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Abstract

This study was carried out to analyze the physicochemical properties of bovine milks, which were heated
with LTLT, HTST, UHT pasteurization and UHT sterilization methods and to compare the heat intensity
among the heating methods and samples. The mean HMF values per liter milk were measured as 0.66~1.62
HM (LTLT), 0.9~1.78uM (HTST), 3.53uM (UHT pasteurized) and 7.43~8.97 uM (UHT sterilized) in samples, re-
spectively. The available lysine contents per 100ml milk showed 293.2 mg(Raw), 289.2~291.2 mg(LTLY),
288.4~292.4mg (HTST), 272.4~261.6mg (UHT pasteurized) and 278.0mg (UHT sterilized), respectively. The
rates of whey protein denaturation were 9.5~11.4% (LTLT), 9.5~17.1% (HTST), 89.3~95% (UHT pas-
teurized) and 62.7 % (UHT sterilized), respectively. The contents of SH groups per g protein were determined
as 2.86uM (Raw) and 2.95~3.15uM (LTLT), 3.08~3.18uM (HTST), 3.26~3.42uM (UHT pasteurized) and 3.
36uM (UHT sterilized), respectively. The SS groups contents per g protein were 28.93uM (Raw), 25.72~ 26.
51uM(LTLT), 26.93~26.79uM (HTST), 23.65~23.04 uM (UHT pasteurized) and 24.69uM (UHT sterilized), re-
spectively. The ascorbic acid contents per liter milk were measured 6.05mg (Raw), 1.47 ~1.65mg(LTLT), 2.
50~3.85mg (HTST), 2.87~3.69mg (UHT pasteurized) and 4.50mg (UHT sterilized). The changes of some in-
dices in milk samples depend on the heating temperature and time ; the HMF values, SH groups, whey pro-
tein denaturation rates increased, while the available lysine contents and SS groups decreased in LTLT, HTST,
UHT pasteurized and UHT sterilized milks. No remarkable differences were found in heating indicators be-
tween LTLT and UHT milks.

Key words : heat treated milks, HMF, whey protein denaturation, SH-groups, ascorbic acid,
available lysine
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Fig. 1. HMF standard calibration curve.
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Fig. 2. &-TNP-L-Lysine standard calibration curve.
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Table 1. HMF values in various heat treated milks

Heating Total HMF of Absolute
condition HMF raw milk HMF
(mol/l) £SD (mol/l) +SD (mol/I)
LTLT
A (63°C, 30min, L) 15.04 14381060 0.66+1.03
a(63°C, 30min, M) 16.00 14.38+0.60 1.62+0.92
HTST
B(75°C, 15sec, L) 15.28 14.3810.60 0.90+0.68
b (72°C, 12sec, M) 16.16 14.38+0.60 1.78+0.68
UHT pasteurization
C (135°C, 2sec, M) 21.81 14.38 +0.60 7.43+0.37
D (130°C above, 2335 14.38+0.60 8.97+0.98
2sec, M)
UHT sterilization
E (140°C, 3sec, M) 1791 14.38 £0.60 3.53+0.66

n = 5 determinations

SD : Standard deviation

L :Treated in laboratory
M : Commercial product
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Table 2. Available lysine contents of various heat treated

milks
Heating Available lysine % compared
condition (mg/100ml milk)2SD  with raw milk
Raw 293.2+19.5 100
LTLT
A (63°C, 30min, L) 289.2+22.8 98.6
a (63°C, 30min, M) 291.2+304 99.3
HTST
B (75°C, 15sec, L) 288.4+16.9 98.3
b (72°C, 15sec, M) 292.4+235 99.7
UHT pasteurization
C(135°C, 2sec, M) 2724125 92.9
D (130° C above, 2sec, M) 261.6+56.7 89.2
UHT sterilization
E(140°C, 3sec, M) 278.0+243 94.8

n = 5 determinations

SD : Standard deviation

L :Treated in laboratory
M : Commercial product
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Table 3. Denaturation rates of whey protein in various
heat treated milks

Heating condition Denaturation rates of

whey protein (%) £SD

LTLT

A (63°C, 30min, L) 114128

a (63°C, 30min, M) 9.5+ 1.6
HTST

B (75°C, 15sec, L) 95+4.8

b (72°C, 15sec, M) 171142
UHT pasteurization

C(135°C, 2sec, M) 89.3 £ 0.6

D (130°C above, 2sec, M) 95.0+ 1.5
UHT sterilization

E (140°C, 3sec, M) 62.7 £ 3.5

n = 5 determinations

SD : Standard deviation

L :Treated in laboratory
M : Commercial product
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11.2%7}F F7kslden 23e AHefodMe O}
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2zl A7t AfY 24, A%, Abae] ¥ AR



49 Ao BE AEEU Wt 395

Table 4. Contents of sulthydryl and disulfide groups in raw
milk and various heat treated milks

Heating condition SH (uM/g SS (uM/g
protein) £ SD protein) £SD

Raw 2.86+0.7 28.93+6.7
LTLT

A (63°C, 30min, L) 295+0.5 257223
a (63°C, 30min, M) 3.15120.5 26.51+3.9
HTST

B (75°C, 15sec, L) 3.08+0.4 26.93+5.0
b (75° C, 15sec, M) 3.18+0.6 26.79+3.4
UHT pasteurization

C(135°C, 2sec, M) 3.26+0.5 23.65+6.4
D (130°C above, 2sec, M) 3.42+0.7 23.04+3.4
UHT sterilization

E (140°C, 3sec, M) 3.36+0.6 24.6915.0

n = 5 determinations

SD : Standard deviation

L :Treated in laboratory
M : Commercial product

Hol o) o 3-8 wki=cha 55 b7, Klostermeyer®
2} Blankenagel®} Humbert®®= B-lactoglobuline] 130
"CollA] +A3] WA= o] of §H-f-o}n] 4kl me-
thionine, cysteine, cystine S| 7}d 3 & oF7| A7 &
SH7| & 44 dvtha F3shglch

SS groups< Aol 28.93uM/g proteino. 2 o}
Sz 7)0] ¥ 71%E 67.1uM/g proteinitt= 2jol7} o
ofon] A& Al Gl AL 11.1%, at 8.4%, T&
71 AAg A B froll A BE 7%, by 7.4%7F ZHadtdz
23 A A2l 2 A AR CollA 18.2%, A&
DailA 204% el 2 3¢ FF Al AR Bl e
14.7%7} 7t 25 = ol ohE B oA B oha
B Zagolqlcth SS groupse] AWAES] Aele
Beveridge 53} Patrick3} Swaisgood®*¥o] B 1%} u}e}
Zro] Al-4-9 urea®] X9} o] o) AefA <l Blactoglob-
ulin®] £ g Ao 7]Q1j AL 2 A=l o]zt

Ascorbic acid &2k

$-&-22] ascorbic acid &2 5~30mg/IE d&H
9125 ascorbic acidi gl 9173% vlelulojoja] &
A A& dehle AR A4 2 5 Ao, o
2] 7}x] dAje} =AM A 2" $-§-F ascorbic acid
k& Table 59} e}, B AY e 52 ascorbic

acides oF 6.05mg/12 Z3zte] Held £3l9 o] &
71Ee® O £A%E ¥ A AFFY AS Ae
73%, a© 76%2 7} B vdehgon ol 2 4t
59 delx] Woessner 542] 21%, Tobias®} Her-
reid?e] 32.4%=2 233 FgIe o7t we
Morita®2] 32~83%2 M iele fAFsbgch =3
Renner?& | AT f-ol A nlelnl &4l gke) 0~100%
2 1ysp|® gl 22 €2 AEfe A% Be
58.7%, b= 36.4%9] £ATFE vyl o] m24
ol lelA &Algko] Konve] B mol4]e] 10%,
Renner?2] 10~25%, Morita?2] 7~21% 18] Ford
5492 17%5 & AYlA g Azste Aol & BHd.
T 2 AR ¥ FH22 2 Scott Fe]
23] 1.45mg/I2 ¥ 5% R} Ford 542 2.2mg/l¢}
& fFAHREE Yelith 23 AT A &4
go] Cx 39%, D& 53%9 2 23L& FF#a Ee
26%2) &S Vel o & g 23L& AF
|21 2] Portere} Thompson'o] 20%, Kon“& 10%,
Renner® 5~30%% B3 el ohad Fghov
Morita®8] 41~70%7} I3 € Aeg wByd
FAE A& by} o] ascorbic acide g A €
2ERtE A At sl T A FpEHe= A
2 49A dJon =% oS F83 AL FEAAHF

Table 5. Ascorbic acid contents in various heat treated
milks :

Heating condition Ascorbic acid contents (mg/1) £ SD

Raw 6.05+ 0.9
LTLT

A (63°C, 30min, L) 1.65+ 0.3
a (63°C, 30min, M) 147+ 04
HTST

B (75°C, 15sec, L) 2501 0.5

b (72°C, 15sec, M) 3.8510.6
UHT pasteurization

C(135°C, 2sec, M) 369+ 09

D (130°C above, 2sec, M) 2.87+0.4
UHT sterilization

E (140°C, 3sec, M) 450+ 0.3

n = 5 determinations

SD : Standard deviation

L :Treated in laboratory
M : Commercial product
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HMFgHeke 2] & AFFfoll 4 0.66~1.62uM/|, & AF
TSl A 0.90~1.78uM/|, 23 AF-Foll A& 7.43~
8.97uM/l, 212 FFFdA & 3.53uM/IZ &R =
At -2 A lysined e QF-oA 293.2mg/100ml
olglom AL AFFAA 0.7~1.4%, L& AFFo
A 03~1.7%, 2L AdEfollA 7.1~10.8% 285
23 DFFNA 5.2%7F 42 FAasoh FAS
WA o] WA S A& AdfolA 9.5~11.4%, 2L 4
FHellA] 9.5~17.1%, 22L& AdHF+ 89.3~95.0%,
YA 2L AFFolA 62.7%E 7 vl
Sulfhydrylz} disulfide groups-2 sulfhydrylZ]7} -7l
Al 2.86uM/g proteine]glan] A2 AbFfellA 3.1
~10.1%, ZXAFFolA 7.6~11.2%, 23 AT
oA 14.0~19.6%, 23L& HFFAA 17.5%7} F7}
= glew disulfide groups® 9§71 28.93uM/g pro-
tein® 2 AL AFFNA] 11.1~8.4%, 7 AHFH-
A 7.0~7.4%, 23L& AEf-ollA 18.2~20.4% 18] 5L
2V LB TSN 14.7%7} 242t 7H23ked ). Ascor-
bic acid §3-& Yf-oA 6.05mg/lo]gl e A& 4t
FAellA 73~76%, & AFA-olA 36.4~58.7%, &

L AF G4 39~53% el 3 E2I& FFFolA
26%2} 7t a8 77 vhebict. o] 9} 2ol A Ao

EwsE v dAe %7} FohA o wheh HMF
g AU HAEE FrHH S lysined e
& a=Eglen sulfhydrylz)7} Z27bge) welba
disulfide groups& 7}A2 == 7 3-& B3 ascorbic
acid= A7 LW oz} AR F- o] S5
< 4 5 Adch AL AFFet 2L AFHF Abolell
Ae AREAEY o] b Ao UL & 5
ARt
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