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Abstract

Raw milk, skim milk, HTST-, LTLT-, and UHT-milk were treated with pulsed electric field (PEF) process and the
changes in proteins and physicochemical properties of milk were examined. When protein profiles in samples were
identified by SDS-PAGE, the denaturation of milk proteins by PEF treatment was not observed. When the denatur-
ation temperature (Td) of milk proteins was analyzed with a differential scanning calorimetry (DSC), the Td of skim
milk treated with PEF at 65°C increased from 87.66 to 97.18°C, which indicated that PEF treatment affected the
denaturation of milk protein. The PEF treatment of raw milk and skim milk resulted in the decrease of alkaline
phosphatase activity, whereas protease and lactoperoxidase activities were not affected. Raw milk treated with PEF
at 65°C showed more browning reaction than non-treated raw milk. The pH and titratable acidity of milk were not

affected by PEF treatment.
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= AHg3te] 24319t} Alkaline phosphatase®] EHd&4 &
100mM glycine <45EA(100mM  glycine, 1.0mM
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7}z 1413 69 kDa $1A|oA Yebtom, i@ atw o
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Fig. 1. Analysis of SDS-PAGE of raw milk treated with PEF.

Panel A. SDS-PAGE: Lane M, molecular weight marker; 1,
untreated; 2, treated with PEF at 50°C; 3, treated with PEF at 65°C.
Panel B. Densitogram of SDS-PAGE: 1, untreated; 2, treated with
PEF at 50°C; 3, treated with PEF at 65°C.
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Fig. 2. Analysis of SDS-PAGE of skim milk treated with PEF.
Panel A. SDS-PAGE: Lane M, molecular weight marker; 1,
untreated; 2, treated with PEF at 50°C; 3, treated with PEF at 65°C.
Panel B. Densitogram of SDS-PAGE: 1, untreated; 2, treated with
PEF at 50°C; 3, treated with PEF at 65°C.

A ke Zo] delHdt). Fig. 3 50°C} 65°Coll A zHz}
PEF A 2]& & HTST %ol th$t SDS-PAGE 235
Bl =t 50°ColAl PEF A &gt Al59] 749 PB-casein
band &F¢tol]l thre] ©hl A band7F UERHET] 65T oA
PEF A2]g A 5oA e YEhA] 2 7102 njFo] &
u} 50°C PEF 2] A|8%& PEF g oa] Zajd Zlo]
olzl Alg AHAe] #AR EelE Ao E FHET) Fig
40l = LTLT - 50°Ce} 65°Coll A zHzb PEF A2l &
3 LTLT ¢l th3l SDS-PAGE ZA#4ZE YeAEd],
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Fig. 3. Analysis of SDS-PAGE of HTST milk treated with PEF.
Panel A. SDS-PAGE: Lane M, molecular weight marker; 1,
untreated; 2, treated with PEF at 50°C; 3, treated with PEF at 65°C.
Panel B. Densitogram of SDS-PAGE: 1, untreated; 2, treated with
PEF at 50°C; 3, treated with PEF at 65°C.
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Fig. 4. Analysis of SDS-PAGE of LTLT milk treated with PEF.
Panel A. SDS-PAGE: Lane M, molecular weight marker; 1,
untreated; 2, treated with PEF at 50°C; 3, treated with PEF at 65°C.
Panel B. Densitogram of SDS-PAGE: 1, untreated; 2, treated with
PEF at 50°C; 3, treated with PEF at 65°C.
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Table 1. Denaturation temperature of proteins in milk treated
with PEF.

Milk type Denaturation temperature (°C)

Raw milk

Untreated 79.65, 114.54

Treated with PEF at 50°C 80.88, 104.89

Treated with PEF at 65°C 80.34, 109.45
Skim milk

Untreated 87.66

Treated with PEF at 50°C 88.89

Treated with PEF at 65°C 97.18
HTST milk

Untreated 107.98

Treated with PEF at 50°C 107.78

Treated with PEF at 65°C 108.20
LTLT milk

Untreated 108.24

Treated with PEF at 50°C 110.48

Treated with PEF at 65°C 106.40
UHT milk 108.08
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T AT HTST 72 Tde 107.98°CE AlAHE
3, 50°C9} 65°CollA4l PEF #2]E & HTST A 7]
Tde= ZH2F 107.78°CSF 108.20°CE AlAt=Eo], HTST A+t
= Ak 2ol PEF Aol oJs] whlze] L3271 A
slelA= v o= IRIFEAUT. T LTLT 7 Td
£ 10824°CE AAFE YL, 50°CeF 65°ColA PEF A &S
Sk LTLT At $-+9 Tde Z7F 110.48°CSF 106.40°CZ
AlqkElo}, LTLT A $-f= PEF A 27} $-f ol &4
she @A ] F2E WA 7|A] e AR dRIET
S Aok @A, HTST -, LTILT %9 TdE H|a
SHAS 73, Aot A ol9le] freke Tde] Aol &}
o7} Uetsk=t] ol ¥R A5 foll EAlske A
W A A A} dalAdste] A akg 2 F Hdde]
QS Wty WEY Ao F A}EH 3, HTST 49
LTLT $f % UHT %2 Td7lF €428 34 &2 o
b g@Ae] TdoF 20°C ©]7¢e] zfo]& vreho] HTST,
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holo-a-lactalbumin®] Td+= 64.3°C, apo-o-lactalbumin®| Td
£ 35.0°CATHE Boye and Alli(2000)2] A4 k9l vl
d9e W TdlM= v zel7h Ao holo-a-
lactalbumin®] Td7} apo-o-lactalbumin®] TdXEt} =& 73k
< FAFERTE ol# g Td9] ztol= Ao AHEE Al89]
TES $471719 R/ 2 4 27 Fol 7Idske AL
2 ALE ¥ tH(Lee and Hong, 2002). Holo-a-lactalbumin<]
Td7} apo-a-lactalbumin®] TdXE.Th 2 vl 7}7to] =ol & W
doll Aol &S BAFA A=d, °l= Holo-a-
lactalbumin®ll Ca** o]&o] A3 = o] 3 2} 22| IAAA
S ZZA7]7] wjEolgta B g B} THRelkin, 1996,
Parris et al., 1991). %3¢t Lee and Hong(2002)< holo -0l
lactalbumin®} apo-a-lactalbumin®] E-E°| g TdE
At A3}, apo-a-lactalbumine TEO 2 AT PS
Bt Td7F ¢F 20°C 745319 3L, holo-o-lactalbumin-
3°C 7t Ast=E =, = apo-a-lactalbumin®] ol
¢F4 3t holo-o-lactalbumin®] S o} Td7F o 353}
AA doll 25 S A7 | Aol Aisile
™, apo-a-lactalbumin®] holo-a-lactalbumin 2. T} E* 2] Al
o EQPgstar del o3 Y-S o Wol werhal Adst
%t} Lee and Hong(2002)2 P- lactoglobulm«] Td7} 91.9°C
o™, a-lactalbuminy} EFF NS Wl o-lactalbumin®] EH
el FEFE F Dol o B frkar BAskith
pHoll 2|4 91 B-lactoglobuline AHd Z 7oA Fo v
M SEA R, pH 7914 = S1°COll A FE Wshrb dojitar
pH 99X = 47°ColAF-E] Foll ¢Jgh wido] Al ThaL
&4 AThBoye and Alli, 2000). Park and Lund(1984)
£ DSCE ©]&3}9] B-lactoglobulin®] €eHgdAde =73}
=, pH 4.0014 9.05T} 5.0%E 8.07FA 014 Fell £
g ®/do] t% Ao, lactoseoll o8l EWAd HrErt 3
A3ttty B U39l Antoine and De Souza(2007)%=
DSCE ol-&3dte §3 wijde] A8 s 54 44,
pH 3.8914 95°CE 5&E7F +3 @ d S 7Fdsiy 39
g gk o] S-xlo] WSt pH 3.5914] B-lactoglobulin
9] TdE 81.9°CE AlA=E % 2™, a-lactalbumin®] Tde pH
ol A#glo] 61.5°ColA 58.6°CE P-lactoglobulin .t} w3

in} 43 =) JlN

0_L4

= B2 EAY 54
Fasted, 2 AFolA = akaline
phosphatase, protease, lactoperoxidaseE 5743l 413131t
Table 20 A4, A F, HTST $f, LTLT $-9} o=
5 50°C BElr: 5°ColAl PEF A2]& & A&, UHT %
o] ti3}ed alkaline phosphatase, protease, lactoperoxidase2]

288E %z% st Az JERY AT Alkaline phosphatase
A2l 75 PEF Aglel oJsf &g o] Zasiie=r

o

Table 2. Enzyme activities in milk sterilized with various
sterilization processes.

Enzyme activity (U/mL)
Milk type i
wp Alkaline Protease Lactoperoxidase
phosphatase
Raw milk
Untreated 0.88+0.05"" 0.87+0.03" 0.11+0.01°

0.73+0.03" 0.87+0.05* 0.10+0.00°
0.50£0.05¢  0.85+0.08" 0.10+0.01°

Treated with PEF at 50°C

Treated with PEF at 65°C
Skim milk

Untreated

Treated with PEF at 50°C

Treated with PEF at 65°C
HTST milk

Untreated 2

Treated with PEF at 50°C -

Treated with PEF at 65°C -

0.41+0.07* 0.83+0.25° 0.11£0.01%
0.35+0.07° 0.81+0.41° 0.12+0.01°
0.32+0.08° 0.85+0.19" 0.10+0.01"

0.79+0.02° 0.05+0.00°
0.80+0.05° 0.04+0.00°
0.75+0.04° 0.04+0.00%

LTLT milk
Untreated - 0.89+0.08° -
Treated with PEF at 50°C - 0.78+0.01° -
Treated with PEF at 65°C - 0.77+0.04° -
UHT milk - 0.80+0.08° -
DMeans in a column with same superscript letter(s) are not significantly
different (p > 0.05).

YNot detectable

50°CHE.T} 65°ColA] Edo] H& #adte] 229 JFS
o] WS & F AU GAF2 H9-oll= PEF A
ol «loH Aggo] o7k 748kl en 50°CeF 65°C PEF
A= FoAQl 2polE Yep A &okth. §H HTST -
$, LTLT ‘I"ITQ’]' UHT $-frollde &4 @4do] 9ds] &
A=At} Lorenzen et al.(2010)2] A-7olA 71E A 2] 8HA]
2o 5-9] alkaline phosphate &4~%4]-& 1.126 U/mLo]
3L, LTLT Aol Agdals 62°Coll A 30 &, 65°CoA]
3287 7FEES o), zHzb 0318, 0.042 ULE S35 o]

Eagdol 7—% 3] Fastiem, HTST Aol d3ste
75°Col|l Al 2827F 71E8HE W, 0.946 UmLeIH &A%
de] 0.026 U/Li valnh B ArATA dg9 &
A5 PEF A2leials wf, 2284 & Wiyt gle
Ao g #ZAs|o] PEF A7t 484 AA 43S F
A e Aoz AASISTE Protease= Foll 333 A3t

o] HTSTY LTLT E& UHT 4ol 98] a4a34do] &
A=A B9kom, PEF Aol SsirE a4 &Ao] 2t
HA] 4S5 & 4 AU Lactoperoxidases LTLT Ao
of o3l E-&Adsl= A%t PEF A glol &Jsix = aig/do]
2AEA e AR YERgdth ol whal] A, @A

HTST 9= &484°] 0.12-0.04 UmL=E 4%‘1‘4 9i-t—t
Fonteh et al.(2002)2 --f¢F Hafol FF=o 3
lactoperoxidase®} thiocyanateE A8t A3} oA =
¥ lactoperoxidase®] T4 1.5-2.7 UmLE A

b
i

¥ o rr =
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2, Dumitrascu et al.(2012)] A= &, &, &9
AFE ANER lactoperoxidaseg] aagds ST,
I F 20 e BagAEe 097 UmLE Biste] B
A7deh= oF 10819] 27t vhe Ale & = 3l
Aot E=8F Dumitrascu et al(2012)2 -F-5 74°C7HA] &
P wl, 4584 0] 50% AasR=Y, B AFA el

et vie} o] gagho] YEhEA] ¢ LTLT, UHT
Sfrob BAol A ZHE HTST $-f9 A 2342
BT

TR M SHYE [

Table 39l= A+

izt Big 53

f, @A, HTST -7, LTLT %9} ©]

S $FE 50°C =& 65°ColA PEF 28] 3 A&, UHT
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Table 3. Browning reaction of milk sterilized with various
sterilization processes.
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Table 4. pH and titratable acidity of milk sterilized with
various processes.

Milk type Absorbance at 420 nm Milk type pH Titratable acidity (%)

Raw milk Raw milk

Untreated 69.70+£5.35%) Untreated 6.40+0.01%) 0.35+0.02°

Treated with PEF at 50°C 81.13£12.41¢ Treated with PEF at 50°C 6.51£0.01° 0.32+0.02*

Treated with PEF at 65°C 122.43429.26° Treated with PEF at 65°C 6.50+£0.01° 0.33+0.03"
Skim milk Skim milk

Untreated 11.50+0.72° Untreated 6.67+0.01° 0.21+0.23°

Treated with PEF at 50°C 13.73+2.25°¢ Treated with PEF at 50°C 6.66:0.00° 0.20+0.16°

Treated with PEF at 65°C 15.5340.35°¢ Treated with PEF at 65°C 6.66+0.01°¢ 0.22+0.36"
HTST milk HTST milk

Untreated 156.40+7.20° Untreated 7.08+0.02* 0.14+0.02°

Treated with PEF at 50°C 162.404+2.50° Treated with PEF at 50°C 7.05+0.02° 0.14+0.03°

Treated with PEF at 65°C 167.10+5.47° Treated with PEF at 65°C 7.03+0.01° 0.16+0.02°
LTLT milk LTLT milk

Untreated 149.80+5.67° Untreated 7.00+0.01°¢ 0.13+0.02°

Treated with PEF at 50°C 155.70+4.71° Treated with PEF at 50°C 7.00+ 0.02¢ 0.15+0.01°¢

Treated with PEF at 65°C 165.10+4.37° Treated with PEF at 65°C 6.98+0.02< 0.14+0.01°¢
UHT milk 208.30+6.59° UHT milk 6.97+0.03¢ 0.14+0.01¢

YMeans in a column with same superscript letter(s) are not significantly
different (p > 0.05).

UMeans in a column with same superscript letter(s) are not significantly
different (p > 0.05).
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Table 5. Hunter's color value of milk sterilized with various
processes.

Milk type L* a* b*
Raw milk
Untreated 27.78£1.69°) 2.62+0.02° 34.98+0.04
Treated with PEF at 50°C  28.13+0.02° 2.45+0.01¢ 35.1840.02¢
Treated with PEF at 65°C  27.7940.01° 2.4240.02¢ 35.1840.02¢
Skim milk
Untreated 42.09+0.39° 2.31+0.03* 36.03+0.03"
Treated with PEF at 50°C  41.8740.53* 2.29+0.01° 36.19+0.56*
Treated with PEF at 65°C  41.24+1.11*  2.1240.237 36.26+0.59
HTST milk
Untreated 25.03+5.82"  2.69+0.01° 31.62+0.09"
Treated with PEF at 50°C  20.0940.14¢  3.0440.02* 30.11+0.20"
Treated with PEF at 65°C  20.56+0.13¢ 2.88+0.00° 30.73£0.168
LTLT milk
Untreated 25.8140.11% 1.1440.00" 35.68+0.12°
Treated with PEF at 50°C  25.24+0.08% 1.394+0.01¢ 35.55+0.11%
Treated with PEF at 65°C  25.65+£0.07> 1.21+0.01" 35.79+0.09°
UHT milk 23.61£0.13° 1.08+0.01" 34.25+0.17°

YMeans in a column with same superscript letter(s) are not significantly
different (p > 0.05).
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