE (TC) | % B As & F1 IR [ 5 ( HDL-C ) A%
% 5 JE 2 [ I [ 2 ( LDL-C ) % &, ELISA X7 &
W B R SA BR A A,
1.3.5 HEFEIR

I35 FEAS R A kR 1.3.3, 53 A HE A2 Bl

BUHIE 3 03 i+ 48 e A, R FEAR AR 1 g
ey, A B R 2% vh ER %5 W (PBS) (pH=17.2 ~
7.4, W FE R 0.01 mol/L) #% 1:9 AR HL7E K LI
513 .5 000 r/min 250> 15 min B 3% T-20 T4
FEA 43 I I v A BE R 1 G (1gG) i
BREH A(IgA) FEERER M(1gM) f+ 4515
S BIREERE T A (sIgA) &, ELISA 1 &
WA RS R A RA A
1.4 SHitaHhAE

RIS R H] SPSS 24.0 3 F 347 B K £ )7
743 M1 (one-way ANOVA) , >k H Duncan K i i
T2, 45 R D Y +hn 22 R, P<0.05

2 & R
21 BHAMHRBMESSmERBEAXNEBAE
T BE B BN

H % 2 FIAL, 5% AT EL , 45350 41 1 7 2
HREREAMBERITE EZ5 (P>0.05) ;5 1,
23 WM HERILEE 2R (P>0.05) , 5 4
A ER R E R (P<0.05) ;1056 2.3 F14 4
(1) °F- 35 8 MR H JC 18 3% 25 57 (P>0.05) , i 50
1 4171 81 FURLER Lb e R AIK ( P<0.05)

iR 1 M H iR 2 .3 A4 A0 H R
AR E R 257 (P>0.05) ;i5 2 41
FEECR SEMEEMBE LR E R (P>0.05),
B 3 4 207 R E PR (P<0.05) , i 5
3R 4 AR LE B N (P<0.05) 18 4 4
(-1 8 H I E N (P<0.05)

*2 HAMRERMESSHRERBKANEGE RN
Table 2 Effects of Moringa oleifera leaf extract combined with compound probiotics on

performance of laying ducks

WiH 2H %] Groups

Items %8 Control 1 2 3 4
% Laying rate/ % 86.54+7.54™  88.18+5.85°  87.95+4.01° 84.64+5.49"  81.56+4.12°
) E Average egg weight/g 73.00£2.37%  71.96x1.94°  72.54+1.87" 72.21+2.36® 73.22+1.97°
V¥ H R Average daily feed intake/g  148.74+13.43  142.20+14.28 145.06+15.91 145.23+17.51 143.22+16.30
B4 Lt Feed to egg ratio 2.37+0.23™ 2.25+0.23" 2.28+0.27"  2.38+0.32° 2.40+0.28°
& Broken egg rate/% 0.40+0.27 0.00+0.00 0.00%0.00 1.10+0.45 0.70+0.37

[R5 H B AR AN RN R ROR 22 5 .35 (P<0.05)  ARRIBUE 7 RE KR 22 5 A 3 (P>0.05) . TR,
In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.
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22 HAMHERYWE
A J5T ) 22 i

3% 3 AT, 4% 4 [B) S5 48 80 B B0 A 43 e AN
WP 22 R B3 (P>0.05) , 5 % I8 40 A
I,k 1 AR SToR B o o % 22 5 (P>0.05) , ik
552 .3 A4 AR B ST B 2 1 (P<0.05) 53t
55 1 RN 4 2H i) B 65 TG i 3 25 R (P>0.05) , i

FHAEFBKANELE

1.2 f13 i EETIEE TR %25 (P>0.05) ik
55 4 410 E 5T R B E K (P<0.05)

iR 1 A, iR 2.3 A4 A E TR
RN (P<0.05) ;iR 56 2.3 Fl 4 HIWEFLIEE
T EZER (P>0.05) ;K5 2 A EHHI0O B E
P2 (P<0.05) , 1080 3 il 4 MR EBE T 0 &
%2 (P>0.05)

45 2 R 3 2H 1Y 75 8 B 0 0 25 4 ( P<0.05) 5 il 5
£3 BAMHERYSESHEHBERANELERENZM

Table 3 Effects of Moringa oleifera leaf extract combined with compound probiotics on egg quality of laying ducks

SyE| 205 Groups

Items XTHR Control 1 2 3 4
EILFEH Egg shape index 1.35+0.04 1.35£0.06 1.35£0.05 1.33+0.05 1.33£0.07
FE5E5mE Eggshell strength/kg 44.47+9.65"  47.23+9.65"  51.55%£8.96° 49.39+6.86°  51.45+9.13°
FEH i Yolk color 11.97+0.56"  12.07+0.37"  12.37+0.61° 12.30+0.70™ 12.03+0.32"
HE H T Yolk percentage/ % 36.44+3.19 35.53+3.06 35.22+3.92  34.86+2.83  36.21+3.02
5B Eggshell thickness/mm 0.32+0.02™ 0.31+0.03™  0.32+0.02°  0.31+0.02  0.31+0.02"
s J B\ Haugh unit 66.48+8.63 66.09£7.55 65.78+£8.29  66.66£9.31  65.98+7.31
23 HRAHREYESESHLEREKANER 551 4 L, X5 2 3 A 4 41l 3 AR

mEMERREUIBRAOI M

H 2 4 AT, 5 0T BR A A L, 4510 56 4 0l v N
B MDA 7 i i B (P<0.05) , I F1 8 B
SOD {4 & Z 3 i (P <0.05) ; 4% 3K 56 41 1y 75
GSH-Px i 1 @ Z 1 AN (P<0.05) , iR 56 1 4175 %
GSH-Px i PE TG # 22 57 (P>0.05) , ik 5% 2.3 Fil 4
ZH R B GSH-Px 1 PE B &1 N (P<0.05)

MDA & 825 A B E(P>0.05) ;15K 2 F1 3 4l
I AR SOD 1 7F I 42 /& ( P<0.05) , il 5 4 4
I35 FI AL # SOD {514 22 % A 3% (P>0.05) ;150
3 4L 1M ¥ GSH-Px i 4 W 3 89 ( P<0.05) , il 5 2
Fl 4 A GSH-Px {EPE2E AR ZE (P>0.05)
R 2 .3 A1 4 2HE B GSH-Px 1% 1 03 1 ( P<
0.05) .

F4 HAMRBYEEAH4EEFKANEBNEMEERAUIERNZIT

Table 4 Effects of Moringa oleifera leaf extract combined with compound probiotics on

serum and yolk antioxidant indexes of laying ducks

WA 15 Groups

Items % I Control 1 2 3 4

L% Serum

N MDA/ ( nmol/mL) 13.18+1.11°¢ 9.95+1.05" 9.32+1.52* 8.86+1.64" 10.44+1.49°
B Y AL . b . .. b
SOD/(U/mL) 294.39+52.46 421.41+40.62 497.36+77.14 506.18+64.60 385.12+45.73
ZF I H R A P . b b . b
GSH-Px/(U/L) 163.15+19.09 195.44+15.24 202.92+15.79 223.47+10.99 196.87+13.87
FEH Yolk

N MDA/( nmol/g) 87.93+13.74° 66.90+17.04° 54.95+5.75" 57.95+11.01° 65.98+10.25°
AL f Rl 1 896.90+404.19* 2 916.74+264.61° 3 752.51+379.34°3 632.52+490.50° 2 798.77+542.89"
SOD/(U/g)

25 e H IR A Sk A

GSH-Px/(U/g) 1.16x0.13

1.25+0.16"

1.48+0.17° 1.58+0.08" 1.48+0.06"
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FH % 5 FIAL, 5% AT Eb , 453 56 41 i 3 A
E# TG, TC 1 LDL-C & ¥ i EFE M (P<
0.05) , 4% i 45 20 1fil ¥& F1 4 ¥% HDL-C & f& i & 1
fn( P<0.05)

5356 1 40 L, 388 2 .3 A 4 41 I AR B
TG SRR FEZEF(P>0.05) ;i85 2 F1 4 20 107

TC S HILBEER(P>0.05),ik56 3 417 TC
i I E PR (P<0.05) ,ik50 2 3 1 4 41 TC

HI 5 EFEK(P<0.05) ;iR 56 2 F1 4 41 1M 3%
M LDL-C St E2 5% (P>0.05) il 3 41
IfiL 3% A EE # LDL-C 7 & B P ( P<0.05) ;356
2 fl 3 4117 HDL-C & & W 3% F+ & ( P<0.05) , ik
123 f 44K HDL-C SR EELER (P>
0.05) .

A

o> o

®5 HAMRBYWESAHLERBAMEBDEMEERRAGHERNZMm
Table 5 Effects of Moringa oleifera leaf extract combined with compound probiotics on serum and

yolk lipid metabolism indexes of laying ducks

s #0 % Groups

Items %t H8 Control 1 2 3 4

il Serum/( mmol/L)

Hi =05 TG 6.60+1.07" 5.64+0.79° 5.19+0.91°  5.72+0.75° 5.32+0.83"
SR E EE TC 6.19+0.89° 5.24+1.05" 4.60£0.81"  4.02+0.77° 5.02+1.17°
1 %% B BR & A IH [# i HDL-C 1.11£0.13" 1.35+0.13° 1.56£0.16*  1.63+0.16° 1.46+0.18"
1% ¥ g 7 11 IR [ i LDL-C 4.97+0.83° 3.78+0.76" 3.20+0.89"  2.61+0.82°  3.61+0.55"
#H B Yolk/(mmol/g)

Hil =M TG 0.09+0.01" 0.07+0.01* 0.07+0.01*  0.07x0.01* 0.08+0.01°
SR EE TC 0.10+0.01° 0.09+0.01° 0.07+0.01*  0.08+0.01° 0.08+0.01°

0.024+0.002°
0.064+0.010°

0.024+0.003™
0.065+0.008"

1 %% 7 BB 28 1 IH [ % HDL-C
2% IR 25 H AH & % LDL-C

0.020+0.002"
0.084+0.010°

0.026+0.003° 0.026+0.002°
0.059+0.011* 0.053+0.009"

25 BRAMRERMESAR4EFKAXNELBEE SN HpslgA FRERAEF (P>0.05) ;i

Ei a0
% 6 nl %, £ 00 4 17 1gG  IgA  IgM F
T35 slgA & B4 8 FW N (P<0.05)
550 1 AR5 2 3 A4 4L IiE IgA B

®6 HAMRERRYME

5 2 435 1eG & im B F#5 (P<0.05) , i1 3
4 HiTE 1gG FEERALE(P>0.05) ;5
3 M IgM % 2 0 E 4 (P<0.05) , 15 2 1 4
AT IgM SR ZEF AR E(P>0.05),

AHARBKANEBREERNZ M0

Table 6 Effects of Moringa oleifera leaf extract combined with compound probiotics on

immune indexes of laying ducks

i H

215! Groups

Items %18 Control 1

2 3 4

1% Serum/ ( wg/mL)
IR M G IgG

1 651.20+226.61°* 2 076.39+287.80"

2 390.19+299.10° 2 351.03+310.70™ 2 150.14+277.52"

225.18+34.44°  224.63+28.36" 215.36+22.03°
370.29+56.77"  404.15+60.50° 353.01+62.97™

200.05+42.07°
319.11+70.48"

RIERREH A TgA

B REERE M IgM

+ —48% Duodenum/(ng/mg)
IR REBREE 1T A sIgA

127.52+28.15*
230.56+76.18"

18.69+5.27" 37.77+8.14° 39.03+7.23" 39.87+6.93" 42.05+8.46"
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(e3-=0pA

AR S5 TR0 | 5 %) 4L A L, Bl (i A2
Han A BRI R LAY EE,
R R R R AR N 0.10% A1 0.15% Y 25
A T IR BRI AR B YRR L, X 5 AR IR G
WA SRR — 3, BHE AP T B8 5 25 42
iz EEsI LR UN TR SR e S SR (1 2B
YT BRI AT e S A i A A 2R A T AL (X 1
Y1) NG E RN B A G, BRI R £
LG M A A3 O B, R 2 ) B L R I
Pra Al I S P A BTG E TR i A
BT I, VP 4 A W R T T 0 i T
A Y 5N G V-3 H R B RHE
ERHTEEL W, MBI E A 2k
PRI A3 07 FH IS, KR 58 6 4 0 Bl i R 42 4 25
A BTG G AR 7 M AR R AR 2 el | UE B
A ISR U RN A 25 2 B I o 2 S 2 7= BB 1Y
s I IC U VR
32 BRAMHREYESEHEEEKANER
E) A

AR SE W | 5% B4R L, B (1 2
A B A RN M B G R, 2R T AU
FELE R R R AN 1.5% (052 & 25 42 W Al 55
JE % 78 2 4 B X 1) AR R A | M R B R AR L
RGP e, (H S5 RAMEL LR AR R E,
HA, B AT 25 4R B 7R B & AR B i O i
HAZ (RSG5 REENAR AR, 4347 H 3 225 P AT B
SEG RIS H W AR 5 B 0 B AR S LA [
FRERH K, Hil L5 HFIEUE, Hhw 2 f g
A IR (A AT S B I 24 40 B R R A
X GAMZ R 2 A3 AR EEE 6 RS T
YRR —8, REHSGARAEROR, EAY
TR 32 2R T 58 A AR R O
TR I8 BT FH A I 12 B (94 B3 € Sk 9 €6, 4 ) 2K o
€ 1) 348 0 T 6 R 2R TS W LB I 4 B op e R
AU xR AL RN Bk 4 AT A 25 A R A A
Ll ORI 4 B A A 25 A TR A 1 B B 5T
S G 4 0, HL R IR o] BB 2 AR R RN B 2K
[ REAS B SR ALK ES B A IR o6 T

33 HAHRRYWSESHERBEANERS
mEMEFERENIERNZIT

IE AR RS B0 F, LR P AR AT 4R R 2 T
Ak A VAl , — BAFA AT 8%, W AT BE e BOKR
i R SRR TR R, ST T A0 A, AR SOk RE 45
AR LGS SRS TE AR AR,
PR 5 Sl B AT 2 PO A Y O R b S
FAY S AR S5 SRR, s & A 35 R R BR
e E M EE T GSH-Px G M4, BB T
LT ek =g T I e I u T T sy R E
FIF 3T LR 0 SR A B4, & 4 B R AR
PN 25 IR S T AR B R AR A5t 3 AR /N BRI
5 MDA i 5 L7 SOD %M, ANl 45 5%
FW R0 2 .3 AT 4 41X I T AN A B B AER R b
BB T T30 1 4, P LU IS 3 AR08
e DN R R T i S5 O i SR O s R
wAEYITEEY R B A MR TR Mg ER G S
oy, T LA 25 A A A A K B R A A0t
BRI, DN KG0T8 5 2 B R 2R A
o S
3 RAHRERRYWSEESHERBKAXNERS
MmEMEZHERRENHIE

ARG 25 F R W, 5 AL L, Sk 2
B g A2 RO IR RN AR P 2% A A S AR 2 A
BERAER ., B, &5 48 W& 0 RENs 7 LS
AN B P A0 X AR T 1 e ) AL i A 5 4
%, Liong %5 ™ ESE T 4b T i 1 Fn 52 T 1 0 2%
A= A 20 B RATS FE 245 5 JIEL [ i, Gilland 26" HE 0 g
Fi LT PR 45 A A A A ot AL [ B W PR L R
FEHT, B2 5T B8 8 v g A R L IR S A
T B A AR G 6 DR A 2 2 R A AR Y
PSR IR I 25 SR I, ALK PR R
PR B TR 1) DR 15 i I /) B, B AR 8 2 R I it v
TC.TG .LDH-C % &, Jf-# . 3% #& & 1L HDL-C
i, MWHURMSEBUY) AR A 25 AR R 6 6 I
FEE N5 AR 1 48 bR 1052 i 25 SR &, 5 0 B4l
FIEp Al 5 A 25 A WAL A H L i8R 2 3 A4 AR
W TC F ¥ 3 PR A, S5 BEAL AR b 20 BRI T
30% \20% Fl 20% , 5 FAAUAH ] 52 G 25 A TR 2H A T
RN T 22% 11% F1 11% . X AT 685 4 42 W
B AR T 28 A RO A3, DT 14 5 o 28530 1 43
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Effects of Moringa oleifera Leaf Extract Combined with Compound
Probiotics on Performance, Egg Quality, Antioxidant Ability, Lipid
Metabolism and Immune Function of Laying Ducks

RAO Tiyu'? WU Bomei'” XIAN Simei'”** ZHANG You'” YANG Qian'? BAO Taotao'’
(1. College of Animal Science of Guizhou University, Guiyang 550025, China; 2. Institute of Animal Disease
Research of Guizhou, Guiyang 550025, China)

Abstract; The aim of this study was to investigate the effects of Moringa oleifera leaf extract combined with
compound probiotics on performance, egg quality, antioxidant ability, lipid metabolism and immune function
of laying ducks. A total of 500 twenty-five-week-old Jinding ducks were randomly divided into 5 groups with 5
replicates per group and 20 ducks per replicate. Ducks in the control group were fed a basal diet, and others in

trial groups 1 to 4 were fed the basal diets supplemented with 1.5 g/kg complex probiotics, then supplemented
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with 0, 1.0, 1.5 and 2.0 g/kg Moringa oleifera leaf extract, respectively. The pre-experimental period lasted
for 1 week, and the experimental period lasted for 8 weeks. The results showed as follows: 1) compared with
the control group, the average egg weight and feed to egg ratio of trial group 1 were significantly decreased
(P<0.05). Compared with trial group 1, the laying rate of trial groups 3 and 4 were significantly decreased
(P<0.05) , the feed to egg ratio of trial groups 3 and 4 were significantly increased ( P<0.05) , and the aver-
age egg weight of trial group 4 was significantly increased ( P<0.05). 2) Compared with the control group,
the eggshell strength of trial groups 2, 3 and 4 was significantly increased ( P<0.05), the yolk color of trial
groups 2 and 3 was significantly increased ( P<0.05), and the eggshell thickness of trial group 4 was signifi-
cantly decreased ( P<0.05). Compared with trial group 1, the eggshell strength of trial groups 2, 3 and 4 was
significantly increased ( P<0.05), and the yolk color of trial group 2 was significantly increased ( P<0.05).
3) Compared with the control group, the serum and yolk malondialdehyde (MDA ) content of all trial groups
was significantly decreased ( P<0.05) , and the serum and yolk superoxide dismutase ( SOD) activity was sig-
nificantly increased ( P<0.05) ; the serum glutathione peroxidase ( GSH-Px) activity of all trial groups and
yolk GSH-Px activity of trial groups 2, 3 and 4 was significantly increased ( P<0.05). Compared with trial
group 1, the serum and yolk SOD activity was significantly increased ( P<0.05), the serum GSH-Px activity
of trial group 3 was significantly increased ( P<0.05) , and the yolk GSH-Px activity of trial groups 2, 3 and 4
was significantly increased ( P<0.05). 4) Compared with the control group, the contents of triglyceride
(TG), total cholesterol (TC) and low density lipoprotein cholesterol ( LDL-C) in serum and yolk of all trial
groups were significantly decreased ( P<0.05) , and the high density lipoprotein cholesterol ( HDL-C) was sig-
nificantly increased ( P<0.05). Compared with trial group 1, the serum TC content of trial group 3 was signifi-
cantly decreased ( P<0.05) , the yolk TC content of trial groups 2, 3 and 4 was significantly decreased ( P<
0.05) , the serum and yolk LDL-C content of trial group 3 was significantly decreased ( P<0.05) , and the ser-
um HDL-C content of trial groups 2 the serum immunoglobulin G (IgG) , immunoglobulin A (IgA) , immu-
noglobulin M (IgM) contents and duodenal secretory immunoglobulin A ( sIgA) content of all trial groups
were significantly increased ( P<0.05). Compared with trial group 1, the serum IgG content of trial group 2
was significantly increased ( P<0.05), and the serum IgM content of trial group 3 was significantly increased
(P<0.05). and 3 was significantly increased ( P<0.05). 5) Compared with the control group, the serum im-
munoglobulin G (IgG) , immunoglobulin A (IgA) , immunoglobulin M (IgM) contents and duodenal secre-
tory immunoglobulin A (sIgA) content of all trial groups were significantly increased ( P<0.05). Compared
with trial group 1, the serum IgG content of trial group 2 was significantly increased ( P<0.05) , and the serum
IgM content of trial group 3 was significantly increased ( P<0.05). In conclusion, use compound probiotics a-
lone can significantly reduce the egg to egg ratio, enhance the antioxidant ability of laying ducks, improve lipid
metabolism and increase the secretion of immunoglobulin; the combination of Moringa oleifera leaf extract and
compound probiotics can significantly enhance eggshell strength, and the overall effect of enhancing the duck’
s antioxidant ability, improving lipid metabolism and increasing immunoglobulin secretion is better than using
compound probiotics alone, the trial group 3 (1.5 g/kg compound probiotics and 1.5 g/kg Moringa oleifera
leaf extract) has the better effects. [ Chinese Journal of Animal Nutrition, 2020, 32(4) :1684-1692 |

Key words: Moringa oleifera; extract; compound probiotics; antioxidant ability; lipid metabolism; immune

function



