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i OE. KBRS AR ARSI & 5187 4 e iF & R RIOLIE AR5 0 AL I8 AR 09
TAMAE FFE 5 o E R RAIEAR S AT S L AR BEER | KA 2x6( T . &
7= =35 kg/d #21& 5 <35 kg/d; b SUM-E . B 2 AT 00 B S B0 b SLAT 0 e 5L P b 5L G B A
F s 0) R E & ARG IR, 240 KR E[(550+10) kgl FER[ (2.08+0.47) 6] R
(3.0~3.5%") FFREEANNG IS A 1248, F8 20k, BRI T. 55 HBFh
HB-ATH(B-HB) EAZ A(VA) A FTRTAMNEAH(CAT) EFREEZH TR F(P<
0.05), 4B FaT e F A &£ E(VE) 5 (Zn) AT RAAALE G RE(TrxR) & &K
&, %A B ALY B AL B (T-SOD) | &k H Ak i B AL 4 85 (GSH-Px) \CAT F M4 & B~ 6 48
% # ¥ (GLU) VA VE #5(Se) 4 & & T-SOD GSH-Px & MLk, # & fis B 82 (NEFA) |
B-HB . A =& (MDA) 4% & CAT & M43 ; b LT 449 275 GLU VA . Se 48 (Cu) & & A % #
FAALEE A (T-AOC) . T-SOD  GSH-Px ,CAT # M 44k , MDA A &4 & ; st 3L P B 49 Se 4 & 8K,
Zn & F 8 % ;3505 B89 i Se . Zn MDA 4 481K ,GLU &% 5 TrxR F M43 ; T 45 40 69 o
& NEFA Zn A& #&,GLU A& % GSH-Px # W& &, @i EL F &34 o iF Se. Zn
4% % T-AOC 5 GSH-Px . TrxR E MM Ha G R EHEIFZ N (P<0.05), 3002545
RAW R )G Ak SLAT ), o i B AL 35 AR MDA A & 5 & i & 5 K L35 47 NEFA &
B-HBAZT 2R EA %X (P<0.05),5 VA VE . Se . Zn.Cu &2 2R F i 48X (P<0.05), M f
b3 BALFE AR T-AOC A% T-SOD GSH-Px 7&E M5 L& f ik & kK LIEARN 89 $ L= )2 £
B4 MDA &2 MR, %L LB 4 i B R RIUIBAF S AR A 2 EF A,
B G5SR4, fF & JR 4k L35 47 NEFA  B-HB . VA VE . Se.Zn Cu 4 %15 3 &AL 45
#% T-AOC % T-SOD .GSH-Px & # 42 MDA 42 M 22 F0 S &R £ A
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% (MDA ) & it R BHLR T bR [ R ) 1 S8
A ALY AL T (T-SOD ) H1 4% Bt H K 2k 4601k 9 il
( GSH-Px ) i P 45 nl 1V g ¥F- A0 03 4 1 S AL BB 1 19
SHARHR LT B IR RO bR 0 Ui AR W AR
(NEFA) B-F2 TR (B-HB) 4= ZE A(VA) 4
4= F E(VE) DL B 265 1y 70 2 F i AN 0] L B
A E RS (R FER B, T) A  2 5 AL AR B AR Ak
REM B 2 Mcart 2R | IR B 3h 5L 2
164 2R 1k 3k U B A i B DT TR A O A )z I AR
YR &Y, L7 NEFA 2 B-HB & & n] 1 & 7
P9 8 A A I VR R BLAAR 3L 40 1) T BB L AR R
BT 5 R A s B A0 G e, A A5 B 30 4% A 1
H NEFA & 1 40 T8 &5 1Y 7K SF, DT 2E ABE I
DR = 2 NS T e oS P o R 7 S S ) S T T
7 A PRI YR ) T A s T AR 4
W G e AR AR N B, T FE AR S SR B
FEA IR . Wullepit 457 BF5E & B, W54 1fi
5 GSH-Px W & PEAE 7717 2 Al o Z X T 77 )5 4
J&l i T-SOD i PEAE ™ Hi 2 JA W& m T e 8 Ji .
AR AT R, 277 W 4 77 )5 17 NEFA 7

=T 0.57 mEq/L, W 7~ W1 AT FEAIG 600 kg, FEAR WL
FLPEBE A 20 JE IR 2 i T 1L T NEFA & & I & A
S IFRED RESZ B0 0 SR, Ak T AS [R] 9 Ly B
DL = iy 1 e 3 28 56 B SRR 8 An
U4 b 0 28 AL R A AS S AR [, AH SC 0F 9% 4 38
WA D JUHRE KT Mo a0
PRI, A 38 50 38 3 AF 95 A [] 3 L B B 4% 44 i ¥ 3
FRROLAE bR 5 B A AL TS A5 9 A8 AL AR O d 57
FRARBLAE bR 5 B A AL A8 bR 19 22 50 26k Il I AR Y
R A B IR R BLTE BR SR T 5 4 1) B A AR 0 E
T 325 B 90 92 0% 2 19 85 35 7K ST | Dk s AL A £ 2 44
AR R R PR S AR T

1 #MR5FZE
1.1 REMFS5ERAR

I T 2015 48 7 A BN 520 X R 4o
[ (550£10) kg JHW[ (2.08+0.47) ] kML
(3.0~3.5 43) i 37 45 B 3T 1% far 357 40473 24 3L 4
240 3k R AR A AR Bkt U 55, A ek
BRYOK, RGNS EFRAKTIER 1,

®1 ARARREFKTE(THREM)

Table 1 Composition and nutrient levels of diets ( DM basis) %
3 H W3 Lactating period TUSHTS  ER R
Items 77" High yield {%/” Low yield Dry period Prepartum Postpartum
JEK} Ingredients
FKFIN Corn silage 19.30 24.61 22.56 22.56 17.59
H 15 Alfalfa 14.27 4.30 20.73
MEEHL Oat grass 8.79 28.36 28.36 2.36
2B Wildrye 1.82 21.76 21.76
NEYE RS Brewer’ s grain 3.04 2.73
E K Corn 14.98 14.70 9.41 9.62 12.25
s B E 2K Tablet corn 6.00 6.50 6.98
#k 2 Wheat bran 0.81 4.03 7.68 2.68 3.74
1 Soybean meal 8.15 5.89 2.13 6.13 7.04
4k K= Extruded soybean 0.56 0.64
HiAF ¥ Cottonseed meal 5.50 6.50 2.34 2.34 4.27
K PF Rapeseed meal 1.71 1.72 2.77 2.77 2.71
EKFEEH Corn protein meal 1.50 0.52 0.97
EITEH1 Sugar beet meal 7.30
4R ¥ Whole cottonseed 7.30 4.39 7.07
A K Horl %54 DDGS 1.28 1.29 1.28 1.28 2.52
33988 H BB 7 Rumen protected fat 0.86 0.86
HE% Molasses 1.52
KIG 7 Soybean hull 8.79 9.42
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2R 1

lE| WFH Lactating period TR FH =R B 7 5 1
Items 7™ High yield {£” Low yield Dry period Prepartum Postpartum
BEIREES CaHPO, 0.50 0.15 0.11
£ ¥ Limestone 0.50 0.69 0.80 0.20 0.25
/NI5FT NaHCO, 1.00 1.00 0.47
AfbEE MgO 0.60 0.60 0.19
frEh NaCl 0.50 0.50 0.30 0.30 0.44
BHE T 4L Anionic salt 1.50
HURK Premix" 1.00 0.80 0.50 0.50 1.00
41t Total 100.00 100.00 100.00 100.00 100.00
35K Nutrients levels?
IWFLEEE NE, / (MJ/kg) 6.66 6.58 5.85 5.81 6.74
MEHA T CP 18.00 15.29 10.16 10.23 18.05
VR £F 4 NDF 36.46 43.17 57.68 58.05 38.96
5 Ca 0.53 0.43 0.50 0.37 0.41
P 0.40 0.36 0.45 0.17 0.36
TR & DML/ (kg/d) 26.50 21.80 16.50 14.25 19.50

D £ F s IR Rl A One kg of premix contained the following: VA 500 000 IU, VD 125 000 IU, VE 1 500 IU,Zn (as zinc
sulfate) 5 000 mg,Cu ( as copper sulfate) 800 mg,Mn (as manganese sulfate) 3 500 mg,Fe (as ferrous sulfate) 3 000 mg,I

(as potassium iodide) 20 mg,Se (as sodium selenite) 20 mg,

2 WL RE TR AR b (A B 3R AR ) (NY/T 34—2004) (e [ RDRF A 43 K 5 358 0 (36 (2015 457 26
JiO) ) A, HiA M Seil{E . NE, was a calculated value according to the Chinese Feeding Standard of Dairy Cattle (NY/
T 34—2004) and the Chinese Feed Composition and Nutritional Value Table (26th ed, 2015) ™ | and others were measured val-

ues.

1.2 Rt

ISR 2x6 WA E 58 AL 1T, 8
240 LA BEALAY R 12 4, F A 20 3k, Hip A
R RWFLI B, 4 R BRI 7R 21 ) JF™
JE )R 21 d) BFLET (WFL 21~50 d) 3L
H (A FL 100 ~ 150 d) | W6 L5 91 (s 3L 200 ~
300 d) AT (7= 22~60 d)6 N B IR —
e T (PR W =35 kg) AUETE (7R
<35 kg)2 B, WA [A] MA L B B A 1 T B SR AR
OLAE AR SPUEALTR AR A TN A
1.3 MEIREH*E

I3 NEFA ( A042) .B-HB (E030-1) & & %
FH H B3I 5 | I Z8 ( GLU, FO06 ) 25 5 5% FH # %9
W AR — 3o S AP T 00 R0 3 g
WAEY) TR S 2t . % VA VE % &R ]
B LRI A AL A R H ST F-7000 #1550
JCEETE, MG (Se) (BF(Zn) i (Cu) &R
LR & A5 B K = & 3 O3 vk T E AL AR A
ICAP 6300Duo Y% 4% ( 3 [E Thermofisher 23] )

L3 MDA ( A003—-1) % 2 % F At B L Z R
BGE , ST EALRE T (T-AOC, A015) >R ] L (5
ZMRE , T-SOD ( A001-1) ¥ 1 R F #5 & 41 AL 1l
P 5E | GSH-Px ( A005) 7 M % F —mi At — A ko
H R 20 5, ik 8 AL S0 ( CAT, A007—1) 7 PR
FHAT DL 2 00 5, B 4R i B iR R B ( TrxR,
A119) 36 MR 4 60 BE R D | 500 85 2 Hh e o
HRUEY) TR ST P SR AL 0 o R A BN &
VLB AT
1.4 HELE

RIGHCHE R H] SAS 9.0 # {4 1 ANOVA %iitf
FEF HEAT WUH 28 77 22 397, 372k A Duncan [ i
T4 e) 2 5 s, 4 B 32 808 (I 7L B B 5 7
) LA T EHE P HEAERN, P<0.05 R4l E] 2 5
B,0.05<P<0.10 K mEFHBTRE, K
2 ek A SRR P vh i < B 25 [l A 3k ik 47
G307, P<0.05 FoR [IH RS 7 48 2 1 i 11 R
Bk B ZE K, 0.05<P<0.10 FR AT FEE
AR 4 D [ )9 R 08 T e
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2 &% B
21 WIMBRSFMEMMFEEFRRAERN
=AU

H 2 AL R AR I B-HB 5 VA & &
BEE TR 4 (P<0.05) ., Il NEFA & &
PLREL 7 J5 0 B, 3 e T A & B B (P <
0.05) , T W # fe (1%, @ K T H A & B Bt (P <
0.05) ; B-HB & it th L™ 5 W e e, B 3 T L
A B (P<0.05), Hfh & r B L i & 2 =
(P>0.05) ;GLU & & DL 3L 5 91 T 0 1 5 i
B T HAL A BB (P <0.05) , Bl 7 9 & b 5L AT
o B, JU LA ™ 5 W s ik, D1 7™ i 39 )
T30, i NEFA & B-HB & & S8 FTHE T
RS, T GLU & & ARk a3 5 2 M, 1
H VA S8 DT, B T A B B
(P<0.05), LA ™ J5 3 o 2L i 500 /0 0 v 30 5
WAL, H =& %% (P>0.05) ; 1% VE

et DL 2L 0 R 2L b e e B T A
FB B (P<0.05) , LA ™ Hif 51 A 7= 5 13K,
WERT HAMA B BE(P<0.05) . M= HT ] 5]
T4, M5 VA & RSB FRE Tk,
ML VE & iy ma 5 2 M, i Se &
DL A e, 0 T AL S B B (P
0.05) , WAFLJE WAk, o E IR T H A& B B (P <
0.05) ; L35 Zn & & LI ZL v W 5 e, o 2 s
& BB (P<0.05) , LARE ™/ 91 W 3L 5 AT
WIAAAR, BT HAL & B Bt (P<0.05) 5 1ML 7
Cu LA 7w i | BB 5 BT 05 3 4 i, G LA
T f i, 0 v T LT W 3L A R FL
JEWI(P<0.05) . MFE =878 2]+ 950, 17 Se
HcCu BTG LT EE, MM Zn
TEEIE MR AR WEL Y BOR
EXTAR MY Se 5 Zn & & W W AEAE B 2
YEZE N (P<0.05)

R2 ARBIEMERMFEFRAIEIROELNE

Table 2 Variations of serum nutritional status indexes at different lactation stages

WiH TEEIRNIR B-— TR  MWHE 4ERA 44ERE il 2 il
h;ms NEFA/ B-HB/ GLU/ VA/ VE/ Se/ Zn/ Cu/
(pmol/L) (mmol/L) (mmol/L) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
Tk
Bl i 14 303.8% 0.628° 2.328" 0.262° 3.657¢ 0.135° 1.224°  0.576™
Prepartum
ik 571.9° 1.145° 2.009° 0.211° 3.996" 0.056" 3.096"  0.558"
Postpartum
WELHTI
Early-lactation ~ 413.6" 0.668° 2.129° 0.215° 8.013° 0.047° 3.205"  0.465°
WELH period
Lactation WAL
stage Mid-lactation ~ 411.6" 0.679" 2.528" 0.243*  8.615" 0.048" 3.676°  0.523"
period
WIS
Late-lactation  365.0™ 0.598° 3.400* 0.271° 6.991° 0.023¢ 1.460°  0.526™
period
ke 202.7¢ 0.578° 3.185° 0.326" 5.443° 0.064° 1.481°  0.603°

Dry period
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gid 2
WiH PR IRITRR B TR AWHb 4R A 4ERE fif B ol
It\ NEFA 3-HB/ GLU/ VA/ VE/ Se/ Zn/ Cuw/
ems
(pmol/L) (mmol/L) (mmol/L) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
P &= Low yield 383.4° 0.664° 2.603" 0.246° 5.665" 0.059" 2.507*  0.528°
Milk yield =7 High yield 403.4° 0.799* 2.607" 0.265" 6.111° 0.065" 2.260*  0.555°
SEM 32.475 0.092 0.156 0.014 0.378 0.017 0.222 0.034
\“‘\f» o\ EIL
M%LFJIEX <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002
Lactation stage
P1E Fﬁ%i 0.503 0.015 0.726 0.014 0.600 0.372 0.127 0.164
Milk yield
P-value o
WFLB B 5 5
Lactation stageX 0.256 0.141 0.158 0.778 0.931 <0.001 <0.001 0.608
milk yield

[ B4 R AR AN B A R 4 R B3N 25 57 .35 (P<0.05) , SEM R/ FHE AR DR, TR,

Values in the same column without the same superscript letters mean main effect significant difference (P <0.05). SEM

mean the standard error of the mean. The same as below.

2.2 IR SEEME R iR S SRR A 220

FH % 3 AL, B 7= W 2F L CAT 36 7 i & &
FAR= W4 (P<0.05) , IfiliE MDA & & LF ™= )5
PRI FL AT I, W T A A EL S
WI(P<0.05) ; 1L T-AOC LA P~ /i . BB = ) 1)
KWL A FL S A S T A A B B
(P<0.05) , 1fij 406 7L 1 8 B AR, 8 28 AR T LA 45 By
B (P<0.05) ; .75 T-SOD 3% M L Bl 7= i 30 gk 5
WEHTHMES BB (P<0.05), LI G0
FLHT RN WA 2L J5 W HRAIG 5 13E GSH-Px i #: L) ™
HOA AT T 95 A 45 &, o 2 T HAL S B B (P <
0.05) ; ML7E CAT & M LA 7™ 1 1 1 Fl = 5 BH 4%
B B EE T HALS B (P<0.05) ; IfiL# TrxR %
PR FL G W e, W T AL B B (P <
0.05) , LA [l 7= i 8 5 G, 3 AR T O At 45 B B
(P<0.05), W3 M B 5 7™ Uy & X7 5 4 i i
T-AOC ,GSH-Px & TrxR i P77 75 B 3% B9 B AE R
R (P<0.05),
23 MEFEFRRIEFRSHEUIBERNS TEM
5] )3 5 7
2.3.1 I E AR MR bR (X) 5 PR AR AR
(Y) B Z It g 75

e —IFLI B, LI NEFA(X,) .B-HB(X,) .

VA(X,) .VE(X,) .Se(X.) .Zn(X,) .Cu(X.) %5
FRRBLFEFR N A A i, e —Pr A T8 bR (Y) MR AR
o, Y 2N EFRROE R S — B AR bR Y
ESMEIED:Y -0

Y2 4 AT, A6 B 7 5 91 R0 s 2L AT 0, i
MDA # it (Y,) 58 IR O b5 8 57 1) 2 T a1 15
Tk B E /K- (P=0.001,P=0.001), HFE™ 5
WA AR X B R RR B E K (P =
0.017) ; IfiL 1% T-SOD 7 1 ( Y, ) 578 IR AR B8 b
S ot N E T Rk B E K (P=0.022 P =
0.007) ,{H4 A AF & 1Y 2115 2R 508 458 B3 K
- (P>0.05) ; 1.7 GSH-Px W& PE (Y,) 58 F R
FE bR A 2 0T A 5 A UK (P =0.001
P=0.006) , HF™E M A2 & X, X, . X; X X, 1Y
i 11 9 R 5k 35 KF- (P=0.022 \P=0.046 \P=
0.010 ,P=0.001) , WFLATH H A& X, 5 X, B
Wl R EGR B K- (P=0.010 P=0.015) . {EM
FLATIA AT AL I, L3 T-AOC(Y,) 55 32k
Fe bR i 2 0T A 5 A K (P =0.040
P=0.020) ,{A 4% A A8 5 1 0] 05 R B0 R 35 3
IKF-(P>0.05) , AN, IML7E CAT  TrxR i 4 435l
S0 AR 4 B BB 3R IR AR A g ST 1) 22 0 Ry R
IR E(P>0.05),
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Table 3 Variations of serum antioxidant indexes at different lactation stages
. PSS i) sy ick=ia A e H Bk i Ak AL
W
WUH M;A/ L =pi] YEens o SE ALY Bl F i Ji i
Items (nmol/mL) T-AOC/ T-SOD GSH-Px/ CAT/ TrxR/
(U/mL) (U/mL) (U/mL) (U/mL)  (U/mg prot)
= i
R 1.707¢ 3.862" 134.610° 152.400* 3.905" 7.410°
Prepartum
e 2.203" 3.641° 115.730¢ 119.300° 3.600° 15.350°
Postpartum
WAL TS . b b
Q"‘f/ o . a . 3¢ . . . N . ©
WELIT B Early-lactation period 2.345 2.553 114.280 119.410 2.175 17.360
Lactation T
stages | HEALTR 1.931% 3.56" 124.870° 127.010° 2.541" 16.160°
Mid-lactation period
{M\?LE’%@ . 1.407¢ 3.851° 117.520% 124.750° 2.868" 25.520°
Late-lactation period
jF%%q 1.909" 3.150° 123.200" 166.320" 2.528" 20.480°
Dry period
FET &7 Low yield 1.904* 3.529" 121.720° 128.380° 2.722° 17.190*
Milk yield 5 7= High yield 1.922* 3.314* 120.940* 140.340" 3.121° 17.740*
SEM 0.181 0.189 3.031 10.380 0.249 1.571
I L
M:F.LMEX <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Lactation stage
P =N
& Fgﬁﬁi 0.926 0.053 0.672 0.091 0.010 0.412
P-value Milk yield
V“‘\ff J'LX 3 =N
M?LMEX Fﬁi,ﬁi, 0.080 <0.001 0.103 0.003 0.084 <0.001
Lactation stagexmilk yield
x4 MFEFRREGREREAERNZTEHEEERE
Table 4 Significance test of multivariate regression on serum nutritional status indexes and antioxidant indexes
I [E1H 2244 % P {H P-value of partial regression coefficient
s s -3 KRV P H
i WEIE PR gwa rzE oW W M
i TR R Model
Items VA VE Se Zn Cu Pval
NEFA BHB o ) (x) (x) (X)) e
(X)) (X) : ‘ 7
L) 0.386 0.591 0.378 0.672 0.357 0.720 0.123  0.32 0.556
Prepartum
Gke 0.184 0.196 0.416 0.223 0.017 0.756 0.954  0.57 0.001
Postpartum
N M?Lsu’ﬁﬁ . 0.149 0.582 0.174 0.727 0.717 0.224 0.806  0.61 0.001
Early-lactation period
MDA WALt
() . s . A . 0.568 0.678 0.304 0.801 0.782 0.309 0.453  0.29 0.843
Mid-lactation period
M;LEEH . 0.614 0.519 0.416 0.697 0.983 0.434 0.259  0.48 0.706
Late-lactation period
ke 0.133 0.423 0.867 0.462 0.677 0.795 0.885  0.43 0.120

Dry period
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i

P 30 &

s (71 ) 2250 ) P {H P-value of partial regression coefficient

e NG _¥2 ) . ) B AL P 1H
i H WIS BTE A ke W B B e wodel
Items IR TR
VA VE Se Zn Cu P-val
NEFA 3-HB (X.) (X)) (X) (X)) (X)) -value
(XD (%) 4 ‘ 7
[FL7=HiT 3 0.448 0.655 0.423 0.235 0.653 0.676 0.516 0.20 0.810
Prepartum
ke 0.564 0.672 0.465 0.378 0.692 0.344 0.676  0.26 0.843
Postpartum
M WAFL R
'u‘\inﬂ {MXLEU/EJ} . 0.635 0.214 0.228 0.487 0.941 0.811 0.559  0.65 0.040
a3 Early-lactation period
T-AOC WA
(v,) Mid lilzcj;ll::n/ﬁieriod 0.420 0.640 0.436 0.311 0.455 0.539 0.835 0.56 0.565
9 -
{M‘?LE,ﬁﬁ . 0.438 0.126 0.214 0.160 0.981 0.382 0.142 0.77 0.020
Late-lactation period
:F%/ﬁﬁ 0.501 0.877 0.462 0.083 0.079 0.855 0.663 0.31 0.456
Dry period
~2 i Y
7RIS 0.099 0811 0256 0246 0700  0.175 0265 044 0357
Prepartum
ke 0.463 0.081 0.939 0.848 0.443 0.055 0.304  0.55 0.022
Postpartum
Y k=R 4 WAL T
0.829 0.293 0.336 0.578 0.781 0.617 0.228  0.55 0.007
Y fk g Early-lactation period
T-SOD W
(v,) Mid lifa&jn/ﬁ)ieriod 0.788 0.158 0.136 0.153 0.156 0.205 0.878  0.48 0.156
3 -
{M‘?LE/H)H . 0.793 0.626 0.891 0.534 0.549 0.866 0.218 0.51 0.484
Late-lactation period
H
q:ﬁﬁ/)ﬂ 0.137 0.161 0.395 0.615 0.803 0.198 0.721 0.56 0.141
Dry period
A7 i35 0.138 0.327 0.673 0.811 0.262 0.273 0.219  0.42 0.356
Prepartum
Gk 0.022 0.560 0.662 0.046 0.010 0.391 0.001  0.78 0.001
Postpartum
FBEEOIR st
it A . . 0.226 0.160 0.068 0.010 0.015 0.473 0.161  0.74 0.006
Early-lactation period
o WL
GSH-Px s 0.089  0.873  0.614 0263  0.307  0.124 0324  0.67  0.127
(v,) Mid-lactation period
““\fz ﬁ
M?LE”H . 0.153 0.766 0.214 0.156 0.186 0.633 0.459 0.71 0.119
Late-lactation period
Hﬁﬁ.ﬂ 0.094 0.623 0.827 0.742 0.352 0.571 0.757  0.33 0.642
Dry period

CAT TrxR & P43 5115 8 TR BLAE AR B B T E R BRI 3 (P>0.05) i RAER PR

There were no significant multiple regression relationships between the activities of CAT or TrxR with the nutritional status in-
dexes (P>0.05), so the results were not shown in the table.

Y, .Y, Y, .Y, (it 47 40505 nmol/mL . U/mL U/mL . U/mL, X, . X, . X, . X, X, X, . X, (34 046743 %)% wmol/L
mmol/L  pg/mL , wg/mL  pg/mL  wg/mL pwg/mL, T 2JA,

The units of Y|, Y,, Y, and ¥, were nmol/mL, U/mL, U/mL and U/mL, respectively; the units of X, , X,, X,, X,, X,
X, and X, are pmol/L, mmol/L, pwg/mL, ng/mL, pg/mL, pg/mL and pg/mL, respectively. The same as below.
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2.3.2  IMLEE SRR bR (X) SHUEARIR(Y)
4 e I (1) 75 7

XF 22t 9 75 B ik 8 25 K i 191 05
BORIR 2K 1 B2 [ A 4, 4 BRZ D [ 9k
BRIV 22 ME S5y R B /N 1 B 2 — S B, B2 [l U

J5 RS AR A [0S AR Bk S OK R i
LT N ) WA L B B 0% A 1L T B TR R B AR A (X))
A —PrE AR AR (V) B0 1005 7 B DR e
P77 B 4 A AR 5 A O 1] 09 3R 5034 ik B 2 K7
(P<0.05)(%£5),

£S5 MFEFRRERSARNERNRMLAFTREZ QR

Table 5 Significance test of optimal regression equation on serum nutritional status indexes and antioxidant indexes

P [A105 2254 P {H P-value of Partial regression coefficient

- g ] R IR P {H
i UE PR ggagrre om0 ® B e odel
Items kg TR VA VE S z C
NEFA BHB N ) () () Frvelue
X X, X, X, X
(X)) (X,) : ! ‘ ‘ !
T Pﬁoljiﬂ 0.021  0.040 — — 0.023 — — 0.54  0.001
MDA ° *’i*ﬂﬂ
(Y,) WAEA - 05 — 0.017 — — — — 078 0.001
Early-lactation period
SPLA WAFL AT
— . .041 — — — — . .001
1k EE Early-lactation period 0.005 0.0 0.53 0.00
T-AOC WFLE M
(v,) Late-lactation period 0.029 — 0.038 — 0.042  0.54  0.005
sy kR4 B ™ JE
— 0.007 — — 0.025 — 0.47  0.001
Wy 15 Ak it Postpartum
50D WAHT — 0.005 — — — — 0.010  0.57  0.001
(Yy) Early-lactation period ' ' ' '
GLAER Gke 0.001 — — 0.047  0.008 — 0.010 0.76  0.001
A AL Postpartum
FUKE 2 s
o WAFL AT
GSH-Px Earl 13; tﬁ_”’ 4 — 0.042 0.010  0.006 — — 0.74  0.004
( Y4) arly-lactation perio

B 2% 5 AL, 76 [ 77 J5 W, 17 MDA & &
(Y,) 5 NEFA(X,) .B-HB(X,) M Se & (X,) &
SEFR P LI D7 RE R Y, = 10331 + 0. 002X, +
0.342X,-7.323X.(R*=0.54,P=0.001) ; 7E W 3L H
A, M7 MDA & (Y,) 5 NEFA(X,) fl VA & &
(X,) B W B3 &R, Yy, =1.932 +
0.003X,-4.458X,( R*=0.78,P=0.001) , {EMFL
HI, L7 T-AOC(Y,) 5 B-HB(X,) Al VA &
(X,) #r B F LB IE 2 R, Y, = 3.526 —
2.156X,+0.637X,(R*=0.53,P=0.001) ; fE W FLJ5
], i T-AOC(Y,) 5 B-HB(X,) .VE(X,) & Cu
THE(X) BRI R, Y, =2.267-
3.357X,+0.29X, +1.98X,(R*=0.54, P =0.005) ,
1= IR, 1L T-SOD {1 (v,) 5 B-HB(X,)

M Zn & (X)) #E W EE RN, Y, =
118.442-12.07X,+4.198X,( R*=0.47,P=0.001) ;
TEWFLATH , I3 T-SOD 3% ¥ (v,) 5 B-HB(X,)
MCu & (X)) BrIMERMENIATRERN. Y, =
112.864-21. 296X, + 28. 189X, (R* = 0. 57, P =
0.001) , 7EMEF= )5, M7 GSH-Px i (v,) 5
NEFA(X,) .VE(X,) .Se(X,) & Cu & & (X,) #5"
() f A 8] 13 7 #2 A Y, = 105. 239 — 0. 167X, +
8.034X,+ 396. 16X, + 87. 83X, (R* = 0. 76, P =
0.001) ; 76 W FL AT, ML7% GSH-Px iG M (v,) 5
VA(X,) VE(X,) & Se &t (X,) HEr AL
75 K. Y, = 140. 819 + 114. 68X, + 10. 08X, +
826.24X.(R*=0.74,P=0.004) ,



3532 o ¥ B F

% i 30 &
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W54 v i B AR AR 25 5 7 A A A D
Castillo %510 % 3755 7 0 SP- 2 5 | e 801k 07 il 3=
BHRRZ —, [FIE5 W 2L By B M= s 5,
7 RN FL I 0 W5 AR T8 5 A A RN R 5T B
B, RE AR g, T S B 2 [ i A e A
255 kA B A N B, RS FR A R -0 i — I L 5
— 2 2 i A AR AR PR S e B AR R
I S, (AR ML BT 8 AL B T i 55 , 0 H2 & ™
WA G H L e A A AR Y WL s iR
A IR 7 1A 2R AT F R BR iR N i = 1 B
S IR 1R R AR R AR AR &R BEAE 1R & b i e
Ak B 3 % 40 55 T-SOD , GSH-Px , CAT #l TrxR
AR BRI AR R TP LA R 2248 VE VC DA
i ICE Se.Zn Fl Cu 5E P8 hn, X W KP4 ik
7 A A 2R 22 (] 38 25 AH B A 1R S5 K80k e FR AL
B R, X s B SRR AR S PR
fEAER Z (B A A — 8 A0 6 M. MDA J& fig it i 4R
AR Y 3 2 W, wT AR R SR Al N ) — Pl 2R
YikraEw  FsE s 08 B Bh B R e A oh ik
Ik VB g 2 g B DU T AT R ) I AR A
Y, 1L 7% NEFA 5 B-HB & & S T HLIANE iy 21 20
() 8l GG O, AT VR Sk 40 A R 9 10 G 0 36 A, H AT E
AR 2858 32 ¢ AR 4 1 NEFA J B-HB & i
R T 75 95 9 8 A8 A Iz A BRI AR 45 45 1) T R
P GLU MR R N ) EE AR i, S B
IR B 352 ma g 7 0 o ff RS, S8R 2 A% V)
MIOE, TR WA , 05 4 B 112 W bR
K. B-HB & f > 1.2 mmol/L NEFA # & >
0.4 mmol/L .GLU & ##<3.0 mmol/L, A4,
= 5 W R L7 B-HB 5 NEFA S B & T,
R TR X — K LR 77 4, T L GLU
T RPN T BB PR W A B O A B 1
RS, TG LA B Je B ™ 2, [, A 56 oy I e
AALTRAR PSSR o, I MDA & &7 [ ™= 5 1
WS E M T-SOD F1 GSH-Px 1% 7k i 2 [ {%,
T-AOCH! CAT 7 P th 3¢ B0 AS [R) 72 B 10 1 B,
B L S LR i T A Ak T RE 5 55 5 &2 O [l 1 2%
WRE W, 7E [ 7= J5 1 1L 3 NEFA | B-HB & & 5
MDA % #r4  # [EAH ¢, 5 T-SOD #l GSH-Px i
PR E O G, E— 2 5 UE T I P Y NEFA
5 B-HB & & vl s WAL 1 S A0 D RS . Mcart
AEDIRR G 48 W A 77 5 e T R 2R3 I 1

W GLU & st BRI vl 30 B06 W7 8L o i, 7= A
) NEFA \B-HB ¥4 £ | 5| % %5 04 T8 1% , 1 A i 7F
JFREAE AR, X — W T GLU B9 A Bk, il
TRER GOFERRES , A LR A AL R 3™ &, AR
fLBETI TR

VA 5 VE J7{Z 504 THUA S A8 5 £
YIRS b XA b AR AR D R A B TR AE A
Jin 20V AE 0 L 399 45 A R H 4 B ER 110 A
220 1U/kg BWI VA, 25 5 /R & 57| VA 4054k
YA KT B E T, PERGE , PR K b VA
AT 0.2 pg/mL B[22 VA = | Il7§ VE
FEALT 2 weg/mL 78248 F2E PN Ry 2 I AL, nT
AR B Z AE L AE i, B S W A v
VA VE & i K i 7L a9 59 I 55 VA & = 35 1%
%, B VA &8 16 A6 = B, 456 b e ik T
FrRas R P L T-SOD .GSH-Px 5 TrxR {1
FE B 5 5 W 2L AT A AR, 1 MDA & i,
A Ul B L = 5 0 S 2L AT LA B SR AL BE A
F5H VA VE B IR A &, A% £ o0 b
HE5 R BN, M VA S REAEWILAT S T-A0C
J GSH-Px {fitE 2 i F IEMH KL KR, 5 MDA & &
EREAMHLER, LU IME VA &7
— R L R BHLAPT AL BE ), SRS VA
] AR T

V22 B0 5l B DR R 0 4 R B 4L
B, an e FL sh 9 1k ) B SR B - AR AL B Ak T
(Cu/Zn-SOD) $it AL il R 4t /& H W E T & Cu
Zn A%, REME IR /D A B A = A A B T 054 SR
FEA 7k B R PO R, & T Se J&
GSH-Px ) =241 ol 38 43, oA Wi 1 3 2 2 K
GSH-Px SRSZHLAY , 38 2 74 bR 2 /9 A i 5, 404l
BUI AR B o Ak, DT PR 370 A= 40 A 11 440 i 5 235 4
e K HEHPUEANE . Se Pt A AL T BE L IR B AE
‘B VE Wb E/ER BT Se X Bl = 005 4
A BT A AL R 3 L AU S AR T AR
b, M GSH-Px 36 ¥ 5 VE M Se & & 2 i 3%
IEASCR R, H P AL VE ik & 45 A ahoar
KHER M UME LA it — 205, 454
ZItHA R S5 R LT Se & W 7E Bl = 5 S
MDA F & 5 i 3 1A ¢, 5 GSH-Px i 14 2 i 3%
IEARDG, ML Zn & 1 S 7E 7 /5 M5 T-SOD i
PEE W EIEM S, E— 0 T 7% Se.Zn Cu %
S W R LA AL DI RE R A 0GR
38, IEH 2F L3 Se & &4 0.08~0.30 pg/mL,
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I L 36 B A 0.03 ~ 0. 07 wg/mL, 0. 020 ~
0.025 pg/mLA Se Bt =" AL 45 R TR Se
TEMAFLE Wk = | HL 5 7 i 300 A1 i) H: Ath 45 [ B
P s = W BE . IEE YA T Cu & &N
0.5~1.2 pg/mL,Zn &5 0.8~1.2 pg/mL""? |
Underwood 25" 38 W% 4 L3 Zn WY IE % & & K
0.7~1.3 pg/mL AR5 H 4528 i35 Cu & 76 W
FLATHG T IE 8 {8, (2 03 Zn 7% 5 Y 7E 1E 5
o PR 7 52 B A= 7 v g AR i A (] 8 2L B B
X1 b 8 5 A DR X S ST R R4

ASCHRAS T A 6] Wb 3L B B i v A ™ % 4 il
THEFRROLAE b5 5 P T8 br 0 B AR, O 2
ST X SRR bR Y £ or M LA AL AL Ol 25 A i E
B FEROCEE A5 19 A 1k T AT A A RE T, i R
PFF T B 5 25 AN [] s 399 404 7 38 1 & A | s )]
HEARRLE SR DR B AL A ft B AN 4 1 A 7 M R R
TSHEKE, A XIS RSt B IR
$8HR 1M NEFA (B-HB VA \VE .Zn .Cu 5 Se &%
B 5054 By Bt B AL IR bR AFTE — 8 A OG (B 22 4
AR L™ S5 09 R0 0 2L T 4, R At 8 3L B A A DR
PERUIN, B AT A O By B 5 4 18 D H OB A
FR, DRIt B DRI 90 3 5 B — 2D R0

4 4 it

© Wb FL B B %t 45 2 1t 3 7 IR 0 46 BR NE-
FA .B-HB .GLU VA VE Se.Zn, Cu & & NP1 %
fk3&F5 T-AOC, T-SOD . GSH-Px , CAT , TrxR i 1
1l MDA & & A i 5,

@ FEE ™ 5 AW 2L 0, i3 B AR A
MDA % i 5 & 7R ILFE 1 NEFA ) B-HB 52
BEIEMHKXELER, 5 VA VE Se . Zn.Cu FE 2T
F AR, M IE H APt A L F8F5 T-AOC | T-
SOD % GSH-Px it 5 I i 8 SRR 00 38 b 0] () 22
TR R IELF 5 MDA & &%
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Multiple Regression Analysis on Serum Nutritional Status Indexes and
Antioxidant Indexes in Different Lactation Stages of Dairy Cows

QIN Min ZHANG Hui SHI Binlin GUO Xiaoyu YAN Sumei”
(College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract; This experiment was aimed to investigate the variations of serum nutritional status indexes and an-
tioxidant indexes in different lactation stages of dairy cows, and a multiple linear regression model on the nutri-
tional status indexes and antioxidant indexes was established. The experiments were conducted as a 2x6 ( milk
yield; high yield, =35 kg/d or low yield, <35 kg/d; lactation stage: prepartum, postpartum, early-lactation
period, mid-lactation period, late-lactation period and dry period) double-factor completely randomized experi-
ment design. A total of 240 Holstein cows with similar body weight [ (550+10) kg], parity [ (2.08+0.47)
parities ] , body condition (3.0 to 3.5 points) were randomly divided into 12 groups with 20 cows per group.
The results showed that the serum B-hydroxybutyric acid ( 3-HB), vitamin A ( VA) contents and catalase
(CAT) activity of high-yield dairy cows were significantly higher than those of low-yield dairy cows (P <
0.05). The serum vitamin E ( VE) , zinc (Zn) contents and thioredoxin reductase ( TrxR) activity in prepar-
tum of dairy cows were lower, while the total superoxide dismutase ( T-SOD) , glutathion peroxidase ( GSH-
Px) and CAT activities were higher. The serum glucose (GLU), VA, VE, selenium ( Se) contents and T-
SOD, GSH-Px activities in postpartum were lower, while the non-esterified fatty acids (NEFA) , B-HB, ma-
londialdehyde ( MDA) contents and CAT activity were higher. The serum GLU, VA, Se, copper (Cu) con-
tents, total antioxidant capacity ( T-AOC) , and T-SOD, GSH-Px, CAT activities were lower in early-lactation
period, while the MDA content was higher. The serum Se content was lower in mid-lactation period, while the
Zn content was higher. The Se, Zn and MDA contents in late-lactation period were lower, while the GLU con-
tent and TrxR activity were higher. The NEFA and Zn contents in dry period were lower, while the GLU con-
tent and GSH-Px activity were higher. The lactation stage and milk yield had significantly interaction effects on
the serum Se, Zn contents, T-AOC, GSH-Px and TrxR activities of dairy cows (P<0.05). The results of
multiple regression analysis showed that serum antioxidant index such as MDA content had a significantly posi-
tive correlation with serum nutritional status indexes such as NEFA and B-HB contents (P<0.05) , and had a
significantly negative correlation with VA, VE, Se, Zn and Cu contents in the postpartum and early-lactation
period ( P<0.05). However, the multiple regression relationships between serum antioxidant indexes such as
T-AOC, T-SOD and GSH-Px activities with the above nutritional status indexes showed the opposite results to
MDA content. In summary, the serum nutritional status indexes and antioxidant indexes of dairy cows are sig-
nificantly affected by the lactation stage, and there are significant multivariate regression relationships between
the serum nutritional status indexes such as NEFA, B-HB, VA, VE, Se, Zn, Cu contents and the antioxidant
indexes such as T-AOC, T-SOD and GSH-Px activities, and MDA content.[ Chinese Journal of Animal Nu-
trition , 2018, 30(9) :3524-3534]
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