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RS IR T W O S AR AR R R E
APk A 15 2t — 22 05T, I, A SCE— 25 iF
FE T RS R S 0 SO L 7 4 il LA 4 I
IR R UL AR AT S R R R Y
W, S HAE FAILR] , o B S B 5 7 44 57 AR A
JE R — AR 5 IR T P R B AR

1 #MR5FZE
1.1 Rz HESRAFEE

s 7R 5 T 2018 42 8 A & 2019 422 A
1E [ BL 22 B S Bty ol A S E IS oA 1] L S A
WS I T R, IR e I 3 ~ 7 G Uk AE Rl L KIS

Xof HE 2 ] W ek ) A 3k A A L A AR R T
3.5 kg/t BB (B IUE 200 Fit SR i Eh fR &, 4li B
95% , B LI 7R 4 4 37 A= 0 B 4 I A BR A WD 42
fE), s s AR e AL e T R, BT
Tt J5 56 3 R TT Ui 4] MR AT R B S DR, G 0IR 5 105 K
FE R W A VR s LB AR 3 AR R 3R OK
V-2 IR E (B R FRARE) (NY/T 65—2004) , Til
IRELZ% NRC(2012) B4 5 F2 /7 R BCH , ZE Al ]
L N FR K L3 1, AR5 4% 28 0 AT N
55 8 RIFUf AN [ — Zortikh . 1255 1 Sy B e
JGH 3 REMIRIE S 21 K, X5 WA, % 18 20 £
IR 4 3k AR R 4 % e 1 sk, H

PO D 8% 40 3k, BEALY N 2 41, B4 20 S, MO BEEHL R I G AT BdE

®1 EREARARMREFKT (KTEM)

Table 1 Composition and nutrient levels of basal diets ( air-dry basis) %
=] Y B 1 i WAL BESE 1 H
Items Pregnant sows’ diet Lactating sows’ diet
JE Bl Ingredients
E K Corn 37.50 66.00
M1 Soybean meal 9.50 25.00
%k Wheat bran 14..00 5.00
K7 Barley 25.00
KE B Soybean hull 10.00
R AR IR B Pregnant sows’ premix " 4.00
WFL AR TR K Lactating sows’ premix” 4.00
&1t Total 100.00 100.00
377K F Nutrient levels®
iH1LfE DE/(MJI/kg) 12.55 13.87
HEH T CP 12.82 16.30
FrUER 7 AT AL R SID Lys 0.48 0.75
Bk iz vl 1 B R+ R SID Met+Cys 0.43 0.51
BRIl 7 T AL 75 2 R SID Thr 0.37 0.53
FrUE 7 AT I ALt 2R SID Trp 0.13 0.17
5 Ca 0.62 0.65
WP 0.47 0.50

1) W YRR TR AR T 7o A MR 2 {1t Pregnant sows’ premix provided the following per kg of the diet;: CaHPO, - 2H,0
10 g,NaCl 4 g,CuSO, - 5H,0 80 mg,FeSO, - H,O0 360 mg,ZnSO, - H,O0 240 mg,MnSO, - H,O 100 mg,MgSO, - 7H,O
1 g,ICI 50 mg,Na,SeO, 36 mg, CoCl, 16 mg, NaHCO, 1.4 g, VA 10 000 IU, VD, 1 800 IU, VE 20 mg, VK, 2.4 mg, VB,
1.6 mg, VB, 6 mg,VB, 1.6 mg, VB,, 0.024 mg, "fi¢ folic acid 1.2 mg, #A Mt nicotinamide 20 mg, iZ ik pantothenic acid
12 mg, 4= ¥ & biotin 0.12 mg, H &R W4k ferrous glycinate 100 mg, Z fLIHH choline chloride 1 g, #ifiZff phytase 200 mg,
BRF fruity 80 mg, A1 #) limestone 12 g,

2) WAL LG PR A A BT v AR R 2 {3t Lactating sows’ premix provided the following per kg of the diet; CaHPO, - 2H,0
10 g, NaCl 4 g, CuSO, - 5H,0 80 mg, FeSO, - H,0 360 mg,ZnSO, - H,O 240 mg, MnSO, - H,O 100 mg, ICl 50 mg,
Na,SeO, 36 mg,CoCl, 16 mg,NaHCO, 1.4 g,VA 10 000 IU, VD, 1 800 IU,VE 20 mg, VK, 2.4 mg,VB, 1.6 mg, VB, 6 mg,
VB, 1.6 mg, VB, 0.024 mg, Hf& folic acid 1.2 mg, M EZ nicotinamide 20 mg,7Z iR pantothenic acid 12 mg, =¥ & biotin
0.12 mg, %2 Lysine 1.5 g, H & MR V4% ferrous glycinate 100 mg, & fLJHHH choline chloride 1 g, # 2§ phytase 200 mg,
RF fruity 80 mg, A #) limestone 12 g,

3) EFRKF A E(E . Nutrient levels were calculated values.
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1.2 MmMEHFERRESLE

TR 45 A, A2 BE AL L B 10 554755, &
BEHEE 1 SR R B AF A R L, I R BUE,
3 000 r/min &> 10 min, 73 & fiL 3¢ , —20 CTIRAE,
FHT N M 3 R & 1 P A b 48 dm A i 2 24 5
TR,
1.3 FRMEIERUE

BR PR 8 kAT HE 0 I3, £ FH 4% %) T 5K G
92 W BFHI 7 ( ELISA ) 2501 & (1 A VL 75 ™ A A= )
BHEA R A il o B W% (Gas) B ILERE
( Ghrelin) JHZEWL45 K (CCK) WM AR (PYY) (7%
Z(LEP) AEKIMEK(GH) AEKME(SS) JHES
2 (INS) FlBE = B % (GC) & it

BRLA BRI 10 SLAFHE B9 i 2%, B Ak ik )
& (W A IR HEHS A YR A BR w]) e 9
(MDA) il FAL A (H,0,) & &, # AL 5 1k i
(SOD) it Ak & i ( CAT) A e H ki & Ak Wy
fifi (GSH-Px ) 1 P LA & Bt & Ak fig 11 ( T-AOC) FI

¥ H H S BREE S (HRSA)

FEH BRI 10 SLAFHE R I3, 3 000 r/min B0
5 min, fERIHL 600 pL EF 2 mL B0 P, A
8% it 1 /K ¥ Bk 600 WL, IR 215 4 CULIE i #%,
10 000 r/min&.L> 10 min, B i id 0.22 wm JE K
JEHEE FARE, FH H ST L-8900 U2 FL R 43 BT A
FE B AR HE
1.4 HESHITESH

B H Excel 2010 91 2 % M )5, >k H SPSS
22.0 BAFFEAT M ST REA ¢ K5 KO LR E +
FrifEiR” Fn, P<0.05 #/RZHF B E,0.05<P<
0.108 A B bk,

2 &% B
2.1 WEEHIFHEORBEZSEHNZM

HH % 2 FIAL, 55 B AT Eb , S o4 i 7L A7
FEIIMAE CCK PYY Fl LEP & &3 . 2 F % (P<
0.05) .

x2 MBI FEORHBZSENZM

Table 2 Effects of betaine on plasma hormone contents of suckling piglets (n=8)

s X} HRZH (P3| P 1A
Items Control group Betaine group P-value
B E Gas/(pg/mL) 1 638.90+165.66 1 351.60+133.18 0.214
Bl X Ghrelin/(ng/mL) 11.64%1.33 9.40+1.21 0.245
JHZE W 45 & CCK/ (pg/mL) 524.41+51.03 342.16+24.80 0.011
E& & K PYY/ ( pmol/L) 20.36£1.99 14.55+1.15" 0.034
8% LEP/(ng/mL) 25.77£2.56 17.94%+1.43" 0.025
HK M ZE GH/ (ng/mL) 27.35%3.35 21.68+1.79 0.170
EKME SS/(pg/mL) 111.55+7.04 100.11+7.64 0.297
i % INS/(mIU/L) 410.14+44.72 381.80+39.73 0.650
& MAEZE GC/(pg/mL) 470.45+45.69 382.49+20.60 0.116

* R IR A 2E 57 3 (P<0.05) . TR,

* indicates significant difference compared with the control group ( P<0.05). The same as below.

2.2 FHIEH XTI ELAF 38 M 3R I | AL I AR RO

% 3 AIAL, 5% B AL AH Eb , 1 S 6 4 i L AT
Y I3 MDA Fl H,0, % 2 3% T % (P<0.05) ,
23 WMEBNWIAFEOEBEEEERSEN
=AU

% 4 FIAL, 5% B ATAH Eb B 2% B 4 e L AT
R MK N 2 R (Ala) & &8 3% TR (P<0.05),
MK IR 2R (Thr) (P=0.069) A& (Glu) (P=
0.055) FJLIK (Car) (P=0.055) 7 5 F R a3,

M3 FE ALK ( Ans) \1—H FE2H 22 (1-MeHis) #1 3—
35 20 %R ( 3-MeHis ) 7 & B % 7155 ( P<0.05) ,
ML S22 R (Leuw) & B E B (P=0.069)

3 %W
3.1 HEREMWIAAFEODRHESENTW

T SR B iR AP A R RE RO T 20k
o T o i 2 R Y A A R A R K, H
e PR B R 5 PR 1 A ] 5 R G IR 1 O sz A
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RGN AROAE SRR T . CCK ERA
7z A W T ) A - Bl R YT K, B T B A
Bl AR A AR A4 R R W, A Ry — T i J R
AN S e s e . LEP SRR 4414
W R, EEAEH T T FkE >
PR BRI A RE A HLiA CCK
o5 LEP s 2 IEMC, PYY 1EA B AR K

TR LEMENGERME, SEMENKEEH
—EM R, BEE AT B W) 7 A b B 4 i B ok
A AR B AR O S e T R
M FLAT %5 1) 1L %% CCK \PYY 1 LEP % &, A
T ENAERES, XTSI W3
BIEEEYFREA L,

F3 MIEX IR MR EALIERE R0

Table 3  Effects of betaine on plasma antioxidant indexes of suckling piglets (n=10)

lgE| Xif B4 [iEaT P1A

Items Control group Betaine group P-value
MPrEIbEE S T-AOC/(U/mL) 4.06%0.60 4.32+0.53 0.744
7 Z# MDA/ (nmol/mL) 3.80%0.70 1.90+0.30 " 0.026
B ALY 1L E SOD/(U/mL) 36.70+3.13 33.70+3.22 0.520
A BeH Rt E L GSH-Px/(U/mL) 1.72+0.44 1.55%1.02 0.869
&L AR CAT/(U/mL) 7.35%1.36 8.73+0.44 0.359
W JFE R H K GSH/ ( wmol/mL) 0.18+0.01 0.15+0.01 0.212
WA L% H,0,/ (umol/mL) 6.90+0.25 5.86+0.25" 0.010
# H i ETHBREE ) HRSA/ % 5.27+0.78 4.42%0.40 0.348

R4 HXBIWHAFREOLREEIEBRIENXM

Table 4 Effects of betaine on plasma free amino acid contents of suckling piglets (n=10) wg/mL

WiH o HE4H AT PA

Items Control group Betaine group P-value
4R Tau 9.97+0.36 8.93+0.54 0.152
KRAGMR Asp 2.45+0.54 1.61+0.27 0.178
IR Thr 17.31x1.10 14.61+0.87 0.069
22 R Ser 11.91+1.02 10.08%0.60 0.139
HHER Glu 39.12£9.02 19.20£0.72 0.055
WL R Sar 0.97+0.22 0.53+0.09 0.106
a-BHEC TR a-AAA 6.86:0.84 7.62+1.00 0.568
H&m Gly 31.35£1.92 31.67+2.40 0.917
WA Ala 29.58+2.90 19.26+3.18" 0.028
JRNE PR Cit 9.28+0.58 9.97+0.44 0.385
a-ZFEIE TR a-ABA 3.54+0.39 4.65+0.39 0.061

GE TR Val 32.45+4.11 36.69+4.21 0.480
R E R Cys 1.16£0.26 1.42+0.32 0.554
E R R Met 3.90£0.46 3.81%0.32 0.867
JiE B EE Cysthi 3.43+0.33 4.30%0.53 0.178
FSLEMR le 15.73+0.98 19.95+2.27 0.179
5SS R R Leu 19.66+1.79 26.78+3.15 0.069
IR Tyr 11.31+1.38 9.49+0.90 0.285
ARNAMR Phe 13.88+0.93 14.61+0.39 0.482
B-TNATM: B-Ala 0.99+0.12 0.88+0.13 0.539
B-HEIHF TR B-AIBA 0.31+0.05 0.21+0.02 0.120
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2k 4

WA ORI [iEaT P1A
Items Control group Betaine group P-value
Z % EOHNH2 0.90+0.45 1.49+0.57 0.431
5% Orn 7.30+0.77 7.22+0.64 0.940
#i R Lys 20.25+1.69 22.47+1.71 0.368
AR His 10.27+0.52 11.12+0.73 0.355
WLAK Car 7.17+0.36 5.70+0.59 0.055
ALK Ans 0.87+0.17 1.95+0.56" 0.049
1-H 4 Z#2 1-MeHis 0.75+0.25 1.97+0.14"° 0.002
3-H 3L AR 3-MeHis 2.29+0.12 3.29+0.30" 0.011
AR Arg 18.44%1.55 16.93+1.19 0.448
&R Hypro 10.52+0.85 10.00£1.44 0.758
&R Pro 16.35+1.14 16.92+0.98 0.713
3.2 EHSERIXT I EL AR MR SRR & BRI, RTAE S DA 8 1 5 SR R R L IR 2 1

YR H B BA 588 P AL B R 4
REAE AL A P 1 36 1R R, DR 3P ML A 4 20 4 37 i
F5°) 12 MDA i S B pL A 48 fk 7K SF- 1Y)
BB, H B O UG B ML A 25 S R A
BERR M ARHIE ST B AR N I S e
FLAFHE 9 2 MDA & &2 3% 1 %, X 5 75k 5
ST R — B, B AR R OK T X LT
(DDGS) {a kT S 0.1 % Fi S 08 7T 2l 328 HLAK 19t
AL TIRE , Uk B TSR AT 3G i s W ALK B B Ak
RE 1. H,0, YL 116 44 41, SOD 1]
AL AL P98 40 A 5B B = 4 H,0,, J5
CAT FEf# ™ AR I b, B S 0 410 2L A7 5 A0 i
W H,0, WE FHE, B G320 T R DR 4 214
feds 17 , 3% A I F AL E R
33 MEBMNWIAFEOEBREEERSEN
A

I 3% v i B A R Y i B SR R LA
FRAFIRZE A G, T e ML A 22 56 R A 1 A B 11
DURIB AL 21 ERR (His) 245 0 06 75 E LR, 78
WURK A Bl AL 0] & 1 Car, HA R 53R BT A 1k
heg' ', [FBE, Car 035 BR LR P9 A TE 1 4 A
M3E, Ans & EA LB A Car, th HA K D HL
SEARTEPENT S AT b, B R I D S A T
I LA G 0 I Ans i, BRI Car
it BER R SEORAE B SRR AR Car Y EEAL K
Ans, DT 35 58 LK 19 $T %A fL B8 77, 1-MeHis
3-MeHis /& His i 3L 1L AT ALY, ML A 1 il K At
Ans A[JE 1§ 1-MeHis; 3-MeHis £ 7£ )L 31 & [ 43 fit

TR RS A bR AR R S A 4 L AT
YIS 1-MeHis F1 3-MeHis & & W2 7H &, 3828
RIS T 2 U His 19 H 34k B0 AT 4 10 28 1 AR
W STHUAN K Glu 7T 5 i & 45 5 T8 4 & ik
Je T R AR A R b 2 Y B AR T, DA AR 4
Uk 5 Ala RE 5 4 20k e AE T, T 2 21 A 0% R 3 5 AL
PRGRE B TIRE Y BRI M L AT A 3K Ala
F1 Glu &1 T B, X 7T 58 -5 Fif 5w i i E £ 37 0
o E AR D AE G 5, Thr ELA I8 5 MUK 24 5L /R F
i A HE B 1A A B D g, 3h 4 4 2RI A o
W Thr &R A T RS E TS Leu 2311
(R T S BE R IE IR, T A RO T AL (A B AR
G g K, AP E AL T RE > AR b, B TR AR
ISHNER SRS AL 35 3% Thr &8 T, I3 Leu
SN, 42 B SRR — o R E LR SR LA R A
F G AR, SEm e A AE R R .
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Effects of Betaine Supplementation in Sow Diets on Blood Indexes of
Suckling Bama Mini-Pigs

GAO Qiankun'? MA Cui' SONG Mingtong' WANG Zhanbin® YIN Fugui'
HAN Qiang® KONG Xiangfeng'”

(1. Hunan Provincial Key Laboratory of Animal Nutrition Physiology and Metabolism Process, Key Laboratory of
Agro-Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China; 2. College of Animal Science and Technology, Henan
University of Science and Technology, Luoyang 471000, China; 3. Shandong
Xiangweisi Biotechnology Co., Ltd. , Weifang 261000, China)

Abstract; This study was conducted to determine the effect of betaine supplementation in sow diets on blood
indexes of suckling Bama mini-pigs. Forty pregnant Bama mini-pigs with 3 to 7 parities were randomly divided
into two groups with 20 sows per group, and fed individually. Pigs in the control group were fed a basal diet,
while others in the experimental group were fed the basal diet supplemented with 3.5 kg/t betaine hydrochlo-
ride. The trial period was from day 3 after mating to postpartum day 21. At the end of experiment, ten litters of
piglets were randomly selected from each group, and 1 pig in each litter was selected for blood collection, the
plasma hormone contents, antioxidant indexes and free amino acid contents were determined. The results
showed that compared with the control group, the contents of cholecystokinin ( CCK) , peptide YY (PYY),
leptin (LEP) , malondialdehyde (MDA) , hydrogen peroxide (H,O,) and alanine ( Ala) in plasma of suck-
ling piglets of betaine group were significantly decreased ( P<0.05) , the contents of anserine ( Ans) , 1-methyl
histidine (1-MeHis) and 3-methyl histidine (3-MeHis) in plasma were significantly increased ( P<0.05) , the
contents of threonine ( Thr) (P=0.069) , glutamate (Glu) (P=0.055) and carnosine ( Car) (P=0.055) in
plasma were presented a decreased tendency, and the plasma leucine ( Leu) content was presented an increased
tendency (P =0.069). In conclusion, the betaine supplementation in sow diets can decrease the plasma ingest-
ion related factor level of suckling piglets, reduce the body’ s oxidant level, and alter the plasma free amino
acid contents, which is beneficial to the growth, development and health of piglets.[ Chinese Journal of Ani-
mal Nutrition , 2020, 32(2) :925-931]
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