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Abstract

Thermal pasteurization has been effectively used for decades as a method to extend the shelf life of milk and to inactivate

any pathogenic bacteria that it may contain; however, it can negatively affect the nutritional properties of milk. In recent

years, the food industry has sought new, less aggressive technologies that affect food freshness and its nutritive and health

benefits less significantly. Various means have been used to extend the shelf life of dairy foods, such as high-pressure

processing, irradiation, ohmic heating, and pulsed electric field (PEF) technologies. Of these, PEF technologies are potential

alternatives to traditional thermal milk pasteurization, owing to their advantages in minimizing sensory and nutritional

damage. In this review, we have primarily focused on the feasibility of applying PEF technologies to the sterilization of

dairy products and briefly discussed whether they should be adopted for use in the dairy beverage industry in the future.
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FH HEHIAT 1864 FAEFHEE
Aoz mAES 1yt A

T AATh 1880FFH Efr(elHo] el
Zo]7] 93] ek 60~ 75C JEo] 25E A
23t7] A& 109 5 IDF(FA Y

o] g Gt «“AtolT A FA
254 - B5A " E VA LES B
 dAeE FoEM A7l St 2 7t
37] 91sk HAHZ AF A&t FAo|t}
7tedel AgEE 71EA dAEE e 2ol

T AUk FASkE vpel o] AAf -2 utEtel A o]
ARkl Aol og o] At WHOEE AR
TH(LTLT: Low Temperature Long Time, 63~65 C,
30%), 22 TAIZE A HHTST: High Temperature Short
Time, 72~75C, 15~20%) ¥ 232 &7+ AFH(UHT: Ultra
High Temperature, 130~150TC, 0.5~5%) 5ol JUTh(A] &<
oFEQH A, 2014).

A2 AFo €S 7tstr HuElE B 3E FI1Y batch
operations stAY Fw et Ao Hg 7hete] ALH S
Z FFAZ & JAs AZF 52 holding tube 2 A 2] 3=
Aotk APAORE e AEFS A7) AT TS A
FAL Clostridium botulinum< 8 3A A AAF| L,
A Fol AZxHI F5H AFste Tt S A3 E
A QAT e EAH Aoldle rAd =l flES
A A FtH(Codex Alimentarius, 2003). $HA| 2] =2l tf st
Ao JFE AL 2= Ak el we gekzl
t}. Heat-induced ¥H3-2 A& &2 o ,
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A7 @] HA = 7|2 S th(Britz and Robinson, 2008).
2. ESL, ISl S XIE2E Jtgadxa] 71&9 =¢

=] 2 © & Extended shelf-life(ESL) -¢-+2] A ol& 3&
she g itk GnbH o= ESL-fr

Aol dE SFEY A FERA 71 FAsE Al
FOE Aok ESL 712 e Ahe A AFel 4
=°] WA, 7ot 2EE Al

Ldt} o2 #, 34,
FAG FAE, THEE, ool B, AR 5 w@an
(Te Giffel et al., 2005).

A AAACR Frhedel 3 T8 dd 3% =
HO|A L, FEd HWolAle 23S stk 1HEE f
SANY] FAHAA FE571FS MA s A2 f7kE

[e)
3|ate} amf o] TR o] s F& Aol HAUh A
ot AE F571%2 o] Qe kst 3
Z

gl

F2& 7R FAFA el GFA A A=

W F8 AR
o] Aztolt}, Althrt @ 71X ] BLHQl MeR 27 X3}
Y T& 4 F Jde ol AEAT I3 ESLY]
e A oltk Atste thE A sfAA ol B
S ol gatHA AN B TR WL
o A 9PL Zol 7, MAE FAHVNE AL 3=

Noro rloe g & fo fo
o= oX

3
2
3
7 =
o] 7ksatrh W E IA =], A 2]9 microfiltration®] 2
T2 WAFAFY F571%s A7 =Y L8k F
7R Fagk Zleolth A g vAlEe 7] Hd
< £0]7] 9340 bactofugationS AHE-3sle] F-%571312 M
AL F Ut oA E EHW UBTEAd A= AR FF
718 A4S 98 AREskaL o, o]§l ESL /) AlF<]
ARARA FE57182 7CAA 15~25¢U AT = drty
E13=3

214 2" F=¢(Innovative Steam Injection; ISI) 71&
< @E3t= UHT A& 71222 A 150~200 Tl A
0.1% wRke] w9 F2 A7} w2 2E7F A%E o] vk

(Huijs et al., 2004). ©] 71&2 21 vesselol| A 7 A 2] 7
B W27kA Z ==, IS 7]1%9] ¥-E&-2 I¥HAl UHT
HFA4H oF 10% = =32, Wz oZ ALE-5 = ESL Al
Fo A AFEE= A3 microfiltration 7 TieHH ¢l 71& R

th= @ v THFig. 1). ISIE AFEEo 22X, &d AgAdo]
U EATS FTF VYA EZN T8 e &
AL FAT F JAEF S} ISI AHE $F= dEE s
HH, WzhE e e 60Y o) B AA fE7IsE AT
T Ao &# A A TKBritz and Robinson, 2008).

Milk IN (60°C)

High-pressure steam (180°C)

Vacuum

Condenser

Condensate Milk OUT (60°C)

Fig. 1. Schematic overview of the ISI heater (Britz and Robinson,
2008).



3. "®HA HM7|& 7|=(Pulsed Electric Fields; PEF)2| =g}

MEE 71E0] 34 HE == B B3
AusHA s, dE 89 F2o A9, Arled tg
R[] & AL, 7] A, e FAHES &
&4 5ol Aotk PEFE A& Al 2o T3S o] &
g A FAGl ALEHETE AE RS ST At e A7
gl BT AEe TR FAE] Hro gy itk
nAEe] AXE ESAstE7] fEiAE 2.5~3.5 kV/imm7t
Zog, AE7E Foly FEAEZY 5 A7 10
H G= ol = vk B mAE e B2t A
AEA o AMEHH, E T/ AlEe] FAEL vl
FEF 22 I g3l =4 P h(Lelieveld et al., 2007).

CODEX®] 9% A& 9 35 Boll= electromagnetic
energy treatment= microwave energy, radio-frequency energy,
high electric field pulsesE H %% Ag4wto @ WA3LTL
Sk PEFS] 7%, Alzute] 2719 $70] Amue) 71
S Fstel ATE TS PHoletn s1esel Yok
TS 7FEAFHTST, LTLT, UHT)S 54 =9 A|7kS
2 Aste A EE 20 sgss AFaRE HE Y
Holgtil Aol ATHCAC/RCP 57, 2004).

PEF= H71) A4t 7|24 HTSTET dA¢] W2 &
Lol A Asto] e H 7] wiel YT vstE Hast
& g e A FAolth Wl HTST %+ LTLT A2
¢} PEF A+t-& Wald 4%, UHT A+ 343 FAR AY
I1 ool At AdE VHAE 5 sl AolE ddEy,
W3 HEE F e
F 23hsto] A
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Fig. 2. The components of an inline PEF chamber (Bob Sperder,

2011).
@ A% AEE AT BHolth FPAOR 28 A
AE 55 SEo] B Bro] NEE FLo] 35S A

PEFS] F8 ¥4 ¥WTes 71749 Z=Qdd, des 7
AE ol mEk 2 kViemTE ol AY, 35 kV/emTHE
ol & vk BE AEES ANE FEvF S7HE
FE MAE F AAEE UM 25 A9A] FUHH W
Foli, I8 T =& T AT EF4E AYL Utk AF
T E et FAH FES I s A7) AEEE
Aol 9d8kS Fti(Singh and Heldman, 2009). ©}22 PEF

Aol FEIoF & HAZE EAK(spore)dll Tt G,
J%o] W& A7l A&317] oEg, AdAIF FehE Tt
A, air bubbles7} WA & 7% electric arc7} T 5l 3}

=3 7tEe ¥e T dte A Folvk(Berk, 2009).

N

4. Jteixzlet PEFS WEME 4T o M8 sy
#A LR PEFY o8 BHS 9

A AA, HdF 2 F /7] d,

gk S7F HER, @id T JFAEe] /A 5 A T,
FAIE, 9% A3t =8 2 3FE T ol vg o A
Fol axFoZ HE 5T ASE HAh W, o7}
L 71& 1gaFe BERel @ o F PEFE 43 A
=S

F 2 FAIFL BED PEF A2 F9 A7 EF T 9
] oJofslx EAZ=WS AuHW 18.3~27.1 Kv/em? field
strengtholl 4] 400 ps®] 27122 PEF A 2]$ 9] thamine,

riboflavin, cholecalciferol ZL2] 3L tocopherol 32 W 3}A]
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Milk container
(Pre-treatment)

Cooling bath

Cooling bath  Milk container
(Post-treatment)

Fig. 3. Schematic drawing of the equipment used for milk pro-
cessing combining moderate heat and PEF (Walkling-Ribeiro
et al., 2009).

SE3kth BIEMY C9 A$-% 22.6 Kv/cm9| field strength,
400 ps®] =02 AEAE 4T 93% FAEHE 2HE
Btk ol 63T 308 7 LTLT A2l A9 49.7%, 75T
15% 7F A2k HTST A2 Al€] 86.7%E T fro¥ o2 =
£ FZoltiBendicho ef al, 2002). 20~80 Kv/em T-7+<]
field strengthl Al PEFE A 2]3l%S o pHeF HAAE, A,
T P JAF A7), A Sl YIS AR &
thyl B33 TH(Tewari and Juneja, 2007).

THE WS E PEFE A&3 A2 Ul AFlA, o
5(2013) PEF Ao & f djde] A AH
2 I (denaturation temperature, Td)E 573 Z 3}, PEF A
g5 A &S A9k PEF A2lg Y52 Td7F 2 2ol &
UeEh A &ekEd], o= PEF A7t A4 ol EA3=
G FEe] P W3 e 9uy 54 A IFgFE F
2 %e AR Ak A4 F(2012) Ef+ 2 GAH
£ SR T=54TCelA 2592 B2E 16 kV/iemol Al 50~65
HzZ w5 Ao zn F il T AFTE 22 3 log
2 4 log cfumL7HA] 7HAad AFAE AU sten, A
2 AAZ AFR(LTLT) 2 22 @A7F 2 HHTST)
PEF A< ZJTo2Z2H 7 §3 W dixHelik F
£ AR IGF-19] 274 BHE 55 RMAYSR I3
St A3}, HTST-PEF &2 Al IGF-19] %+ 100 kJ/L
oA Q3818 FTUtElE AFS How, LTLT-PEF A
Al & i ztol] Blal] F7bshes a3 B, IGF-19] =2 4
Qg0 whE Mestets SAS S1E 4 AATHTable 2,

Table 3).

Table 1. Inactivation of native microbiota in raw whole milk
following treatment with moderate heat, a combination of moderate
heat and PEF or thermal pasteurization (n=3)

Treatment Temperature  Log reduction
(©) (log N/Noy*

Heat 30 2-5 (+0-33)
Heat 40 2-9 (£0-40)
Heat 40 3-4 (£0-17)
H/PEF.060 § 40 60 (£1-17)
Thermal pasteurization (26s) 72 6-7 (+0-63)
Py . *
SEM#* - 0-422

* Statistical significance of P<0-001.

t Values in brackets following mean bacterial counts indicate
the standard deviation.

¥ Standard error of the mean.

§ The subscripted number before ‘/° indicates the electric field
strength applied in kV ecm ™!, the subscripted number after “/’
denotes the treatment time in us

9 P Stands for the statistical probability based on confidence
intervals applied.

Source: Walkling-Ribeiro et al. (2009)

Table 2. Changes in Somatomedin-C (IGF-1) contents under
HTST-PEF combination

IGF-1 contents (ng/mL)

Whole milk Skim milk
Control(raw milk) 3.16+0.17° 3.3240.22%
HTST+PEF 100 4.01+0.18* 3.34+0.18*
HTST+PEF 130 2.33+0.30° 2.70+£0.11°

* PEF 100 and 130: Samples were treated by PEF with 100
and 130 kJ/I

* Means with the same letter in each column are not signifi-
cantly different (p<0.05)

* Values represent the meantS.E. (n=5)

Source: 7 & (2013)

Table 3. Changes in Somatomedin-C (IGF-1) contents under LTLT-PEF/PEF-LTLT combination

Treatment A B

D E F

IGF-1 contents

.96+0.01¢
(ag/mL) 1.96+0.01

1.09+0.01*

2.12+0.01°

1.88+0.01¢ 1.28+0.01° 1.87+0.01°

A: Raw milk(control), B: Heating at 60°C for 30 min, C: LTLT- PEF combination (100 kJ/I), D: LTLT- PEF combination (130 kJ/I),
E: PEF-LTLT combination (100 kJ/I), F: PEF-LTLT combination (130 kJ/I)
N=30, All values are mean+S.D., Superscripts indicate differences at p<0.05.

Source: 7 5 (2013)
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: | | | _ SR Hg A EAH A AFWOR A8 b5 AL
0 20 10 & 80 2 A AR
Storage Ume ( Days)
|-I—I4m Milkmi— HTST Milk—#— HTST + PEF Same day —#—HTST + PEL a\:'.rr.\dq.-l jl-AI__O_I %

Fig. 4. Mesophilic bacterial population in milk stored at 4C
for up to 80 days (Sepulveda et al., 2005).

08, PEFS] PAE Az a3 mE f5718e] A
A4S B =8 9] g R E T =], Walkling-Ribero
5(2009) heat/PEF A% RdS A Alste] 578 A%
o] 7Fsde AAFeFth(Fig. 4, Table 1).

5 W L. innocua®] A 35 F23E A3} 3 pulses,
40 kV, 712X 539 ZHA L. innocua?} 4.3 log 7+
/\Q A H(Guerrero-Beltran et al., 2010) HTSTS} PEF 4
Wk A2 HTST A2lskdle W f&7180] 14~21
Z3} ¥|w3le] PEF M2& 5 Asss o 4U=
E71%ko] A7E th(Sepulveda et al., 2009). UHT A&
Sl E. coli, P. fluorescens, B. stearothermophilusg %
@ ¥ PEFE Ak A3} 60 kV/em, 50C, 210 pso] =710
2] E. coli, P. fluorescens?} 8 log cycle 734~ B. stearothermophilus
7} 3 log cycle A&tE AzE YERN ATHShin ef al., 2007).
Sepulveda %(2005)% HTST 7tg4+ 541 PEFE A &8}
‘}3’\2 A FE71EE 60L7HA AT F AATIL FhH,
53] 74 ’\Lﬂ' 5 8ol 73 ¥ PEF A2 Ao+ 11
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