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Effects of Yak Milk Protein Polymorphism on
Cheese Coagulation Characteristics

TAN Ting, LUO Yihao, SUN Wancheng, SUN Xiangxiang
(College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China)

Abstract: In order to detect the polymorphisms of k-casein and ay-casein gene in yak milk from
seven different pastures in certain areas of Qinghai province, the effect of gene polymorphisms on
cheese coagulation characteristics was analized. Yak milk somatic cells were extracted, and
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis technique
was used to extract DNA for PCR amplification and enzymatic digestion, followed by gene typing
based on electrophoresis bands. Yak milk proteins were also extracted and high-performance liquid
chromatography (HPLC) was used to analyze the chromatographic profiles of various samples
compared to the standard samples, with a focus on peak time and peak shape for gene typing. The
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rheological characteristics during coagulation for different genotypes of yak milk were determined by
rheometer. Cheese coagulation time was recorded, and cheese yield was calculated. The results
showed that there were three genotypes for the x-casein gene in yak milk, i.e., type AA, AB and BB.
The analysis of the three genotypes and coagulation characteristics showed that the A allele was
favorable in terms of coagulation time. Similarly, for the ay-casein gene in yak milk, three genotypes
(AA, AB, and BB) were also identified. The analysis of the coagulation time, cheese yield, maximum
dynamic viscosity, and maximum shear rate revealed that the B allele was favorable. The above
results suggest that both k-casein and ay-casein of yak milk in seven Qinghai farms have gene
polymorphisms. The A allele in k-casein and B allele in oy-casein are the main effective genes
affecting the coagulation characteristics of yak milk.

Keywords: yak milk, protein polymorphism, high-performance liquid chromatography, polymerase

chain reaction-restriction fragment length polymorphism, coagulation characteristics
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Fig. 3 HPLC chromatograms of milk protein standards and samples from different pastures
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Table 1 Dynamic viscosity physical property parameters

. VG HERE | o H R
(mPa-s) (mPa-s)
1 16.3 46.0
#H 2 14.7 126.4
#0% 3 13.8 55.4
e 13.9 51.3
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#H 6 14.8 e
s 7 19.7 54.7
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Fig. 5 Changes of shear stress during coagulation
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Table 2 Physical parameters of shear stress

VISR A | IR/
mPa mPa
Lyl 490.0 1 641
W 2 440.1 3792
et 3 412.8 1 662
Wit 4 416.8 1538
W 5 432.9 1 806
M7 6 4442 1 654
B 7 591.7 1 642
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Table 3 Coagulation time and cheese yield of samples

3% BEFLIS B /min | WIE& SR /e | WAEEIS R/ %

iz 1 14.33 6.721 3 67.21
Heds 2 19.63 8.386 7 83.87
Wl 3 19.07 7.424 5 74.25
g 4 18.08 7.510 9 75.11
iz 5 10.77 6.630 7 66.31
7 6 21.02 6.623 7 66.24
Wl 7 10.83 7.433 4 74.33
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Table 4 Coagulation characteristics of different genotypes of x—casein gene in yak milk

IR IR

RSN IFHE/

Bk BI I F1/

KBTI 1/ HEFLI a)/ ImE AR/

(mPa-s)

mPa mPa min %

AA 14.933+1.367 75.933+£29.933 447.633+38.833 2 365.000+£724.000 17.677+1.393* 75.277+8.067
AB 14.500+0.120 60.200+5.000 432.900+9.000 1 806.000+46.000  10.770+0.100" 66.310+0.000
BB 16.800+2.900 53.000£1.700 504.250+87.450 1 590.000+£52.000  14.455+3.625" 74.720+0.390

TE 58 a Fl b H78 22 57 3 (P<0.05) .

x5 EHHa, HEOFARERBMEIFE

Table 5 Coagulation characteristics of different genotypes of a,—casein in yak milk

s | PVRRBIIRREE | RRBJIRE PIAasI N )/ R RBYIN A1/ F‘f&i?Lﬂ_a‘l‘Eﬂ/ WimgRTR/
(mPa-s) (mPa*s) mPa mPa min %
AA 14.8000.000 53.702+0.000" 444.200+0.000 1 654.000+0.000" 21.020£0.000°  66.240+0.000"
AB 15.475+1.675 55.40024.100° 463.550+50.750 1 662.000+124.000"  14.688+3.917"  69.540+3.230"
BB 15.5000.800 86.200£40.200"  465.050+24.950 2 716.500+1 075.500" 16.980+2.650"  75.540+8.330°

R a A b Fon 22 5 W3 (P<0.05)

IR A (2 4 2E AR ) FLh T &k
o B 6 N HRAE R4 Y 3L R G 5 . LALAB |
BLG .CSN1S1 .CSN1S2 .CSN2 #l CSN3 (o —LA ;B -
LG ;a,~CN .a,~CN B-CN il k=CN ), —86 y— it
FIJE R (CSN=-3) T 5E CL 2R B T 2 2850k 5 45 (o 3
DRI R 5 DR 7R 2 5 i s LR B, 3X D 22 A M S I
Bl TAEASBMEATREE b RA T R 5=
(hnm L 2 4 A A B 2% ) 78 B PR I R R
IR I ASEA  RARHILEA AN
M H B, Caroli 48X w— M B (LA A 5 Bon T
DNA FIEE H BUKCF e B 2, IR 2k 1L
FhAS 21 A/B BT 7346 5 55 TV A7 A )
G WA ¢ AR 7 A 5 SR U D111G
S HET RS K, k- R 13 R E AT
6q31-33, 47 3 NS EE N A B F, [RIBT B9 % 31
o g T AR R kT B A S SR IRl 0.79/
0.781 0,B AL FE M 0.21/0.219 0%, A 55
YRR L k- R 1A S5 07 56 AR 0.384 6,
B & KL BN 0.615 4, 534 HF 5% 707 r 48 4
FLAE L, FEAFL kR A SEAL SRR 8IK B
A L DR A i, 3 P BE L AA (AB BB #8453
512k 0.307 7.0.076 9.0.615 4, k- 119 BB J& 4
RUNT A 1, ke~ R 1111 AB 3k PR BT R B A1

AW FE R AL 5T 4 S50 731 3k far 30
W4 kMo~ E H A 4 F 5L A BB AB.BC,
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