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Effect of Cold Storage on Quality Characteristics of Raw Milk
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ABSTRACT

This study was carried out to investigate the change of components which raw milk has during cold storage. General

component content of raw milk (fat, protein, lactose, total solids) was decreased in proportion to the length of cold storage.

The pH of raw milk was decreased in according to the length of cold storage. In electrophoresis images, /-casein which

was one of the composition of raw milk was decreased as the period of cold storage extended on the other hand, the content

of Ca and P in the serum casein was increased in accordance with the length of cold storage.
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Sk otk fgtk o] A2 W2z} F<tell Ca phosphate®] 7H-
sh= B-casein?} micelle Atolol] The] &S &F= Ca phosphate
o] FEAA A= B-casein micelle Atololl= A ARt
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WA mAEe] A o]5o] Aakst &l & ¢
g fehl A ] Wste WA RS &9 fAEY] 4
FA e Slef ul¢- F2 gk a<le] H=vl(Law, 1979), ¥ 73
AEE AF W F Aldo] oF 8~20% B oF 80%7}
WEA protease H lipaseE A48, I F 30~40% ©]7¢
o] Pesudomonas®- B33 )2, Pesudomonasts Dol 2F
Sl gram negative nonsporeformer2 ©]el 2J3l] A WLEA
protease X lipasei= F]A EollA] A4tEl & M E 92 Fu|F

o casein’} X W+E Eallste] f2] T 232 9

a

i



60 S=ER7IS7IsnE=l X M293 A1

Z(2011)

A5 A3IA71A FtiBarach et al., 1976). Overcast2} Atmaram
(1974)2 $-Fll P. fluorescenss HE3FaL 3~5TCoNA A%
DRYUA 3 -casein®] L73| peptideZ w3 = Atk B I3}
on, +/E IF AL o LH“”’“”V@%OH o) gk frhul
A sk Aol A AstgtEo] HAasta, Widel H|A o]
2V} A A sk HE 2 v ek A A4S (NPN)©] S7Fshs EH
2 Yehdoa 3ok
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1. A2 (Raw Milk)
LHe 42 AN FA% Ao /5 A=
o, 452 ¥ 4

HolA FFol Algst o
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T, 19, 29, 392 AL 21%*3}04 v A skl

2. ¥ 7(Raw Milk)e| utdE EA

A Ao} casein AlZ $ AB9E F7 9] Y-S Milkoscan
4, A%, §9, IS 5—/51?5‘}"313}.

3. Yf(Raw Milk)e| pH X

pH= 2173 pH meter(Mettler-Toledo GmbH 8603, Seven
Easy, Schwerzenbach Switzeland)E A}-8-3le] &7 3} th.

4. Casein Micelle2] H7|¥E

A E2] AT E 9R/E 3,000 pmell A 30(5T) F9F A4l
wEste] A AAStY, $F SRTE 45k 01N
HCIZ pH 4622 A3 & SIES thA 0.IN-NaOHZ
pH 6.72 X3t A & %Zé Z3+ 1%(10 mg/mL)Z
STl SMAA FAHZE AREE AHE A THDavis 9}
Law, 1977). SDS polya-crylamide gel %1719 %2 Laemmli(1970)
o] Woll e} 14%2] separating gelS AFE-3FATE A1EE 1%
SDSE £33t stop solution[1.25M-Tris - HCI(pH 6.8), glycerol,
10% SDS, 0.1% bromo-phenol blue, DTT(Dithiothreitol)].2- =
7H&-3kate] 95~100TColl A 227F 748 WA § 271
% “X](PowerPac Basic, BIO-RAD, U.S.A)° A4 30 mAZ <F
3037k loadinga}t Atk 717199 F©] 2t gel> staining solution
[0.1%(w/v) Coomassie brilliant blue R250, methanol/DW/acetic
acid(45/45/10, v/iviv)]ollA A1 &, destaining solution [methanol/
acetic acid/DW(10/20/70, v/iv/v)]oll Al B4 & bandE 251 Th
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5. Crude [-casein® &£H

Crude f -caseine Salam(1974)°] ]—%55} A ==
HHE 3,000 rpmol| A 3087 YLAEE T 4ToA 2417
HAANA NS AAIATE AAE casein> A4
ste] SHFR 33 o) SIS, olwf 0.IN-HCIS )&
o] pH 4.6% FA AT FAE casein T HTl 1417 &
oF X3t & 0.IN-NaOHZ pH 7.07}4] A 5le] A% casein
solutionS 4C2| {2 3435t 4Tl A overnight A1 %
t}. Casein solution®] A& A AL 38CE 7FE 3]
casein solutiond] &< F7] #1384 15 g9 NaCl& #7}3f

Atk

6. Serum Casein & F7|&(Ca, P, Mg) &4

Ultracentrifugations #]-&-3H= Lonergan(1983)°] **Hell u}
2} 20°Col A 20,000 rpm =2 Fig. 13} 7o) Ao} )32
serum casein< Ca, P} MgS &4 3t=0] o]&3tt

2714 24 AHEAe) 1.5 g9 sample 35}
600 Coll A 2A17F 0]/ 3] 3hgh Sofl WAl A, HCl(1:1)= ¥
3L ko] At o] Sk wj7kx] 50CE 7+ Esliste] ot
AlZ] & o el 8 8] 24 35le] jep-OES(JY 38 PLUS, Jobin Yvon,
France)Z =7t th. olull Cazt P2] 7Z$-oll= 50x50u) 3]
Aete] SAAoH, Mgl 7ol 508 343t 57
i

7. A2

S A E24 2 SAS program(Statistics Analytical System, USA,
1999)2] GLM(General Linear Model) procedure*E—’ 3kl 4
stlaL, M gt7he] W7 vl =] 7% (Duncan's

&8k TrJ"é AR (p<0.05)= AAlst

multiple range test)=

Aok,
da g 3
1. 42 (Raw Mik)2] YutxA
A5 AVEAS Table 13} 2} 7 0L 14:@1 2
el Ank AR e A 397 el s,

’ Sample ‘ ultracentrifugation
1 hr, 2,000 rpm
]

Fig. 1. Pre-treatment of milk for analysis of mineral.
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Table 1. General components of raw milk during storage period st ek pHeE 979 vAESH 225 veR o
Days of 5C storage Tl e sty Alsd.
Components
0 1 2 3

Fat 3.97° 3.91° 3.91° 3.63¢ 3. Casein Micelle2] H7|9 S

Protein 3.07" 3.06° 3.07° 291° 74 71Z¥ sodium caseinateS 14% SDS-polyacrylamide
Lactose 4.68° 4.68° 467 4.46° gels ol&st] 171953 A= Fig 290 ZUTh B3
TS" 12.58° 1251° 1251° 11.89° €] casein<> casein micelle®] 232 & 2]= E&(50~300 nm)

£ A8t FF Foll st dloH, o] HdA= a,
B-, k-casein?t Z, A ol iAol ATHAddeo
et al., 1977; Rose, 1968; Talbot et al., 1970). Lee 5(1991)
SDS-PAGE®} 544 719 E(IEF)< o]&ate] 9

Y TS: Total solid
"¢ Mean values with different letters on the same bars are signi-
ficantly different (p<0.05).

[e3e]
‘I“ITD]'

ST HE 1258%°1A ) ©o] A3E A2 AFE LE dF w2 & B Ete] casein = 3709 FL caseing W &3] £
oF Blwatd, S A A2 A4 29 F7HA fol A Abe] ANA @, B- k-casein®] EAFo] z}z} 32 KD, 30 KD %
7 fldlen, 39 Foll §94 ztolE YER A thp<0.05). 27 KD7} B B oFJth Fox(1981)E $-f Woll &A=
T3 A, £ T2 AR ARG 717e] 2° A= 2% casein A 5 F 50% HE EAFE @ -casein®] EATFS
A2t A AR 3Y Fols AA R 3.63%, T2 22~25 KD =&} 33t

291%, & 4.46%, =IIFE 11.89%) Histe AR Fig. 29} 720] %9 caseine 22 KD} 36 KD Alo]o] &
1237 9= A= ae, B-, k-casein bandS YERASITH o A2

Aylmard 5(1980)¢] Aol A= 5C A& A7 Al casein nit-
rogen ¥ A7 717ko] F7hgtel whek 2
2 4 AL AA A] 29%(whey nitrogen/total

A A 717V0] Ao ural A7) G54 B-casein®] W3}7}F U}
Eluith AR FF A% AZFH sodium caseinateol] = H
71954 1 band7} HE 3] L]—E}}(}\LE_L].’ & A2 7] 7

F23F A, whey

nitrogen &%

_4_4

nitrogen)°l A 30%=Z 5718F90H, 102 A& A4 Alol= o] Aol whabA] ZHA FAS VAT o] & 22 [
31.8%7kA F7bstAthal Balsksith EAo AAE= casein®] THS D79 Xii A 717ko] A

E AFANAME o]e} mpR7EA R A 7]7ke] o] e ol et AhF oz o AA diEol e Aoz 4
et A, g fdo] FUkEE Ade JERIIT o] g 4 9S Aot}

A= Az
A,

AsA7E 2Eld T 7AT

Al TS

Hr
kﬂll

Are M2 ME F pHel sl

Table 2= 972 A2 A7 717bol| w}2 pHe| WHelE U
bl otk A9 A2 A 717ke] Aol whe} B &
o]F Aol UER ATHp<0.05). FH T A5 Af9
pHE 65921, 24, 38 AL A4E 979 pH~ 74z}
6.43, 6,452 A7 717 247MA = A% AN, A A
A 3d FolE 6182 F43] FasAth Aylward(1980)*
5ColA 2¢ A% Al pH 6.8491 4 pH 6.81% A% 7H4 5%
ATk cheese T&< 8%7F Aadt 2345 ety B

Table 2. Effect of storage of raw milk on pH

Days of 5C storage
0 1 2 3

Fig. 2. SDS-polyacrylamide gel electrophoresis patterns of sodium
caseinate. Gel was electrophoresed on 14% SDS polyacrylamide

pH 6.5" 6.43° 6.4° 6.18°

*~ Mean values with different letters on the same bars are signi-
ficantly different (p<0.05).

under an identical condition. Molecular weight standard (a); 0 days
of 5°C storage (b); 1 day of 5°C storage(c); 2 day of 5C storage
(d); 3 day of 5 storage (e).
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4. Crude (-Casein &zo| w3}

Fig. 32 Afre] A& 274 717kl wE crude B-casein o

ol WstE vekd Ao 2% -f 10 mLolA]
crude S -casein®] gollom, 1Y AL
e 032 g0 2 7H4ske 24, 39 AR A4 7]

7ro]l Aol what 031 g, 030 g & 214 2po] S vreh

ATHp<0.05).

A 29| casein micelle> F2 Ca2l 93-S O M (Brunner,
1981), Ca2] &4 3ol s, B, k-casein®] AT 2ol 2|a)A
27 50~300 nm(500~30004)2] A7+ A =0, casein
micelle®] B934 5 59 IS WHerh(Slattery, 1976;
Webb et al., 1974). 53] [-casein= 8C ©] 3}l A= micelle
ZHE 2= o] serum casein® Z Ho|EH, 4TCoM= &
2ZbgFo] 74 -2 monomer A EIE A S TH(Downey et al.,
1970; McGann et al., 1979). Rose(1968) =3+ 9535 AL A
AAS A dAL micelleZFE casein®] LF-7} 3l E]
5o} B AR ol 9lom, gk B} i op7he] 23H
FEHE SATT ATk o] 84 Tl A g RE 8-
casein®| THDowney £} Murphy, 1970). Lenoir 5{(1974)3} Ichilczyk-
Leone 5(1981) 24~48A17F A& A4S -9l soluble
casein oF 48] A7} Z713itiy HISROH, Al 5
(1980) 100%7}F S 7Fstokal B a9tk o] micelle®] &
F3717F =&l fell ) casein®] 2ol <JsiA AR
gy E g Uk

Alichanidis®} Andrw(1977)= W mlAEo] Aibkst=
protease®ll ]3] casein®] -3 E|AA] @-casein B S -casein
o] A3] TAasls ASE H Y52, Barcah 5(1978)

2 YA mAE oJs]A B-casein®] a-caseinkE. T} TS
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Fig. 3. Effect of storage of raw milk on crude [ -casein content.
" Mean values with different letters on the same bars are signi-
ficantly different (p<0.05).

A EE T s Th Kim(2006)> H-fell Al 2 s P
Sluorescens SDC 1099141 A2 A7 F frel ¥ protease- S -
casein® 37} 7Hg & o] FolA &= V1A Holds MRS
™, whole casein, @-casein & x -casein =22 YEIYT T 3}
Ak

Chen} Yamauchi(1969), Lonergan(1983)= $-#5 — 7Tl
A -10CQ /\°] subfreezingoll A 7] A #-3F
caseinate 3 A =S #HA3HOH,
FH YERF= ATE AH HEse
Ak

upEba] 2 AEeA o

serum casein® = | 2] = o] A7 7]7ko]

sate A%e JeiAga e,

A} calcium
o]#H 3 2ol A F7] A

BA gt o

9] A A% Al crude [ -casein

Aol whe} 7t

5. Serum Casein & F7|&(Ca, P,

Mg) %

Table 3> A2 A& A% 7|7kl WE F7]% (Ca P,
Mg)®] stFe] ®istE yEhd Zlolth I 259 df
o] Ca $F2 0.08% A2, A A7 7|7ko] e we)
1Y Foll= 0.09%Z ~7}0P°4 2,3d Fboll= dAT 72

fFrASIAT TR AT Ao P T 2.13%A S
o, Cad} PIR7RA R A2 A7 717ke] Aol wet 19
d, 3 Foll= zHzt 2.14%, 2.18%, 2.26%2 S 7}Hate 75‘6;%
< YERRTE Mge] Ee BE ATl 0.09%E 478
g 3 YER AT

Quist(1979)2 5CollA AFE A7ggol wet Cadt P2
micelle Well A s 2]¥]o] F=7F Frtehs 2= & 4934
A X5t} Alice?}t Gerard(1981) F=3F il d Heg&E2 S
4°CollA 24X 7F 27 Al Cagt Pol S7FATHAL 81 Th Davies
9} White(1960)- co-lloidal phase<} soluble phase AF°] & T4
&t 7714 T2 =X ¢jE =1, Ca phosphate”} i
2~} (disperse phase) & ZF-E 7183} gl wet 84 Cad
& A ZdEfell A S7FTRAL 3FAATE Jenness @t Patton(1959)
S Ca phosphate?] 7FH-AS 7FA L 9191 colloidal phase<}
“&(aqueous phase)®] Ateloll A W EHE o)A of Cad} P> =
of oJEHE A4S 7HAA v &k

U

Table 3. Effect of storage of serum casein on mineral content

(Unit: %)
Days of 5C storage
0 1 2 3
Ca 0.08 0.09 0.09 0.09
P 2.13 2.14 2.18 2.26
Mg 0.09 0.09 0.09 0.09




Mz Wzl A7l FHo| 71x|= o et A+ 63
Z! 3 AI. _9_| = 11. Jenness, R. and Patton, S. 1959. Principles of Dairy Chemi-
stry. New York. Wiley.
2 ATE sEHFMAET sEFE7 789 12. Kim, C. H. 2006. Characteristics of protease originated from
o] AFH] Aol o) o]FojFom olof FTFALEHU T Pseudomonas fluorescens SDC 109 isolated from raw milk.
J. Dairy food Research. 18:128-132.
20235 13. Laemmli, U. 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature.
1. A.0O.A.C. 1990. Official Method of Analysis. Association 227:680.

10.

of Official Analytic Chemists. Washington D.C., U.S.A.

. Ali, A. E., Andrews, A. T. and Cheeseman, G. C. 1980.

Influence of storage of milk on casein distribution between
the micelle and soluble phases and its relationship to cheese-

making parameters. J. Dairy Res. 47:372-382.

. Aylward, E. B., O'leary, J. and Langlois, B. E. 1980. Effect

of milk storage on Cottage cheese yield. J. Dairy Sci. 63:
1819-1825.

. Barach, J. T., Adams, D. M. and Specck, M. L. 1978. Me-

chanism of low temperature inactivation of a heat-resistant
bacterial protease in milk. J. Dairy Sci. 67:523-527.

. Barach, J., Adams, D. M. and Specck, M. L. 1976. Stabili-

zation of psychrotrophic temperature pseudomonas protease
by calcium against thermal inactivation in milk at ultra
high temperature. Appl. Environ. Microbiol. 31:875-879.

. Chen, C. and Yamauchi, K. 1969. Properties of acid casein

and casein micelle from milk destabilized by frozen storage.
Agr. Biol. Chem. 33:1751-1757.

. Davis, F. C. and Law, B. A. 1984. Advances in the Micro-

Biology and Biochemistry of Cheese and Fermented Milk
Food. Elsever Applied Science Publisher, England.

. Downey, W. K. and Murphy, R. F. 1970. The temperature-

dependent dissociation of [-casein from bovine casein

micelles and complexes. J. Dairy Res. 37:361-372.

. Hong, Y. P. and Yoon, Y. C. 1984. Change on bacterio-

logical parameter in raw milk during cooling under low
temperature. Korean J. Dairy. Sci. 6:120-125.
Ichilczyk-Leone, J., Amram, Y., Shneid, N. and Lenoir, J.
1981. Refrigeration of milk and its implications in cheese
making. I. Effects of refrigeration on the physicochemical
and coagulation properties of milk. Revue Laitie re Francaie.
401:7-14.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Law, B. A. 1979. Review of the progress of dairy science:
Enzymes of psychrotrophic bacteria and their effects on
milk and milk products. J. Dairy Res. 46:363-371.
Lenoir, J., Veisseyre, R. and Choisy, C. 1974. Cold stored
milk, raw material of modern cheese making. Revue Laitie
re Frangaise. 322:1-7.

Lonergan, D. A. 1983. Isolation of casein by ultrafiltration
and crode-stabilization. J. Food Sci. 48:1817-1825.
Overcast, W. W. and Atmaram, K. 1974. The role of Bacillus
cereus in sweet curdling of fluid milk. J. Milk Food
Technol. 37:232-238.

Pyne, G. Y. and Mcgann, T. C. A. 1962. Proc. XVI. Int.
Dairy Congr. B:611.

Quist, K. B. 1979. Reestablishment of the original rennetablity
of milk after cooling. 1. The effect of cooling and LTLT
pasteurization of milk and renneting. Milchwssenschaft.
34:467-469.

Rose, D. 1986. Relation between micellar and serum casein
in bovine milk. J. Dairy Sci. 51:1987-1902.

Slattery, C. W. 1976. Casein micelle structure: An exami-
nation of models (Review). J. Dairy Sci. 59:1547-1556.
Talbot, B. and Waugh, D. F. 1970. Micelle-forming cha-
racteristics of monomeric and covalent polymeric  -casein.
Biochemistry. 9:2807.

Webb, B. H., Johnson, A. H. and Alford, J. A. 1974. Funda-
mentals of Dairy Chemistry. avi. Westport Connecticut.
White, C. H. and Ray, B. W. 1977. Influence of heat treat-
ment and method of acidification of milk on manufacture
and properties of Cottage cheese. J. Dairy Sci. 60:1236-
1244.

(Received 2011.6.14/Revised 2011.6.24Accepted 2011.6.27)



