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AT ARG 8 B Bl A B e xR i Ok T
AT . H AT, P A DL S AR A
{14 F R i 5 1R % B U TR 45 P2 % RPF 7= b, %K i
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Table 1 Composition and nutrient levels of experimental diets (DM basis)

i H Items

%5 1 44 Group 1

%% 2 4 Group 2

% 3 24 Group 3

2H i, Ingredients

2k B KT 4E R Whole corn silage 32.14
H 55 Alfalfa 19.31
TE K Corn 22.96
#k [ Wheat bran 2.25
EtH Soybean meal 9.09
¥ Cottonseed meal 4.79
TR T K%Y Corn DDGS 2.57
4 Whole cotton seed 3.80
/Ng54T NaHCO, 0.58
iR Premix" 2.51
1198 E i i RPF

411 Total 100.00
EF:/KF Nutrient levels®

WFLEHE NE /(MI/kg) 6.33
HE AR CP 17.20
rhME PR 4T 4 NDF 30.22
R PEVE I EF 4 ADF 21.62
B EE 3.13
5 Ca 1.06
P 0.67

31.90 31.86
19.15 19.13
22.79 22.74
2.22 2.22
9.03 9.02
4.77 4.73
2.53 2.55
3.48 3.51
0.55 0.59
2.48 2.48
1.10 1.17
100.00 100.00
6.47 6.48
17.01 16.99
29.99 29.94
21.46 21.42
4.02 4.08
1.11 1.11
0.66 0.66

1) BURERE N B T 5518 F #2 4t The premix provided the following per kilogram of diets;: VA 4 000 IU, VD 1 200 IU, VE
15 IU,Fe 50 mg,Cu 8 mg,Zn 50 mg,Mn 50 mg,I 0.25 mg,Se 0.3 mg,Co 0.1 mg,
2) I FL A BEAR PG JFURHH A5 AR, Hodh RPF I FL v BEF 1B 19.58 MI/kg 15, HiAx 52, NE, was a calculated

value according to ingredient composition, the NE,; value of RPF was regarded as 19.58 MJ/kg, while the other nutrient levels

were measured values.

10 d REWHE 1 K, BUCREE 24 h,# 3 IK
B 5 i 149 B ) BORE S5 TR A L BURE AR B AR gk
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5T, e BRI RS 2 IRWRE Ay A% 2 4y, — 13
FHIHT, B — 1 T =80 C R HARLE, Tl E
A= 47 v B 17 1R %) 2 B

FAAE# /A 5] Milko Scan FT1 2 I 8EF 0 #r
A3 AT A= 5 vh LR 3 | LR 1 R R R A0 i A R
HAEFR, R GB 5009.168—2016 (1) 77 B 5 2F
W RS W ER 4L, BT R AR SR SOH 3 -
A (S HE 2010) , (B35 4544 . F HP—5 3Pk £ 5%
B (4354 (300 mx25 mmx0.25 pm) , #EFE
JLE 280 C, 4N I 2001, #FFER 0.2 uL; IG5
B BT, BT HL R 70 eV, B U5 IR B
280 C, & 5 ¥ 34.6 mA, £ i {5 H 30 ~

500 amp.,

M2 [ 22 e BE 4 SR W A 7 ARG AR
15 RXZ 4 Sk 0524 9047 B i B COR I, 26 7E A B
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26T 0.5 mL B ECA T, 0 i v i A 4k
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MBS Z KT -1 (IGE- 1) (& i 1A B



2730 3 o H

S

AN R - [ (CPT-1) | ZBEAH B A FR 1L
(ACC) | Bg Vi & H ¥ = 5 i 7 i ( ATGL) 193 1
ot FH Bt A A0 5
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FH Excel 2010 X 50 285 5 2 47 177 5450 4 5 2
J&i , 7 SAS 8.0 1Y) ANOVA AR B [ A F FA L 2
HMFE AR HE AT B 2 7 25 43 B, IR EE R L 48 bR
AT 2%x3 PIA K 7 224087, ] Duncan Rk 1T £

IR AN 23 (P>0.05) R4S 1 40 DMI & 375
T4 3 4 (P<0.05) % J5 A1 55 51 /9 DMI 52
AR E(P>0.05) , o WAL 2 e 3 4
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Table 2 Effects of dietary different RPF sources on performance and milk quality of dairy cattle

51 15 AR WFL AsE AFEAR FEE AHEATE RO (g
/S . (; K& Milk yield/ Milk fat  Milk protein Milk fat Milk protein Scc/ Ffp &R
ages roups
& P DML/’kg kg rate/ % rate/%  yield’kg  yield’kg (J/i4~/mL)  FCR
) 18.05 33.42 3.97 2.96 36.67 29.04 14.33 1.85
+1.36" +1.89 +0.79 +0.27 +6.84 +3.47 +18.41 +0.23
N ) 17.53 34.96 4.26 3.00 43.59  31.65 2.98 2.07
E’J’ﬁlﬁ +1.26™ +4.44 +1.19 +0.21 +13.20  +5.49 +0.69 +0.42
arly
tage ; 16.33 34.04 4.19 3.15 41.94 32.22 411 2.14
‘ +1.16" +4.32 +0.79 +0.34 +7.69 +4.34 +2.93 +0.30
SEM 0.446 1.256 0.327 0.093 3.279 1.568 2.515 0.113
P {H P-value 0.044 0.440 0.813 0.246 0.257 0.111 0.113 0.094
. 17.10 33.89 3.66 3.00 37.71  29.98 5.22 1.86
+0.91 +3.16 +1.45 +0.66" +11.91  =7.65 +3.52° +0.31
5 17.72 33.96 3.35 3.35 32.89 34.16 2.82 1.71
Ljﬁﬁﬂ +0.96 +5.38 +0.67 +0.27% +5.62 +6.24 +1.82° +0.20
ater
stage , 16.48 33.50 3.49 3.43 34.64  34.64 3.12 1.88
‘ +0.80 +5.29 +0.80 +0.37° +10.48  +6.44 +1.34° +0.41
SEM 0.336 1.629 0.343 0.150 3.302 2.397 0.745 0.108
P {H P-value 0.053 0.919 0.808 0.021 0.664 0.183 0.039 0.523
. 17.57 33.46 3.77 2.96 74.38  59.03 9.77 1.84
+0.77 +2.10 +0.91 +0.42" +13.87  +9.59 +10.85° +0.22
N ) 17.62 34.40 3.76 3.19 76.49 65.81 2.90 1.87
Experimen- +0.99 +4.83 +0.64 +0.20° +13.28  +10.98 +0.76 +0.23
tal , 16.42 33.74 3.79 3.31 76.58  66.85 3.62 2.00
stage ’ +0.74 +4.77 +0.57 +0.33" +14.55 +9.92 +1.28° +0.34
SEM 0.294 1.379 0.247 0.113 4.915 3.691 1.519 0.093
P {H P-value 0.052 0.713 0.954 0.039 0.938 0.070 0.042 0.381

[ 5 B ARAS [/ /NG AR RoR 28 5 8.3 (P<0.05) A B F RN 22 R A B3 (P>0.05) , #6387 [,
In the same column, 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 Table 6 and Table 7.
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2.2 RAMFEMAEES SRR EmFE 1E ATGL 16 % & T2 2 41 (P<0.05) ; fif 1 Al
& T B B2 i Ja Iy ACC . CPT- 1 AST Hl ALT 1% 4% 4H [a]

FH3E 3 Al BT IAS 3 4Him s ATGL IGPER  ZRAEE(P>0.05),
HETEIHAME 24 (P<0.05) , 5 34 1
R 3 AMBRMAETES SRS T4 i B E %A =0

Table 3 Effects of dietary different RPF sources on serum enzyme activities of dairy cattle

wm i H ERRE| 22U 34 sim P {H
Stages Items Group 1 Group 2 Group 3 P-value
= BEREEH MBS RE ATGL/ ( pmol/L) 168.59+10.33" 170.40+11.23° 215.32+12.00° 5.603  0.021

N Z LA A RILEE ACC/(ng/mL) 4.06+0.57 4.32+0.63 6.27£0.78  0.330  0.288
Eirﬁ’l}jy - P A R B - 1 CPT- 1 /(ng/mL) 8.97+1.14  10.03x1.06 8.96£1.05  0.542  0.611
B EEE M AST/(U/L) 48.08+8.27  63.48+5.28 57.62+4.36  2.985  0.134

B ALT/(U/L) 104.10+18.45 105.18+12.37 133.61x14.84 7.610  0.141

=R H MR EE ATGL/ (pmol/L) 140.93+9.43™  104.72+10.02° 153.32+8.98" 4.738  0.034

- Z AT A RALEF ACC/(ng/mL) 7.70+0.93 8.27+0.73 8.05+0.47  0.355  0.485
La;er stage P BB AE R BE S A5 M- 1 CPT-1/(ng/mL)  8.20+0.82 8.33+0.53 6.29+1.01  0.393  0.321
B EEEEE AST/(U/L) 49.67+4.55 51.45+4.64 46.01+5.37 2427  0.364

KA ZER ALT/(U/L) 93.46+10.66 108.76x13.72  94.24%13.98 6.393  0.627

A5 BHR B AR A /NS TR IR 22 5 .35 (P<0.05) AR B F R R R 2 5 A 35 (P>0.05) , £ 4 K5\,
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 Table 4 and Table 5.

2.3 AMAMARSEBERHENNFENFHRE FMGH TEASHZMEFAEE(P>0.05) ;)5
SENEN WIZE 2 HIMTE INS SR Em TH 1AM 34

P26 4 a0, AT AR 2 4LRNERS 3 43 INS Al (P<0.05), 15 1 AR 3 Hz 2% AR FH
IGF- 1 & WEm T4 1 41(P<0.05),5 14 (P>0.05), J5 W% GC . GH F1 IGE- | & #1764
M2 HZ A ZEF AR E(P>0.05), WIMiE GC  AEZEFAEF(P>0.05),

x4 ARTMARSEBRBHENDENERRSENH M

Table 4 Effects of dietary different RPF sources on serum hormone contents of dairy cattle

HA 51 Wi H 1A H2H %34 SEM P1H
Stages Items Group 1 Group 2 Group 3 P-value
JBE % 2 INS/(mIU/L) 2.97+0.84" 3.71%0.45" 3.25+£0.20°  0.248  0.048
. [ B2 GC/ (pg/mL) 41.42+2.16 38.99+2.03 38.56+1.79 0.997  0.602
Hi HERME GH/(ng/L) 2.69+0.49 2.03+0.66 2.45%0.25 0.233  0.483

Early stage
KRB RAERNT-1

26.84+2.87° 32.39+2.76" 39.32+2.82" 1.408 0.041
IGF- 1 /(pg/mL) * * *

J§E 5% 28 INS/(mIU/L) 3.17£0.43° 4.47+0.25 3.74+0.75®  0.238  0.025
=it JE S 1B 2 GC/ (pg/mL) 38.70+1.32 35.21+1.84  34.12+1.37 0.755  0.905
" K2 GH/ (ng/L) 3.0120.58 2.64+0.81 2.86+0.62 0.335  0.438

Later stage
RRBRARKKN -1

20.0022.55  27.172.13  33.60+2.83  1.252  0.504
IGF-1 /(pg/mL) * * *

2.4 AREBMARESTEEERENDEMFTEN BHBA Hil NEFA % & (P<0.05) , J5 1 7% MDA
FEHR B ST TR E NRE(P<0.05) , HoR R bR & 4l 22 % A
H 2 5 AT 20, B 78 0 RPF I8 35 B A 1 1M v B (P>0.05)
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Table 5 Effects of dietary different RPF sources on serum biochemical indices of dairy cattle

82| WiH 14 Hod 34 SEM Pl
Stages Items Group 1 Group 2 Group 3 P-value
N MDA/ (nmol/L) 5.60£0.84 4.00£1.24 4.06+0.91 0.498  0.093

N HEH ALB/(g/L) 96.69+10.35  83.23x11.22  91.43%13.31  5.813  0.639
Eirﬁ’lﬂy JR 24 UN/( mmol/L) 3.7120.47 3.27+0.52 4.27+0.77 0293 0.624
stage #i%g 8 GLU/(mmol/L) 2.11%0.23° 2.58+0.33" 2.57+0.20°  0.142  0.334
B-#T W2 BHBA/(mmol/L) 0.66+0.06" 0.50+0.03" 0.53+0.06"  0.025  0.038

AEMRfLAR R NEFA/ ( wmol/L) 586.89+5.34"  369.22+3.36"° 376.51+3.57°  2.045  0.043

N ¥ MDA/ (nmol/L) 6.32+1.84" 4.24%1.02° 4.45%1.03°  0.648  0.047

% ALB/(g/L) 73.47+10.58  91.02+13.36  81.37x11.63  5.928  0.161

Ljﬁatﬁ’i JRZ A UN/(mmol/L) 3.36+0.35 3.59+0.32 3.43+0.36 0.172  0.462
stage %M GLU/ (mmol/L) 2.27+0.58 2.33+0.33 1.97+0.29 0. 200  0.499
B-¥T® BHBA/(mmol/L) 0.48+0.04 0.45+0.03 0.44+0.04 0.018  0.482

AEAE 1L IR IR NEFA/ ( wmol/L) 402.42+4.36  273.53%2.72  245.12+2.46 1.590  0.637

2.5 ARFEMARTEERERRNDHEEEM
A

H1%% 6 Al 1, 7RI AT S IR E 2 B AN T
FEJE BT B HAS 4 ) 22 53 R 3% (P>0.05) . ik

B9 5 BCS 45 41 18] 22 7 W 2 ( P<0.05) , 71k
WRT g 1 40 BCS 273 B ¥ (P<0.05) , i K
JEWIEE 2 A 3 4 BCS W B EH T8 1 4
(P<0.05),

R 6 AR R IR B RS R X I 4O R AR E 2 0E
Table 6 Effects of dietary different RPF sources on BCS and body weight of dairy cattle

A7) Early stage

JA il Later stage

Wi H P {H P-value
Items B 2H a4 H1H 2# 3w SEM
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Pl P2 P3
K
620.23 614.69 625.56 587.56 589.54 600.98
Body 19.98 0.058 0.713 0.949
. +49.69 +39.68 +43.28 +77.03 +35.66 +48.29
weight/kg
T4 2.69 2.66 2.66 2.44 2.53 2.56
PRBLIESY . b b P be be 0.06 0.001 0.472 0.115
BCS +0.12 +0.13 +0.13 +0.12 +0.16 +0.18

P1. P2 F1 P3 43 308030 Ab ¥R R HAZ AR P AE,

P1, P2 and P3 were the P-values of stage, treatment and the interaction between stage and treatment.

2.6 fAMRARMAE S E S S B IE X 90 4 4 9
B R & 48 B B 2 1

HH 3% 7 AT, A 0% v 25 R s T TR Y S
Hia) 2z FHA B E(P>0.05) , 5% 2 Hrh 410
H1 C18:1n9¢ . C18:2n6¢ Fl B AL I I R & & kb
A BRI P<0.05) , i A 46 FHS I R 2 it
o 34 B 2 FRE(P<0.05), 55 3 24 h 4= v
C16:0 Fl G101 A 7 1R 2 ot L % 20 b 35 15
(P<0.05) , F A% B Ig 105 e 2 2 4 1R) 22 57 A8 W 3
(P>0.05) .

3 3 it
3 RARAMABESTESEREREXN DS £~
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Table 7 Effects of dietary different RPF sources on milk fatty acid composition of dairy cattle mg/kg
T Early stage J5 1 Later stage
W H
Ttems %14l $2 4 55341 P1i 14l H2dl waa o P
Group 1 Group 2 Group 3 P-value Group 1 Group 2 Group 3 P-value
WHAEWER 12 375.42 16 501.53 15 493.42 5 539.82 7 803.17 10 003.43
Gl ) . 101.75 0.635 b b , 55.83  0.043
3SFA +1 704.56 *2 123.78 2 276.53 +792.89 +1 856.67° +699.78"
675.00 1 087.50 675.00 401.23 512.34 462.25
C4:0 3.89 0.667 0.40 0.621
+137.69 +64.26 +31.08 +4.08 +7.23 +12.76
550.00 833.75 65.00 353.31 475.27 369.15
: 3.46 0. . .504
c6:0 +68.73 +67.21 +7.11 346 0.667 +23.34 +16.27 +12.41 0-870.50
325.00 500.00 475.00 203.28 325.33 225.00
C8:0 1.14 0.689 0.23  0.355
+38.41 +19.11 +11.06 +0.33 +4.77 +8.51
587.50 1 002.69 862.50 400.00 600.00 425.00
C10:0 3.14 0.610 0.35 0.221
+48.09 +97.24 +43.18 +3.27 +9.14 +8.47
537.50 898.75 803.57 283.33 603.34 363.26
C12:0 2.93 0.670 0.50 0.083
+34.09 +67.21 +74.16 +11.82 +10.80 +6.88
1712.50 2 462.50 2 437.50 500.00 1 725.00 1 012.50
C14:0 3.91 0.769 1.46 0.082
+84.05 +70.03 +80.20 +17.78 +39.43 +30.27
118.75 175.26 200.00 93.56 175.04 58.04
15: .48 0. .22 0.354
C15:0 +4.27 +6.33 +18.17 0.48 0.760 +3.31 +6.31 +3.26 0 035
C16:0 5 724.73 7 303.56 7 474.56 10.45 0.868 2 733.33 2 400.00 6 275.00 518 0.038
' +£172.93  £191.84  +262.44 U +29.33°  £117.23"  +164.48" - o
2 062.57 2 107.72 2 637.50 667.67 987.50 812.50
C18:0 3.55 0.869 1.36 0.653
+69.69 +66.17 +76.86 +30.78 +28.33 +21.82
WRNEIER 4 864.37 4 403.13 4 785.89 1 531.26 2 638.03 1 616.00
s 88.94 0.684 . , L3554 0.043
SUFA +]1 878.08 *1597.47 <1 860.82 +583.88 +930.69°  +617.50
100.00 152.63 102.26
Cl14:1n5 4578 +5.03 +7.06 0.30 0.864 ns ns ns
287.50 275.28 85.27 81.27 250.00 106.67
C16:1n7 0.44 0.339 0.31 0.221
§ +12.04 +9.51 +5.07 +2.86 +9.59 +5.81
C18:1n9 4 025.22 3 488.19 3 961.93 4.06 0.964 1 250.00 2 037.50 1 325.00 390 0.047
e £145.23  £90.89 +7.38 ' ' +89.03" +54.76° +48.06" ' '
452.07 487.15 637.32 200.00 350.00 183.75
C18:2n6¢ 0.67 0.720 b R 0.27 0.032
+10.37 +11.63 +18.42 +0.33 +8.66" +7.34

ns NARAM H . ns was not detected
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Effects of Dietary Different Rumen Protected Fat Sources on Performance and
Milk Fatty Acid Composition of Dairy Cattle

XU Peng' YANG Zhiling' WU Shufeng® DUAN Zengliang' WANG Yaru' CAO Mingyu'
GAO Rongkun®* ZHANG Shuanlin'* LIU Qiang' GUO Gang'
(1. College of Animal Science, Shanxi Agricultural University, Taigu 030801, China; 2. Shanxi Xindong Testing Technology
Co., Ltd., Xiaoyi 032300, China; 3. College of Veterinary Medicine, Shanxi Agricultural University,
Taigu 030801, China)

Abstract. The objective of this study was to determine the effects of dietary different rumen protected fat
sources on performance and milk fatty acid composition of dairy cattle. Twenty-four multiparous Chinese Hol-
stein were distributed into three groups with 8 cattle in each group. Group 1 were fed a basal diet consisting of
corn silage, alfalfa hay and concentrate supplement; groups 2 and 3 were fed the basal diet supplemented with
200 g rumen protected unsaturated fat and rumen protected saturated fat, respectively. The pretrial period lasted
for 7 d and trial period lasted for 60 d. The results showed as follows; 1) compared with group 1, supplemen-
tation of different rumen protected fat sources had no effect on dry matter intake, yield of milk, milk fat rate,
yield of milk fat, yield of milk protein and feed conversion rate ( P>0.05) , but the milk protein rate and so-
matic cell counts in groups 2 and 3 were significantly higher and lower than those in group 1 ( P<0.05). 2)
The serum fatty acid triglyceride lipase ( ATGL) activity in group 3 in the early stage was significantly higher
than that in groups 1 and 2 ( P<0.05). The serum ATGL activity in group 3 in the later stage was significantly
higher than that in group 2 ( P<0.05) , and there was no significant difference among other groups ( P>0.05).
The activities of serum acetyl-CoA carboxylase, carnitine palmitoyl transferase- I , aspartate aminotransferase
and alanine transaminase had no significant difference among groups ( P>0.05). 3) The contents of serum in-
sulin and insulin-like growth factor- I in the early stage in groups 2 and 3 were significantly higher than those
in group 1 ( P<0.05). The serum insulin content in the later stage in group 2 was significantly higher than that
in groups 1 and 3 (P<0.05), and there was no significant difference in other hormone indexes among groups
(P>0.05). 4) The contents of serum B-hydroxybutyrate and non-esterified fatty acid in early stage were signif-
icantly decreased by adding rumen protected fat ( P<0.05) , the serum malonaldehyde content in later stage was
significantly decreased (P<0.05), the other serum biochemical indices were not affected significantly ( P>
0.05). 5) Supplementation of different rumen protected fat sources alleviated body condition score decline ( P<
0.05). 6) The contents of C18:1n9¢, C18:2n6¢ and total unsaturated fatty acids in milk in group 2 in later
stage were significantly increased compared with the other groups ( P<0.05). While the total saturated fatty
acid content was significantly decreased compared with group 3 ( P<0.05) , and the contents of C16:0 and total
saturated fatty acid in group 3 were significantly increased compared with other groups ( P<0.05) , and the oth-
er milk fatty acid contents had no significant difference among other groups ( P>0.05). Overall, this study in-
dicates that supplementation of rumen protected fat can elevate milk protein rate, reduce the content of malondi-
aldehyde in serum, alleviate body condition score, the supplementation of unsaturated fat positively impact the
content of oleic acid and linoleic acid in milk and improve the quality of milk.[ Chinese Journal of Animal Nu-
trition , 2021, 33(5) .2727-2737]
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