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AMREE A MK EX~EHMAE~E TR,
& m R F &L SRR R

o' TEE4E' B AL o O A
X oCE sk
(1.5 B0 KA TR ST, B FKE =R KR EFRS MM R =, H 5 266109;
2. TR B MR8, TR 402460)

o OE. AKE G AT AR BRI K xR R AR A R R M AR | B ok R e e G AR AL R AR 49
W, R 34 R RLARL A4S 180 R MLy 6 A, BFA AT, HAANAEHE S5 AME(1
N4 FF) A (1 ~ Vi) BRIR B R KT 5 5 4 0,.10,20.30.40.50 mg/kg, T 1 A,
EXA 10 B, SRAN ) ARBBR A MK R FRPFAEFHERLE FRE FPHEE
HrAREE(P>0.05) ;12 BAARIAER R KA 40 mg/kg B-FH B REE FRE PHEE
HEBNFARMAE, VAMHBZILEES T [ A2 04 (P<0.05), 2) 44 I8 BF An K P 2 = & B A+
WHEHIH FOHE FHRE BRLEFSRELEY A REE(P>0.05), VARETERER
FaH T 0. M4a(P<0.05),VaZxcREZEZHT [ M14(P<0.05), 3) 448 B A hn K -F
N ERRFELFEES GG HAE AR BALSTHABEREY QR ILE(P>0.05),
V.V VidbaFZHdd=64ER2FKT 1 148(P<0.05), 1 IV, V VI h#EREEESS
BEMRTIH(P<0.05), [ A F R EEREORERASETELIMNIFS T LML (P<
0.05% P<0.01) ,V VI ZFEEEQREBALEEFIMEF ST 1 4 (P<0.05 X P<
0.01) , Wb T I AR AIER T ARAK = B ER REFECEEFRETRE, BIK
i PHh A REEE KEEREORAESE RO FSEEKEORARSE, &
B &0 b &8 45 4R B R Am K P 4 40 mg/kg, s BT AR P B BR %42 8 69.16 mg/kg,

KEEIR . ARAL R TR B i AR AR

R E 5% S:S835 SCRRARINAD: A MEHS :1006-267X(2020)08-3681-07

MR, XFRJE SR e 4e 4= R PP, Z /M B BTG B HE A4, Wi 2 AL e = Uil hir 2

WdE A R AT A S PR I e - 3 - F R L AT
AW FRN AR R RE 1R 3 3h W i AR L %
7 3 B v A T R B L A R A R TN
2R DA i R AR T e i R e — 4% 4 R ( NADH)
RIS Jer 760 08 T fe B W vy — A% 1Y iR W5 iR ( NADPH) 2
FPIE 2 A7 76, S A8 0 00 Ik I A B v % R
(NAD ) 1408 Pk Jiie i W2 0% — 4% 1 R % 2 ( NADP) 2
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FRIE B A 200 58 36 1k 55 7 R & T oy B Z 1R
™, Ruiz S5 HF5E & B, T oK — SOk AR AR A
FRESINZKF-R 32 mg/kg B, AT X BE 08 A1 A5 e £
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32 &

FHPR N TN K- B 38, R AT 38 - 34 1 3G o % )
Ak FAR R T Gaylor %' HFSY & B,
AR H S IR R e % 1 = ARG B X i 3 o IE [
i, BICEPIRR B, AR B = R 2
EREARRAFRG R & i AR L SR 34 H g
SCAS AV R AT & BR, fA R O R R K A
60 mg/ kg, AT 5 25 R AR PR A1 XS 1038 H BE fE A
HMM =M (TG) & i, BT, 3 X & i 1
HHRR T 2 s A i A T2 1B B, B, A
X 38 3 7E DA TR AR AN [] KO B R R F 5
X 7 S PR R AR ORIV A AR 48 bR B s
BRI 2 H A PR 7 b R TR AR A A S oK,
ot 5 R R RS B SR AT B AR A R it e
A .

1 #MR5FZE
1.1 Rt

I VERE 34 JE A (R BLAH I A AP S 180 K, Fifi
Ml khedl , fdle MEE , BAER S HIE(1 A
4BE) o AT ~ VIdL) TR AR R 7 i K 43500
0.10.20.30.40 .50 mg/kg, ik 1 &, 1B
10 Ji . IR 7 S A0l KFIRFUK SR E
P s B (it | 00 AR R I A 75 & SRR A R A
A (A RUSST B 99% ) o
1.2 EAER

JE A ) AR DL R OK RN ERT O R ROk, SR
NRC(1994) Z & 5 7 75 B t0 v 4 72 10 A R o) R o
FEAE T, F i R AR AL B B TR LR 1,
SR FH TR ORI A5 S AR AR R R
A 29.16 mg/kg.,

&1 ERARAMREFRKE (RTFEM)

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

JEUB} Ingredients 4 & Content

3K Nutrient levels? % & Content

F K Corn 59.45
TtH Soybean meal 19.45
%k iz Bran 0.50
£t ) Fish meal 3.00
FH5eH) Rice husk powder 7.70
il Soybean oil 1.90
WM 455 CaHPO, 1.25
A # Limestone 5.58
14k NaCl 0.40
£ 4 Multi-vitamin" 0.11
W& ICE Trace elements" 0.50
AR Met 0.16
A711 Total 100.00

MEH CP 16.27
R HE ME/ (MI/kg) 11.43
& Ca 2.89
A AP 0.47
AR Lys 0.85
EH Met 0.45
LA Cys 0.25
EABR+FPER Met+Cys 0.70
R Arg 0.95
AR Niacin/( mg/kg) 29.16

1) Z4EFfEuE AT AL 4L The multi-vitamin and trace elements provided the following per kg of the diet; VA
9 000 IU, VD, 2 000 IU, VE 40 mg, VK, 0.8 mg, VB, 2.0 mg, VB, 4.0 mg, I f24% pantothenate 11 mg, VB, 4.0 mg, /¥ % bi-
otin 0.2 mg, "fig folic acid 0.5 mg,VB,, 12 pg,Se 0.5 mg,Fe 80 mg,Mn 30 mg,Cu 4 mg,Zn 65 mg,I 0.3 mg,

2) MR R SEIME , A B FR /K F M8 {H , Niacin was a measured value, while the other nutrient levels were calculated

values.

1.3 AFEE

IR ARG R M iR 55 0720, H R B, A
TROK o I IS 5 AT IR 43 vk R AR O B
N B RE R 2 I, B K 08:00 £, il sk
RS FERE SRR

1.4 MNEIERRFZE
1.4.1  PREEPERE AR A 5

77 AR PR B AN AR BT AR bR I g 5y AR
MRCHE & A 77 T i 24 1l R 3 RS i 4e 3t 7 k)
(NY/T 823—2004) #17,
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1.4.2 g Akt bR

RIS G, S AR EE MEALE R 2 H1G, 3
FHIKCR ML, 3 000 r/min 2500 45 1075 FE &, 533,
—-40 CARHMRAE, MEmESEA(TP) HEH
(ALB) #% 0% (GLU) JRIR (UA) H il =g &
JIFL 5 i (TC) I %5 B2 B 8 1 A [ B (LDL-C) | /&
NS 4K 1 [ B ( HDL-C) 7 & A4 55 i 5 il
(AST) i, bR 48 bR 38 H ) & e, a5 &
BI [ e et A ) TR ST
1.5 HIEAE5S5%T S0

Sk I SPSS 22.0 B F AT IR R 05 22 0 A
(one-way ANOVA) fll Duncan [Ki5 £ & K, 47
BT ARD R AN [v] A0 2 8 T 7K S 199 52 i) B 4% 2 T 1Y) 22
Sto H, P<0.05 KR 225 &, P<0.01 £IR 2%
SR E,P>0.05 R ERARE, B LY
(EMIAIEARMEDR (SEM) 3K,

x2

AR AR R R Nk 3t 7 R B R HE S R MR

2 H#R595W
2.1 {RAARIEER IR Nk X 7= HR RO RS B 1 AR Y
=]

IR 2 AT, ) KRR R T 0 7K P % 7 2R A
WPy HRER CER CFYEEL A EE
(P>0.05) ; {H 4R KA RR B /KP4 40 mg/kg B
(VAH) , FHHREE ER CFYEEYLT
AR, VAWMEBEELREES T I MI4HP<
0.05), 511 IV VIHZRA R (P>0.05),

DA 25 S 3R W ARDRR R R S I K 5 7 2R
PG 7= AP RE R VAR OC o 4 1R KA R 5 i K P
40 mg/kg B CFH H R & 7 ER CF Y EEM
RHEE L fe A, 805 U0 A S ] R R R o 7K S
4 40 mg/kg,

sbA

Table 2 Effects of dietary niacin supplemental level on laying performance of

breeding geese during laying period

2151 Groups Pt P {8 P-value

i H

PRUER  JEme ) —W%
Items I I I W v ) R 2tk —R

SEM  Niacin Linear  Quadratic

V¥ HRE& ADFl/g 200.69 201.80 199.79 200.24 202.23 201.75 0.476  0.662  0.498 0.477
BHELL F/E 2.06°  2.04° 2,01 1.99® 1.95°  2.02® 0.011 0.044  0.021 0.068
FEER LR/ % 38.30 39.99 3832 40.13 41.20 40.15 0.324 0.183  0.133 0.740
FHEE AEW/g 132.60 132.56 134.29 136.84 137.30 135.71 0.649 0.189  0.026 0.390

[RIATHC YR S AR AR [/ NE R el o B R R 22 A B3 (P>0.05) , M4B/NE FhE R R 22 5 3 (P<0.05) , M /NG F

BRI (P<0.01) . TR,

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

adjacent small letter superscripts mean significant difference ( P<0.05), and with alternate small letter superscripts mean signifi-

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

2.2 (AMRIABRR ANK TR EEAFESE MR R R0

HI e 3 AT )RR AR PR AR i oK P ) 5 A A
RELRE R AW ER PO E R
AL A (P>0.05) , VAR50 E 1 #
EEL I M4A(P<0.05), VAERRLIEE B EmH
T 1 M4 (P<0.05),

L b 25 R 3R WY ) A0 R 4% K SF- 5 7 4 1
ol kS £ 7€ 52 B8 A AR 5o o HE A DIAH OG . 244 ) ML AR 7R
AR 40 mg/kg I, & 7¢ 5 BE 5 8 7 18 B A
M, W A A RS R R U K R R
40 mg/kg,

2.3 EAARMEBRARINKEX = EH RS M F E L
LA

FH 2R 4 AT A1, ) KR R T 0 7K P % 7 2R A
JEIMIE R A R A R e s
R SR AN B2 (P>0.05) . IV V VI I
HHW =SR2 EIT [ 14 (P<0.05), 1T,
IV V| VI i 3 e e 3 i I T 1 4l (P<
0.05) , T 2H il v 11 % B2 B 2 11 AH [ e 5 1 i 38 B
e B3 v T HAB A& 41 (P<0.05 8 P<0.01),V VI
2 1MLV v i I i R B
F 1 4 (P<0.05 5 P<0.01) ,
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Table 3 Effects of dietary niacin supplemental level on egg quality of breeding geese during laying period
#H %) Groups i P {H P-value
WA
WER s ) —%
Hems . RER g 4t K
SEM Niacin  Linear  Quadratic
EIL L ESI 1.451 1.433 1.429  1.444 1.487 1.480 0.009 0.347  0.095 0.252
E5CulE ES/kg 5.071°  5.064° 5.068" 5.077" 5.109* 5.101" 0.006  0.064  0.008 0.334
M7 EH/mm 0.487° 0.488"  0.506" 0.513™ 0.521* 0.519" 0.005 0.009  0.251 0.919
M5 EPH/mm 15.450 15.200 14.800 15.550 15.400 15.800  0.141 0.470  0.301 0.199
EEHM YC 3.075 3.825 3.050 3.450 3.300 3.350 0.126  0.557  0.940 0.733
5 G HU 120.475 119.150 117.750 120.103 119.000 120.750  0.434  0.370  0.712 0.101
EIE LR YR/ % 31.766 38.068 32.947 34.365 34.476 34.763 0.896  0.487  0.765 0.657
R4 AREERR MK EX BRSNS E N IERR T
Table 4 Effects of dietary niacin supplemental level on serum biochemical indices of
breeding geese during laying period
ZH %) Groups i P {H P-value
WiH
WER mE gM K
Items I i I v v ok SR 246 IR
SEM  Niacin Linear Quadratic
BEEH TP/(g/L) 67.59  66.91 69.00 68.44 67.40 65.71  0.761 0.888  0.621 0.354
H#EMH ALB/(g/L) 25.20 27.00 25.03 24.51 24.16 26.51 0.381 0.198  0.737 0.262
KEH B AST/(U/L) 42.74  51.25  55.71 36.65 37.89 39.65 2.822 0.285 0.197 0.454
%M GLU/(mmol/L) 14.59  14.06 13.22 13.93 12.69 13.43  0.430 0.871 0.343 0.654
JR® UA/( umol/L) 457.13  441.51 383.22 337.32 452.14 324.40 22.180 0.322  0.143 0.789
Hil =Fs TG/ (mmol/L) 414 4.08"  3.26™  2.30°  2.01"  1.44° 0.297 0.014  0.000 0.938
REEEE TC/ (mmol/L) 3.02°  2.25® 1.33"  1.55* 1.59" 1.33° 0.192  0.048  0.007 0.095
V%5 S £ 1 1E b , . be X he :
1.38° 0.83 0.44*  0.50™ 0.33™ 0.24° 0.102  0.002  0.000 0.056
LDL-C/(mmol/L)
12020 A IS A 1 L , N , ) ,
0.63° 0.79" 0.70°  1.05™ 1.34% 1.23® 0.0847 0.052  0.003 0.912

HDL-C/( mmol/L)

3 it it
3.1 {AMRIEER R K X B ES B e A

=21

FIURT, €T 7 ah A& | J 0 1 A TR 199 7 22
NPT E BN E T 3 R0 RS 10 R 1
TR A WARIE . Jiang 1 B STR B, 78 A XY 1)
HAFES I 60 mg/kg MR BE 05 W2 e i L A2 7= 4
Ao EAAEH T R B, AR R VR i K X
SRR e LRS- X H R i R P
Yo 5 A AN R 24 R R R S K S Sy
15 mg/kghf, 7 AP 1) 8 A B i R (H, R
R AR, SCAREEI RS A B, AR o o R

X XY 7= AP RE TG I 2 2 ), (HL 2 ) AR R R S
KR 20 mg/kg B, PR AR R RRHE AL R Y
T HA 4, Kiigiikersan 251 BIF 5% & BX, 78 8 A
TR H TN 100 mg/kg 1 MR R RE 4% 12 & 035 B0
PR AR AL R AR A5 R R AR
PR IR XS = A ARG - 2 H R B & 7 8%
S I A N A (S B N R 1 e
40 mg/kghf P H R B J7ER P EEY
IKENR A, FHPEAN 20~ 50 mg/kg MR T 7
FRECEMRE R AL, AL R S E AR
REEREA -, HERMAKFFEER, 2RSS
FERMMFE T NA Kb ATt — 25
TS
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32 ARBABRIMAEINEFEHEMHEERIRN
=AU

Oy ARV R TR R R N 35 mg/kg
(O R T 488 ZE NS R SE R, EAREI IR R
IR, it G AR A PR S o A S ) 2 5, ZR TS 2R 5T IR
FROI AR 2 R R R R R R K S X
ARG EE PR CE AR E HEA
o R M QA B M RN g 2 A AR R i
40 mg/kg MR T b 25 £ 55 K 50 JE B RN AR S R
AR LGRS IR 45 R A — 5,
3.3 EMREBAMAKEXN~EHMHIBMFEN
FEHR A BT

NZE B 2B 58 & R, A0 R g — > 2 o 2 A
FHMIL A 2 B AT i 965 I o] s 9 — R & i, )
LRV S R e AR TR N 0 K S B % 5 i
P R I N SN i R g g = B
PR o 2 A A L e i W e T
PR, AR R TR AKX 56 i PR RS 1 375 8 I [
P FIAR 2% B i 25 1 0 B e B S, O S
AARETE B E ML BAE, REFER SR L
R, AR R S K S35 30 me/kg B, PR i
Bl I R s i N e B i o e = B i e
9T % 5.48% 17.66% . 15.00% , A% 40
WF5E 22 R, 26 X T R v 0 R T /K SF- e 0 45 5 3
20 mg/kg B, IfiL 77 H i = Mg 1A A 2 43
F#AK 18.2% 1 40.9% , ZE " #F 58 K& B, 1A FR
RS I K S A A8 S LT B R S = R TR
3 i v R IR R v % R N B IR A
RN . Brousseau 450 B 5% & BH, M8 R T
AR 3 I3 v R o R R R R e, AR
S5 R G KR R S 0 K S 7 R 4 R R A
MEM AEC AN RIR & K i =
A 0 I N T Rk I L (18 B T I =
IR T A 2880 i R 1 R R o ) R AT TR AN
T S B 185 o T A AR, 10 775 2 % R O A 1 e
T i AR R TR A N ST 1 185 T 38 i 3k 3% B
o) RS AR 2 R 0 7K S 55 777 2 T R M 285 a8 %85 D) AH
Ko BWEFEE B, 1M K R BE 5 | RS I ¥ 0% 5 A 7 R
B REREAR, B S AR AR 25 B B AR R I =R Y A
T BE 2 FRA I3 IR =R A R IR AR ER2 h
Je FFAR AR, 4 h S5 B B B A T a3 A% % B e 4R
PR P A IR MR JS 4~ 5 h 5 A i 35 BF
%o TR 23 IR 285 5 g A 1 I s 2 B A 3K 3

U], R R 3 3 AR o 3t P 90 85 0 07 PR 55 4, B
I = IR A S A 0 R AR IO A R T U A U
AR B i A P I [ B A B, T A
JEE N 2 P R i L Bl 2 T L IS 7 AR
R 2 A B /I B UL B B 36 45 SR A — 2, 45 1k
X /I BB IO KA TR i, AR 751 S ) L 3 90 2 A IO TR
FH I =W &8 FREMBR WA T, XA i
R, JATR 52 A A 3 14 G ik A T 0 TR 5 | 1L 3
UF BN A H i = 5 BT R AT, R T
e LT o 2 E MG 4 1 JEL T B i LR 245 R A
SETE, H 2RO LR E H B (ApoB) Z545 1Y
A 5 1 Il = TR R % R A L 44
iy B HEL T P i 22 [ 1) 58 f5 o B At JHG 52 #ied A
IR ] B 5 B 26 11 (CETP) J# , MRR AL L2 )
T TR AR, S 0 R N 2 1 DL e R A AP
JEE N 2 11 R I P 5 1) H Sl R R PR AR, R
v PR 8 ME [ Pz 5K A I ] 1 7 52 48 ek
D, TR L P e R A DL e T

4 & it

@ )RS I ELK R R Ttk 35 4 3 7 2
FPRSEHE L, AR B K P2 40 mg/kg i, -1y
HoR B P E AR CEE SR B RO,

@ TR RS INE FLK VMR R Ttk 2 4 v FR T R
JEAE SR

@ FaI RIS N3 B 7K T AR R T 3 A L Y
T R L [ PR 2 R i £ 1L o,
Fi v v 2 B N A OB 7

@ 7™ H 0D R R R TS I K F
40 mg/kg, M B O O R OB S =R
69.16 mg/kg,

SE
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Effects of Dietary Niacin Supplemental Level on Laying Performance,
Egg Quality and Serum Biochemical Indices of Breeding
Geese during Laying Period

WANG Huansen' WANG Baowei'®~ GE Wenhua'! KONG Min' XING Yue' LIU Chenlong'
FAN Wenlei' ZHANG Ming’ ai' WANG Chao®

(1. Nutrition and Feed Laboratory of China Agriculture Research System, Institute of High Quality Waterfowl, Qingdao
Agricultural University, Qingdao 266109, China; 2. Chongqing Academy of Animal
Sciences, Chongging 402460, China)

Abstract.; This experiment was conducted to study the effects of dietary niacin supplemental level on laying
performance, egg quality and serum biochemical indices of breeding geese during laying period. A total of 180
thirty-four-week-old breeding geese with the similar body condition were randomly divided into 6 groups with 6
replicates per group and 5 geese per replicate (1 male and 4 female ). Geese in the 6 groups ( groups [ to VI)
were fed experimental diets supplemented with 0, 10, 20, 30, 40 and 50 mg/kg niacin, respectively. The pre-
experimental period lasted for 1 week, and the experimental period lasted for 10 weeks. The results showed as
follows: 1) dietary niacin supplemental level had no significant effects on the average daily feed intake, laying
rate and average egg weight of breeding geese during laying period ( P>0.05). When dietary niacin supplemen-
tal level was 40 mg/kg, the average daily feed intake, laying rate and average egg weight got the maximal val-
ue. The feed to egg ratio of group V was significantly higher than that of groups I and II (P<0.05).2) Di-
etary niacin supplemental level had no significant effects on egg shape index, albumen height, yolk color, yolk
ratio and Haugh unit of breeding geese during laying period ( P>0.05). The eggshell strength of group V was
significantly higher than that of groups I , I and Il (P<0.05), and the eggshell thickness of group V was
significantly higher than that of groups I and II (P<0.05). 3) Dietary niacin supplemental level had no sig-
nificant effects on contents of total protein, albumin, glucose and uric acid and activity of glutamic oxaloacetic
transaminase in serum of breeding geese during laying period ( P>0.05). The serum triglyceride content of
groups IV, V and VI was significantly lower than that of groups I and I ( P<0.05), the serum total choles-
terol content of groups I, IV, V and VI was significantly lower than that of group I (P<0.05), the serum
low density lipoprotein-cholesterol content of groups I was significantly higher than of other groups ( P<0.05
or P<0.01) and the serum high density lipoprotein-cholesterol content of groups V and VI was significantly
higher than that of group I (P<0.05 or P<0.01). In conclusion, dietary niacin can reduce the feed to egg ra-
tio of breeding geese during laying period, improve the eggshell thickness and eggshell strength, decrease the
contents of triglyceride, total cholesterol and low density lipoprotein-cholesterol in serum, improve the serum
high density lipoprotein-cholesterol content. It is suggested that the dietary niacin supplemental level of breeding
geese during laying period is 40 mg/kg, at present, the dietary total niacin content is 69.16 mg/kg.[ Chinese
Journal of Animal Nutrition, 2020, 32(8) :3681-3687 |
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