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Improvement of Orange Juice Preservation by Dynamic High-Pressure Processing

Jin Seong Won and Sea Cheol Min*
Department of Food Science and Technology, Seoul Women's University

Abstract

Effects of dynamic high-pressure (DHP) treatments with and without integration with heating on microbial stability,
vitamin C concentration, color, sugar content, and pH of orange juice were studied and compared with those of the
conventional thermal treatment. Freshly squeezed orange juice was heated at 90°C for 1 min or DHP-treated at 205
MPa and 20, 50, 60, or 70°C. The DHP treatment at 20°C without heating and the treatment at 50°C inactivated
indigenous mesophilic aerobic microorganisms in orange juice by 4.2 and >7 log CFU/mL, respectively. The DHP-
treated juice exhibited brighter color and higher vitamin C concentration and sugar content than the thermally treated
juice, regardless of integration with heating. The DHP-treated juice demonstrated brighter color and higher sugar
contents than untreated juice and thermally treated juice during storage at 4°C for 63 days. The results have demon-
strated the potential of applying DHP treatments to pasteurize orange juice with increasing brightness and sugar con-

tent of the juice.
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n =53 Aol AT AH ] 60%
2R 8k 7 ol 7h Bol E= F2~o|th(Sanchez-
Moreno et al., 2005; Pareck et al., 2015). =2 7399
T Y 55 B HFEo] LA:A F2(323%), E=
F22(172%), & F22(14.5%), A F22(7.2%), 3L A
A B FAGB5Y%) TO2A FAAFE F QAR F29
ZM]7F 7+ E=oH(Korea Agricultural Trade Information,
2015). QAA Fae FESF F714ke] FFo] ol Tt
F} Algto] zk o922 QUi HIERY] Co} HEIEH 5]
ksl dito] FH-STHSohn et al, 2006; Park et al.,
2012). Polydera et al. (2004) QL&A FAE X|&HHo 2
AFHA =H T2 W ksl RO = lste] 21747 4
g 23S o & 5 ok B s

AT QullA Fx svel A AFEe] A} F
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3] HAE L Qlo] K] A} #HE e o]
&M 2FE 2 ATHAneja et al, 2014). LAA] F=2
e F2 95°ColA] 152 EE 90°CoIA 17 2L
Z 7MEAHEE ARSI 2 1(Sanchez-Moreno et al.,
2003), 7FEAE sh= FS F2o FYEHE ol s
298] #5574 EAT IYF 540 FAHH R wdste
2o 2 4 A tH(Polydera et al., 2003; Lee et al., 2013).
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Dynamic high-pressure (DHP, &
2 Fo A& F e vEA A7 o tH(Tahiri et
al., 2006). DHP ¥78lA A== A EE HE S5
o] # WEE o] Fsitt F2 FE X IWE T
a7 =HHA o8 =24 28 sk dAdg
A (cavitation), TE)S HFH R WA I, o
Y nAES AlxHe] B3 s AlxFe] fF 502 A}
H3lA FtH(Gogate & Pandit, 2008; Dumay et al., 2013;
An et al, 2015). DHPE F29] nAE obHAS ZojF
HAME 20 44, A, Bts BET F 7] g2
(Patrignani et al., 2010; Maresca et al., 2011), &~H]Z}<]
E T e L8R F2E AT 9o At Y
o= 284 F e 7Fsdel vk 250-300 MPa 3= <]
DHPZ L&A =20 HFH Saccharomyces cerevisiaeSt
Lactobacillus plantarum= 5 log CFU/mL °]’d A3A|H L
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(Campos & Cristianini, 2007), 300-MPa DHPZ SA] 2
A F2ol HER Escherichia coli O58:H21 ATCC 10536
3} E. coli O157:H7 CCUG 44857% 4 log CFU/mL A 3|
ANAtHE ®B37b A THBrifiez et al, 2006). Lt} 2@
A F& Ao 284 FHES A Ao wE
DHP &<l /W& €W 3E DHP o] & ot
BiE A9 gle Aot B A3 By odA F
2= U Bz vAEe] a3AQl Al st A W
¥ DHP A2le] =715 274353, DHP Azj(He e &

=
HEhet 71 EXE7E 4°C A T LAWA] F20| nE
A FAMER C, A, B, pH)ell A= IS

A7 st vlaLske= Zoltt.

MN=

129Bx o]4Ql WalAo} B QAAG 3 F upE
ZA5sla F4 Wesle] Ax® e#MA F2 A F(Fresh
Frozen Natalie's Orange Juice, Orchid Island Juice Co.,
Fort Pierce, FL, USA)S £ A9 2 ARZE ALE3}
Aok
AA .

DHP ZH]|

DHP “H](D.O.S. Inc., Siheung, Korea)= 7|24 02 §
el ofsf FEEE Y EA FEEY BEZFUH] xF 7
=0]: 0.7x0.6x1.2 m)¢} A E7F FYH L AYEHE FE5H
(UH]xF] 7 xE0]: 0.8x0.65%0.25 m)E TA H o] Ut +%5
He 7k w37](Woori Tech, Seoul, Korea)2] 42k
2 FYE 2Ho| ke FYRA, A2 H9d, Z
e A2 AW, ¥4 dw37|(D.0S. Inc), 28
239 7V 237 Ao]7)(PLC) AXE FA o] Ut
25 G52 E o]gste] 1587 35°C7A A 7t
5 Fu=e] dwshr)E o] 50, 60, LB]3L 70°CE
7FE AT F2 A|E7F 50, 60, 223 70°CE 7HEEHE
U7k = 2bzt 3, 7, 280 1280] AQ AT F29] b

Z

-
e e

fe N (K

=2 48 GV E o] 83 2AHIL BE A=
E9 &2 2 & 8.0£0.6°Co| 3T},

EZ O|ME Xof A

QA F2 U EAS B2 wAEo] x| DHP
A (@ E= dydhel o dvhv AsEleAE 54
sttt @x]elek DHP A2l e Qi FA= 37°CY
uj k7] (VS-1203P1, Vision Scientific Co., Bucheon, Korea)
oA o]E7F WA UL, 7.4-7.9 log CFUMLS] F& 57
A oA E 75 7k @Al ofe F2 ) B3 ulA
B9 A a3E golrr] Y QA FAE V]E o
A F& AP 241 F skl 90°C, 1aE %71 (Sanchez-

Moreno et al., 2003)2.2 IZ¢ZF7] E#7](JSAC-60, JS
Research Inc., Gongju, Korea)E ©|&3] *]2|sl] E*]2
F225 FYsI9 T 9 DHP X2 & 53 edlx] F29
Bz nAE Al 235 golry] 9t FYE 20°C
o] QAR FXAE 205MPad] YEHOR 1, 2, 3 F= A
St A8 5 FY|SIH AL (@Y DHP A F2), Ex29 3
%% DHP A9 3#HE dotrr] flste] 50, 60, 70°C
FY2FolA 205 MPa F 2 3 T2 A g AIRE
HISFATHE M S DHP A2l F2). A os 4 {40l
A2 50°CE o83t W Aol = 3 st oz}
13} 2 & BT AREste] A7) A7k JEe dEst
SHATE 20 FURXEE A7) 71ed Wl wel 24
= Ath. DHP M2 &35 Aot dAewe] a4&5 ¢
oli7] QA AlZ FYLEE 20, 50, 60, L3 70°C
2 g T 9k A glo] 3 3= Akt

@< DHP #|2], €¥3 DHP A, @4 FX22
0.1% peptone water® 8]2 3+ Fo| plate count ager
(PCA)%} plate dextrose ager (PDA)RIA| o] HIA =T 3l
77t T2 3714 vAEY a8 9 F3olE AFsih
PCA i A= 37°Coll A 48A13F &<t i< 8k3laL, PDA i
A= 25°Col A 347+ w3t th. PCA, PDA, peptone
water =25 Difco Laboratories (Detroit, MI, USA)ol A -
5431

>

9

AL

¥ Zgz2g4d FE (15 mL) (SPL 50015 conical
tube, SPL Life Sciences Co. Pocheon, Korea)ol T
DHP Xg] 32, 993 DHP Az F2&, 9A8 F2, 1
2]32 DHP A& ¢} 8] BF oA &2 QA F=2(F
A F2E 37150 HAav HES ST F 4°CHA
AAsHA A 0, 7, 14, 21, 28, 35, 49, 183 63
ztell F2o] wBE A HYA, HIE C §, A, 7
=, pHE SA3aL vusia. Exg= EF v E A
af Aol ARES 213 Tl olFolH L, @Y
DHP A& FUE=7F 20°C1 F25 205 MPa 8o
2 3 92 AEste o|Folx o, e DHP Aele F
A7) 50°Ce F22E5 205MPa 4HOo 2 3 d2= g
stod AT

A

Ml

1g oA
it

0|4 HZ oy

MR A AP A F eAA T EASHE
& 5714 VAR 5o BR 9 2ge] £ EF w4
2 As) gl 49E e U PEe B 7

&to] A4 =3l

HIEIZI C &F

High-performance liquid chromatography (HPLC, Agilent
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1100 series, Agilent Technologies, Santa Clara, CA, USA)
£ o] &3l Kim et al. (2004)2] WHo=Z SA3AHTh &
A2 F=25 22°Co| A 1087F 12,500 g2 4 %-2](Supra
22K, Hanil Science Industrial, Incheon, Korea)3}o] &
4ZHE 045um filter (Whatman 6750-2504 syringe
filter, Piscataway, NJ, USA)E &3l oJzgt & H]E] C
B AREE ARE-SITH 4 AR 20 pbs 0.6 mL/ES
2 SE+& 5mM tetrabutylammonium phosphate:acetonitrile
(75:25 viv) o723l FYsked UV-Vis detector (G1315B,
Agilent Technologies)Z 254 nm I}7gol A E2A3}9 o)
Column (Symmetry® C18, 5pum, 4.6 mmx250 mm LD,
Waters Co., Milford, MA, USA)< column oven (G1316A,
Agilent Technologies)s ©]-&3to] 25£2°Ce] =& FA|A]
At

A 27

Al 2}A| (Minolta Chroma Meter CR-400, Minolta Camera
Co., Osaka, Japan)?] S H-fo] LHAXA] F2 A& 3mL
S A& petri dish 3B5mm F7Z)E 222 I 9ol B
ul 20 IH(Calibration Plate CR-400)2 23 % Hunter L*
a* b* 3r& A MAHA 4 ol= D65 1071 o]
SEATE QA F2 A5 M2 [* Zhe o] 83| vl
= A THMin et al., 2003a).
g= 3 pH &3

T A8 Fre FUE& HUXE TEA(PAL-,
ATAGO, Tokyo, Japan)& ©]-&3l =43}, pHe pH
meter (FiveEasy™ Plus, Mettler Toledo, Schwerzenbach,
Switzerland)E ©|-&3te] 23ttt

Ej:” =] -I

@ DHP A2 F&, ¥ DHP A F2, 48

F2, aga B 29 B3 v E A 4°C A
ZF T2 mAE AT FEMEER C, A, B, pH)
A AYe 23] REEEHSAY 13]9 gtEuit 434 4
o] o]Fojx T}l SPSS (Ver. 20, SPSS Inc., Chicago, IL,
USA)E ©]-&3fo] Zhzhe] o digh FEgke 2ol &
AHEAE (ANOVA) S 2 248115, 237t ehld A9
o] Tukey ThaH 9 A5 AAI A THe=0.05).

EZF 0|ME X 4™

7188 A8 E o] gdte] QHUA FAE A 3INS 1)
B3 5714 UW%P% EU 9 Fgol7t B 7log CFU/
Hl: 10 CFU/mL). Y&

20004 AR FAE DHPE 1 £35to] A §lo

4] 1, 2, BE 3 9lA BEAAIAHE o u]xg% ERT
0] Zlol Adgle] e Ao A=
2ol 7F YA 88 A tHp>0.05). L&A —T—_/:./] Zzoleve
50, 60, 22]3L 70°CE Z2date] ¢ AE] glo] DHP A
AR A 1, 2, BE 3 A BEFAAL AR, 2dX
F2 Ul B3 njAE e w2 3o} dagle] A
At FARFA 2 (p>0.05), ZH2F 7.740.1, 2.5+0.9, 18]3L

2.440.1 CFU/mLeIlth®|ol8 HEZEh. o]AL 27| T2
2 2L nAE A A F&FS v AR F
25 A glo] ©4=3] DHP A2 % Hlol F3A]7]=
AL mAE Ao Y&e FA] Ferhs AS gnldit,
& DHP A ¢ @9 DHP #gle o#x F2
EZ 3714 nlEY &% 2 Fgo| Ao g F3FS

Z}7t Fig. 13} 20 Yepiith. @ DHP A E <&
o FYLE7F 20°Ce QAR F2E 205 MPa o
3& 27102 AHYsAS W F29 5714 vA=F
an 9@ FFole zHzF 42402 log CFU/mLF 4.1+0.2 log
CFU/mL A=A th(Figs. 1, 2). °|E 53] @Y DHP A
7t EAEET euA] F2o 5714 vAESR SR B
FHo)E AsA7= 37 AF R Yres S ¢
T AU FHXETF 200C8 LAA] F2 AEE 205
MPa ¢&ellA ©d DHP A& d of 2= 31571 194 3
o= ZUIEAA 37144 PAEd a8 9 ol 3|
A% T3 Z718k th(Figs. 1, 2). Patrignani et al. (2010)
g DHPE ©]8-3te] 100 MPa §H&ellA] 8 32 2710
2 g 2o AT F2E AHEIS o A= S5 St
oF A PAE Al A7t ST Basksl=d,
ol &7t FTHETSE A5 DHP Al A7ke] F71st
7l gEo g AuE 4 o

QAR F2E 205 MPa FFHolM Z+zt 1, 2, 3 S A
g & w F2o] FOY2=7F 20°CoA 50°CE S7HE 7
T S Al BEE fFoHoR Frlete AS &
AATHp<0.05) (Figs. 1, 2). £@AA FAE ©= DHP A
& ol 20°Ce] FYPLEA 1 2 A S et
50°Ce] FY==olA WS DHP A& B3l 1 H= A
e AE vuEdS w, VA ES &R 3
=Fole As| =7t 22k 229 2.9 log CFUMLE 57}
A tH(p<0.05) (Figs. 1, 2). | Eal A8 F¢ %7}t
W3 DHP Azle] nAE As| a3&5 dAsh= T8
HAYUS & & AT 3 2 DHP A2loA FYULEE
20°ClA] 50°CE F7HAHS d P8 E As| F=7F #2
2o 7 Z7Fa thp<0.05) (Figs. 1, 2). 2} o]n] 50°C
oA wAEo] FES] A H A7 wiEell 60°C2t 70°Cel]
MNe F9Y 2x9 ol e vAE A3 T71E AT
I AATHFigs. 1, 2). FHE 50, 60, = 70°Ce] 2@
A F2AE 205MPa tH o2 3 A AYsUS W BT
7log CFU/mL ©]’%¢¢] EA nd&E AsllE HAFHHE

S s
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[ Pumped without
pressure treatment-3 passes
Z 205 MPa-2 passes

205 MPa-1 pass

10 BB 205 MPa-3 passes

Total aerobic microbe reduction
(log CFU/mL)

60°C 70°C

20°C

50°C
Inlet temperature prior to DHP treatments

Fig. 1. Effects of the dynamic high pressure (DHP) treatments
and the conventional heating on the inhibition of total aerobic
microbe in orange juice. Different letters on the top of each
column indicate the differences at the significant level of 0.05.

3A: 10 CFU/mL) (Figs. 1, 2) DHP A&7} o]& 2&x9j
Aol gxjzlel HEEHAS uf 719 A2 (90°C, 1:)2t
H|2gh o F20] BEX nAES Agtite 2S
o 4= AT} Ferragut et al. (2015) T3 of2= S8
I3 DHP AH2|(FY2% 55°C, 200 MPa)s}tSS o

HZ(90°C, 90Z)E T3] dojxl B nAE A £

Hong mlm

AR =0 Al aRE Bt B skt
Q2#x] F2o] XS & F DHP AT E s 44
g DHP A2l= EZ ngE Adfd oM deadts

HolFQth. €93 DHP (50°C FYL%, 205 MPa A2
oE) MR 1, 2, 3 & HElete 42 57144 nAES
A8 A E(3.5£1.2, 53+1.2, 7.5£02log CFU/ML)E F

50°Coll A )2l flo] DHPo| S3ste] d& 57)
An A E Al (02401 log CFU/ML)E @< DHP

SR
12
] Pumped without 205 MPa-1 pass
pressure treatment-3 passes
10k 205 MPa-2 passes NI 205 MPa-3 passes

o«

Yeast and mold reduction
(log CFU/mL)
(=)}

50°C 60°C 70°C

20°C

Inlet temperature prior to DHP treatments

Fig. 2. Effects of the dynamic high pressure (DHP) treatments
and the conventional heating on the inhibition of yeast and
mold in orange juice. Different letters on the top of each column
indicate the differences at the significant level of 0.05.

(205 MPa) A 2|2 1, 2, 3 & HEsle] A& 5714 v
AE] As) HE(1.3+0.5, 2.5£0.6, 4.2+0.2 log CFU/mL)
o] Z4zt et Z(~1.5, ~2.7, ~4.4log CFU/mL) Bt} Zc}
(Fig. 1). o]8st Fsa¥ve a8 2 33o] Al 27
ME B F UATHFig. 2). ©Y DHP A el Bls| I3
¥ DHP A9 mAE A7t a3#Ql olf= nAE]
Fof| WA =FHHA vAE AEZHI Yo HAde] g
oubar bl gk A3/do] Yol (Pflug et al., 2001)
DHP A 2]¢] &2& Z-&(Diels et al., 2005)° thal FoF
X7 WEo 2 ALRE AT

DHP #2), dHee A% 5
v gEs BB Y Fgele) &

Table 1. Effects of the dynamic high pressure (DHP) treatments” and the conventional heating” on the total aerobic plate counts
and the yeast and mold counts of orange juice during storage at 4°C for 63 days

Total aerobic plate counts (log CFU/mL)

Yeast and mold counts (log CFU/mL)

msntg r(zziga(;) Control Conventional DHP Heating-combined Control Conventional DHP treatment Heating-combined
heating treatment only ~ DHP treatment heating only DHP treatment
0 3.3 <I¢ 1.9° <I¢ 3.2 <I¢ 1.8° <I¢
7 3.7 <I¢ 2.0° <I¢ 3.7 <I¢ 2.0° <I¢
14 4.2 <I¢ 2.0° <I¢ 4.1° <I¢ 2.1° <I¢
21 4.9° <I¢ 2.1° <I¢ 4.6" <I¢ 22° <I¢
28 54 <I¢ 22° <I¢ 5.3 <I¢ 2.3° <I¢
35 “ND <1° 2.2 <1° ND <1 2.3 <1°
49 ND <1° 2.3 <1° ND <1 2.4 <1°
63 ND <1’ 2.5 <1° ND <1’ 2.5° <1’

YDHP treatment pressure and pass number were 205 MPa and 3, respectively. Temperatures for DHP treatment only and heating-combined DHP

treatment were 20 and 50°C, respectively.

IConventional heating temperature and time were 90°C and 1 min, respectively.
»Values with different letter superscripts are significantly different each other at p<0.05.
“Not determined.



of thgt F3FS Table 16 YeEPHATE 7 717 5 F=
3714 vAE ¢ ZR 9 F8o] F7F FARE AL B
ol(Table 1), thF-2] 3714 mAEo] ax % 3ol
S & F AT AR 717 5 &Y DHP A= €4
g Bt} Oﬂﬂ Foo] Bz nlE A8 a37F kARt
dW 3 DHP A2le 42t $53 A 45 Bt
(Table 1). F-x2] F29] 5714 WA= &8 9 F3o|
o] FERT & DHP A3 Qx| F20| nyPE 5
0] 7} A7 717l A FelH g AA UeRernE
DHP A 2|7} S#x]e] uAE S-S ke A ¢
T SA3Uth DHP A ] A|8oA nA = Qg Ado] F7tsk=
A& DHP A2 18] AlEZ7t &34E vEE0] ¥ash
7dollxe] F27 3| Edte 7es FdEiT] iR R %

=] At (Patrignani et al., 2010). ¥ A3}E 53 DHP A
27t 7]Eol QEMA] F29 wAE PSS FTHAIT)YI
Qs AFgEloIga X A AT MZE At 7]
&=AS IAT 4 AN} Velazquez-Estrada et al. (2012)
T QXA F2AE DHP (200 F= 300 MPa 943) Az &=
= EAE0C, 1) F 4°Co AFstAS =, 200
MPacll A Aeld FAs ol HE|k A & FEKR
HAE QFgAdo] =L, 300 MPaolA] AHEHE F2e
?ﬁﬂ o;,q];q /\g]_ == z;]. u]Ag o].zw& 0 )il:].j_
JetAA DHP A2lE @A F24 4t AREE
= N2 71E2A AAEHA

r

iEPEmR-YL

=
m
i
O

@ DHP Az, €93 DHP Az, Az A% F
LA F2o] HlEl C & fAC gk 9 Fig. 3
of b Ath A% 04 (M F5)9] FAE] F29 @l
DHP T 9H3$ DHP g F29] el C 55 A
2 2ol7} 1A tH(p>0.05) (Fig. 3). BFAd] IA]g] F29|
HIEH C s5= FA42 F20 Bls)] 28% AAEHAes
& AATHP<0.05) (Fig. 3). Lol oJaf 3= = el
Ce= ¥4 5 € 7Y B&7F 255 =th(Polydera et al.,
2003). © DHP9} ¥ 3 DHP A2 Folle /e
A ol HIEHN C7F B =R it Zo 8 AR EHSI
3L o]& B3l &Y DHP9} €W DHP A 27t e#lx] F
28] HIEMI C & Fole F& At o s 484
T USS ¢ & A} FAMSE AUt Sudrez-Jacobo et
al. 20110l <& R =S+, DHP (FY=% 20°C,
300 MPa) A E]¥ At F27F DA E(90°C, 44)E Akt
F2 B vl C §Fo] ol o= &ttt

a8y @ DHP X €W § DHP A7 F29 27]
=2 el C 5= AF = FA A Fd AA 7d
TE ol F£E9 HlE}UI C ¥ €A48 2= 4 %
Ag] F29 HERI C & fFrelH o2 Zpo|7F YA &

Al = AT (p>0.05) (Fig. 3) oA F2 HEH C A7+

Z319F A 381

—O— Conventional heating
—A— DHP treatment only
—— Heating-combined DHP treatment|

60 -

40 -

20 -

Retention of vitamin C (%)

0 1 1 1 L L L 1
0 7 14 21 28 35 49 63

Storage time (day)

Fig. 3. Effects of the dynamic high pressure (DHP) treatments
and the conventional heating on the vitamin C retention in
orange juice during storage at 4°C for 63 days. DHP treatment
pressure and pass number were 205 MPa and 3, respectively.
Temperatures for DHP treatment only and heating-combined DHP
treatment were 20 and 50°C, respectively. Conventional heating
temperature and time were 90°C and 1 min, respectively. The
retention was determined based on the concentration of vitamin C
in untreated orange juice on day 0.

F99lo] w= A3KButtery et al., 1990; Braddock, 1999)
7F 2RE 2 WA wol dojut 71 Wl ¢k H
9l C = AolE d=alsly] WEo® AZt=E ATt w

2 A Ao} Aol R T4 AL

C v=% A% & A=

ATHMin et al., 2003b).

AH

@<l DHP A2, €¥3 DHP A&, 84X A% F
Q&R F29] Hunter L* (817l theh F&-2 Fig. 49
YEIATE 099 @Y DHP B €W DHP A
o] Wl FA7 29 vty a3t thp<0.05).
A7 717F Fet @l DHP & 9W$ DHP A2 F2E8
EA g FHET —% 5'1 l—% %X]é}ﬁﬂt}(gxo 05) (Flg 4).

k7] 7} %7}%1:}(Karagam et al, 2015). DHP A& &
58 H A7) (deagglomeration) ¥l 3}
A& A&} 3} (depolymerization) A1 Z
2 (Lopez-Sanchez et al., 2011), 22| 87|15 &7}
19}\_0_ Ao 7 A(EZ_']—E]O']T;].

Azl AF 2L AF F DAY T2 o] wA
F2o] AET T AL & F UATHp<0.05) (Fig. 4).
Cortés et al. (2008)> 7Fa=|g|& qlsteo] Qx| F2 W)

> 30y 4N o [ fo on

Y o o [»
(d

5



382 A - wAE

43

—>*— No heating or DHP treatment (control) —O— Conventional heating
—A— DHP treatment only —— Heati ined DHP tr

41

Sugar content (°Bx)

40+

38 1 1 1 1 1 1 1
0 7 14 21 28 35 49 63

Hunter L* (lightness)

Storage time (day)

Fig. 4. Effects of the dynamic high pressure (DHP) treatments
and the conventional heating on Hunter L (lightness) value of
orange juice during storage at 4°C for 63 days. DHP treatment
pressure and pass number were 205 MPa and 3, respectively.
Temperatures for DHP treatment only and heating-combined DHP
treatment were 20 and 50°C, respectively. Conventional heating
temperature and time were 90°C and 1 min, respectively.

ofr|=Abe] ofu|i=7| e} FAFe] FhR A |7} E3}eke] Bf
o]okZ (Maillard) 2R &Ado] ojuA o ¥7]7t 7hagh
T Bsth 2 AN e dAE 5 F20] 79

Aol oafjA] ZAHE o] dojuf A F29] W7t
Fegh 21082 AFR E AT

fr

Ny

g
o
T

i
@ DHP A2, €¥s DHP A7, Exlge A% =
QAR F2o) gro thak J&S Fig. 5o YR
A7 0de] @ DHP A2 29 €W DHP A&
29 ge= 74zt 13.620.13F 13.8+0.1 °Bx&E F-A 2] F2=
o] FE(13.4+0.1°Bx)¢} @8] F29] T (13.1+0.1 °Bx)
of ®]3] =UTHp<0.05) (Fig. 5). Lopez-Sanchez et al.
(2011) E3F DHPE ©]&3}] 60 MPa =3} 1 32~ =7
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Fig. 5. Effects of the dynamic high pressure (DHP) treatments
and the conventional heating on sugar content in orange juice
during storage at 4°C for 63 days. DHP treatment pressure and
pass number were 205 MPa and 3, respectively. Temperatures for
DHP treatment only and heating-combined DHP treatment were 20
and 50°C, respectively. Conventional heating temperature and time
were 90°C and 1 min, respectively.
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