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Abstract

Among milk proteins, caseins are not subjected to chemical changes during heat treatment
of milk; however, whey proteins are partially denatured following heat treatment. The
degree of whey protein denaturation by heat treatment is decreased in the order of high
temperature short time (HTST) > low temperature long time (LTLT) > direct—ultra—high
temperature (UHT) > indirect—UHT. As a result of heat treatment, several changes, including
variations in milk nitrogen, interactions between beta—lactoglobulin and k—casein, variations
in calcium sulfate and casein micelle size, and delay of milk coagulation by chymosin
action, were observed. Lysine, an important essential amino acid found in milk, was partially
inactivated during heat treatment. Therefore, the available amount of lysine decreased
slightly (1~4% decrease) after heat treatment, However, the influence of heat treatment on
the nutritional value of milk was negligible. Nutritional value and nitrogen balance did not
differ significantly between UHT and LTLT in milk. In conclusion, our results showed that
heat treatment of milk did not alter protein quality. Whey proteins denatured to a limited
extent during the heat treatment process, and the nutritional value and protein quality were
unaffected by heat treatment.
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Table 1. Annual raw milk production and imported dairy products

Raw milk production in Import from overseas

Year

domestic (ton) (ton)
2010 2,072,696 1,134,828
2011 1,889,150 1,712,655
2012 2,110,697 1,414,401
2013 2,093,072 1,586,432
2014 2,214,039 1,682,529
2015 2,168,157 1,788,222
2016 2,069,581 2,285,893

Source from 2016 key statistics of livestock farming and food products
(Ministry of Agriculture, Food and Rural Affairs, Korea).
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Fig. 1. The yearly milk consumption per capita in 1988~1992 and
2012~2015.
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Total consumption of
dairy products

Consumptions (kg/capita)

vear { per capita Market milk Fermented milks (Yogurt) Cheese
(ton) (kg) Milk Flavored milk Yogurt beverage Yogurt Natural cheese  Processed cheese
2012 3,358,850 67.2 281 56 8.8 23 1.5 0.5
2013 3,582,185 71.3 21.7 5.8 9.0 23 1.7 0.5
2014 3,645,665 724 26.9 5.6 9.1 2.1 1.9 0.5
2015 3,834,096 75.7 26.9 6.0 9.3 24 2.1 0.5
2016 3,913,515 76.4 27.0 5.7 8.0 2.0 2.1 0.7

Source from 2016 Key statistics of livestock farming and food products (Ministry of Agriculture, Food and Rural Affairs, Korea).

J. Milk Sci. Biotechnol. Vol. 35, No. 4 | 271



Jung et al.

ADAAOIAT, ] P4 1,71 I 3 ol
3 4J90] Wisk, 2. 7)0) OI% Zre) sk 3,71 . 4 S

7ol 13 FAgotelrake] B8P 13k, 5, 1Al Tl
G, 6. B0 ol ek HAE v £ shtel
W7t 2 el 7l ZololA] 1 ARt Aol ZgekA @ o)
AAE Siieh, Fkso] S vl i 42 Walis v B

Au7k 8 A ok B A $AH0R AAE s,

B
L kel I $eael clets 42 v

0] Fe A, W 5, A% 5 ARAS 4% fAE 7}
397990 310V BBl el $7) A 349 o

A £3] colloid(Casein—calcium—phosphate phase)?< &

=
A 5 % e TN P ol w} g 7}l o

S o] e L2 AT ok B B AG 8
58] 9ol o= ge] QHgio] fA sl 7401 L A]o] A,
A2 9ol i Aol Emelme] ghgae] ot

S5 6% 2 5 ek 1 2 2|20 AT Aol &

Fraise] ofalx] FEoj= e Oixé 35 g8l A=(curd)E 3
gafe] A =5 AlZsARE 21 29] 240l FAL 7ML} 7}
HATbol| whbA] Gepit), 55 4 %‘OL A% ol =7t st
afo] F98 s Yol do] Atk FRAfre] 5= o] A
& 5P| flste] AlxzEAellA] o ]7}“01‘% sleteli-S H7tet
A|RE o}A7A] ool gk s}814] B AYSFelA] 2| AL ufg- Aghy]
AL Qiek Za2 Harol] ofsiA AlxEE w5 ATl A
Feds FAATIEH ol wAl ] e Ao deiA|aL
‘3} AR M E FRo|=rge] QPSR T8
8Rlo] wH, 53] 1 &af =0k #A7F 2t} (Rose, 1963; Webb
, 1974; Jenness% Patton, 1959).
o} o] -] FEo|EAte] °£‘°Vé"é% G- 2 ARl
oM ¢ FQ3F Ao g ARl glov} FRo|=ite] HokA
of #ate] glE0] wfg- Hitalx] B A7) o] FolA| L 9
o Evetar, L Alelut s Ao ¢ds] FEE AL §lA
(Rose, 1963, 1965; Fox® Morrissey, 1977; Fox, 1982).
Rose(1965)= FZo|=Ake] obdAo]| m)x]= ZHA 0] oS
Zolro] 3ol FRo| =9 317 (net charge)ol] o8k A
24 7]l QEFS WA= Q15 tisiA vt 2ol aokstar
ATHFig. 1). FZo|=e] A o] QRlE0] sitel 3
FAE o) ML FASEAN 7FE, 55, Ax Tl el 1
o] s wf FRo|=ARE EQPEAA FRo|EAte] FA3E
9l caseine M L& SashA ") F2o|=(Casein—calcium—
phosphate) & &%) casein micelle®]2} 3, 7}E Aloll+= ®AdH

ot

20

O

gO

2 ox ¥° O o o
&2
_ﬁ dlo

lo FUHJ

mlo

272 | J. Milk Sci. Biotechnol. Vol. 35, No. 4

B—lactoglobulin®] micelle®} ZA3g}3ic},

1) AAEXo H3}

G129 Ahtoluk UHT Azl oaix fehila S MAdso] i
AAAY casein®} 288t (Jennese} Patton, 1959; Webb =,
1974). whpA 7FaAe]oll SJelix] A% -2 A el Wzt
& YeRdIt BlskEe 7HEeEe) ZFAAITbol whebA TR 4 Sl
Table 32 A2} 63C, 30% 2 135C, 1~3% 713t 79 &
2wz o] WMskE yERd Zlo|tk(Shillam &, 1960).
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=2 RJZ%}E AT}
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Table 3. The effect of heat treatment on the mitrogen distribution
of skim milk

Un- 63C, 1357C,

heated min 1~3 sec
(%)

Total N 100 100 100
Casein N 75.0 772 88.8
Non-casein N 25.0 22.8 11.2
Non-casein protein N 18.9 17.0 53
Total albumin N 13.2 12.0 3.0
(3-Lactoglobulin N 72 6.6 0.7
a-Lactalbumin and serum albumin N 6.0 54 2.3
Protease - peptone and globulin N 57 5.0 2.3
Non-protein N 6.1 5.8 59

Adpated from Shillam et al., 1960.
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Table 4. Molar rations of amino acids in raw, HTST-pasteurized, and
UHT-pasteurized caseins and whey proteins®

Molar ratios

Amino Caseins Wheys

a0ds W HTST UHT  Raw  HTST  UHT

Asp 1.72 1.74 1.88 3.13 3.03 3.62
Thr 1.09 1.18 117 1.67 1.65 1.81
Ser’ 1.60 1.60 1.63 1.70 1.73 2.03
Glu 5.04 4.73 4.83 4.49 462 4.98
Pro 3.34 3.05 3.00 1.66 1.75 2.06
Gly 0.80 0.81 0.83 1.03 1.04 1.01
Ala 1.07 1.10 1.23 1.99 1.99 1.48

1/2-Cys 0.02 0.15 0.77 0.72 0.69
Val 1.81 1.97 1.83 1.79 1.80 1.57
Met 0.59 0.59 0.45 0.62 0.39 0.35

lle 1.30 1.39 1.40 1.66 1.87 2.00
Leu 2.33 247 2.57 345 3.61 3.29
Tyr 1.01 0.90 0.99 0.78 0.75 0.73
Phe 1.02 1.01 1.00 0.91 0.84 0.99
Lys 1.79 1.76 1.90 2.58 2.72 3.04
His 0.63 0.62 0.60 0.53 0.55 0.72
Arg 0.69 0.69 0.68 0.66 0.69 0.62

® Ratios were determined by averaging data using Lys, Arg, and Phe
as divisors.
® Uncorrected for losses(adapted from Douglas et al., 1981).
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93} B—casein®] Y- fragmentq! ALC 2 YR aL QIt}. Hitol
oflix] A== PPN thillzl o] siejo|= Agto] Arte|o] AAIx
= Ao Pl QIARE of = Fto] Avk]= A= o] S Y]
31 A 23tk NPNE 12% TCA 7H8A4 Ao, opv]iAkgluta—
mine} aspargin) @] Eopr|esto] oJgk QhEUole] Flof 7]Qla}

o

O

Table 5. Percentage of soluble nitrogen of caseins

% of soluble nitrogen®

PH Raw HTST UHT

6.0 78.78+0.11 74.76+0.29 50.98+0.16
6.8 88.15+0.41 84.11+0.46 71.72£0.32
8.0 94.38+0.16 86.85+0.21 78.05+0.14

@ v+0 for two determinations.
Adapetd from Douglas et al., 1981.
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= AoE FAEI glon} oA FRIEaL glA] Tt

el At B UHT A 2]frell A= PPNoJu NPNS- g3t 5
A& A= S7h= gtk sk3lvk(Alais 5, 1967; Fox, 1982;
Walstra®} Jenness, 1984; Weeb 5, 1974). 18|31l 127140
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SH B ay—casein¥} k—casein®] H3HA] FAdol| 71¢15= AL
2 F48kaL 9ek(Alasis %, 1967; Fox, 1982; Saito % Nakani—
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ke, 12710l 23t casein®] 3= casein®] EFol webA o}
2 Ao By Utk ay—casein, B—casein & k—caseinS &
2Isk & 22 19% 28 (pH 6.8)2 ZAI5ke] 140CollA 60% 71d 3k
A3} qy,—casein, k—casein O 2HE| = AN 1190 3|Ds}
= 12% TCA 7FHA A7 = oY, B—casein® & FEH=
F 3% fre]=lo] casein®] &0l wet EAEd Apol7t A
UeR i 9Ith(Yoshino 5, 1964).

Q

3) AT gduiA
G-roll 0.6~0.7% FHrEo] = FEEHAL T of
20%= AFAskaL Qt} 1 FF-2 B-lactoglobulin(B—1g), a—
lactalbumin(a—1a), 42571, HI=Z2EZ 5] h(Eigel 5,
1984).
U AL casein?h= 9] 0] e SRS HERE T
2 BRRNAZA, A2 AHLTLT), 2T ZHHHTST),
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Al oA el fAE AL s W) A8 548 7
A2t ¢Jth(Jenness$} Patton, 1959; Webb %, 1974; Dewit$} Kla—
renbeek, 1984; 7i)1l, 1984). 4TS caseinol HIS)A] 1S
Sh-5FaL QA o proline 35S Yl cystine, cysteine 2
methionine -2 =T}, AT d ] GRS T &
l|=e] Wsh HSe| WAy, 71EH ] A, gt el 3, 5T
o] 7k Al E9Pgde] 57 s w98l o, AT FE
ol= obgA ol 7ha, FFo] AN (chymosin) 2ol 213 -] St
AR A, AAA=] A k—caseinTe] AT A-gSol A T
1 Q&S |zt Euide v g3 eo] wsh=
Q1 pH 4.63} ¥3}ASPHEFGANN S s st
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sht), &, G Y EES Lol gt ® Ado] =
oA AFEe] Ca’oll 2] EA3lol A3t (Jenness 9} Patton,
1959; Mckenzie, 1971a; Sawyer, 1969).
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5, 1978; Patrick¥} Swaisgood, 1976).
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WAES A3 A= 247} 18.33%, 26.67% 2 30.0%°]ATh
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Table 6. Whey protein denaturation in heated milk

Heating conditions Denatured %

62~65C, 30 min 12~20
75°C, 15 min 35
HTST 72~75C, 15 sec 0.4~4
HTST 85C, 15 sec 50.3
UHTT 120°C, 2 sec 61.3
UHT 130°C, 2 sec 62.1
UHT 140°C, 2 sec, indirect 64.1
UHT 150C, 2.4 sec, direct 56.8

Adapted from 7 )11, 1984.
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72~75C, 15~16% 7F4<] HTSTHoIAE 60Colite] 714S wt
= Aol 30~40%, 70T o)do] 25~30%0|B2 gl ¥
48 0.4~4%0)t}, T1e} AA R 85T, 153 Ao HTSTH o
ol A&+ Q= o] 2 At e fAuwge oF
50% WA= AL gk UHT Aol glojA] 85T, 57te] eul7td
3 120°C, 2% 7FLelAE= 61.3%, 130T, 2%21M% 62.1%, 140T,
2%29) 7P 7Hdel A 64.1%, 150C, 2.4%9] AF 7t =
56.8%% IFA 7ol nlgiA 2Rk vk WAE-S YERAL Iokik
JII, 1984). Renner(1983)% HTST(72C, 15%) 2Hti<] 45 #
e ol WAdg-2 71 won, 63T, 3092 A A At
A= STk o] MAE-S 20%0]M, P4 UHT A5l A
= 70~80%, 314 UHT AelfrollA= 40~60% A=At 1
a3k o
Harland 5(1952)%} Dill 5(1964) @A) 71429} 7FEA]
Zro] el widof WX gkl A Fig. 2~Fig. 59
to] Warakar Qlr}. o]e} ko] 9] fdehiAe] 7Hdel ojgt &
32 7FE 8t 71EAI ) m thEAE, A v o] AR
ARAQ FFS A= 2L MEeEeH, 2% -l 718l
FH a5 ko] 71 Z Ao R 2 4= dk(Lyster, 1970;
Hillier®} Lyster, 1979; Gough®} Jemmess, 1962; Parnell—Clu—
nies &, 1988).
g, B-lactoglobulin® M F 50~55%% AFA|5hH 44
o= s nk o} RiAe] oAk ofy] 7HA| Fash s
gt} B-Lege 1 A F 27019] sulfydryl group(—SHE)T} 3711<]
disulfide linkage(—S—S A3 E 2¥aL = 3lo] 5o}, o] thil
AL Aol M= dimer(FAF 36,000) 2 EA8R=t, 20 Coll A+
B} dimert monomer® 325 7] A|ZFel A 45C7HA] Z7}8hH,
A4l v &= A3 Whitney 5, 1976; Mckenzie, 1972). B—
Lge 60T oPdolA] duAs doy)7] Alzkeh e 7714
AR FGHT) A DA Aol odt 23F E 33} -3
W37 dojutal, o dAlolA S|t Jenness @} Patton, 1959;
Webb %, 1974; Sawyer, 1969). & % 97Col|A 15& 7143
S ul A gA9] 13} WHgollA disulfideZ o] A E L, H7]9%F
A9 olFee P7HE B-lghth =gm, 48 dalwelelAE
3k 7)9] Bl peakz FABIATE AT 2.65(17HE B-1g)ol]
A 37SE 7KL T WA @A) 23F whg-2 2959] TR
£ JAsIelen, o] 4L w4 U9 disulfide Aol 2gt Ao
ofar 12} HkgollM A Aol EeldoR §3% Flolgkal 519l
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o). 28]aL sulfhydryl—blocking#I¢! N—ethylmaleimideE 37}
A 14} jEgol| ofgh S-3=0] FAdES Aaliahd 23 ¥hgolA 57
A= BAEA] &krtar deh(Sawyer, 1969; Morret Josephson,
1986).

Lyster(1970)% $-2 60~90C H$jellA 305 71€811S uj v]
HAA Y] B-lgT} a—lge] FAEES Table 79 FAJska ot

Soluble
Hydrogen ions
S==Insoluble / caseins

Calcium ions caseins
. . Sodium ions
Citrate ions )
—————— influence this
Phosphate ions equilibrium
" Casein
complexes
Micelles

B~ lactoglobulin_| . X
Celcium caseinates

Oth +
ex "l Calcium apatites
) -+
proteins

( Denatured §-lactoglobulin)

|

Coagulum or Gel

Fig. 2. Diagrammatic representation of the factors affecting stability
of the milk suspension (adapted from Rose, 1965).
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Fig. 3. Heat denaturation of milk serum proteins in skimmik as mea-
sured by precipitability with saturated NaCl (adapted from Harland
et al., 1952).
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Fig. 4. Predicted values for percentage serum protein denaturation

plotted against temperature for four holding times (adapted from Dill
et al., 1964).
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Fig. 5. Predicted values for percentage serum protein denaturation
plotted against holding time at each of the processing temperatures
(adpated from Dill et al., 1964).

T22]a1 95°C ol A= B-lg BHo]Al= B-lg ARo]A| Tt G
o] wk=A]7k 100C ool M= B-lgHolAl7F A¥lolAl Rt o <Fg
3l 2107 Wadkal Tt Goughd Jenness, 1962; Hilliere} Lys—
ter, 1989; Mclean &, 1987).

4) B-lactoglobulin®} k—casein®] A% 2-&

A5 7Hds v e Welek B-lg? k—casein §4& 37 7
Al 7 A Atolol] Ao AhE-S oA HPAE 9%
AR 2 A AL Q) B, o] JB9AE k—caseins WP 7HE S
B-lg Shol H713S wim FAHELE o] H3AE B-lgZ k—casein
] sulfydryl—disulfide”] 9] X3+ ¥kg-el o]sA] FPu)= o=
oA AL glow LEAQ ehA] AL disulfide bondehal &

£
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Table 7. Denaturation of (3-lactoglobulin and a-lactalbumin in milk
(Comparison of the rosidual native protein found in milk heated for
30min at various temperatures by Larson & Rolleri (1955) with that
calculated from equations in the text for the same heat treatment)

% Residual native protein
(3-Lactoglobulin a-Lactalbumin

Temperature, C Found  Calculated Found  Calculated
62 92 98 - -
66 89 93 - -
70 70 81 - -
74 47 59 75 80
77 32 38 51 64
82 7 14 32 32
96 0 1 0 1

Adpated from Lyster, 1970.

o} o] E3Al EAEE 71 =9 71 AT wfetA van,
110~140C9] %2 2ol R wade] golom dofu}
™, $-f2] 7-5-= UHT Aol SJalix] PAdstal e (Fox, 1982;
Singh¥} Fox, 1987; Purkayastha &, 1967; Sawyer, 1969).
3 B—1g¥} x—casein®] S ZE-2 sulthydryl—sidylfied X+
HhE ool A AY, A B o2 AT, B 5 gd0] ofd
polypeptide chain®] &%l F7ol oA %= Fderka gt
(Morr} Josephson, 1968; Lyster, 1970). Morr2} Josephson
(1968)2 G415 719 ds vl F43% 7 T iz} ca—
sein = HAE AsI5=d), 1 T = sulfhydryl—disulfied 2
A& FEA FAE T date] SR R & T HEA
= A 1A 537 Bol] IAA FE SHAEA 2 A=
A casein micell®] 2R 3JAEC] HI5OIAQ] 2 ATl
oA 71 Alojekal AL gtk
712 31 Elfagm¥} Weelock(1977, 1988)-& k—casein®} a—lactal—
bumin(a—la)< 7ol oA A3 282 44 BA s
71E8E vl 51 5 B-lg¥ a—lao] WA e ARgel o H3
A= JAst E‘r~°ﬂ o] B8+A):= casein micell®] k—casin¥} Wt
234 B-lg, a—la ¥ k—casein®] 2 FFAZ A3} Ws}
At
H, B-lg¥ k—casein®] EFHE 70CA 25027t 7HE S
, B—lg] AFA1L 38% 7HAdl Al k—casein®] A 80%
Lo}"ibtﬂ o]} 7&3 A= B-lgP k—casein®] &2 %8
sulthydryl—disulfide X|EHF--EER} ojuj2}, A=Al o] Al 2k
Xl= Aolgtal O}OJE}(HaqueQ‘r Kindella, 1988; Doi & 1983)
ol o] ANES T E w 7FHel 93 B-lgP} k—casein®] ‘¢
SAGLS HA 0 2= B-lgd k—casein?] HE A LEAH o
B—1g¥} k—casein®l ¥} A+ sulthydryl”] <} disulfide”] ]
Z|RESo) 2] Zlo|A|ut o|e]o]] 244 AL o] Ajt % o
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Table 8 B—lg¥} k—caseinS 1:12 ZE3}al|A] ZF LLo|A] 208
719 v A8 Ao B-lgHs HAlEHOIAE BAIG Ao
24, 65C, 204 7kl A 3.4%, 85C, 2014 82.9%, 99°C,
2054 76.7%7A 85CollA Hare] s Ago] o]Foix| 1 S
S Yeh 2 99t (Long 5, 1963; Hartman®} Swanson, 1965).
Table 9= 975 719 3S w caseinoll Agsh= 4] 1)
5 e Z108 o] Ao Sali 7wk WaTs A
Zgo] wrhe RS & Qlvk ] WAERel ol 7rdRe]
BobAH casein} frAdehil o] AL B71 0] Ho] HE Fof

5) Casein micelle2] H3}

Caseine ol x4} AglalA] casein—calcium phosphate
o] B3HIE FAsiM FRo|=HE EAT o] EYJAE ca—
sein micelle®]2} gt}

Casein micelle> A=} n] 74 o] Fhzkol| ofstd BRS 3kl Q)

o
W, B 1 g9 37 go) BE PRI Gl 7L e 2FA

rf

Table 8. Effect of geat on interaction of 1:1 mixtures of [3- lacto-
globulin and crude x-casein

Heat treatment 3-Lg interacted

(C, 20min) (%)
25 None
65 34
70 15.4
75 48.8
80 67.8
85 829
99 76.7

Adapted from Long ef al., 1963.

Table 9. The nitrogen attached to the casein during heating

Heating Conditions %
150°C, 0.8 sec 42
150°C, 2.4 sec 46
142°C, 10 sec 49
129°C, 10 Osec 64
116°C, 1 7min 68

Adapted from ik )1l, 1984.

oF e F=ol= QiRjolt}. 11 = §-F 1 mLE 10M~10"4 0]
o}, 37)E goksiA 1 A7 20~440 nmo|th. 18y casein
micelle®] F 80%% 100~200 nme] ¥l £3briar g},
Casein micelle 2174 10 nm W< 9] 22 submicelle® 144 5
o] 9o, 217o] 25 nm¢! casein micellel= F 450712 sub—
micelle®] 350 93, A7 150 nme] micellee] £ 10,0007)
o] 49 submicelleo] 5o} 9dttal sHo}(Slattery, 1976: Mc
Mahon¥} Brown, 1984).

Casein micelle®] Z4-2 Table 1091 FA]H ule} Ath
Casein micelle®] 24 < 93% ©]’4°] casein®] |7}, casein mi—
celle®] = 7)ol wW}e}A ag—casein, agy—casein, B—casein & k—
casein®] A4 BH]E&2 =11, micelle®] FS4= k—casein
o] #31, B—casein &% S7FR= A3S UYERATHRose
s, 1969; Davies9} Law, 1983). &, B—casein> dgH oz &
ulle el 24 4Coll s &A1 3] (self—association) ©] 2]
Ho] monomer® A1}k, 8.5C 2 13.5Co| A= polymerE 3
datt, 18 CellM= Galdel= =™, 35Collx= ZaEAistol 3
Ash= Aol 9tk (Mckenzie, 1971a; Davies®} Law, 1983). A
Zke] A9 A ofe] x| YAHE 2 oA A
2] o A3}, 220 webr A E casein micelle@ @ HAH A
o= 9 Fo] M1 caseinoll @AE 2folE VFERATHAL 5,
1984). o] A¥}= B—casein®] -+ %o b micelleZ 5
H sfig]e} Agto] whRwl= ZoR Az, 11 7]l dieire 2
WA 3L JA] et} o]9} o] casein micelles 1 27} H34S)
a1, casein¥ QU] 52 oA YAE FAdaEA
ol BAkelar glom g yldxA ulebrs Ae3t o) ol &
JhiR el Je kg, Zhgolwie] Wsl pHel ¥st sl 93|

Table 10. Approximate composition of bovine casein micelles

Component Content
(9/100 gmicelles)

as1 - Casein 35.6
as2 - Casein 9.9
3 - Casein 33.6
k - Casein 1.9
Minor caseins 2.3
Calcium 2.9
Phosphate 2.9
Magenesium A
Sodium A
Potassium 3
Citrate 4
Sialic acid 3
Galactose 2
Galactosamide 2

Adapted from McMahon and Brown, 1984.
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2] casein micelled]] oJH W37} Q)& Aoz Aztst = Qlr}
(Webb %, 1984; Hansen®} Melo, 1976; Darling, 1980). A&
Aoz 95 ¢F 0T 71dsid Gide gt Sudsd
3} casein micelle®] F 7]l <F7re] Wal7} dojyta WAHEF 3}
7+o Aa G218 S 8 casein micelled] SZAZF FAE 2L, 7}

|4 casein®o] 7183tk K (Fox 5, 1967a; Morr, 1969;
Aoki®} Kako, 1983). &, Smietana 5(1977)2 HxF&n| g0l 9]
3 o Ay Ao A= 27 50~150 nm«] micelle?] <
AAY] 53% ool e}, 92T, 16% A3t A¥= 50~150 nm
3719 micelle2 35% AL 7F43F1, 150~300 nm 2719
micelle®] 50% °]%o= F7bstivkal Barstal gt} 12jal
HTST 4Htolut UHT #21E 31S W= A 9] micelle F7]9)
H|3|A 2 micelle®] 7} S718FF 3L, 3k 2R micelle?] %=
=7t Harso] JeHMorr, 1969; Hostettler 5, 1965; R
egg9} Blanc, 1978; Freeman¥} Mangino, 1981; Aoki®} Kako,
1983; &3} 4, 1986; Kim¥} Kim, 1988).
7hdoll 93 casein micelle®] F7]2] ¥W3}= HTST 2ht < 2152
UHT 7Fd™ < 70332 UHT 7199 e] o= Am, 7H32 UHT7}
gl AL 7 Wey) 7 Hom, A7 280 nm ¢/ casein
micelle®] &FZF F71843 a1, 2174 20 nm ©])8F2] 2] submicelle
= Z7kedY. 2e]al HTST Atoll A 72°C, 15%9} 927C, 20%
7Fholl A= At 2ol ' 2pol7t glivkal gkoh(Ruegg®t Blanc,
1978; Hostetter 5 1965; Creamer®} Matheson, 1980).
7hdel 2JafA 2 casein micelleo] F7Fels A& WAE 73
il E3) 3—]go] casein micelle A A8 k—caseind}
A5 28-S e B-lgo] casein micelle F= YAR o] 93 1)
A7 casein®o] S7Fsls A2 7FE o] Gadol oA ol
casein micelleZ5-8 & w2} micelle?] A7]|7} 2Fo}x] 1
5 5 submicelle©] F2]%7] w2l Ao sjAlakaL Qlrk(Fox,
1982; Smits®} Van Brouwersshaven, 1980).

6) Chymosin(rennin) 2}&of o]t 9-fro] g-arof] W|x|= Jak
2|2 A FF Aol FHo]E AN (chymosin) 2Hg-oll 2]8F 9-f-2] A=
Qe A2 Aks, =220 A 5 AAVI Fel BAle B
AZE ok 18 d] 7k A g - Tho| AR oJgh gaiA
e A7) AL, AEE ASAIITHE Aol A% 0= o
4 A AL gk

A =ZAEL] F AddolH, §iar7| 2ol 7Hg 7] A s
caseine 9+ ol casein micelle ]2 E2]5}HH, /@E]EW
8 WA= 71, 74, ZFol29) casein micelle as—casein¥}
B—casein 4 mM Ca’* % o)A o Ado] HAuk ¢—
casein FHE Ca*" o)A 7HgAdolm Ca’ ol <fallA] H
Aol tieA] B 28-S A

FIF

%= ag —casein?} B—casein®] 3
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casein micelle®] $M444-& IS}, 18U Fho| RAIZGof 25
A k—casein®| FEFO| =7} AtE]o] HFAE-S st HH
casein micelle& 3-8 ¥az, Ca**& 1 28-S =213 THFox
9} Morrisey, 1977; Green, 1982; Webb %, 1974).
G2l 710l Fho| ARGl o)% -] G-aLel HA|= P
olr 7] Mol WA -0 S|4 aokstalz} gtk Fto| Rl
Zh-gof| o3k 9-F-o] S u3gL A 1 A (primary phase), Al 2
2} (secondary phase) 2 Al 3 XA (tertiary phase) .2 5%
o} Al 1 2Pl A= Fho] B AIZRR o) o814 k—casein®] 105HA]
o] phenylalanine 771} 106" #]2] methionine 7] Alo]ol| A
Aty o] k—caseine para—k—caseub( o} =AF &7] 1~1059H 7}
A))#} glycomacropeptide (23 macropeptide: o} x=AF ZH7] 106~
109917 2 E2lEt), AAks 7k 294 224 casein mi—
celledl] 2% HEj2 Gt SA= 3144 Elo]| =24 micelle
2HE fEEo 4 Foll 7HAEIR EAETE Al 2 APl =
Fho)|BAl 2Rl oJaf| A k—casein®] BZ A -go] AAEA R
casein micelle QP& A8 ¥lo] Sd3HA €Tt o] $H
Ao} A EE) o= A, FRGA, § Fol FA F7 Aol
AE(curd)o]H, A= Ké*éoﬂ‘i‘ =) = o]Afe] Catto] Hh=A
Zasitt Xﬂ APFE Ao = glovt AT ACETE ol
HlEEe S5 o, nladd #gS LehH(Waygh®t Vin Hip—
pel, 1956: Mackenzie, 1971a: Webb &, 1974).
Fho]B212Rgol| ofgh 9-F-2] S e XA Are] AL}t g
60C ol/de] 71doll el yeptr] Al#kek, 74 %7} =il 7
Aol A= 11 g3k Ak 12]al 90T ool A 102 o)
7hashH - 2 SaLE A @ethar g o]2fgt ®isk= 80T
olaol| A 71de 9= 71 Wtz 71d 3 5T Wgshd
AlgEe] Zaol] wheba] BB 4= Qlar B m|Eke] 7heA TS A7
S SIAITRE m7bEfof ol 4= 9k T1efuk 90T ool
7Fdg B9 7HeA Al bl QA SRR 3 EA|
g AL 271 35HA] gl FEe 9 rH(Webb 5, 1974

o
o
o Ooff

it

Singh &, 1988). UHT H-9] 7-F, 7ho|&Ale] €Jgh & Ak
2 R A AR B J e -SR] B A€k e
UHT it A4S A8 & Al Zro] w5 o] 6711€ 9
= Aok &L ARkl Zgkont WAt 35 EA] aektkaL

ok (Fox, 1982).

S-gro] 74do oJaA Fholwal Zhgol o3k SuA| A A=] A
3}Iglell thalMs e 7} o] Fojx|ar glont 1 gglo 1%
Ca*" o] Wale} k—casein B-lgo] HFA FAell 7103k A

A7+ a1 9t Kannan¥} Jenness, 1961: Sawyer, 1969: Hindle
I} Wheelack, 1970a,b: Wilson®} Wheeloack, 1972: Sinhs
1988). & S, Singh 5(1988)2 $-& 70~140TCellA 1~10
& 7k & pH 552 A8} siA] Ca s =g S/ v pH



6] A SHEA Pl MR RN S

o ARt Fhe

B9 olgaH 445 Gl 1A= 3

6.6°% F3sA] Fho|RAlS 2EA7|E St 2
afaL Qitk. o] Avl= 7hde] osiA] =84 LEo

APdstel] ofeli tha] 7184 Ao R SHIAATE -t
e 35 4=l Aot ool B-lgH k—casein®] 432t
ol ok A Al 71918k A& I B-lgo] casein
micelle Wl e k—caseind} AFs}to] Flo| B ZE-S A3t
WilsonZ} Wheelock(1972)el ¢]shaA £33k o sk
= k—caseinC. Z5-F F8]%+ macropeptide
A8k Az} 713 -Gol A= Gakgo] EA 3] A
A} -9 gt AAE ekl Harskal ok B,

f
i)

Aot

1l

R
2

o
o
N
il

o f
o
o[o
&
>

713k -2 5-E 23k caein micelle FH = Ao+ Q=
filament A+¢] H-&5-0] HAx}3n| A o7 B&AE =), o] AL caein
micellee]] A3 IRiA B-1g?l A o2 FRIF A1 QITHDavies 5,

1978). 38, Kannan® Jenness(1961)0l ¢Jshd €A, F3dwt
WATRS A7Fek e, 12]aL o] 1ol B-lgs 37 P“S} NEE
S ZAEte] 85°C T 90Tl 308 713t & Flo| L

AR A3t @A 7kt B 7}@‘41 | 455 %—%0 3
AREE AdeIRon, ABFe] B -lpd B7iE AL S0
717t AAE Qi st} olake] AES Fals| E u) $-99] 7}

A A3}, Fho]BAle) o8t SR NS T2 k—casein?} B lg =

— laoll oJsix] FAE HAl 71918k= Alolw, Al 29 A4 ¢
%%63, 53] 7H8 ol dFE PR ZoE Hal 9k
(Kannan¥} Jenness, 1961; Hindle®} Wheelock, 1970a,b; Wil—
son?} Wheelock, 1972; Haque$} Kinsella, 1988).

2. 7¥dell ol Zr4po] s}
ol sHTE] ol 2 et o2 71| ofsiA FEks W
o o]o] wZ U HPO Wshs FRo|EAS Bedst A7+
Yelo] Htk(Rose, 1963; Webb %, 1974; Hansen} Melo, 1977).
53] FRo|=e] egAdw WSt dAY e AR 2wt <l
olth, 79 & ZHHEe L 2F 30 mM(100~140 pg/100 mLe]
Lo, o]F ¢ 2/3E BEgAJo R dBE= gpatite RS 3
calcium phosphate’d Bl 2 EA5lal U= casein micelleol] &
o] Qlojd 1 25 frAlEkaL itk v ] 1/391 10 mMS-
7+ ZgolH, olF 2~3 mM2 o]/ Zgolth(Webb
1974).
7kel SJsiA 5 T F 2 T 91 kel Wt §lA
T 65C oldellA e 74 2t Q1S hae|
Fo R HE FRoluifo R gk
gk A 76°C o] ellA B % A8 UERdTh ol 59 78T,
30 7hshH 7H8A o] oF 25%7F B84 0 HrkaL ¢
o} ey o] 9755 5ColA Ygshd 24~48417F Woll 7183} 5
of Yefo] FEoR Bdu= AoR A aL glrk 7HeA Q1= 7}

44 24 AR WskE Yepditiar ?EE}(Webb 1974). Han—
sen?} Melo(1977)% 1.8 mM Ca** & $Hr3t A2 UHT A3k
AF Ca*te 1.6 mM=E ¢ 11% FHAsgvta Ew}ﬂ Tk &
OE dee T Zadol 118 mgh, T34 Za%ol 35 mghl
AE 120C, 2% 2 140C, 2329 71 A2 S 3 23}, T34
71-1/3\_%% 71—71— 31.5 mg%i 7L/\§11214. %x]— = Ejﬂr}\‘] 71/\%‘;%
7] Afre} e o BAHRITE =, 7Kl ofg AR
Wshs 95 7F9 A1 Ao = siAE L glvk T1efvh B et
ME 4577 BE SRE T 2 AX8] ghaEA S<ko
2 AEER] FRARE, nAgE A=Al o] EFhE]=

2 FAE I ATk, 1981).

olda} Zo] AR 7 F7IAL 7o) el AAEANE -
o] ertel= A9] dgke] §lrhar stk Rat Adel|A UHT Al
o} Watro] Zhgol 85 et 28 2¥E vEpllon, B o}
o] JFF M= UHT A= Cadt K| fRE7}F Attt &
sl =kom, Qo] 9= FFo] Zotkar FrH(Renner, 1983;
thpg, 1983).

sk, 71gel| ofgk 7R84 Lo Wshe Zd_%f& HRe} o] 9o
pH % Abw=o] §is} Fpo] R il 2kl o gk S-frAITke] A4, casein
micelle®] F7]¢] W3} & <] =24 “é“ﬂ H A= Qe o
2 Zo|7} = AoR HaHar gl oy IIR(1983)E A=) Al
of oIt ofe] A3 A¥E & uf FA) LSk Q= RiEA e
(UHT 23H7} 9 59 Ca F7&S AA7I= 4 A9 gl
Ao AZA I Q)

3. 7t

S-re] Al Qs AdEE FrE P oE THEH B
7vaZFm)etar gtk 7FEF 9] dlo] H= -SH71¢] FAdS 72CH-
B AJAREm, 95°CollA] Fate] o]2aL 71 oo LleollA= 7t
o}l 3o (K1rchme1er 1984).

Afre] F1) Folle FsRHEEA A 4 S A= dimethyl—
sulfide((CHz),S) 2+ 3 3] m ko] Carvon disulfide(CS;) 2 Car—
bonylsulfide(COS)¥Yell =814 F3kot, H4d4) UHT A2l
(140C, 3~90x)ol&= =] H,S, COS, CH;SH(methanethiol),
CS,9F 22%2] (CHy),S7F $HrHo] $ik(Jaddou, 1978). 7}@‘%%
BHE 2~3U7ke] Wl oajr AAEL o5 3k 3Bt
Frrd TRl B-lgo] iAol SJaiA Fsfolr]eite] S-S 73?}0]
NEEAY, = EAR 9] -SH s3] Aq-=4do] ol waixd

Ol

¢

H Ao AZkE I Q) B-Lgo] o]t Frle Ao 9L 3§
= AL B=lge] wAPE FEfol =] MATEE Slal QoA E
7] @A o 9o, 1wl Exe] -SH 717} A jESsh=

Ao AWZAE 1 d(Partick?} Swaisgood, 1976; Aboshama
9} Hansen, 1977; Jaddou &, 1978).
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Table 11. Cysteine and cystine (as cysteic acid), and methionine (as
methionine sulfone) content of raw, pasteurized, and UHT processed
skim milk (mg/100 mL of milk)

Skim milk

Raw Pasteurized

(713C, 17x%)

Cysteine and cystine 1.623+0.083 1.460+0.010

Methionine 3.995+0.092  3.815+0.020
Adpated from Aboshama and Hansen, 1977.

UHT processed
(143°C, 8x)
1.065+0.001
2.646+0.000

Aboshama®} Hansen(1977)0] A5, 247 2 UHT A&+ 59
SFatoln] Ak 43 Aul= Table 110] FAIE vle} 2t
Aol vlalA UHT Aol A+= cystine®} cysteines 212} 34.4%
9 33.8% gt HTST AtfrellAle 27 10.04% 2 4.76%
23tk UHT Aol A % sulthydrylZ] €} disylfide”] = oF
16% =A% Aekar gk, 183 YAy, ARPEA 2 Al
= fd SH7)E= EA418H4] @kgkont, UHT Aol 0.07 mM/
L(E= 23 1M/g ©d)o] AEEArtar Bkl QI Abosha—
ma@} Hansen, 1977). 3HA, Patrick®} Swaisgood(1976)°l ¢]&}
W A2 UHTH 984 121.1°C, 15%¢} 151.6C, 1.5%2 A2
3l 9-froll A half—cystine 352 212} 2.2% 2 6.2% 7HAE L
™, 100C, 30% 7Fgol M= 17.4%7}F 78k 18y UHT A2
(150C, 5, 10 & 20z)°ll 934 9-fr <] o)Akl Ws)
7F A = A1) QiltE B ok Hurrell 5, 1980).

4 S5 Fhetol g FAoluliate] sfabd )
e 27Idsd dslols, AR 2 Y ofu|st oy,
HMepo] =, = AT} aminocarbonyl W8-S Uo7 A ZHaha
sh2: do7IH, 7HAFE B9 o] W& Maillard RH&-ol2} 3
t}, o] HhgollA 7)o HEHE WED 59 st 5—(hydro—
xymethyl) —2—furfural(HMF) o], HMF2] 92 7} 9] A7} 4
5 71 wEba HMFS] 4= 254 A9 A= o]&
g 4= It (Renner, 1983; Renner®} Badke, 1984; 7if)1l, 198;
Fink$} Kessler, 1986). HMF o]¢]o]l 9-f-2¢] m-&7}dolu} 4714
Azzo| WA= B4 24 lactuloselysine(e—N—deoxylactulosyl—
L—lysine), lysinoalanine(N—e(2—amino—2—carboxyethyl) —L—lysine),
fructose—lysine(e—N—deoxyfructosyl—L—lysine), furosine(e—N—(2—
furoylmethyl) —L—lysine), pyridosine(e—(3—hydroxy—4—oxo—6—me —
thyl—1—pyridinyl) —L—norleycine) 5°] &&# JtHMoller %,
1977 Lorient, 1979; Manson3} Carolan, 1980).
Lactuloselysine, lysinoalanine @ fructoselysine< 2] 714
o ©JalA] lysine®] e—NH,®] 457} F2 <] 7hR 7|9} ofn
kR BRSSO AN AAHEL) o] BAELS Astaie]
-85 AfeiA lysine®] el7F W= 2R lysine®] Ae]4] f&
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A& A&7 st} Frosine® pyridosineS 47| 29 A7k
aflol oJafA A EH Erbersdobler &, 1987; &3z, 1983).
Zefuh Millard WHE-S il oJalix] L whg-o] Asfu ne i
T A rolxlE tha douAIRE Al 71E frAlEell A=
79 dojpA] &=thar ltk(Renner, 1983).

1) F8A lysined #HA

2718k upe} ko] US| =710} lysine®] e—NH,719] Afel ofaiA
A2 slghEo] AW lysine®] WA FaAS 1R 1A
A9k, AR 9] 7HEF AN A= lysine?] £ 3] W
o A|uA] k=t 7ol gk A lysined] A2 At frollx
1~2%, UHT Aol A 1~4% (253413} 24 2] UHT Atelef] 27}
A9] §l), 7t 291 9ol 5%, BatrollA 6~10%, 18]aL -
FAfroll M oF 20%01, UHT Aol &M e A4 a4
lysinedl] W3S & 4= 9+ 4 A=A LYo Horake} Kess—
ler, 1981; Renner, 1989; Renner$} Badke, 1984; 1 to, 1986;
)1, 1981). 5, Moller 5-(1977) UHT WerAle] 270l ly—
sine®] =2 QIFHA] Frort A2oA 671€ o]} BEsPH
ol A E3AEE O] lysine?] faAle] At Atk ¥t
AT, T GAIRE Zhd ol A= k] frEA lysineo] 4
UL, HFAFAM = 1 fFaEAo] AstEA] gekot, =/
M= 48~T5%7HA AskE AvkaL eH(is)ll, 1984).
Table 12= A, HTSTH 2 UHT A2H-2458 247 casein?}
4 IS 2AEte] F84 lysined 43 Aelrt. o] 2
ol oJapH 7hAA 2] g casein {holl FU7Fe] EHE A9 §l= A
o vhehibar ek ey UHTA 23 s e d Zo) fa4d
lysineS Aol HIshA thas 2Hax(<10%)3kaL Qv 2222 F-&A
lysined] 42 F2 FA bAoA o, caseine A< 3
S W] 92 210 & 4 It Douglas &, 1981; Renner, 1983).
o] 7Hhell oA F33 A lysine A elA o]-&2

=

ot

)

{0

O

i)

o=
un

BN
o

Table 12. Total protein and chemically available lysine in casein and
whey proteins

Sample Protein, Available lysine,
g/100 g of sample? g/100 g of sample®
Casein
Raw 93.75 6.73 0.16
HTST 75.0 77.2
UHT 25.0 22.8
Whey proteins
Raw 90.40 8.99 0.20
HTST 84.86 8.75 0.18
UHT 69.96 8.18 0.17

2 Moisture-free basis; ® Mean SD for duplicate sample of available lysine.
Aadpated from Douglas et al., 1981.



F5) AR SHEA JPhl v GTN. 59 DA

REBAY olgeA 4A3t Yol 1A= P

T Sl opuliate] Hlm g T v GYrpt AskE Aoz Azst
 IoH(Masters®} Frideman, 1979). o] 3%, $-fehaae] #)st

ohu|i=Ato] lysineo] ™ lysined] B&4-8 JU7}e] Aatacdlo] &
A qk -kl o] A stobn] =2 methionine©] 22 lysine?]
tha Beds) ol oA o] AE7k= Aake ] b=tk o
Fro] bl o] lysine THE ofv|Abel] BIalA] H]ulA]
Wol HrElo] Qlom = Fhdol o fraA] lysine®] W] A
= gkt FAee & Aow AEA 1 dtk(Douglas 5, 1981;

Renner, 1983; &3z, 1989; k)Il, 1984).

=

5. 7tE-5-fre] whulEe] gt
7¥de| SJaljA] S-frehide] g7t of DAl RSkl disliA
e B aEo] QtH(Burvall &, 1977; Fricker, 1964; Hurrell
1980; Renner, 1983; #h)1l, 1984; 237, 1983). Renner(1983)
7¥del osfiA AWgE TS 2l Adele] thaldol u]sjA
WA MAFETF LS B GRS W] 90, Aty
UHT Aol vade AfHr) 93]y olg8o] £ Zlo=
713}l It} Fricker(1964)+= UHT(Uperization) = 150°C, 0.75
Aelet -Fr= HES oAldel] A4 st 243} 7Fhe] §-fe
Gt = ol o] mAA| ko, He] FH, A, 3
NATE] B W7 ] ke = ofgo] ¢lgithal T} Kathleen
(1959) 2} Burton(1965) sl ¢k A+, UHT A+, UHT A
T A E T (110~120C, 12~205 AEdH) = HedEe & 24
1= Table 130 FAE H}Q} o, AZ7ke} Tl A Askgol A
o] 27} glon, WahEyi e AJE7Ie} Asheo] v A8k A 9l
TR warol] olabd 74 UHT A2l ehldgErie} *ﬁ}g
717} 929k 912 Afro] TAET folabt (Il B fAuh
*3%7}9} askgol| QlofA % UHT A& 23} $of 2je]7} vt
exgtom fAchize] 7taWAdL o] 59| JFetA FAjof= of
H S XA e=thar 3k Burton, 1969; Burvall 5, 1977;
Hurrell 5, 1980; 23z, 1983). &y #5712 A4 {84
lysined-S FHAAIA Tl o] A8 tha AstAIZThaL SFoh(Bur—
vall 5, 1977).
gk, UHT Aol Aerid o] 852 Ao 1 ¢k 96~97%°]

o2 PN' N Aﬁ il 91“ rﬁr

ﬁjg rlo

Table 13. Changes in the biological value and true digestibility of
milk proteins after heat treatment (young rats)

Sample Biological value True
A B digestibility
Raw whole milk 90 92 91
HTST-pasteurized 91 - -
UHT-sterilized 91 93 92
Sterilized in bottle 84 88 89

Adpated from Kathleen et al., 1959; Burton, 1965.

, Streptococcus liguefaciens$}t 7xo] At&ra} 742
s 8T8k MRS o 88 BEVHE AFS Ay o] A
ol oJ3|A Al UHTR25E 92 AE7H= A
95~100%01 2Tkt Sk}, T12] 3t AFfo UHT A2l v

o] &EdAE frefxk= YEA] @gkttar g, ok} ofdole] 73
S| %= UHT A2]freh A-27gAIE At freke] Alooll= o 47te}
AAHFo|| f-o)x= A A kokthar T Burton, 1969; Ren—
ner, 1983; &3z, 1983; 7hJIl, 1984).
et Fopr ] Aol = Ao Aol - frelabt 8l
Ao}, Aok UHT A2+ AlololE fo 27t 17445 aL Q)
(Shillam &, 1960). Z1eu} Fd ez o] 459 o]/do] njHAY o
= 1 2= A2 EAY A 3t Shillam®} Roy, 1962). o] 4l
M= o] WA AL QA ot Fobx|e} Zho] KAol ofsfA
AE e Al 979 Ay =8 gisk 9k <] o
Sta QUTHORS7, 1983; k)1l 1984).
= 88°C, 3053} 66 CollA] 7}k 3 HE Az
I}, Ap el AgEel A7t vERt o, R
l\:‘i—% ZA7re] 745- AEe] Ad=ATAL gk

1R Folx|eh A iAWk, Wt A3gk 7}

5 Tl o] Zof xate} el Ae] $-fro &

& ‘ﬂé 28k A 5ol FIS WA= FoR
o (Braude, 1970; Burvall, 1977; &3z, 1983).
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S-rol A Aatolut UHT A2oll ©JaiA caseine 3HeH4] ¥
S5 | gron, fAdehilE e ol WA 71 gk fAdd
7‘<_:, ./] ]ﬂ}\ .8_ HTST Xi_Q_X}—}\] 7}%;{- ;dx%}\] UHT Z};S/\] UHT
=7 dodtt, 1 A3} i 5 ] Atz W
3}, B—lactoglobulin®} x—casein®] A3 28 casein micelle®]
1719} ®3}, chymosin 28l &gk 9-f-8-aL0] A< 59 7ol
LERdT] ey WrdEstolu 11 o)/de] Adek 7 A el A ca—
sein’= 3182 W32 U 0 AN casein & FE Q] ©dAo] U
ojufal Y- FEte| =R frE]Eth B k—casein 2ol tigh as—
casein¥} B—casein®] B3 28-S AAsHA HT)
3kH ojokslA o g = o £-8-0] 7}do|| 9JalAN S-ghmAZe] Do)
1 :ARR1 lysineo] U EEAIstete] A4 fraids e |
o} ey A Al AL = AL -] AtiRiEl UHT
A2le] 79 lysined] A2A fFaAd e QYo FARE
e o A7t gl
AR A, A, UHT A2 2 BdEafr= Ao o9 7t
9] Tz o] g Aol ofsh s o= 7HAA e

of 913 frofahz A Fa AuC TR = A,
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T, frofet oftlofjo] Aol e A2AGAIRE Atrok UHT A2t A
ololl= FU7ket daR Yl A= AARHA ok
Z1euk UHT By, st 3 o] 8¢ arellde] 47147
M= el seha wste} JoFetA] Wshs AR gle A
o= Ry}
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