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Abstract: [Objective] To clarify the effects of non-genetic factors on the raw milk composition and related

traits of Holstein in Ningxia region. [ Method] Based on the DHI data of Holstein in Ningxia region, the effects
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of parity, lactation stage and calving season on nine lactation traits were analyzed by GLM process of SAS 9.2
software, and the variation characteristics of lactation traits in different somatic cell scores were explored.

[Result] Parity, lactation stage, calving season, lactation stage % calving season had significant effects
(P<0.05) on nine lactation traits. Comparison of different parities showed that milk fat percentage and milk solid
content decreased significantly after the second parity (P<0.05), milk protein percentage and peak milk yield
decreased significantly after the third parity (£<0.05), daily milk yield decreased slightly after the fourth parity,
milk lactose percentage decreased first and then increased, reaching the lowest level of 4.84% in the third parity
(P<0.05), somatic cell score increased gradually with the increase of parity, and the day of peak milk yield was the
latest in the first parity(94.07 d) and the earliest in the fourth parity (67.33 d). Comparison of different lactation
stages showed that daily milk yield and milk lactose percentage gradually decreased with the prolongation of
lactation in the second and third parities (P<0.05), while milk protein percentage, milk solid content, somatic cell
score and milk fat percentage showed an increasing trend (P<0.05). Comparison of different calving seasons
showed that from spring to winter, milk fat percentage of the first parity to third parity and milk solid content of the
first parity gradually decreased, while daily milk yield and milk lactose percentage showed an increasing trend
for the first parity and were at the lowest level in summer for the second parity and third parity. Milk protein
percentage, somatic cell score, the day of peak milk yield and peak milk yield showed a trend of increasing first
and then decreasing from the first parity to third parity, and the highest levels of all these traits for different
parities were found in summer. With the increase of somatic cell score, milk lactose percentage, daily milk yield
and peak milk yield decreased gradually, while milk fat percentage and milk protein percentage increased
slowly. Milk solid content and the day of peak milk yield reached the highest level when somatic cell score was
4 and 5, respectively. [ Conclusion] The results of this study provide a theoretical basis for improving the

lactation performance and fresh milk quality of Holstein in Ningxia.
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Table 1 Descriptive statistics of phenotypic parameters of Holstein cow’s lactation in Ningxia region

T4IR Trait B & Dataamount  “FHME x  ArdEiR o BOKME Max.  H/ME Min.
H 7™ & /kg Daily milk yield 17796 32.18 0.082 70.60 5.00
H AR /% Milk fat percentage 17796 3.73 0.007 7.94 1.02
L7 H % /% Milk protein percentage 17796 3.32 0.003 4.69 2.03
JIE & Lk Fat to protein ratio 17796 1.12 0.002 3.09 0.28
PR4H T4 Somatic cell score 17796 271 0.013 9.00 0.00
FMEZ /% Milk lactose percentage 17796 4.89 0.002 5.46 2.44
FLIE A8 7/% Milk solid content 17796 12.42 0.009 18.76 8.74
7 4B kg Peak milk yield 17388 42.97 0.082 80.00 18.60
WFLE % H/d The day of peak milk yield 17388 80.84 0.446 305.00 1.00
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Table 2 The variance analysis between parity, lactation stage, calving season and observed nine traits (P value)

WINPT JRVOMILN ) TRV WL SR

ERIN fit ik ) _ . . .
Trait Parity Lactation Calving Pa.rltyX P‘arlty>< Lactat.lon stage X
stage season  Lactation stage Calving season Calving season
H ™94 Daily milk yield <0.0001 <0.0001 <0.0001 <0.0001 0.0101 <0.0001
FLHE# Milk fat percentage <0.0001 <0.0001 <0.0001 0.1760 0.0425 <0.000 1
FLH H % Milk protein percentage <0.0001 <0.0001 <0.0001 0.0667 0.1044 <0.0001
Jifi & LE Fat to protein ratio <0.0001 <0.0001  0.0099 0.0446 0.2821 <0.0001
PR4H T 4> Somatic cell score <0.0001 <0.0001  0.0416 <0.000 1 0.1861 <0.000 1
FLHE % Milk lactose percentage <0.0001 <0.0001 <0.0001 <0.0001 0.2664 <0.0001
FLIE L& & Milk solidcontent <0.0001 <0.0001 <0.000 1 0.008 1 0.0019 <0.0001
I B Peak milk yield <0.0001 <0.0001 <0.0001 <0.000 1 0.1177 <0.0001
WFLTEIE H The day of peak milk yield <0.0001 <0.0001 <0.0001 <0.000 1 <0.0001 <0.000 1
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Table 3 Least square means of lactation traits in different parities

1JBIR 1stparity  2J¥X 2nd parity ~ 3i¥X 3rd parity  4fii¥X 4th parity ~ SHGIX 5th parity

Trait xto Data Ito Data Xto Data xto Data xto Data
amount amount amount amount amount

H 4y /kg Daily milk yield 30.37£0.129a 7061 33.83+0.140b 5610 32.00+0.181c 3585 35.06+0.301d 1292 34.54£0.688bd 3585
FLHEE /% Milk fat percentage 3.67£0.011a 7061  3.79£0.012b 5610  3.77x0.016bc 3585  3.72£0.026ac 1292  3.62+0.059a 248

AEAR/% Milk protein 3.30+0.005a 7061  3.35£0.005b 5610  3.35+0.006b 3585  3.30£0.011a 1292  3.25+0.025¢ 248
percentage
| L Fat to protein ratio 1.12£0.003a 7061  1.13£0.004b 5610  1.13£0.005ab 3585  1.13£0.008ab 1292  1.12+0.017ab 248

TEANTES Somatic cell score  2.5740.021a 7061 2.70+0.023b 5610  2.92+0.029c 3585  2.83x0.048c 1292  3.26£0.110d 248
FER /% Milk lactose percentage  4.96£0.003a 7061  4.86£0.003b 5610  4.84+0.004c 3585  4.86£0.007b 1292  4.86£0.016bc 248
AT /% Milk solid 12.39£0.014a 7061 12.51+0.016b 5610 12.43+0.020a 3585 12.37+0.033a 1292 12.1340.075c 248

content
VY kg Peak milk yield 37.03£0.111a 6842 46.66+0.124b 5497 4720+0.154c 3533 46.96+0.257bc 1274 44.39£0.580d 242

WFL % H /d The day of 94.07£0.699a 6842 72.87+0.780b 5497 73.32£0.973b 3533 67.33x1.620c 1274 68.55+3.716bc 242
peak milk yield

1) T4 48 B VIR RN B 2B 7 R R B KA £ 5 8 % (P<0.05, Duncan’si%)

1) Different lowercase letters in the same row indicate significant differences among different parities (P<0.05, Duncan’s method)

x4 WIPRERNEH AR &/ Z I E"

Table 4 Least square means of lactation traits in different lactation stages

. oy, UWAFLHETH Early lactation 3L ] Mid lactation WAFLJE 1 Late lactation
AR li=R/ —— —— ——
B Hm s HE s

Trait Parity ito ito ito
Data amount Data amount Data amount

H =4 t/kg Daily milk yield 31.73£0.17%9a 3585 31.67£0.202a 3585 28.27+0.167b 3585

1
2 41.54+0.248a 1662 35.81+0.239b 1791 26.2440.218c 2157
3

39.50+0.362a 854 33.87+0.298b 1257 26.07+0.275¢ 1474

FLHE % /% Milk fat percentage 1 3.59+0.018a 2407 3.53+0.021b 1888 3.85£0.017¢ 2766
2 3.64+0.023a 1662 3.73+0.022b 1791 3.94+0.020¢ 2157

3 3.64+0.033a 854 3.70+0.027a 1257 3.91+0.025b 1474

FLEE H % /% Milk protein percentage 1 3.11+0.007a 2407 3.30+0.008b 1888 3.46+0.007¢ 2766
2 3.11%0.008a 1662 3.34+0.008b 1791 3.54+0.007¢ 2157

3 3.09+0.012a 854 3.34+0.010b 1257 3.5240.009¢ 1474

G LL Fat to protein ratio 1 1.16+0.005a 2407 1.07+0.006b 1888 1.1120.005¢ 2766
2 1.18+0.007a 1662 1.12+0.006b 1791 1.110.006b 2157

3 1.19+0.009a 854 1.11£0.008b 1257 1.11£0.007b 1474

R0 Somatic cell score 1 2.49+0.034a 2407 2.35+0.038b 1888 2.80+0.032¢ 2766
2 2.11+0.041a 1662 2.5240.039b 1791 3.30+0.036¢ 2157

3 2.37+0.059% 854 2.85+0.048b 1257 3.30+0.045¢ 1474

FLBE 2 /% Milk lactose percentage 1 4.98+0.005a 2407 4.99+0.0052a 1888 4.9120.004b 2766
2 4.94+0.006a 1662 4.88+0.006b 1791 4.79+0.005¢ 2157

3 4.93+0.009a 854 4.87+0.007b 1257 4.76+0.007¢ 1474

FLIE T & 8% Milk solid content 1 12.15%0.023a 2407 12.25+0.026b 1888 12.69+0.021¢ 2766
2 12.2240.029a 1662 12.48+0.028b 1791 12.75+0.025¢ 2157
3 12.06£0.041a 854 12.37+0.034b 1257 12.70+0.032¢ 1474

1) RAT435 6 89 R BB 8 R R R B sk LI 41 17] £ 7+ 2 3-(P<0.05, Duncan’s %)

1) Different lowercase letters in the same row indicate significant differences among different lactation stages (P<0.05, Duncan’s method)
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Table 5 Least square means of lactation traits in different calving seasons

# 7 Spring ¥ 7% Summer #Z Autumn &7 Winter
PR i B EAE Ty B EAE Ty
Trait Parity ito Data ito Data ito Data ito Data
amount amount amount amount

H =& /kg 1 28.12+0217a 1633 29.23£0.259b 1155 30.77+0214c 1691  32.03x0.173d 2582
Daily milk 2 314603492 1022 27.13+0.361b 959 32.79+0278¢ 1612 39.04£0.249d 2017
yield 3 30.93+0.460a 585 26.19+0.377b 871 3221£0.323c 1186 37.79+0.362d 943
FLIRZ/% 1 3.92+40.022a 1633 3.74+0.026b 1155 3.65£0.022¢ 1691 3.50£0.018d 2582
Milk fat 2 3.95£0.029a 1022 3.89+0.030a 959 3.81:0.023b 1612 3.63£0.021c 2017
percentage 3 3.97+0.040a 585 3.91£0.033a 871 3.76+0.028b 1186 3.54+0.031c¢ 943
AEAR% 1 3.30£0.009a 1633 342£0.011b 1155 3.36£0.009c 1691 3.20£0.007d 2582
Milk protein 2 338£0.011a 1022 3.53+0.012b 959 3.40£0.009a 1612 3.2140.008c 2017
percentage 3 3.36+0.015a 585 3.51£0.013b 871 3.39+0.011a 1186 3.16+0.012¢ 943
MLt 1 1.20£0.007a 1633 1.09£0.008b 1155 1.09+0.006b 1691 1.10£0.005b 2582
Fat to 2 1.18£0.008a 1022 1.10+£0.009b 959 1.12£0.007bc 1612 1.13£0.006cd 2017
protein ratio 3 1.19£0.011a 585 1.11£0.009b 871 1.11£0.008b 1186 1.12:£0.009b 943
RN PE 2> 1 2.78+0.041a 1633 2.80£0.049a 1155 2.44£0.041b 1691 2.43£0.033b 2582
Somatic 2 2.84+£0.054a 1022 3.21+0.056b 959 2.74+0.043a 1612 2.36+£0.038c 2017
cell score 3 2.85+0.072a 585 3.29+0.059b 871 2.97+0.050a 1186 2.56+0.056¢ 943
FLBER % 1 4.91£0.006a 1633 4.95£0.007b 1155 4.97+0.006b 1691 4.98£0.005c 2582
Milk lactose 2 4.83£0.008a 1022 4.81+0.008b 959 4.85£0.006a 1612 4.91£0.006c 2017
percentage 3 4.80+0.011a 585 4.77+0.009a 871 4.84+0.008b 1186 4.93+0.009¢ 943
FLE T & /% 1 12.64£0.0282 1633 12.51£0.033b 1155 12.44£0.028b 1691 12.13£0.022¢ 2582
Milk solid 2 12.69£0.037a 1022 12.69+0.038a 959 12.61£0.029a 1612 1225£0.026b 2017
content 3 12.62+0.050a 585 12.69+0.041a 871 12.49+0.035b 1186  11.99+0.039¢ 943
Y /kg 1 35.1240.201a 1528 38.63£0.232b 1143 37.88£0.193c 1646  36.90£0.156d 2525
Peak milk 2 44.55+0.306a 975 46.06+0.311b 945 48.09+0.239c 1600  46.83x0.215d 1977
yield 3 44.88+0.426a 556 47.93£0.342b 861 48.85:0292¢ 1182  45.82+0.329a 934
WL R/ 1 68.78+1.515a 1528 146.45+1.752b 1143 112.54£1.460c 1646  73.62+£1.179d 2525
The day of peak 2 62.56+1.656a 975 104.79+1.682b 945 75.99+1.293c 1600  60.181.163a 1977
milk yield 3 57.19£2.039a 556 96.99+1.638b 861 75.00£1398c 1182 58.96+1.573a 934

1) BT HE G 89 R B B T4 A7 R F ¥ ] £ 5+ 23 (P<0.05, Duncan’si)

1) Different lowercase letters in the same row indicate significant differences among different seasons (P<0.05, Duncan’s method)
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Fig.2 Changes of daily milk yield and peak milk yield
along with the variation of somatic cell score
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Fig.3 Changes of the day of peak milk yield and fat to

protein ratio along with the variation of somatic cell
score

2.6 9 BULFLMIRTBR IS4

HI%R 6 K1, FLE A RMIALE D& &, fHE
AN FLE & & SRR AR L FLE RS
R RAH G H- g E M e ia, AREMIALE
F AR AR RE AR G H 7 W9 B R FLBE R 2 95

score
< 6 FLMIRZ[EHY Pearson HHXFRE"
Table 6 Pearson correlation coefficient between lactation traits

PR Trait DMY MFP MPP FPR SCS MLP MSC PMY DPMY
H 7=y & Daily milk yield (DMY) 1.000
F g = Milk fat percentage (MFP) -0.158*  1.000
L2 [ % Milk protein percentage (MPP) —0.362*  0.423* 1.000
JlGZ& L Fat to protein ratio (FPR) 0.012* 0.881* —0.042* 1.000
RZIAIITE 4 Somatic cell score (SCS) —0.240*  0.076* 0.183* -0.006 1.000
FHEZ Milk lactose percentage (MLP) 0.261* —0.125*% —0.176* -0.050* —-0.394* 1.000
FLIE B & Milk solid content (MSC) —0.198*  0.896* 0.625* 0.663* 0.020* —0.029* 1.000
=&Yy & Peak milk yield (PMY) 0.404*  0.069* —0.050* 0.099* -0.006 —0.138* 0.060* 1.000
W% H The day of peak milk yield (DPMY) —0.045*  0.007  0.059* —0.022* 0.055* 0.029* 0.004 —0.204* 1.000

1) “*” %77 24 % (P<0.05)

1) “*” indicates significant correlation (P<0.05)
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