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A Review on the Change of Physicochemical Quality during Heating of Milk

Y.M.In - LK. Jung
National Livestock Research Institute, RDA

ABSTRACT

Milk can be regarded as a complete food, containing protein, fat, lactose, vitamins and minerals. Milk is heated for

a variety of reasons. The main reasons are: to remove pathogenic organisms; to increase shelf-life. But, when milk is

heated, many changes take place: denaturation of whey proteins and interaction with casein, Maillard browning,
losses of vitamin and minerals. The addition of a additive and milk powder to flavor and taste may cause undesirable
change of quality during heating milk. The reconstituted milk is the milk product resulting from the addition of water

to the dried or condensed form in the amount necessary to re-establish the specified water solids ratio. Therefore,

according to the increasement of consumption of processed milk, the necessity for study about the quality of

processed milk mixed with reconstituted milk arose.

(Keyword : Physicochemical change, Heat treatment milk, Processed milk)
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1. M2EAZE AFH(LTLT: Low temperature long
time pasteurization)

LTLTAHF5-2 holding pasteurization ©]2} 3} o
0 2 patch?] ) AFAX 2N F7o] I wi=
718 Zshe Aol a2 62~65TelAM 30
ZH 71 Aatshe wholtt e tdadE
74 3] fisle) 2 & & ARg-ekaL
e}, o] W& A2 Az} A th2 At el H]
sto] A a7} Ao H 2= AAF AR o] FojEaL
Art.

HrooN

2. D2CHA|IZE AHHH(HTST; High temperature short
time pasteurization)
ol e - RE AEH R d wE| & TIANA
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3. 1247t AHdH(Flash pasteurization)

5 80~95CollA =7k 7Hd A sk Wi o
A el AR F7tellA o] 853 Sl FEAE]
Holoh LTLTA ol vls)] A a7} 2 Holut
73 o] Aot f AT A of S 31 9 kA 5t wh3-
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4, =12 X2|Y(UHT; Ultra high temperature
treatment)
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St A 59 At AP A4
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Table 1. Condition of heat treated pasteurization for milk
and dairy products in USA(RDA recommendation)

Pasteurization | Temperature !
Product method (C) Time
LTLT 62.8 30 min
71.7 15 sec
milk 88.3 1 sec
low fat milk 90.0 0.5 sec
! . HTST
skim milk 94.0 0.1 sec
95.5 0.05 sec
100.0 0.01 sec
cream LTLT 65.5 30 min
chocolate
mitk HTST 74.4 15 sec
) LTLT 68.3 30 sec
ice—cream
HTST 79.4 15 sec
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w2 o] ok 20%E XX 3}l
9l on, B-lactoglobulin, @ - lactalbumin, immunoglo-
bulin, serum albumin, proteose-peptone, non proteic
compounds 522 T3 4= ek -R-o] FAg Al
STl A o] o W Al(denaturation) A &= @A &
wob A7kl S wov), dXE g [ 2] e
Ao fFAvNAe FG P E 2 o, o
L Q) FF o)ate] dol FE wol = o]2] g Y H
7} sk =9 A] ehil A o] ExJo] wistHT)).

FrAe A o) vjead Ael]l sulfhydryl group(-SH
7)) 7 el o8l 3242 27} stAA & sk
et $HE 75CoAA 71T 75 FHeot]iitol
-SH7IE #2l3le] gaAstsledo] A 7t
A7 A da o),
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off $-f @R 9] 3 u S AtAl7)= Aol Ak

FAGNH L ZF Fiol b dxejale] WA s
o] tlzrh 71} WA wiAdo] dojup= e E 2
immunoglobulin®]® -3 albumin, A-lactoglobulin,
@ -lactalbumind G Ao that ek Al o] 25 wol &
AF-E 70TCAA 3087 7HE RS W 7 frd e
AHAE-S immunoglobulin®] 89%, f-*Jalbumin®]
59%, B-lactoglobulin®] 32%, «-lactalbumin 6%%1T}
i B vk gle}?.

a8l FAEHEE 71 byl whebA WA
A=t g2} LTLTA T 9] 729 °F 12~20%, HTST
9] 74 50%, UHTS] 79 60~65%2] ¥/do] dojt
o S,

1% B-lactoglobuline -3 o] Fa AR A f

X U] 2t 0i

Aepi A o] 50-55%F AR 5h FH oz W opT}
S-g-0] dx)A)e) Wl T8 J3s
60°Col o2 dxjg] A WAE7] A ztst 71E 2k
7} ZolA4E thiol-disulfhide W3-8k ¥H-g-olA «
—casein X a-lactoalbumin®} BFHAE sl
micelle®] TATZ} FAA o) ¥l3}S o7 | 21T,
Eberhard® 5 %<l B-lactoglobulin 2F 350
0~3800my ¢ EAEA T A S oy @ WA
o] AFEFolME F 5~25%HE FaEotL stFle
o, A5 BoRs Hd Q) B-lactoglobulin 3]
frojd ez Aok B ustgich
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ojof g 72~74TCAlA 1527t «n] 74
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(2) Casein micelle2| B3t

H & Casein® oA dibzaat AdElA
casein-calcium phosphate2] 53H11E 433514 colloid
A& EA)al=t) o] HAE casein micelleo] 2} g
‘;]_10).

Casein Foll ¢k 3ltiaL deiA] glovt 7 =3
of Wb f- A ezl abe] 5 A Thgo| 29 F e
st pHo| W3l Sofl 23] casein micelled] &3 7]
7} MElEs oz HuEx et & SfE
HTSTU UHT A2l & 3}3& 35 A 54 casein
micelle?] 3719l ¥]8)A A7]17F 2 micelled] 71 &
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Casein micelle?] FAAE 2 ¢ -caseine -2 714
Aelol sl f3 wAz) B3 E PAdshs Ao
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ydryl group¥}2] A& 28l 2§ S -lactoglobulin/ « -
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AL FAE AZ A o] 3t AFS] =
ok Ao MghE Fo], X| = A ZA] k -casein®] rennin
2}-g-of] tf & Z:}—’F"é & Asjsle] SaATHE A AT
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FAEE Al =3 Al o) WA
B-lactoglobulin& -7} ¥ E v micelle7te] &3
& FH o2 Waste] yoghurte] Z2& A#ete
Aoz gaso] Qo

121} casein micelleS 3-lactoglobulin ¥7F o}
2} o-lactalbumin & A3 LS o] BEIAE &
Aala 51", Elfagm¥ Weelock™" « -casein
7} g-lactalbumind 7}hol| 23] A A o2 &3t
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952 71d Aol 3t ehrstEe] Wshe -]
A8 vk 3t 3] o] R sle] #AE Zlo] ot olE9
WsHE Qo7 e due) AL st ddolet s
Maillard ¥H-ol 93 ¥z} dif-olt}. oje} 7he
Maillard ¥l oJsfl A =]o] o] EAj2]o] uh
W3lE EA = A RRARHE RS
ke E-291 furosine( € -N-2-furosyl methyl-lysine)
#} HMF (hydroxymethylfurfural), 7.2] i lactose ] iso-
merization®) 2|8 A | += lactulose 5-°] 3UTh

+ amadori A

(1) Furosine

Furosine 19653 % 4 =)2]¥ €252 7k
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Lactose —— Schiff’s base

Amadori Compound
(lactuloselysine or fructoselysine
HC1 hydrolysis
Lysine
;H—(CHZ)—@ @\ CH\/LYS
HOOC
Pyridosine Furosine

Fig 1. The pathway of the furosine formation

B Zo) A S| X| g2 peak 7t B H o] F 2 AT
7} R g5 o] o] B2 o] lysine} glucose s} T o] Q&
vﬂ 131—51 Lur;]_f’l)

262} A2 A lactose S} lysine©| ¥H-3-3+ schiff's
baseZ HA3}1L lactosylamine-S 1% amadori rear-
rangement -0l Maillard¥H-5- 243 o8] HA s &2
9] lactuloseysine®] €t} 2 A H AV AT
A FAIES] Bgele
sine( € -N-2-deoxy-frutosyl-L-lysine) = &7 g} o]
T 5228 A 7hR-alol| 213 furosine, lysine, pyrido-
sme_i Ea " iFig 1).

9] 714 Aol W furosine A FS EAFE
% A7 Aol 2)5HA frosineS -] AA 2ol ©h
37] ]o]] 6‘3/\‘15]“7—‘0ik1 © OE g;qﬂb‘lﬂ
ol 7t 2o wbA 1 o] F7HEThAL S
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2438 F7HEAcin SAoi?. wEb 9
furosine®] &L $-f-2) A4 A=E FEL T AU
EAE2AM o4 = ol A2 Italyoll A e At
o] furosines*%& FAXE Hapa Ak

B3] 2 48 Alxste HF furosine]
Wo] At AL B A7 dTfelA Big vt
ek A9k SR furosine TS H] A AR AL
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Fig. 2. Furosine content in milk mixed with reconstituted
milk

7} B0l $71E4E furesine®] 50| &
o= Ao B ATHFig 2).

webA furosine o] 71E oo ® W2 FAIFE
& dAE 71F & FFA ZRAY ERAIF] Aot
g Ao oSy Az A4 F EAE AL AFol
2ha e e lrkar ok

(2) HMF (Hydroxymethylfurfural)

HMFE 1949391 Wolfrom 5] glucose} glycine®]
FENG AXPS o) PPk B o= A
& A77H 8= 0] 19533 Hodgeoll 2]l Maillard k-
o)l 2)gt HMF2] A w7k Eol ¥l itk 15 Boekel
7} Rehman™? o] A A gt HMFS] - Wl7H 58 Aol K.
H(Fig.3), 759 727 lysine] S & F-
Schiff's base”} FA =™, 0]= Amadori rearrangement
%]o] lactulosylamine(1-amine-1-deoxy-ketose) = %13
dr}. pH7}FRS 73 Amadori &2+ enolizations 7
4] HMF9] Schiffs7} =u], £33 59| galactose”}
Wolx U7tHA HMF7F A4 et

32 HMF7F -9l dAe] 2o AReM F5
& ylol o]o] gk A7} ol o] o AL Qi -+
9] dxjgle] W& HMFEZ Wslol digk A4,
Morales 5-& 90~140Col A -5 7Fd A2 & 73
< AA &9t A Alzto] F7HETF HMFS
AR EFo] Z7HAAT T 3131 27 Holsinger 570%
HMFE $-79 713 2 A0 Sl A4 44

Lactose+tR-HN, — Lactulosylamine

Amadori rearrangement

R-NH-CH=COH-(CHOH),-CH,0H
3H,0

HO,C~ ; ~ CH=NH-R

Schiff base of HMF

HO,C CHO+R-NH,
HMF

Fig 3. The pathway of HMF formation
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$ro] HMFEHEL il vl o8t & Ao
vebstct.

E3] 7bga-0) nEE o] B8-S HMFY ¥
Zro] Zylel= Aoz Rus T 9ed, 949 34
-] HMF &3S v 2415 Q7700 I & 7}
317] & 790 A= Qfol vls] BLhrol HMF &
2ro] ] Bgton 7192w} Fold5E HMFE
2 Az} Z7}E A Fink 59 Q7olA% UHTA
So} AEHe] HMFSEo] 2442b 1~10 g2moll, 30~
140 pmo/1 2 YR} HMFEE-S G4 =7} 48}
31, AP ko] B&4E FrbETL sigith

A @R 5ot £l EA-oke] HMF #3-8 vl
ZAFE F 9} Vo] ATl 49 dA ] A=e wet
HMF §Hol] 20| & 1.9 on, 4k A 8-f-o 44
HEg ol 7] $18) HMF 332 2A R aka} F209)
AT M= AA7I7He A5 98 o Be dA
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2} Zhabel 2 S W= 2o ® Yepdth

Wb frge st f3 Alol 2] Maillardihg-2 7}
Bl AREE = 9] )z, AEsE, Ax, A
7} Zo ZR5o]A HMFE %ol AR A1F9]
EAREE 7ML Ao s Aok

o}

(3) Lactulose(4-O- 8 -D-galactopyranosyl-D-fructo-
furanose)

Lactulose™= 1958 Adachi®ll 2|3} 120°Cll A 104]
7F 2ok AP E SRl Hg o2 wAEAt 7}
A2 " -Fulel A lactulose™ 7 714 FENE EA)
g}, sl At 9] lactuloseo| ™, THE SR
Sreh A o] amino groups©] 372 ¥ e -N-deoxyla-
ctulosyl-L-lysine otk 7} A€ el 7
lactuloses= Lobry de Bruyn-Alberda van Ekenstein(LA)
transformation o 9J&] AHH 7 F A2 5=
1 3}o] w2} lactulose s £ M 3HEThAL gt

252l dxj] A lactulose T Htel g HiF-2
o] AF-7A Fo]| o]ahA At-Goll A= lactulose 7t A&
] 9F2- whHo] UHNTARFRU A E T2 lactulose
ke =2 A0 2 Vel actulose F0] -2 &
e AL FEIE A R2A FEWI AP =
U] Al -8 % lactulose 3 ZAMH uF 5200) A
M E 9o el Yro] - o]3stAQ Wi}
Z lactulose F3F0) 979} 7tAx e} Axo) A w72
4 olrkar skgict,

Lactulose= Lactobacilli2} Bifidobacterium bifidum
o]l 2J&} o] &5 o] oA A x} AFAREA frobe]
okol] %9 g o2 ut At A% factulose= $
o Aol g do 4 vk RuHa 9lo] -
o] dxjg] Ao FAEE lactulose®] FFo] -+ &
SAEY) FAoE 4L v 4 A& Aow AR

Ay,

3, Al
S A48 FOIA KR AFS) A B o}
ek AEel 9 el GAOIE Fat 3L Po,
S % A Af 5y 7, T Y AAY 5
o) 2.9l0) &) B2}, B WAk e

18 SRQIRETIRIRX| Mo 1%, 2001

1A

3] $-frol Ak dx ) F4 % lactones©lH} methyl
ketoneo] HAENM 959 Fnjol) &3S dovl=
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UHTAHZo|W wizdd el Aol lactoneo|tt
methyl ketoneo] ©o] AAdAch 2gxa +f F9
triglyceridecl] AgHE o] Q1= 2ate] 7HE A el €]
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h Wl 9 ¢ 2102 24 Atk Scott 5
S 587 A BT HE RS dof doll olg |
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Betty 572 $-froll APgdeko] &5 nEkil A9

7HERIA A & v8; oA ) o= ksl 28-S 8t
= tocopherolo] 2] 2] Abs}E Ao 2 H]EIA
2 QEgAF|7] wjE-olgbar P mapa] BA)9-f
RORE AR -] wjElRl AV} B & stk 3
t}. v]elRIDe] gk B Aol th 3 A Az}l o5t
A o) ERfshs HEFIDE Fell 43d] ¢85t
o 110~ 120°ColA] 1587ke] AAg| A = T
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