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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 |3t 20169%00E 242 26.9%, 27%2 thE At 2HA |

Vear Raw milk production in Import from overseas 79 Aol whE =2 AA AR AHOIA Alg FHIE

domestic_(ton) (ton) 9] 2H7F A A 02 £9kS ) Hojdl sfzmgol e Aolct 3¢
2010 2,072,696 1,134,828 o st AR AT Arlold KOs 1 lgo] Zasiels
2011 1 889,150 1712655 4| E AR vﬂﬁ_ 2|4 A&H 08 T HlE0] UJ—O]'M—]
2012 2,110,697 1.414.401 izl 8 -Foll gt Talol HolR 7] dizol -5 Astl ohgt
2013 2,093,072 1,586,432 =7o] AESIR A& ARAoltt, Ty AR ARk A &
o1 22 s & olgjoli £8159) 259] dg A 40] SoHn, 44

y , ) ) SIA}O] X% o] Ay O O A} uF SF =2 =

2016 2,069,581 2,285,893 DALY FATY o] ANE 9 At WOl theh =7go] o]

— : : Zoltly B A olgl A = L oov uk Mzx]3olg} & &
Source from 2016 key statistics of livestock farming and food products Sl & "‘ET' oA u‘}uﬂﬂi— = e Aol &
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Fig. 1. The yearly milk consumption per capita in 1988~1992 and SHA g2 JLeeheral satesel] AjAst A w7k A8t 2
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Table 2. Annual consumption of dairy products

Total consumption of

daify products Consumptions (kg/capita)

Year

(ton) per capita Market milk Fermented milks (Yogurt) Cheese
(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 71.3 217 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).
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1. 7180 ofgt SRTHHEO| Ofsfely A9 s}

79 71 At B, 55, 1R T AlRAEe 24 5A1E 7
T340l SlolA E7tujsitt. olgt 2
A4, E3] colloid(Casein-calcium-phosphate phase)/d& &
PYSIAA -f E FAES FAo] S m|FIct. E3E 7HE] 9
A R FTFE A4S 2T 5 ot dE 9 AR
79| %o FRo|EA9] eHFgAdo] fAIE= Zol B4H ol ARt
A[ERS-R9] 9ok f2= Al olA F20]=9] Fg/dol 1t
ez g & 5 Atk & 4 A2 ARBGolA= Aoy &
Faae] 9Jojr] F=20|=49] FIAS tste] A (curd)E B
goto] A =2E AZSHANE, A 29 2ol £ 7HE2E} 7t
AT wEbA gk 552 A= A Foll Awrt #gt
Sto] 533} AN Yo7l= Yol At F3ARY ABf+= ol A
£ FES7] st Ax37g0lA ofm|7tgoly stetera-S A7t
Aqt of&71A] olof thgt 3teHy H= AYSFSHY 2| AL w-L- AJghe]
At 2312 Feio] osiA AREHE FE5RE AdSel AT
t 5582 AT o8l EAIA] e AoRE I#AaL
It EfAIR QoM FRo|EAfe] P EREde 58
3t 8Rlo] |, 53] 1 &=}t WA} Aot (Rose, 1963; Webb
5. 1974; Jenness?} Patton, 1959).

ole} Zo] $/o] FEo|EAY AL 7 E FAETHSl
otAl wie- F83% ZoE FTA|AL gloLt, FEo|EAY] HHY
gol sto] 8RlEo] HiY- ERsHA E2 A7t o] R0 1L e
ol Extotar, 11 URIolt siARRo] 2PAs] A EIL A etk
(Rose, 1963, 1965; Fox@ Morrissey, 1977; Fox, 1982).
Rose(1965)= E=0]|E49] /ol WA= 22l a9l
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Ach(Fig. 1). F20|EAY] AL o] aRlE0] Aot HE<
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B-lactoglobulin®] micellex} At}

1) ZARHO| M3}

S-19] Afolut UHT Aol SJsiA fATeae AdEof gt
A AY caseint} A& HJennes®} Patton, 1959; Webb 5,
1974). w2bA ZFaxEo] ofsiA A $-9 da E3rof wst
£ Uehdith. Hske-2 719250 7FAAMe] wEkA o 4 Qi
Table 32 A<} 63T, 30& 9 135C, 1~3% 7pEe 979 4
AR WS Yehd ZoltkShillam 5, 1960).

AL HA7E AFGOA H] casein TR THIR)LS o 90%7}
n|H/g AdEiRlel tisiA UHT AeffolAe < 28%5te] nwHd A
B2 ZkEstal Slck

Casein 63C, 30% 7F2olA 2.93%, 135C, 1~3% 7}EoA
18.4% S7kotal U}, 7HEol| QoA caseinol dHH o= 7t
Sl A2 AHAget - Thilido] caseindt A3SEAY = casein
I} A A=} QAN casein®ol 7ol Aol AT &
AUk &3 6(19860)9] AP AT DAF-E 7HEeE £ 100,000
g9] 294 Bajo] 934 casein micelleS IHA7]1, 84 Zo
7 TARRS 29t A3 65C, 3082 71EoA 4.5%, 75T, 30
£ 7FhollA] 43.04%, 95T, 30& 7FEollA 82.36%2] g
o] A9, ATHEORE casein micelleE Z7}519ic). 0|9t
22 Axk= 7Hdol| SfsiA] B E fAEH Aol 34 Ei= casein
micelle?t AgeiA JAE Aolet & 4 Qiot wEhA Ayt
UHT A2lfolA o] dAERHole T8 w0 FHAd 9
st A9z & S k.

o[t 22 AAFREO WSk caseind} FAHTHEA] opu]iAF 2
o= W7t g AR A7 4= itk Douglas 5(1981)°]
B, HIST 7FER(71.7C, 15%) 5L UHT A=(148C, 32)2
FE caseind} A 2ASI0] 1 opv|iAbr S BAR A

Table 3. The effect of heat treatment on the mitrogen distribution
of skim milk

Un- 63T, 135C,

heated min 1~3 sec
(%)

Total N 100 100 100
Casein N 75.0 77.2 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
B-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

acids Caseins Wheys

Raw HTST  UHT Raw  HTST UHT
Asp 1.72 1.74 1.88 3.13 3.03 3.62
The® 1.09 1.18 1.17 1.67 1.65 1.81
Ser’ 160 160 163 170 173 203
Glu 5.04 473 483 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 233 247 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 1.90 258 272 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).

M= Table 49 Zth

A L HTST At} BlasiA] UHT A29] casein®] of]le
Ab 2439+ Asp, Ala, Cys, Lys 59 $l&o] w2 ¥ Pro, His
2 Yol 1 §lrt. g, UHT A2l 547 o= Glu, Pro,
Phe, Lys, His®o] &1, Als, Cys, Met3o] Wolx| 1 it} ojelzt
2 A= caseindt AL EokA] FAJo] sfiA & A
= QI Longs, 1963; Davies 5, 1978; Sawyer, 1969; Smits2}
Van Brouwershaven, 1980). I polyacrylamide A7]%%50)4]
casein fraction® ST do] G4 fraction®] casein
o] e EoA9] 34 585l 1L 3tHDouglass, 1981).
ole} T2 AMIEE & o UHT A2jo|lAe SFHid HA|2A=
op|iAl 2o & EAL gl 2R & 4 Slth

2) Casein2| #3}

Casein 20CoA EA9] pHE 4.6°02 P2 1 IAE= &
U3t S Wot, 1 FFoll= e -casein, aq-casein, 8-
casein ¥ x-casein®] JtHWhitney 5, 1976; Eigel 5, 1984).
Casein 1 724 2313t 71F0]| Sfeiirl= WS oHA Y=
Ao d#R| 1 ot 83 A Hidf= FobgAdol vl

Eom, FojA Aol Lol H7kAlE 14A1710] 48531,
130CoA9] 71hoME S8l 7HA] 8t Alzto] A”tiy st

(Webb &, 1974).

ey $-59] Astolu UHT AgabgolA 27tke] vig s
(NPN)9] Hal7} dofyfrhs B Qi

Fox 5(1976.b)°l 2ol AABAR-E 55CoIARE 90T Alelo]
A Z¥zF 308 71 A, A20A 24417 Yol gelZ /35t
o, 5% EZHREXAHTCA) 7HA A7t |2kl gttt o]
7HAd Aae vAgEY Fof 9fgt A2 ofUH, A RAI(Chy-
mosin; rennin) Z-&f ofsiA FHARRE FoE= Felo]
E(peptied)?t §AIGH, k-casein?] lAEHE|=Y Zo2 3
iy

% Hindle®}t Wheelock(1970) 7ol 9Jgt Heto|=9] {aj=
50CHE dojur] AlRstgl e, of glycopeptideoili= N-acetyl
neuraminic acid, D-galactose ¥ 2-acetamido-2-deoxy-D-
galactose, D-manose 5°] g0l 912 7lo|Ala-go] ofs]
A k-casein®ZHE FEE= glycopeptide@t "¢ FAIATH
I B}, I3y g-caseinCZ2HE FEEHE AUAE &I
=3 YA Pt

187, Douglas 5(1981)3} FArrel®} Douglas(1983)= A5,
HTST A171.7C, 15%), UHT Ba-H148C, 2.5~3%) 2R E
Y7} caseing Aot} &o=, H 9 358 5= Hlwet 2
I} UHT BFR2RE A% casein®] S3l tha 45190
U (Table 5 &=2), M=o}l 3 5Eol= 8 AJol7} glolom, &
Hol M= Zpo]7h glgirkal jict.

gHH, 100T o)dollA 7t 2lske HArdw ol Bt 1. 20)4
= 7FEA7] mEbA peptide®] 2], casein AERIKGHS 2
5 Ast siskA WPt dojdtt 935 120CoA 3& 7Hdshd
Proteose-Peptone(PPN)#F £4ATFY] 4.7~6.0% S7F5H9A,
HGH AL ANPN)E 5.5~7.5% S715FeH, 120C, 541X E=
135C, 60 7tdollxl= SE AT 10~20%7} NPNOE ZeHs]
Aotar sttt A2 PPN 35 plasmin®] 7kEofago]
I35t B-casein® Y fragmentSl A0 2 HHA| 1 et Bito|
OJsfix] A== PPN 4o Heto|& ZAglo] Atk o] A=
£ 208 WHET QAR o] Fifo] AdE: A= ofF] S
I YA Pk NPN2 12% TCA 71843 Aol ofnieAgluta-
mine¥} aspargin)2] goHH| 3} ofgt ety ote] f2jof 7]t

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

@ x+o for two determinations.

Adapetd from Douglas et al., 1981.
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£ ZA08 FEI glou), opF] gRlEi A Yt

Ty At B UHT A9RollA= PPNolY NPNS J5S 4
U= A=Y F7h= T slgirKAlais 5, 1967; Fox, 1982
Walstra®} Jenness, 1984; Weeb &, 1974). 12|11 12710
Oal|A] caseinCERE FE== HElO|E= 7ol KAl 2R o5
A fE)Ee gepolEok= 2T 283t £-caseing 120T, 30
£ 7198 o fed vt EgE o]t Flo]HAl ZR8of 2sfiA
e At ofm|icAlt 24 FARSHITH L Bstal Qlet. o]eh 72
2 A= FL2710 QA k-caseinFF o}, T2 casein®
= RET geo|urt fYE= Ao 14T 4= vk E k-ca-
seing 100T, 5% E& 1 oAJe] LojlA 71dshd Ca'ofl tigt
ar-casein®] B oA-go] AR AY oy, T ol EAR
34 EX y-casein?t k-casein®] BEIHA| FAof| 7|5k AL
2 34511 Qi Alasis 5, 1967; Fox, 1982; Saito ¥ Nakani-
shi, 1975; Yoshino &, 1964).

ShH, 1-271H0)| oI5t casein®] BSk= casein®] F50l wtA o
E Ao=g HUET Qlth gp-casein, f-casein ¥ k-caseing &
3t 3 247t 1% 8N(pH 6.8)S ZA51] 140CoIA 60& 7Hdst
I}, @,-casein, k-caseinOZHELE 22 A4AFO] 11%0] gt
12% TCA 7184 FA7F §EE9loy, f-casein 2 HEE=
oF 3% FE=]9] casein®] 7l Tt A 2ot QS
UehI ltkYoshino 5, 1964).

Y, o o

ir

70l 0.6~0.7% =0l U= FHTHEAL T HE) oF
20%E XFAJ8kaL Qi =22 E B-lactoglobulin(8-1g), a-
lactalbumin(e-1a), +3LEY, BI22Ed 5o AKEigel 5,
1984).

FADRLL caseintt= D2 F40] =2 E/ AR E 7}
A R A=A ALFARZPIALTLT), LLHAZHHHTST),
231242 (UHT) 52 7Hhell SJsiAl 1 29 2l/do] thefsiA
WSl oA oA FATERAS GdS Y] 4l §4Z 7t
A1 cKJenness®?} Patton, 1959; Webb 5, 1974; Dewit®} Kla-
renbeek, 1984; iiilll, 1984). FHTH AL caseinol HISIA B
kAol Q1A $koH proline &2 21l cystine, cysteine 4
methionine ¥ =t FATHES] I FFHHA &
Sfwof #al HoS9| W, 7HaH] B4, hilgkde] Y, 55+
9] 7+5Al EHAY 7L R s3] oY, sARS 2=
olE M9 F4, 7to]BAl(chymosin)&H&oll 2Jgt 979 3L
AZE A9, AZAE0] BA, k-caseinTe] ATAE-50] AH E=
AR Ak vxinh IRAdE Al foieo] Hak=
A F9l pH 4.63} ZIAJUEFEHA 55 A6t
of HA%7] H3 wEhA caseino] &8 W= caseint 34 HA

T

Jo
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gtk E, GuAE AT AL degol o] HsiAE Aol =
ot Aol Ca**o]l9] ZA5to] HH3tHJenness?} Patton,
1959; Mckenzie, 1971a; Sawyer, 1969).

7FEo] ofeiA 7= REEe] F83t A4 9 shie sulthy-
dryl group(-SH #%)9] &Adstolt}, -SH7|& uHAQl A ER <
FAGEo A= Bl v@AgH o EAeHARE FHAEH
ZAHo= o] | LA5}t At A $-7-E 167 F(75C)0lA
7}gsH E#Eom|icAto] -SHYIE fafste] S Iol=dS &
AJsto] 73S WAYStcHAboshama®}l Hansen, 1977; Jaddou
5, 1978; Patrick®} Swaisgood, 1976).

HAAZIH FAdol S7Ieh weba] FEAR] AR AolM=
AT 9] HHFAS Hote] BeH o= oH] 7HES skl Stk
R FHdo] s dojue T she] AR AFAE
9] FAolth. AEAEY P fore] F¥ell Fa5HARE Co-
ttage A A9 AR Alo= o] Zag HEFLS 4o
o O 99l dwdE RdeAe] o 71Rlsks Ao A
=3 QA 11 71#o] aFelA wkgo] Qg AIA| Ee it
212 W3lof| 7]Qlek= AR thslil= oFd] 5] sirg =l
A| okt aFekA whgof| oJgh A2 fAT o] SIeFH 0 & casein
¥} ZA9SA caseint 7 -GALGHEE casein®] THR ATE F
Aote AAS A A5k =7] whEolchJenness®t Patton, 1959
Webb, 1974: B-Lg¥} k-casein®] AT2HE 2%).

GARE 70Co0A 302 719 W 245 RAdE Al IdudE
2 a-la 6%, B-1g 32%, FHLYET 52%, HATHHE 89%E F-f
Aehilz o] 29%7}F A=t Larson} Rolleri, 1955). F, &3}t
4£(1983)°] 70T, 10&, 30% % 60E 7104 Fdeazo] o
HAL-S 273t A3f= 42 18.33%, 26.67% E 30.0%C] At
iti)1(1984)0] AGA7 ek, HTSTH, UHTH 5ol QlsiA 7t
A A e B A EHAL GH/dES Table 6
o A Hje} Atk

S5 At B B9 o fEeEl] oo WAL wd Tt

]

A N )

Table 6. Whey protein denaturation in heated milk

Heating conditions Denatured %

62~65C, 30 min 12~20
75C, 15 min 35

HTST 72~75T, 15 sec 0.4~4
HTST 85T, 15 sec 50.3
UHTT 1207, 2 sec 61.3
UHT 130T, 2 sec 62.1
UHT 140T, 2 sec, indirect 64.1
UHT 150T, 2.4 sec, direct 56.8

Adapted from fi]Il, 1984.



R EXEVE LREEL Y70 OIR

= FEhV. PR XL SR Ofsfery SR A0 DX

= Ot
L OO

gl 9 5 g-1g, LR, HIIFEER 52 60T °]
gollA drdgdol dofur] AlaFskn A AIRMAH62~65C, 30
B E FAgTEld2 12~20%7F BA=T Qlct. deiu @4 %
9] AFEES T4 75T, 1589] Hasto] A|E I A=
A% SloH, o] B AT oF 35% BTt St
72~75C, 15~16% 7149 HTSTHOIAE 60TolAY] 71E9S |t
+ A7l 30~40%, 70T ool 25~30%0]|8 2 R o] ¥
AL 0.4~4%0]c}. T3 AAZE 85T, 152 A7) HTSTHO]
o] AEE T et o] T2 AFHH A AU A o
50% W/=a itk UHT Aol SlojA] 85T, 581te] au|7td
T 120T, 22 71FolHE 61.3%, 130T, 22004%E 62.1%, 140T,
229 7HH 7HEolAE 64.1%, 150T, 2.429] A 7HdoA=
56.8%% 7P 7Fge] HlshAl ot W S-S eI ATk
JII, 1984). Renner(1983)% HTST(72TC, 15%) A9 3% ¢
o] MAde2 7 Wom, 63T, 308 A2 AT At
oAE AT A 0] WMAE-L2 20%0]H, THE4] UHT A2]-3ollA
+ 70~80%, A4 UHT AH2|follrl= 40~60% WA= AT 2
a5kal Qi

Harland $(1952)3} Dill $(1964)2 ©A]9-9] 7}EL =0} 71 A
7ol frgerA o] Mol mX|= Jgoll tisiAl Fig. 2~Fig. 59
2ol Harskal itk 0|9} o] 7o) FAThEL] 71 ofgt &
WS 7HE2 =} 7HAAT] whet HEAEE, fATE] IR
o 27842 FF= VA= AL 7t koH, AL Rl 71sh
A H2wo] o] 7P & ACE & 4 UtKLyster, 1970;
Hillier®} Lyster, 1979; Gough®} Jemmess, 1962; Parnell-Clu-
nies 5, 1988).

gHH, p-lactoglobulin FAYHE & 50~55%F AHA5HH FA
o= g Bt oyt @wAdol| JlodE o 71| 58% AT
Stk B-Lg2 11 24 % 2719 sulfydryl group(-SH#)T} 3719
disulfide linkage(-S-S ZF)E 211 Sl Aol EXo|tt. o] T
A2 Aol dimer(EARF 36,00002 £AfaK=], 20T oflAlH
| dimer= monomer® 32|%]7] AIASiA 45C7HA] F7F6kH,
A3t vl &2 2AISHHWhitney &, 1976; Mckenzie, 1972). 8-
Lg2 60T oldolA Guids do7|7] Aldeh dHAdS F7HA
SARE X Et. A AN = ol Qg 22F E 32} FL2R0|
WPt dofutar, th2 dAolA S EtJenness@t Patton, 1959;
Webb &, 1974; Sawyer, 1969). cll& €9 97ColA 158 713
2 A A9 14} vESof|A disulfideZge] FAHL, A719E
o9 o]k u7tE p-lgHtt =EH, EAE dAEoA=
Sk 719] B2 peak® Aottt J3AS= 2.65(7171E B-1g)ol
A 3.7S2 7Vttt = WA ©AQ] 23 ¥RE2 29S9] E A
£ 34190, o] £ 4 9] disulfide 23l 2Jgt Ao|
o1l 12} HEgoflA /e o] E2|2 o= SE o2t 5k

t}, I8 sulfhydryl-blockingfQl N-ethylmaleimide® 7}
SiA 121 wREol ozt =S Bd= Ashotd 23k Hk3olA
A= G ket st Sawyer, 1969; Morr®} Josephson,
1986).

Lyster(1970) 35 60~90C HolA] 3082 7FEstd of vl
HA9] g-1g7} o-1g9] AEE-S Table 70 EASET Utk

Soluble

Hydrogen ions
S===Insoluble ‘/ caseins

Calcium ions

\

B~ lactoglobulin_

caseins

. . Sodium ions
Citrate ions »
——————— —influence - this

Phosphate ions equilibrium
" Casein

complexes

|

Micelles

Celcium caseinates

Other whe; . + .
v 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).

ol H w (4] -~ [0: w
o o O o o] o o]
T 1

Percentage serum protein denaturation
n
o

3

ZéQ 240 ZéO 280 360
Temperature (°F)

160 190

Fig. 3. Heat denaturation of milk serum proteins in skimmik as mea-
sured by precipitability with saturated NaCl (adapted from Harland
et al., 1952).

J. Milk Sci. Biotechnol. Vol. 35, No. 4 | 275



Jung et al.
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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).

T18j31 95T olslof|= p-lg BHCIAl= p-1g AHolA | H ot Ay
o] B2k, 100T oldolrl= p-IgHolAI7F ABlolA| ot ¥ QY
st Ao7 B skl ItHGough¥t Jenness, 1962; Hillieret Lys-
ter, 1989; Mclean 5, 1987).

4) B-lactoglobulini} k-casein?| MSXE
SR GE 719 AY B Bt f-lg k-casein £HS T 7
ot T A& Afolof] A28 doAA EIAE FAeItH=
AHE F FEA L Sl E, oJEAl= k-caseing W]F] 7HEE
B-1g 8ol F7HIE W= FAE o] Bl B-1gt k-casein
9] sulfydryl-disulfide”]2] 2|2t §kgof oJaix A== Ao vt
oA 1L Qlow HEAQl afekd AL disulfide bond2tal gt

O
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Table 7. Denaturation of B-lactoglobulin and e-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
B-Lactoglobulin a-Lactalbumin

Temperature, T 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] ERA|Y] g2 718 28t 71 AlTtol| weEbA thEr,
11o~140c4 T 2EoHE E2E Eo] SHolAE dojut
o, 9] 3= UHT Aol oJeix Fg=rtar gtekFox, 1982;
Singh} Fox, 1987; Purkayastha 5, 1967; Sawyer, 1969).

St B-1g¥} k-casein® ASAE-L2 sulthydryl-sidylfied X2k

HES Qo] ALAZAT 4 9 o]2F3%t B EL @fo] ofd
Niss

polypeptide chain®] 2231 J7lof| A= Fg= L
(Morr®} Josephson, 1968; Lyster, 1970). Morr2t Josephson
(1968) AR5 7193 o 3489 F &9 32U ca-
sein -S%A E gRRISIgE=], 1 F i sulfhydryl-disulfied 2
&2 BoA FA9E dHAARY] SAA 0| T g 2 EHA|
+ A ¥R B4 Eol AN FE SHARA 2 A=
AR casein micell?] #2 SHAEC] HIECHRI ZwAT
oJafjr JF1 Aol Agstar Uck
2] Elfagm¥} Weelock(1977, 1988)2 k-casein®} e-lactal-
bumin(e-la)2 7+l sl 23] 2282 M4 AT $7E
71E3E o) 5 59 B-1g¥} e-lao] WA FTAREo] Ssi] E5F
AE FAstaL th2of| o] A= casein micell®] k-casind} ®F
Sl B-lg, a-la ¥ k-caseind] & EIAE FATTIL Halst
AUt
W, B-lg? - casem-J L3S 70T 250%7 7EAS
o, B-1g9 A25AL 38% HASIHL, k-casein® ALAL 80%
7]—/\0}-0:]_‘: ] ]9]- 71—2. ‘L]—J: B_lg“’]' /c—casem«] A]—_‘g‘p‘;?(]—.Q&
sulfhydryl-disulfide X|gHF3E} oflg} Aol AASAEE Y
E3l= Aolgkal sl tHHaque®t Kindella, 1988; Doi 5, 1983).
oS AIEE T & uff 7FEo Ql't p-lgTt k-casein A
TAEL TEHOZE B-lgT} g-casein®] ATAEL TEAOE
B-1g7} k-casein®] TR-EO] = sulfhydryl7|€t disulfide”]9]
A ghkgof| ofgt AojA|qt o|Qjof| A A, ol A Tk o

ofr

S R o



R EXEVE LREEL Y70 OIR

= FEhV. PR XL SR Ofsfery SR A0 DX

= Ot
L OO

513l Q= Aog & 4 9lrk 181 B-lgd} k-casein®] AT AR
o oA B-1g9] F44 oA wht W57t =, dwd
o] AHolA|Hr} B2 B HolA|7} tf W] g-caseindt HTAHE-S
Stk gt (Mckenize 1971 b).

Table 82 B-lg¥} k-caseine 1:1%2 354 ZF 204 208
71E3E b A2AE-S 4ol B-lgdE HAIECIAE RAIRE A
ZA], 65T, 208 71AoAA 3.4%, 85T, 20804 82.9%, 99T,
208004 76.7%2A 85T A F|a19] A5ARgo] o]FojX|1L SlF
S YERY AL tHlong 5, 1963; Hartman¥} Swanson, 1965).
Table 9= 95 7S W caseinol] Z2oR= R 29] 1]
£ YEd 20 & o] Zxjo] 9ol 7tggo] s Ao
Ago| == A ¢ 4 Slok 193 HAETFRE} 2ol 7HdEo|
WO caseind} AL A2 E719 0] Fo] HE Fo
T FA= SfE=A] gARE UHT 71EolAe= caseindt AR 77
chiA2. B2 2of M} casein Q2R ] Hrk= ARo] ZE
3L SITkGfN, 1984).

5) Casein micelleQ| 3}

Casein $-Folld QWibET A4 casein-calcium phosphate
o] BEHA|IE FAHA SRoIEAHRE &4l o] BEUAIE ca-
sein micelle®]2} 3ttt

Casein micelleZ 2A}@R|73 9] 3] 9Jobd K= okal U2
o, @A 1 g 3.7 g9 E= TRl e 9T =2 AEA

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

Heat treatment B-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 %
150C, 0.8 sec 42
150TC, 2.4 sec 46
1427, 10 sec 49
129, 10 Osec 64
116C, 1 7min 68

Adapted from Jifi)I[, 1984.

9} & 2ol YRolL}, 1 4= 7 1 mLY 10M~10"4 0]
ot 371& tFsiA 1 AL 20~440 nmeltt. 1Y casein
micelle®] oF 80%+= 100~200 nmo] Helol &3tk gt
Casein micelle2 27 10 nm We|9] 22 submicelleZ T35
o] 9lom, ZAo] 25 nm<l casein micelledl= 2F 450719] sub-
micelle°] g-7=o] 3, 27 150 nm2] micellecl= 10,0007}
o|4+9] submicellec] &-R-E0] ckal StKSlattery, 1976: Mc
Mahon} Brown, 1984).

Casein micelle®] 242 Table 100 EAIH H}e} At}
Casein micelle®] 24 F 93% ©140] casein®]A|¥}, casein mi-
celle®] 3719 wWabA] @s1-casein, es;-casein, f-casein % k-
casein® A4 v B21, micelle®] 2F&+F k-casein &
F80] #11, f-casein TREE F7IoHe FFS HEPHTHRose
=, 1969; Davies?} Law, 1983). &, f-caseinZ Egsizjoz &
mQls HHARA 4ToM= AAFHself-association)o] dHE]
o] monomer® A5, 8.5C ¥ 13.5C A= polymers &
golt, 18CoA= GaElE =M, 35C oAl ZaEA st 3
Aok= AAo] tiMckenzie, 1971a; Davies®} Law, 1983). A
Aol AY AFo|ME ofg 2E0] GAFE F2 A YAE
2] gt A3k, 2% webA JHERE casein micelle®d} JHE A
&= AR S0 H]-A caseingll @A AfolE YERITHAL 5,
1984). o] A= p-casein®] 2 20 WEhA micelleZ 4
g dfj2|e} Agto] MHEE= AR 7=, 1 7|3 tisiA= &
Y22l QJA] ot o]el o] casein micelle 1 F27} B35t
1, casein®t QPO SR QoA YAE P F
Zoll Aot Qlou g 7HARA] webk= Asgt viet 2ol &
A Ao] A5, Zgolse] Wl pHY| §ig} 5ol Qs

Table 10. Approximate composition of bovine casein micelles

Component Content
(9/100 gmicelles)

as1 - Casein 35.6
as2 - Casein 9.9
B - 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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Al casein micelled] oJ® W3} & ALZ A7t 4 Qlot
(Webb 5, 1984; Hansen¥} Melo, 1976; Darling, 1980). A9
Hog 9-7F o 90T 71¥sh FHAH e Hde Sady
I} casein micelle®] F7]0f 2F7te] Wb} Uofitar, HAEA I}
Z-2 A5t AT E M casein micelled] S3A7F B4, 7}
B4 casein®o] Z7FICt St Fox 5, 1967a; Morr, 1969;
Aoki® Kako, 1983). T, Smietana 5(1977)2 ZHA}&dn| 73] 9
o I A} ARl A= A7 50~150 nm2] micelled] =
AAY] 53% oI o, 92€, 15% Adst A= 50~150 nm
3719 micelle2 35% Fx=& 7AsFL, 150~300 nm 37|19
micelleo] 50% OlgoE ZU/ketti Hustky Qi I3
HTST Atolut UHT A28 $e Wk Af 52 micelle =27]°f
H|3|A 2 micelle®] 57} 715193, T3 22 micelle?] $&
S7Fltk= RaEo] It Morr, 1969; Hostettler 5, 1965; Ri
ege®t Blanc, 1978; Freeman Mangino, 1981; Aoki®} Kako,
1983; €3} 4, 1986; Kim¥} Kim, 1988).

7}ho] 9J5t casein micelle®] F7]9] Wal= HTST A < 44
UHT 7FE9 < 284 UHT 71899 <02 a1, 7H44] UHT7}
] B¢ 1 Wst 7P 7o, A7 280 nm °19] casein
micelle©] 27F 2715193, A7 20 nm ©J8+2] 58] submicelle
= F7Istgitt. 18 At HTST AtollAl 72C, 1529} 92C, 202
ZFEoA = GAF 7o ' AJol7t itk gitKRoegg®t Blanc,
1978; Hostetter 5 1965; Creamer?} Matheson, 1980).
7Fof| 984 2 casein micelle°] F7Foh= AL IHAH 4
chilal E3] B-1g0] casein micelle EH £A5H= k-caseind}
A5 A9 FA] B-1g0] casein micelle E= YAEEo] 2J5t H
A4 caseinFo] T7Ioke A2 719 JFl YsiiA Zgol
casein micelle2F¥E }&Eo] et micelle®] 717} ZtofR] L,
E AH submicelleo] $%7] W&l Ao = 345} JYrhFox,

1982; Smits?} Van Brouwersshaven, 1980).

32 A 29 Aikg, 2229 AA 5 AV F4ol Dt &
A7b et 28 ZFAA R = o] AR o] 95t §a1A
& AQAIZ1AL, ASE ASAXIThe Atdo] HPZ R diH
A=A et

AZALL] F AEoln, Za7|&e] 71 7124l AT sl=
caseine 7 %l casein micelle AE|Z ZAo}H, A5k H
A Wolde 71, ¢4, Zo]l29 casein micelle as-caseinTt
B-casein 4 mM Ca** =% oA E8Ao] AT k-
casein FHYT Ca? HLolA 7RgAJoIH Ca'ol 2sfiA FA
B asi-caseint p-casein®] Aol thojr ESAREZ SiA

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

casein micelle®] P84S FAZT}. 12U 7Ho] 2 AIZRgo]| SJ5]
Al g-casein®] HERO|E7} AdE o] o285 AHAEHA =HWH
casein micelle 3131 51, Ca** 1 288 23K (Fox
9} Morrisey, 1977; Green, 1982; Webb 5, 1974).

979 7Hho] Fpo|HAIRRR ol o3t 9729 Fale PlX= FFE
YolE 7] Hof| HA 79| Sa7|2HE Q9FstalA} Fit. 7jo]HAl
8ol gt 79 S Al 1 AHprimary phase), A 2
AMd(secondary phase) ¥ A| 3 XHtertiary phase) 22 25
o Al 1 Aol 7holmAlakgol osiA k-casein®] 105¥#
9] phenylalanine %712} 1068#2] methionine %17] Ato]of| A
AdE|o] g-caseine para-x-caseub(OFI] A Z7] 1~1059 7}
AN} glycomacropeptide(®t= macropeptide: ©F:AF 27| 106~
109972 Bejgtt. AR 74t 244 EEEA casein mi-
cellec]] 23 AHi= d=rh $Ah= A4 Hele| =24 micelle
ERE FEEo] 134 &l 7HAEE SARth A 2 ZolA=
7ho] Al 2k&of| OJaA] k-casein®] HTZARE0] AMASH HER
casein micelle QF3AE AAsH] Hof kA Hot. o] &3
Ao} oA ERlH o2 AW, YR, 9 5ol T 97 Aol
A= (curd)el™, A= FAolle LA BT o|4Fe] Cao] HIEA]
Zasitt Al 33 Ao 4 glou; FAHE ACERE o
HiEEE S5@de, BlaAd IS Wt Wayght Vin Hip-
pel, 1956: Mackenzie, 1971a: Webb &, 1974).
7ho] R AIZRgO] ot 99| SAEE A} AEO] A A
60T oVde] 7tgoxFe Uehr] Aldkels, 71 227} =31 7t
Aol A4S 11 FFE A 1183 90T ool 10& o
7tdetd SR= & SuEA et g ol Wdk= 80T
o[sloflA] 719 B9= 719 WlEA 71D § 5CoA $dstd
AZe] Zaol| webA S8 4= 9l T m|gke] 7184 T 7t
St SIAITRE B7FERet 2ok 4= Qlrt. 12y 90T o)dollA
taet A= 7MY Aw] H7lel s SRS SEE A
9 ALY 7= EEA $3 BRIt Webb 5, 1974
Singh &, 1988). UHT a9 4%, 7to]&Al] o3t SarAI7t
2 R A ARG, B B SaARE0| B A A" 18a
UHT Eda= 285 AR o2 FaAIZto] @EEHo] 671E 39
= ARe 3L A7) Zoko, WAEd= IEEA] Eoktt
SHcHFox, 1982).

S-19] 7ol QJafia] 7ho] Al Aol o3t S| H AE] A
Shedglo] thsiirls W A7t o] Fof AL Qlout 11 URIC BA =
Ca**9] ¥g}9} k-caseinT} f-1g2] B3 G40l 7|sh= Zo=
AZrE 31 QicKannan Jenness, 1961: Sawyer, 1969: Hindle
I Wheelack, 1970a,b: WilsonZ} Wheeloack, 1972: Sinhs,
1988). 9lE E4, Singh 5(1988) /-5 70~140T0A 1~10
£ 7198 & pH 5.52 A3} 1A Ca?* 552 Z7HAZ1 o pH

N
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6.622 F3lolA 7lo|HAlE ZEAIZIH St & HirtaL
Skl Qlet. o] Axk= 7Hdo] YsiA B84 o= ek 7
Agslo] OlsfiA] ThA] 718 a0 R UAATH 79 &
2 3EE 4= doks Aolrh th3oll B-lgt k-casein®] oA
|of oJgt B3t /e 7190sk= A2 FHAdE B-lgol casein
micelle IHO| U= k-caseind} ZAYoto] 7lo| RAIRE-S A5figh

= Aot Wilsondt Wheelock(1972)0l 2Jstd EgkAo] oJst
AANREO] AFEE k-casein®ZHE FEEE macropeptide
ol Qs S83t A, 71 SRolids FA4RRSe] A5 A
Sf=glem, 11 Ax 979 Sl AAETl Barska Qi E,
71Est S-g 25 B3l caein micelle EHOE Afofl= Q=
filament 49| F&&0] HAFARF o ® L=, oA caein
micelle] ZARtet WA p-1gQl A2 FRI=L ItKDavies &,
1978). 3tH, Kannan?} Jenness(1961)° 9Jotd €4, 44
WATEE A7EeE QIEF, 1AL o] /IFRel B-lg 7RI AlEE
< ZA5to] 85C T= 90TolA 308 7HEet & 7Ho]HAlS ZHE-
121 23}, @A 718257t 11 7HEAI o] 24E 79 &
TAZRE AAE]QI oY, IER9] Y -lgZ 7S Rt S
7to] A A=QUHLL gt} o] Anes Sl & W 72 7t
A3}, 7o Alof| oJst SNA|HL F& g-caseind} f- lg EBx
lacll 2JsfiAl FAE ERdA e 71R1sk= Ao, Al 22AlIA
1Y, 59| 7184 ZeHol IFS vA= AR Hi Qi
(Kannan¥} Jenness, 1961; Hindle¥} Wheelock, 1970a,b; Wil-
son¥ Wheelock, 1972; Haque®} Kinsella, 1988).

i

=
5

S~

N

] e

4

2. 71g00 elgt Hso| He}

-5l FEO e 24F AR ol 7HHo] siA Pk
o olo] e AF BYPQ Wdk= FEOIEAS B A7l
219lo] =tKRose, 1963; Webb 5, 1974; Hansen} Melo, 1977).
55| FRo|EAY ST DAt TATL e AR Zedt 2l
oltt. £/ F ZEFS (7 2 30 mM(100~140 /100 mLo]
o, o5 oF 2/3= B8R YR apatiteTRE T
calcium phosphate 2 Z5t1 = casein micelled] &
FrEof QoA 1 F2E fAISkL Ak YA 1/3Q1 10 mM2
7R84 Lo, olF 2~3 mM2 oA ZEoltWebb 5,
1974).

7tEel oA f 59 & ZE T < Tl Wt §iA
9t 65T ololMRH 7184 At 912 7Aastr] ARk, -85
JoE FE FRo|EA0 R AetHEH= Zo] AL QU ol
g @2 76T oldollA B& dAls] Uehdtt. dlE 9 78T,
304 7HEsH 7HeA A oF 25%7F B840 Hesith o
o} 124 o] S-R-E 5ColA et 24~48A17F Hiofl 7183} =
of Yo o g Eeluj= AR AR itk 7R Q= 7F

N

i,

rOlt

B4 243 fARE Hels Yepdthal SickWebb, 1974). Han-
senTt Melo(1977)= 1.8 mM Ca**E 33t 92 UHT A st
A3}, Ca®?*S 1.6 mME 9F 11% Z43I9ck B sl ek E
T2 d2t & Z%5o] 118 mg%, £ 2490l 35 mg%sl
RS 120T, 22 9 140T, 229 719AEE o 23, F3b4
o 717E 31.5 mg%E ZAFou, WY & Bl Ak
9] Aot 22 £E0F BYEQL &, 7Moo st 9FEFY
HShs AR 719 ARl A0 i 9t ey A Hakol
e 4~5F7F BE SHE B3 a2 AA5] TAdA S2te
2 AR IR uARE AT A Zgo] EEE Ho
2 2= SITKsl, 1981).

oAz} Zo] YR 7R84 TV -2 1o Al AT,
9] Jrlofl= A 9] ko] Qikr gich Rat Agdof|Al UHT A&
o} Bi19] Zgol8E2 ARt T2 4n0E VEllon, & fof
9] JYAHof| A= UHT M= Cad} K9] 7T Ad-FET &
5l =3kor, 919 9= Y&o] T SttHRenner, 1983;
[Py, 1983).

SHH, 71<of o3t 7184 Z45e] WSt H&dt vie o] -39
pH % AHEO] W3} 7ol Alkgo] oJst S-3-A17H] A, casein
micelle®] 3719 ¥3} 5 979 E2|2 JHof wj2l= FF2 o
A A7} Qe Aod BT glou, [R(1983)= AL} AR
of tigt ofg] A A7E & o A A8slET Q= S-p7taAE
(UHT Z3)7} % 59 Ca 58S AsAl7lE 92 A9 =
ZAoE AZAT itk

3. 713

S-79 7HdA o] QoA A== SRS YHHHoE THAH e
7tgFu|2tal g}, 7FEFH 9] HRlo] H= -SH7|9] 348 72CF
] AIRFEE, 95T oA Xa1of] o]211 11 o9 L&A= At
ot} St} (Kirchmeier, 1984).

9] Fr] Solle FIREEA AL & U2 B9 dimethyl-
sulfide((CH3),9)2} 23] m]&Fe] Carvon disulfide(CS,) ¥ Car-
bonylsulfide(COS)gIoll EAskA] gIorout, 7Pd4] UHT AH
(140T, 3~902)°ll= A=kl H,S, COS, CH3SH(methanethiol),
CS,9F A%F9] (CH3),S7F E-9=lo] 9ltkjaddou, 1978). 7HEH:
HE 2~3A470] WA QA AAHL olE A IS EL
R B-1go] /ol YA Fgotm|ate] -S-S Zgo]
NEEAY, E= A C] -SH 3igE0] A-24o] =of 23384
o Ao® BZE Qlh p-Lgo] o]t Frl9] Aol 9 S
22 p=l1gd] EAZE WEo| =4 9] IR E St JlojA ET
7] gA =of 9low, 11 o] EA] -SH 717F A ¥k
Aog AZEI UtiPartick®} 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 UHT processed
(73T, 17x) (143T, 8x)
Cysteine and cystine 1.623+0.083 1.460+0.010 1.06540.001
Methionine 3.995£0.092 3.815+0.020  2.646+0.000

Adpated from Aboshama and Hansen, 1977.

Aboshama®} Hansen(1977)°] A4, A=+ 2 UHT A=¢ 39
o ARS BASE AWM= Table 119 EAIE Bie} 2t

Aol vlafA UHT A2-30llAE cystined} cysteine 212} 34.4%
9 33.8% A4, HTST AekfollAls 22 10.04% 2 4.76%
A53ict. UHT AgRollA ¥ sulthydryl”|9} disylfide”]= F
16% SAET g}, 12|30 YA R, AdrgAls 2 ARl
£ R2 -SH7l= 64| gekou, UHT AZlfollA= 0.07 mM/
L(E+= 23 pM/g TA)o] HEE Tl B skl It Abosha-
ma®} Hansen, 1977). 9, Patrick¥} Swaisgood(1976)°1 9Js}
™ 2144 UHTO QoA 121.1T, 1529} 151.6T, 1.5%& A7
e 2-RolA half-cystine @2 Z7F 2.2% 9 6.2% HAEC
o, 100T, 30% 7HolME 17.4%7F Z4agct. 28y UHT A
(150T, 5, 10 € 20=2)°] 9Jsix] -F 59| o] iAlgo] ¥}
7} AU B A9 gtk B % QItiHurrell 5, 1980).

4. 272 71H0| 2t FHdotn|ieie| Steby 3}

$HE 12715 drstols, AR 9 ST of|icAl, ofyl,
HEelo|E, T AT aminocarbonyl §H-S O AA ZAH
3kE dorH, 71EHE @49ttt o] ¥RE-Z Maillard BHol2} &t
t}. o] 9kgollA 27]o AEE= APEE 59 it 5-(hydro-
xymethyl)-2-furfural HMF)o|®, HMFQ] %2 71€9] =7t 4
s S7RITE b HMFQ] 2 254 §/49] A #E ol
gk 4= QIthRenner, 1983; Renner®} Badke, 1984; iifi/ll, 198;
Fink®} Kessler, 1986). HMF ©]9]o]] £-7-9] 11.27}Fo]Lt 7]
Aol A= E42A Jactuloselysine(e-N-deoxylactulosyl-
L-lysine), lysinoalanine(N-&(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°] 4= UcHMoller 5,
1977 Lorient, 1979; Manson¥} Carolan, 1980).

Lactuloselysine, lysinoalanine % fructoselysine2 -8-2] 714

ofl 9J&)A] lysine®] e-NH9] Y87} F2 439 7k d719} ofv|
L7iEd W doAN AP ols AEE2 avtal)
282 AHellA lysine?] 717t WA= ER lysine?] 24 72
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A& AAoHA 3t Frosined} pyridosine 47] E49] Al
Baflof oJallA A= HErbersdobler 5, 1987; @i, 1983).
T2y Millard ¥F8-2 5201 9JsiA] 1 §Ego] Aej=u = ¥ad
T FEAFoIAE oA DouAlRh Al 718 fAECIA =
A9l dojubA] k=t FtHRenner, 1983).

1) S84 lysine?| Z4

713k vie} o] UTs| =71} lysine?] e-NH,719] Aol 2fsfiA]
A& 2igtEo] Y= lysine®] B A {844 19E A4aE
Ak, A 9] 71E SN lysine®] &4 =3 H|F
of AUA] k=t 71hof| 9J3t a4 lysine?] £ A-ollA
1~2%, UHT A2)follAl 1~4%(H33 413 2H84] UHT Afolefl 27}
A9 §i2), A7 #RA SRolA 5%, BatollAl 6~10%, 121 &
FAFoAE F 20%C]H, UHT Aol Qsixe A2l Fa4
lysineol] HI3tE & & UE ¥ A=A LtrhHorake} Kess-
ler, 1981; Renner, 1989; Renner®} Badke, 1984; 1 to, 1986;
it)ll, 1981). E, Moller 5{1977)2 UHT BA2] ZANAE ly-
sine?] B2 AR oot A2olA 671€ o)) HESHH
ol A& EZASFE 0] lysine®] FA/Jo] AotEIrtal Hirska
AUk, ot FAZE ZFholAs AR R84 lysineo] £4T 4
UL, ERAZRNAE 1 F8A0] AstEA] gtod, =iz
Az 48~75%7HA Aok Shekiflll, 1984).

Table 12+ A5, HTSTS 9 UHT A-325E ZZ caseind
7 SES 2A5k0] Fa4 lysinedE AR A¥joltt. o] 4
F}of| oJstd 7FAAE] 3t casein 7t YY7H] £4L2 A9 gl A
oF yehtal gtk Iy UHTAZS d9dd 59 84
lysine A35oll HISHA thi ZA(<10%)5taL Sick. T12{EE {873
lysine®] &4 2 R AA dojum, casein A B
TS 7] gko Ao g B 4 Qlt(Douglas 5, 1981; Renner, 1983).
79 7Hdol| QsiA 3 AR lysine A HollAl ol82

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.
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4 Gl opricAle] EBE T kg Yt AskE Ao A7st
4 ItHMasters®} Frideman, 1979). ©] 7<%, $-achzo] A5t
of]i=Ato] lysine©|H lysine®] S22 J¢719] Astalo]
A9k, S-FEAL] Aglopr| AR methionine®] 22 lysine©]
Tha E8M3} Floje S-RtAe] AE7l= AokEA] =ttt o
o] SR F9| lysine®E TR opv|iAte] HIS|A Bl A
Wol gEo] Qo= Fhdo] o3t f84 lysine?] WY 7
E U FARIE 22 o= ZE2A11 tHDouglas 5, 1981;
Renner, 1983; &7, 1989; #fi/ll, 1984).

5. 7iEewe TR 3YJ}

= 7Hh0l QoA Fu/dE DA AA AJEj o] T o] BlgA
o] YAERTL SR B R GARE-S W] 4191, ARtg
o} UHT AR a2 YaHrt Q5]2 o]&E0] £2 Ao=
71&51al Utk Fricker(1964)+= UHT(Uperization)& 150T, 0.75
Z A H=E REZ SAlol 24 AFeE 23t 71do] ff2
FY7toll= o' kol vlA|A] dokon, F9f +H, BAlsY, &

(1959)7 Burton(1965) 50l 2J5HH A<, UHT A3, UHT A
2% HAEFH110~120T, 12~208 AEHE RS 51 2
Ih= Table 130 FAIH B9} Zom, BE7I9F i Asgo] A
o] 217} glovk, e B9 A8kgo] thA AskE AL Sl
e B 70] oJ5hH 744 UHT Ao chldyE7lel 4018
77y 929} 912 AR IAET FolPt Q19 E Rl
E719F 48180 QlojA UHT A A} 3of 2joj7} ept
| Qiokon] fAhil o] 7FAHAL o] 59] JFstE FAJof= of
H FRS w|X]R] =t $tHBurton, 1969; Burvall 5, 1977;
Hurrell 5, 1980; &3z, 1983). 18y B2 AZE A4 S84
lysine®rE AAA DA A thh ASHAHTIL SHeHBur-
vall 5, 1977).

$HH, UHT A29] Ao o882 B89 11 39 96~97%°]

oz J

S
-
9

N

5

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.

9, Streptococcus liquefaciens®t o] Alda} 22 deotu|y
AbS 861= YRS o854 BEVHE AT A3, o2 714
v oJsiA At UHTREFE 42 Bk AR A&7
95~100%C|AckaL sty T] 3l Ataet UHT Aglqe] whd
ol-&Eo e Fox = UERA] itk itk fobe} ofglol9] 7
Sol%= UHT AHget AAAE Atete] Alelolls 47t
Aol FYxk= AFEA] okt FKBurton, 1969; Ren-
ner, 1983; iz, 1983; iifi)ll, 1984).

T2 Sokx]9] Aol ARt AT B F2At ol
Aot AR UHT AHEf Afelols feA7t 1= St
(Shillam 5, 1960). 184 5472 9] 45% ol/do] wH/dY f
= 1 2= AAET SHKShillam¥} Roy, 1962). ©] 99l
tiofial= oFA] B A|aL QA] QRO Folx|f o] mA|o] SfsfiA]
HAS A Al 979 WY Z2EA gt ¥R Fis| o
By Fgotal YL, 1983; iifilll, 1984).

T =i7]9] FLk 88T, 308 66ToA 718 & EFAxsH
=2 AT 23}, SR el AREC] A e en, f4HH
9] 7HAHA =T} =2 AR A AAEC] A A=A gtk

Az BAFHYo| R 11 ARl Folx|et 2R AN, Kok 73jt
S HR2 ZR}Y] AL A ] A9 Aot} ujoflAle] S-f2

1Y Ao g did 40kg Aot o] YF= PIAE AeE
X

1o

)

oo N & md fe

-39 AR Atolut UHT A2jol QJsfiA] casein SF14 H
S BH7] oo}, RAdehd 2 g W) ZHd] ozt AT
HZ 0] MAJZ HTST, AFAIR I, 2154] UHT, 7H44] UHT
«O® =/ dojdth. 1 A, $f 59 Y4 dARE ¥
3}, B-lactoglobulin®} x-casein®] 43212, casein micelle®]
A719] W3k, chymosin 28] 9Jgt $-7-8119] XA 52 @il
LR}, Ty APETolL 11 o] A3t ZFEA oA = ca-
sein'e 31oH4] HISIE YO AA| caseinOE FE Q| Hld o] &
oy 4 Hefel=g (EjHeh E g-casein 250 3t as-
casein?} B-casein® HSZARR-S AMAISHA )
SHH, JATH o R = 979 71Eo] QoA HEFe] "o}
o)Akl lysineo] Y5 EE/I3lolo] A2y fa/dE AAsHA |
o =y @4 AET e AAAI 79 ArEat UHT
29| A lysined] A F8A Fde YR FAS=
gt Ao AZtET Qiok
AAE B, AR, UHT Aef 9 3AEdR=E e 9t 7+
H9-RO] Aol FFAY Aol ofst FYTHH o= 71EA T
o 9Jgt Foak= A=A & ATHEAEF = AL).
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T, frolet ofHof9] Aol ALAGAITE A9k UHT A3 A
ool ISt AW FolRk= AFEA ottt

T8y UHT 5, 338897 9 279 4% 120049 7144
il A S15HA wste}l Jgsha Wshs FAY & gl A
o7 Hr}
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