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% Wbt (n=38) . R4 (n=85) . WKL (n=18) MPE[IEH/RF (n=20) FFLHIK
AU R, JRFEE KRR . RA . RS RS, JEo MK S AR AR R e . 4
T AR B R P B R LUK 4 B — 0,589, —0.587 ‘CAHI—0.582 °C, & EALT IR
401 —0.555 'C (P<0.01) ; a4, s 3PS s 2R R 35 7R 2 1 L b R i i 5 43 39 o 52.21 X 107,
56.06X 10, 48.67 X 10" N/mLA145.45X 10* ~/mL, MH & HEZEFALE (P>0.05) ; HEEMILEERS
#411.70 mg/100 mL, &3 & T4 #17.63 mg/100 mL (P<<0.05) , W &% & T76113/K4-#14.81 mg/100 mL
(P<0.01) , mFUHEKEFRSSI mg/100 mL, HEFALZE (P>0.05) . Pearsonfik M LRV
SR A P A FL UK S A B AL R A (R TE R G PE (P>0.05) , MLk S AR . AR E
FI LRI AR AT A 20 2 25 TEAH DG (P<<0.01) , PO /R A FLIMVK S S FLBE A FLAR TG [ 9 & 2 2 AR5 2 IEAH G
(P<0.01) , 5ALEEYELEZEIEMHX (P<0.05) ; XSTAMIAFE (n=161) WEEHEAH M4 R, WK
HEFRER . AEA. ALEEY S EMAMEE QY 2REZ EMX (P<0.0D) , SARI0MECE B3 FAMHK
(P<<0.05) o AHFFTERN HadELE . fwde A B 4= FRAL VKSR, IREHEME, WS EfbEE
e AL Z TR M RS S %
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Freezing Point of Milk from Yak, Cattle-Yak and Cattle and Its Correlation with Physicochemical Properties
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Shangri-La 674401, China; 4. DHI Inspection Center in Kunming of Yunnan, Kunming 650041, China)

Abstract: The freezing points (FP) of raw milk from Zhongdian yak (ZY, n = 38), cattle-yak (CY, n = 85), Diqing yellow
cattle (DYC, n = 18) and Simmental cattle (SC, n = 20) were measured and correlated with other physicochemical properties
including somatic cell count (SCC), and urea nitrogen (UN), fat, protein and lactose contents. The results showed that the
milk freezing points (MFP) of ZY, CY and DYC were —0.589, —0.587 and —0.582 °C, respectively, which were significantly
lower than that of SC (~0.555 C). The SCC in milk from ZY, CY, DYC and SC were 52.21 x 10%, 56.06 x 10%, 48.67 x 10
and 45.45 x 10" cells/mL, respectively, which were not significantly different from each other (P > 0.05). Milk urea nitrogen
(MUN) of ZY was 11.70 mg/100 mL, which was significantly higher than that of CY (7.63 mg/100 mL, P < 0.05) and SC (4.81
mg/100 mL, P < 0.01), and higher than that of DYC (8.51 mg/100 mL, P > 0.05). No significant correlation was observed
between MFP and any other physicochemical index for ZY and DYC (P > 0.05). MFP was highly positively correlated with
milk fat and SCC of CY (P < 0.01), and milk lactose and non-fat solids of SC (P < 0.01), and positively correlated with milk
total solids of SC (P < 0.05). The correlation between MFP and other physicochemical indexes of all 161 milk samples tested
was analyzed using Pearson correlation. The results showed that significantly positive correlations between MFP and fat,
lactose or total solids content (P < 0.01), and between MFP and SCC (P < 0.05) were found. The measurement of MFP, SCC
and MUN in raw milk from ZY, CY and DYC can provide an important reference for pricing of fresh raw milk based on its
quality in the future.
Key words: milk; freezing point; physicochemical indexes; correlation
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Table1l Basic information about raw milk samples collected in this study

A e LIER R PEIRR R

PR 38 85 18 20
s 7.84+2.14  8.5243.13 9.334+4.27 5.90+2.02
ik 2.58+131  4.08+2.77 5.334+3.68 3.40+1.60
WAFLINF)/d 170.53 £83.10 197.28 £98.30 161.114156.98 167.90+71.66

S-470i5 7. S-6060 Zeroik 4. Fossomatic™ ik
7D+ Fossomatic™ZZ il FOSS CHE) ARAF;
Broad Spectrum Microtabs® Il BiiJ& 71 3% E Advanced
Instruments A 7
12 a5k

Combi FT+ L - 40 BB LA AL PHEEFoss
ANFE KR R R AT
13 5k
131 BRI GRE

YRR EAFEBRRI, RAMWDE LS
MyIFEEYRE, 2. KEILFAME, & FFEL
A= D B T BERIREFT 5 WA T 2 e B 3 4 DU
T, IFAMAD R RIS E GE R+ SRS
A - WG RASR A&, AR, +5
&, BBk,

132 ARSI E

SR o 25 S R 7 B 77, BURE S TN DK A V4 R R
TE, NEEAH UK B MIE H, 7E24 hy ik 25050
o FUFERIEN T vEZE, KEMAZE. FUAEH]Combi FT+
FU RS - PR A0 S IS DU A 72 LB AR b, A5 SR 0
TE. AEASE. AMSE. AAEEYSE. LR
WY E & MFP, JUARAIERI AR R A S &

1.4 Hshbs

S8 U 2 Excel 200780 EAT 4 B, SR AISPSS
18.0% £ VEOne-way ANOVAJ; 4347, 18 LADuncanilt
ITZ H R FLERALFR bR 1) (1) A O 14K F Pearsoni#k AT
3.

2 #R5HW

2.1 pEgEAE. B4R PR AR AT T3S R A IR LA AR
fi. EES =LK

FLIEW S BB N E2. WA T HmmE40.87%
(P>0.05) , %3 m T i PR BT 4= Ao ] 8 /R 4
2.36%M4.15% (P<0.01) ; wf4edJR e 1l K 8
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H1.49% (P>0.05) , EE®RTEITE/RKA3.28%
(P<0.01) ; WREFDE®THEIIERFEL.79%
(P<0.05) o H4eds. fde ddpe s 24 Fph 13 /R
A JEFLIE T & B R R R B0 835.21% 31.19%.
68.16%F178.48%, VAVG[13&/RATK, M. %4
Tl 1) LG 17 25 R A7 AE AR ) 22 B K () 1), I AT R
5 S R ER R A K.

F2 O PWEES, W, MBI R AR LB AR AR L

Table2 Comparison of physicochemical properties of raw milk among
Zhongdian yak, cattle-yak, Diqing yellow cattle and Simmental cattle
i EP’B@#%#E %@tF iﬁifjiﬁfﬁl: El‘iféfﬂtl:
(n=38) (n=85) (n=18) (n=20)
FUIHG & =1% SSIE104" 6384199 4024274 2234175
ARARED 4674050 4172050 3941097 354£027€
AlkA LI72035% 1532045 1012055 0.65£051€
R E% 5134035 494£024°  504£033"  4.86+040°
FRETE 8% 18805281 1789£323"  1446+430°  123242.66°
AAME NG 2% 1194£047"  10542088" 1024121 10.1040.48"
MFP/C —0.5890.008" —0.58740.022" —0.58240.012* —0.555+0.008
AEMIEY (10 AMmL) 522142708 560644504 486746332 4545+42.99
JUREREE (mgl00mL)  1170£5.92"  7.63£492" 8514434 481£1.10%

W AT FEARRRERRE (P<0.05) 5 KETFHARHE
INEREE (P<0.01) .

AEASERRNE2, RS EER TRWE
0.50% (P<<0.05) , i35 T e 4= AvE 135 /R4
0.73%M11.13% (P<<0.01) ; HwEH e & m T 18 R4
0.63% (P<<0.01) , mTI#RE40.23% (P>0.05) ;
MR E A TR /R4:0.40% (P>0.05) . a4
A0 MRS PRI TR RAE A SRR AR
ZAHAHIN1071%, 11.99% . 24.62%F17.63%, LLid P
B ROR, AT TR RN

AMEEA (MABSESAEARE HRED
RV ok K e ek s SN iy a RS W S
BEE TR (P<0.05) , W52 T B ik 2
FAPGTTE R (P<0.01) 5 HR4EA M E 2 m T a1
R (P<0.01) , HEREFUREFARE (P>
0.05) ; WA RE S T E/RE (P<0.05) . H
MR WA PR E AP IS R R AR E AL
(AR S5 R 1 929.91% . 29.41% . 54.46%F178.46%,
PAPE T3 /R K, - dme/N o
22 REREAE. PR BT AR AP T3 R AR IR AL AL
Wi B LR

AN SRR R2, RS EE R TR
40.27% (P<<0.05) , Tfafesd:. Hwa. P A4 6] 2%
FRARE (P>0.05) . AL W wpRE 4 AT
13 R SR AN AR 5 R A N6.82% . 4.90%
6.55%H8.23%, PUITIE/RFHK, WMdf/N. RHAMH
e it P ) UK B B AR R AR

23 hfdEds. dAe. o PREE AR RNV [ TR AR SR AL R
[ AR RE T & 2 L

FL S ETEY & BN L2, PaEd . WEr
LA [ T W W e T K R AR AT 3SR R,
L o R 2 43 ) b ded DS B A AN TS R 4 R 4.34 % il
6.48% (P<<0.01) , 42 43 ll B PR A= A v ] 35 /R 4
3.43%M15.57% (P<0.01) , aEd- 5wt il
REA SIS R ESARE (P>0.05) . Fif]
LR MR PRI AN 1 R4 R LA E RS R
A S R4 R 14.95% . 18.06% . 29.74%F121.59%,
USSR TS S SR

FLAEMGFE & 2 b W &2 . A dE 4 AL ARG
[ T2 90 43 Sl A S5 2 v T A L R AR RN U TS R 2R
1.45%. 1.75%11.89% (P<<0.01) , Hw4d:. PR
PEITERAE I E R AR E (P>0.05) o PaPES. 4
Aoy Jd PR AR RV ) B 7R A B L AR M 1B T 4 & s AR S
BB N3.92% . 8.35% 11.82%H14.75%, LLid PR #E
AR, PR
24 hEEEA. WA, EPREE A FITE T3S /RAEMFP, &
Y M BOR R R A R R

MFPLVEE WLAR2. W Eaf . o R PR3 4 FrIMFP
b= AR E (P>0.05) , {HELPH TR 44 5 M 5
#1£0.034. 0.032 ‘CA10.027 C (P<0.01) . wm4Es:.
B2 PR AR A T3S R AR IMFP 18 5 R 500 N
1.36%. 3.75%. 2.06%F11.44%, Vlm4A-fck, et
/e

SR E AR EMMEP A T 4 B R, #F.
KA ZEMFP S A (—0.598+£0.023)
(—0.584+0.008) ‘CHl (—0.579+0.014) C, LIFEF
MIMFP AR, 2 E T HMHZET (P<0.01) , H
. AFURERALE (P>0.05) .

2 PR % (somatic cell count, SCC) H# L
2. SCCUMR Ay, L UCR A fa) 46 48 Fddh PR 3 4,
VaI TSR &I, HERAEE (P>0.05) . FftE
Ay Bl PREE AR ANVE TS R IR AL P SCC AR
ZHHIN51.87% . 80.34%. 130.10%F194.59%, L)
R AR K, PR RN, TR R & A R L
SCCH IR K .

AJRE % (milk urea nitrogen, MUN) & 4%
W22, MUNULH & 44 e, 70 135 R 2R ik
Hh ) B 2R 43 S LG A 3l PR ARG ] 3 R 4 4,07
(P<0.05) . 3.19 mg/100 mL (P>0.05) A0
6.89 mg/100 mL (P<<0.01) ; K34 Lt | 11 /R 41
370 mg/100 mL (P<<0.05) . e, 4 JhpRsE Al
Pa T3 /R IMUN B 2 148 7 R 30053 50 8150.60% - 64.48%
51.00%F122.87%, VMWAER, TOI1ERAE/D.
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#£3 MFP5 R {biRtiPearsontt X 5347
Table3  Pearson correlation correlations between milk freezing point
and other physicochemical properties

MEP
il ~ il A
voer we e TR
RS 0.167 0.351%# —0077 0.362 0.470%*
AEARE 0222 0.109 —0.044 —0.037 0.281%#
AMEAk 0.09 0.349%* —0.128 0.341 04443
LR —0.056 0.108 0.160 0.676+* —0.182¢
ABERISE 0.175 0.056 —0173 0459+ 0.313%*
AERERIEE 0186 —0.125 —0.19 0.746%* 0.090
Uk 0,036 0,288 —0.294 —0.155 0.183*
AREREE 0.396 —0.145 —0222 0.364 —0.059

W e MR FEMSE (P<0.01) 5 « BFEME (P<0.05) . [,

MR, AL FIMFP S L& B 2 A W3 7
e, HHAMEARR EAEZIEMA (P>0.05) ; 4
FMMFPE B & &, ALREAN. SCCEMEEMIE
X (P<0.01) , 5AEA. AME. FLaFEE
WEIEMK (P>0.05) , E?HEHEWMDMUNG%%
ANEFZ R (P>0.05) ;5 KA HIMFPRRS FLHE
BHEAREEMKS, 5HMBEAIER EA B E UL
(P>0.05) ; PHITE/RAMMEPS LR, FLAEE
SEBRTENIFEHX (P<0.01) , SIEAFEEYESE
REFEMIEMRE (P<0.05) , 5IMENSE. ATNE
A, MUNFEEARFEIEMHK (P>0.05) , 5AE
HEEMSCCEMNRE AR (P>0.05) o XA iBIAFE
(n=161) W& ARSI &5 R KW, MFPH A
JEWi &8, AEASE. AREAL. LaEEYS

BEEMEZEIFEME (P<0.01) , 5SCCREZE IFMHE
(P<0.05) , S5FEMmEIRY G2 2N LEEIEML

(P>0.05) , SAMEEEEZF ML (P<0.05 , 5
MUNE & 2R R E AT (P>0.05)
2.6 FUARGNRECS FLERAL TR bR AR S 1

x4 KBS SR RPearsonif R 53T
Table4 Pearson correlation coefficients between milk SCC and other

physicochemical properties
sce
Bl e
AMhiGE 0.697%%  0427%%  0.576%* 0.107 0.406**
AEARE 0.180 0210 0.240 0.521* 0.226%*
AMEAL 0.680%%  0.376%%  0.534%* 0.064 0.360%*
ARG R —0404  —0432%%  —0457  —0.693** —0.440%*
AMEREE  0635%  0227% 0.482* 0.070 0.287%*
?L%Fﬂ‘alﬁl)mﬁ% —0.169  —0.081 0.138 —0.330 —0.030
ks 0.056 0288%*  —0294  —0.155 0.183*

JEEESE —0048  —0305%  —0.172 —0224 —0.221%*

ANE AR A AL SCC S FLEAL TR bR AR S 45 2R 44
FAYE P HSCCH AN & &, FIREALL 2R ¥

EEME (P<0.01) , SABEEYESERELEEIEMK
(P<0.05) , SAEASE. MFPEARLEE EMX (P>
0.05) , H5FWE. MUNEGEENEE MK (P>0.05) ;
WA HFSCCHIARM & &, AMEAL. FAHEE
Y& . MFPEMEEIEMX (P<0.01) , 534K
SEEAEEEMX (P>0.05) , 535 . MUN

2

SEREWEEAMEX (P<0.01) , SAIEMREEY S
BEATEAME (P>0.05) ; HEKEFASCCHIL
fEWi& &, AREALEREZEMER (P<0.0D) ,
HEBEEYSEREREEMEL (P<0.05) , 53K

H. AdEREEY S EEAEEEMK (P>0.05) ,
5 M-S E. MFP. MUNSEEANEE MK (P>
0.05) ; PHITH/RAFASCCHAEASEE L E MR
(P<0.05) , 53 EW&&E. JUEEAAILSE Y
GREAEEFEMEL (P>0.05) , 5ABEEEENEE
AR (P<0.0D) , HFAAENRRETEY) &&=, MFPHIMUN
SEERNDEAMIE (P>0.05) 5 SHEHWAFE (h=161)
W 5E B AR CPE A 5 SRR B, ALSCCHFLENT . FLE
A E. AMREA LA E Y & & 20 B A G
(P<<0.01) , 5MFPEEZEIFEMX (P<0.05) , 5
MUNZE £ MAME S B2 MR E MG (P<0.01) , 53
ERRE ) & 2 AR E AAHE (P>0.05) .

2.7 FURFRR G AFAIEAR AR

£S5  HRFRAES S FRPearsontlX AT
Table 5 Pearson correlation coefficients between milk urea nitrogen
and other physicochemical properties

ARER S
bzt i ,
vt s wsopr (JI1L EETRAREY
AW i —0321  —0318* —0570%* 0212 —0.138
AEASE  —0689 0073 —0.234 0207 0.059
AMeEAL —0.134  —0360%*  —0.459 0.197 —0.144
ARG E 0.613%  0313%* 0.158 0.473% 0.367%*
JLEERMEE  —0451  —0173  —0557¢ 0307 —0.044
SARERDEE —0700% 0233 —0.197  0.678%* 0.228%#
LA —0.048  —0305%  —0.172  —0.224 —0.22]%*
LK 0396 —0.145  —0222 0364 0.059
R R it L MUN 5 0 5 31 7040 95 A 6 b 45

BES, TEEFEHMUNS BESIMESEEWNE#
EMX (P<0.01) , 5AFA. AFEREEY S =
BB ZEHAMEE (P<0.01) , SIMEN . A
FAW, ALEEDSEEAEE AL (P>0.05) ;
Wi ZEFIMUNS & 535 ALAERE D & 2 2 W5
FHIEMR (P<0.0D) , 5AEASEEAEZIEM X
(P>0.05) , S5FMEN&E. AMEECDLEREE M
K (P<0.0D) , HIALFTEYEREENEE FHHK (P>
005 ; MEKFEAFFMUNEG =SB . ALBEEY S &
EEEAMKE (P<0.05) , 5AEATE. ABEA
e AAEMREED S 'EEARE MR (P>0.05) ,
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SIS EEAEZ LMK (P>0.05) ; PTTE/RFR
MUN & &5 3R B & Bl % bR (P<0.0D) ,

5B REFE LML (P<0.05) , 5AMEN. L&
FEE. AREAL. LAAEEY S R RN R EMK
(P>005) ; X4HIFE (n=161) M EHHEAHFNE e
FR, MUNE RSN, FLANRREEY & & 205
HHZe (P<001) , HSCCEMEE Ttz (P<00D , SHLHE
SEREAEEEMEX (P>005) , SAJENEE. AR
FALAMFLA R G EEANRE AL (P>005) .

39 #

EMFP3Z “HAR” 1 “HOR” PERBERMF R, G
AeFh, WAFLMEL. RPE IR, BRI R AREL. BEA (R
RO AT BRI AR AE VR B
LA FLIE A FEE, PR RW, AF
LB IRMFPAEAE — € &R (R6) , et il
PR3 2= Al 2 MFP A S ZAIC T8 1) 38Rk 4, AR TR0 A
L T e A K N e Rt 1 < 1T
PR R B R R A BERIK AR R A A K AR A,
HE T AFERAE A T8 TR 4 B UK A 5 e i 38 4 2
FL R R, [F— P MFP A7
TR R ZER . —RIAKA (BEREE B-fdE X AR
HKA A= P BER X J8 - JE X ARk 458
KA-MFP43 i —0.537 ‘CH1—0.536 'C, B REMT
gl fh e B - 35K A4 R EE R K 2R FLI —0.531 'CMY, KA
TR AMFPR AR K A= UK. i A4 Fhid R34 (Bos
taurus) MFPH R AR T 78 T8 /K4, R AR T 07
A LETSISE AN T A (Bos taurus) S54E4 (Bos
grunniens) FhAIZ&F, FLMFP A48 2= Al PC 3 2 4],
H=FAew0n, 5285V KE (Bubalus bubalis)
AR TS RA TR Bk, ARIEAS F A I A A4
o) e A S P LT B b o T e T 9 B

£6  FHHILSMMFPLE

Table 6 Comparison of milk freezing point among different mammals
F KA/ C SCHRR YR
Ik 3¢ —0.490 [20]
TR —0.576 [21]
oy —0.520 [22]
Je HL-hr R K4 —0.531 [13]
BERLK —0.531 [13]
SRR AR —0.536 [13]
—ARIZEK A —0.537 [13]
PP —0.620 [15]
TR 4 —0.546~—0.515 [7-8,11,18,29]
FIES —0.559 [2]
IiES —0.540 [12]
e —0.589 AR
LR —0.587 ENTIF
It PR R —0.581 EN I
VG 13 R4 —0.555 ARHH 5

W EMFPH Al iH - FLh B2 . BKREER . G
REW, BAKMEMFPHE LF, AN FMFP T F%.
S fe . A NE RNk 5% A4 g FL N /K 10% UK £ 51
J9—0.515, —0.487 CHI—0.463 C"", &g vk
R AR FLIN/KS % F110% F 9K 55 43 5 F+ 750,028 °C Al
0.052 C: JEILINKA%FG% UK i L J5 2L 7 9 T+ =
0.026 ‘CF10.044 °C, JEFLIN2%H15% 3L L R MEP43 73]
BEMKO.111 'CA10.281 C™o 2.t 2E R4 2E R FLRE R
7 168 771 4 B2 32 B S 2 SU MR LR VA VRt 2 3 35 B
W2 2 Hb S 4= R0 1L 2 FIMEP,  {H 25 2E LRE A48 htd
MFPJC 55 2 52m " 1 2F 7L 28 hn i A 78t W] f HEMFP T
0.002 5 CMY, A TE H IIMEPSZ H 38 11 2515 40 H A 5
FU, EMFPULA TR (—0.521 C) , KFERIK
(—0.525 C) P, AHF 78 H i A (MFPAZ 2845 540 B 2,
PIAZE (—0579°C) &, HERIK (—0598°C) , &z
[{IMFP45 Bt 5 Hanus S R 3 A — 2 HAth4-F OMEP
R ALFEASD, RIATZT .

MFPE N EE AR E AR, SENE T & H
M4 FLAE AR v . H ST —0.499 C. REET
—0.511 C. ¥EE®ET—0.520 C. HAET—0.512C.
EEET—0.525 C. m2mT—0.510 C. mERET
—0.507 'C"'. FREGB 19301—2010 (£ i 224 FE 5 bx
e AEFLY AL A UK RS Y —0.560~—0.500 °C,
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