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Summary

Single strength citrus juice was treated with supercritical carbon
dioxide(SC-CO2), as an alternative to heat for pectinesterase(PE)
inactivation to minimize undesirable changes in flavor, color and
ascorbic acid loss caused by current heat treatment, and the effect of
temperature(40, 50, 60T), pressure(138, 276 bar) and process
time(5~130 min) on PE activity and quality of citrus juice was
determined.

PE in temperature control samples was inactivated by 54% at 40T
after 130 min, 84% at 507C after 60 min and 83% at 60T after 30
min treatment compared to that of the original juice. PE inactivation
in SC-CO: treated samples at 138 bar was 83% at 40T after 130
min, 88% at 50T after 20 min and 87% at 60T after 10 min.
Percent PE inactivation due to pressure was higher at low
temperature and lower at high temperature. Higher temperature,
pressure and longer process time resulted in higher percent PE
inactivation. Nonlinearity in the curves of PE inactivation at different
temperature and pressures indicated that at least two forms of PE
existed in citrus juice with different stabilities.

There was no significant change in the pH, ® Brix and total acidity
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of citrus juice before and after SC-CO: treatment, but brightness was
improved. More ascorbic acid was retained during SC-CO: treatment
of citrus juice than thermal treatment(93C/0.66 min). During storage
of supercritically treated citrus juice at 4T, activity of PE was
reversible. Sensory evaluation showed that color, flavor, taste and
overall acceptance of SC-CO: treated juice were not significantly
different from untreated juice. This process may be used as an
alternative to heat for enzyme inactivation in foods and beverages,
and offers potentially beneficial processing avenues for citrus juice

and other juices, especially in the area of minimally processed

products.



. A &

FEUA L AFxY 7oz FAxFYY °F T6%E AXdn UeH
F2 A= e FFL 2FYA(Citrus unshiu)ol® 1 9o 2% 33
F7h AR A (A, 1994). 5939 A=Y YN FE Table 137 o] +
del F7h AuiRAY Frtsh AuirlEe] Yo g 1995d4E 615.000M/TS
2 Qo] 543 U

Table 1. Acreage, production and sales income of Citrus unshiu in

Cheju Island

Year 75 ‘85 ‘90 ‘91 ‘92 ‘93 ‘94 ‘95
Acreage

(10° ha) 109 17.0 194 196 21.7 21.5 214 21.6
Production
(10° M/T) 81 394 493 556 718 619 549 615
Sales

income 18 155 393 531 327 493 690 541
(10° $)

FYUTIAAFAGER (1995)

234 AF=AA A" FEFe Av¥YHe FFE HENETF AZA9)
Ao 2 <Q3dled Table 29 o] AFFoz o 90%7F AvM|Elm glon,
712802 10%7F AuEn Qe 2 FoM 90%7F F2E80=2 ol&HR

A (L F, 1996).



Table 2. Consumption pattern of Citrus unshiu

unit: M/T

Consumption
‘90 ‘91 ‘92 ‘93 ‘94 ‘95
pattern

376,982 482,630 582,461 556.273 518,218 567.543
Fresh fruit
(77%) (87%) (81%) (89%) (94%) (92%)

Processed 115,718 73.720 136,239 68,727 30.727 47,227
fruit (23%) (13%) (19%) (11%) (6%) (8%)
492,700 556.350 718,700 619,000 548.945 614,770

(100%) (100%) (100%) (100%) (100%) (100%)
THTYIAFAG LY (1995)

Total

FEF2e FAE e F8 82 F9 due ¥gxolg. ¥gHe
cell wall fragments, oil droplets, chromatophores. hesperidin
crystals® #¥f3le RS EFY EREBEAH % 25%9 AA, 34%9)
@, 32%9 ¥doz F4gso] Yh(Crandall 5. 1983).

Hd & Mo ol2Agso] o HA FZol= HAHAZAN FL3sy,
729 A=Y FZH(body)E Hdde J¥L 9. AFY AA FEF2E
o3 Pectinesterase(PE)& ¥#3tx Uedl, o AIE citrus FHLol
multiple forms22 EAds] 1 F n¥AFe] WA4Y PEE citrus fruite] %
PE % 5~30%° &3t F2 AAYA(cloud loss)e F8 8Ao=
2t-8- @t (Houst Marshall, 1995b). PEE #¥2 U3 A)A pectic acid9}
HeE&E Agdsin, WAHE pectic acide ZFOILESH L 271 oleE
I EZYRLE 3t B899 calcium pectate® FA3t] VLUYRAEH 3
ARHB2H F2o YHEE 2UANUH(Bruemmer, 1980). °|§ B=|3}7)
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Adtd  dFESY B F2E 88~93TeA 40x3% HEdd  PEE
Bg4sA7led, o] W H8F AFL pH Lo Po| o3t L)
5. pH7l 3 ¥=ZFo] god o] e dFo] 8F ¥} (Versteeg 5. 1980:
Owusu-Yaw &, 1988: Wicker$t Termelli, 1988).

AE2FE AXIE F OAFES ADVIAM nYAL AT 3o
88~93TAAM 40%3 AMAHed FEFF2E FAYste FAHL dHE 24T
de7le PEE BR4A7IN, EQE v B 44 $5FF L 4As7] A%
dul7td AAE ded Utk 2. 1994: Varsel, 1980). 2™d o]g
2e JtEA2de AEF2 AZ, B9 &4 § W, ofz23EWid F fKA
AERAZ AF T2 AE 2Y3A HER ol& fA3td ALAE (Baker &
Bruemmer, 1972: Termote  %. 1977), ¥®%4Al(Crandall %, 1983),
oligogalacturonic acids(Termote %, 1977), #8q#(Dziezak, 1989) %
pH A3 (Owusu-Yaw &, 1988) ol ol&5o] vk, a-d H7HEe o
G WHS AFS ¥ R V154 W FE dodle BAYE Fusin
Aes, EF 2vAES PP dY dNFEe] ¥ R AZET T
w2t vl sA] gk, EF, ol n@FA Ee A7t % pH A}
YYPe g5 er FAANE AL E EARE <dx o

2YARA AMAZIeL HFUFECRIN BHE 2eom e AVEY
shuoltt, ZYARAME 1M nfe AW o9 dEF} LxodA MG
fFAE B35, A= Fo ABEAR S J7HAR, dA9 ¥xd Y=g /MK
FAY BHEY fAE TG HEITHAM e 2GARNZA @72 E Bl
AHgsted YALEE 31To8, YALYL 73 barolth. YA o] dsteid
A% HEF /1FL Y BLF2AA olFA & UV WEA HEH Zo]

_5_



doll VAT A Ao HYsich =P @astre FEA EFo|7] o g
HAEAENE A HZE EEEo] gln, Vart29] 359 A Fo] fo]3n
;A FUAYE + Ye F B AL AYxn Ak(Lim, 1992).

ZUA olieisl PR Ee A UAe ¥ A 5 A=
ojxtstgde % pH Astet ntE § + Utk Kamihira $(1987)& S.
cerevisiae, E. coli, S. aureus, A. niger® conidia& 203 bar, 35T
Z2YA oldzeried 240 TG x=FAAE o AFEHRS UAAded, o
ojatstgtsel of pH Az Ao EHEAG ANAF g AEFYEAY
F29 9% AolAT. Arreola §(1994)& 2-AAF29] aerobic total plate
countd] ¥ A oldztgie] J¥E A A}, 330 bardlAd A
gl &€ 10080 HAAlZledl 35TolAM 1A, 45TolA 458,
60T E 1580 AR,

FEF2E 2YA JAFL2 AFE 15t oAy At F2o £
o] YAHo2 pHE Hol=ygozA PEZ} H8AE Aoz J|ddy, #28
aske ojitztetaz Xeg F QMG oA FAE Y JAge
Eelgo] 729 pHe 4AFHE EoleA €. EF YA olitzlgid o
# Axe BEAYste ntAFS tEo 4HE #FAAZ Y(depressurizatio
n) ZEF2d Prle AL E¥HA A3} HEo|t(Arreola T, 1991).
ol$} Ze P e nGAM JF Hie B e t&dl, Taniguchi §
(1987)& 203 barst 35Co|A A1} Bt a-amylase, lipase, catalase &
9% HELE 29YA olieiz HAHAUE o, 90% °ld AiLgAl /A
HAed ot ¥ ¢4 dEolgtn Randn th. Haas $(1989)% 2dx
F28 62 bar?] YA oliBgLz AL W PEV} BEAAHA ke

-6 -



gl ol ¢Ee]l BgAAIIZIdE UF ¥ dEcldn AAsx Q. n¢
AA o] o Aol B A$ Suzuki®t Taniguchi(1972)e ELE €&
A3 BgAA7I2E 1,013 bar o149 FFUe] Baddl, ole HEol=9
3AFZE olFe F2AUE A} AAME ¥ £ F¥ol 8757 9
Zolzgtn Eaudgct. 2y 294 olidstgiz AEFAE AYsE 71EY
AEF2 APPAA & 25 A o3t fEHe FAASL o EAA
< #AE 4 e JidEd.

gty 2 dFe FH ne JHE A iy g 2YA olddtgiz
Helste] A, &%, I ZLe 2AA oJuELd MHIYRUE
#FEw~ F PEQ B vXe I¥3}, PE ®AH=, pH.
ZFSAH Y E (" Brix), 4%, ol232El Ax e HF § FEF2
Ao viAe F¥E FHFA, 71E JIEAMY WA vin HESed 2
X Ao



1. A& 9 vy

1. M =

AFzoA AArd 19954 AEF F dEAA EFA FHZAM(Citrus
unshiu Marc. var. okitsu)€ SE71((FHEIZ FAFFT F 40 meshAE

23 FAE ANRE AL

2. AHYY

1) Al He

€ A¥d A 2AARA AYRAe & AHAAM AR
AHgEed igEE Fig. 13 #d. WA 300mie F2X(EV)E 43§
=712 €9 F 100ml A EF2E FY3IUG. @i7t2e A™CE(TK)24-H
check valve(CV)E AAM F&zd 71¢ ¥ 3¢t J2EHZ(HPP)A 93
ZtEIde. o] W @dvtA FAFS FFE VAEE ¥AEI] Adtd -20T9
Yz E AA3le oliggie e AU, d¥e GHA(P)
detl 2R, &z LEE  HAY  LxzAsd 9
z4(£10)9928, 222 F9  ANY GARLEA(MA st
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S3EAT. olgt o] U AYH} LxoN FEF2E nAAHEA
YAl 22 3ide] HEHE B3 ARE A F 5CY FzoA
@M PE 84 % #FEF29 Fdd A33te pH, 7148418 E( Brix),
FUE, ofxzmzHA, AE #FAMI ¥ 4T ARF PE ¥H:= WA} E
38U

489 A 71 dMee ¢4Y, 22 R Adezx PE EgA3e ¥,
138, 276 bar, 2x& 40, 50, 60T, A% 2=xd we 5 10, 208
XHdeoz g3, 729 FAEFYL ¢4FL 0, 138, 276 bar, & 40,
50, 60, 93T. AL <&} 2= =W 0.66, 30, 60, 1302
ge3ud. RE dYL 2~33 & Ay HANE JeEdAh

Fig. 1. Schematic diagram of supercritical fluid extraction system.
(CV: check valve, HE: heat exchanger, HPP: high pressure
pump, HPV: high pressure vassel, P: pressure gauge, RD:

rupture disk, T: temperature indicator, TK: carbon dioxide tank).
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2) Pectinesterase activity

PE #4& Kimball(1991) ¥l 93ldqd FH3dd. F, 2miel ANEE
250mie] ®lelAe] 743t o7]el 25miel 0.15M sodium chloride® 1mM
sodium azaideo] &3 1% ¥ 71AEYL 7F8tAT.  o]RE wuEHAA
0.2N NaOHZ pH 7.57tA 2#%ith. 7le] 0.005N NaOH& 0.5m! 7}&
¥ pH7E 7.57A HEeok eedl Ae AL F3ddq PE €4S
Adsde. AxgAd @9 AN wEZ 1xmoled carboxyl
groups< ®Edte A Fo2 Yehido.

(m!] NaOH) (Normality of NaOH)(1,000)

PE units/ml =
(min) (ml sample)

3) pH

pHE pH meter(model 220, Corning, USA)E Z32oA A¥ uwE

338t

4) 7H84 319 Brix)

7} 84 13 £ (soluble solid, °Brix)2 9 %A (Hand refractometer, model

N1, range: 0~32%. Atago, Japan)& °]&3td A A3}
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TR 2Hee T 2HLH} dz2mz A ¥Po2 Ry LY DYEL
Kimball (1991)9] e wa} 2P},

5) #4x

FANEE A& 1mIE 9ml 7559 E}F™ ¥ 1% phenolphthalein(in

50% isopropyl alcohol) €< 3%&E& 7} £ 0.1N NaOHE AHA3A t}e

Aol ejate] FAMo R BAst GEhARIcH

Total acidity(wt/vol %) = (ml NaOH)(N NaOH)(0.064)(100)

6) otaz=nil

olxxzdlt ¥FL ZIFF2 2mlE H39 5% metaphosphoric acid@

2% ¥ 6.000 rpmelA HFHEAF FF4EL EAHANERE Agdon,

hydrazine B]4¥ (F, 1989)d] F3ld A3},

7) A= £

AE2729 Mxe MAA(color and color difference meter, model

TC-1, Tokyo Denshoku Co., LTD, Japan)& 233 L(d%), a(Axx%),

b(B¥x) gke2 YeriU.
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8) A4 49

93T 402 M@ A8}, 50ToIA 138 bar2 20% A A8&€

4TAMN AZSAN dFURHo 2 PE §HEE FH 3.

9) B5HA

A FEFE 99& d2TFE s 93TelA 402 AHAY A&
50TolA 138 barZ 20% HAF AEE 4TCAAM FJZFTL BB F
B e 25W& M F2E FAY2 AT FAEAG
B5FAMNE SA71ZH AT o), 1991)22 Hristden, AAYEL 4, F,
o, FPHAIER 3.

_12_.



1. 2o g PE E84d%

A2E 294 oMLz M ngaRe) tEo IAHQA pH Aste}
AAF 4T A2 9 Qrle AdEYo oo AUl BgAE #
A, oY AEAE HEHNI Al 2FURFAE x, ¢Y, ARE
g@2idte] 2944 oldeaz Mg ¥ PE 848 238U

Table 3% Fig. 2& WZidsteld =& 40, 50, 60TCE ©al3ldy
AEF2E 2YA oAV EE MY W AlPd wE PE @HE=E
Yeti R gltk. 40TAM HddE W 0¥, & come-up time 2 FolE Y
T 9 PEY 15%7F BE€ARHJR, AAde] mE Pz BgAEs}
F7h8ld  130% Fole 55%7F ERAFEHAUCG. <=7t I %
g4 ed 285 AeAzte] 24 @&Ho] 50TCoAXE 98 F9 PE9
84%7F B®3Eed 60%c] HAAXWL, 60ToAME 108 2853
st

Balaban &(1991)%= WdA|o} 2AAF2E dAesl PE BEAYEE
F¥sded & 48 s vindtd 2 o At fE BN} Fe
Aoz Hol 2FURFAY PEe LAo} 2ARF29 PERT A4
e ez F3dn. FW 60TA HA 108 Fole 84%cl4 PE7}
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EgA4A fgted JoiA 16%9 PEx dA¥AYol 2 FH< PER
39t Versteeg $(1980)& dlolE e 72248 3%/ PE(PE-I,
PE-II, PE-IHE $A3ed, PE-13 PE-I& AM9 90%& A3
70CoA 242U R PE-IIe AM o 5%& A3 90THA 233t
st stadol BgAdEUTe Hag vlastd & o 2FURF2e HLAHEE

AR F2o FAG Aoz FFET

Table 3. Measured PE activity vs process time of Citrus unshiu

juice with different temperature at atmospheric pressure

Process time Temperature(T)
(min) 40 50 60
Untreated juice 1.530 1.648 1.446
0 1.310 1.293 0.591
5 0.295
10 1.308 0.863 0.240
15 0.240
20 1.225 0.542 0.240
30 1.213 0.420 0.246
40 0.344
50 1.068 0.319
60 0.270
70 0.977
90 0.892
110 0.784
130 0.694

* The time measured starting when the system reaches the specified
temperature. All experiments performed in duplicate or triplicate.
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Fig. 2. Percent residual activity of pectinesterase in Citrus unshiu
juice vs process time with different temperature at

atmospheric pressure.

2. Yol g PES =#M3

Table 4% Fig. 32 ¢4¥E ©slq HEIF2E 2YA oldsdirz
A2stHE W Alde] @& PE 842 Jvehz Ao, 2xwtez Xesdg
e AeAlte w2} PE 28427t 15~55%<20 wd 4 & 138 bare®
7S de BRIt 31~83%2 833 F718l9, 2=9 tEo] 2YA
ojgtgiz 4YE FVMIAE W PEY BRHEE Y =Y F AU
Balaban %(1991)% #dAlo} eAAFAE 40, 55, 60T 137, 310
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bareld e W fAHG ARE Aedl, 40T BdAME 1208 F
4%9) BEAEE A& ¥ 407T/310 bardlMe 5% ERPEE AUz
Easc. @9 ke 276 bare 2 2u) F/HAE W 138 bare 25t
9% PE BEAEE B f o9 ¢HAHRE /1A 4 fUETH Balaban
E(1991)E @@ o} L@AFAE 60ToAM 1373 310 barez ¢HZ
gastd  Held A, AYAPd @E BBEEE AY #AEAGR
B3ty

Table 4. Measured PE activity vs process time of Citrus unshiu

juice with different pressure at 40T

Process time Pressure(bar)

(min) 0 138 276
Untreated juice 1.530 1.510 1.552
0 1.310 1.050 1.149

10
1.308 0.830 0.805

20
1.225 0.732 0.732

30
1.213 0.660 0.694

50
1.068 0.557 0.549

70 5

0.977 0.504 0.441

90
0.892 0.372 0.385

110

.784 .321 .

130 0.78 0.32 0.318
0.694 0.268 0.288

* The time measured starting when the system reaches the specified
temperature and pressure.
All experiments performed in duplicate or triplicate.
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100

J —o— 0 bar

% Residual activity

|
0 50 100 150
Process time (min)
Fig. 3. Percent residual activity of pectinesterase in Citrus unshiu

juice vs process time with different pressure at 40T.

3. 1ngstolM 2o g PE S@4S

Table 5% Fig. 4% 138 bardld A2eEg 2elstel Aejatle el A
2l 4e PE HEE Yz Ud. 40CAME 92 39 PES) 83%& &
A7 Ed 13080 A2¥ W 50TAME 88%7F BEAHEEY, 208
o] 60TAME 87%7F BRAHEY 10% sl 285 %o} ALY E
57l 271842 193 ANl Yolu4 S PE BRANEI 348 37

3} 4 4 A, Balaban $(1991)% 310 bardAd 2= & 40, 55, 60T
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2 233l LA ol 2AXNF2E MY EF, PEE 90% 871 40
TolM e 240%°] £89 Wi, &Ad3] B@YA7led 55, 60TANE 474

75, 60%°] 28 5HActn B3

Table 5. Measured PE activity vs process time of Citrus unshiu

juice with different temperature at 138 bar

Process time’ Temperature(TC)
(min) 40 50 60
Untreated juice 1.510 1.601 1.497
0 1.050 0.629 0.336
5 0.215
10 0.830 0.299 0.208
15 0.208
20 0.732 0.208 0.208
30 0.660 0.165 0.208
40 0.211
50 0.557 0.195
60 0.220
70 0.504
90 0.372
110 0.321
130 0.268

* The time measured starting when the system reaches the specified
temperature.

All experiments performed in duplicate or triplicate.
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Fig. 4. Percent residual activity of pectinesterase in Citrus unshiu

juice vs process time with different temperature at 138 bar.

4. PE BgMsio T 20184

Table 6& 2%% HAlzte] we PE 843 vxe F8 8A&
Yetdz g, &, 40T e 2YA olidsteirst PE E8AS}tA nie
o] & W 50, 60T e P Ehe 227t PE B8 2 viX e J&o
At MPAPE=2 EW 40TCAMEe MY e 2xd o3 BRP=E
F7HIRAIR 2AA olizteid o ERAPTE RABIAW. 50THdME
40Cs mi7EA 2 M Ao BE SR fe F7HR oY F7HE S HYan,

53 AL 2714 2HGA olitsteid oF ERAEEZ UG @4
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60TCAME 2944 oluztgse Ade nvdtqd 27t PE E843e F8
8eg2 FRFHUY. WA PE ERAYE EHoZe 2YA oliNELrE

o] &%chH 50°C/138 barolA 2083t Aste Aol Hlg#Z s},

Table 6. Effect of temperature and SC-CO2(138 bar) on PE

inactivation
Temperature Time % Reduction of % Reduction of
(T) (min) PE by only TC PE by TC and SC
40 10 14.6 45.1
20 20.0 51.6
30 20.8 56.3
50 30.2 63.2
70 36.2 66.7
90 41.7 75.4
110 48.8 78.8
130 54.7 82.3
50 10 47.7 81.4
20 67.2 87.1
30 74.6 89.7
40 79.2 86.9
50 80.7 87.9
60 83.7 1 86.3
60 5 79.6 85.7
10 83.5 86.2
15 83.5 86.2
20 83.5 86.2
30 83.0 86.2

All experiments performed in duplicate or triplicate
TC : Temperature control treatment
SC : Supercritical carbon dioxide treatment
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5. PE 243 S

43 5o wWE PE ERAS weEE AFA k@I o9 dF<
D(decimal reduction time)#& A3Ac. 40T/H71t, 40T, 138 bar,
40T/276 bar, 50TC/d71golA el BEA2E In(N/No)t t(time)ol i@t
AN ATBAZREH 1340g] BES ¢ £ ARN2Y, 50T/138  bar,
60T/th71%t, 60T/138 bardlX e HAAA #AE BAFA ¢e 22 Hol
129rgo] wax ¢&d ¢ F YU olg o] AYP=xUJ w2} PE
Eg48 gy er O Aoz Mol eFURF2de LYl tE 27HA
¥ o] PE7L EAste Aoz SN, eAAF2 FEAH Aol
o€ multiple formse2 ZA3r] #HEA Hez2 FPIH(Wicker <
Temelli, 1988).

FH 1awgo w2 AzP  didd  Dag ALY A
40C/d71t3tel e Dgkol 200891 ¥ 40T/138, 276 bardMe
101822 1/2W zZasHth. o€ YA olizigdd ¥ pH A3l
7138teel Wicker 9 Temelli(1988)% 29 pH7F #43dd DIU=
Zagdzn wasyc. @8 50Cd7IgEtel A€ Datel 39&°lAed 40T
v]3 1/5¥1, 40TC/138 barel ul#l 1/2.5¥7F Zo} o] =HJMEe PEe
deite £xd UG Aoz =yt Balaban $(1991)& #dAlo}
LAAFAE 40T 55TAAM A& o Dae 26738 141€0i2n
2n3ded FURF29 Hlastd & 9 Dol & ez Ho}
€FURFA F9 PEE 28X F29 PEd vdte dAYPgdol AL ez

2HE}. Versteeg $(1980)2 pH 4.09 dolE# LAAF2E 90T=
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A< #W D@ PE-1, PE-I, PE-II¢ Wistd zZzt 0.09, 0.02,
23272, Wicker$t Temelli(1988)% Wl Arlo} QAXNFAE 90TolA
Helst e o ¥¥LF PEQ D2 0.225%, ¥ PE9 D@te 32%2n
B n3adct.

¥8 Owusu-Yaw $(1988)2 pHel 93t PEE E@AA717] AN e
pH7F 2.40]3t2 wolo} Fotn Rasddedl, Balaban F(1991)e] <oj&ta
35T/310 bare2 QLAAF2E ZYA <lieiz AHsiE& @ pH7L
Z7l9) 3.6°14 2.9671A As=Actn Husiged, ¥ 4% x:1(40T/138,
276 bar)dXe pHE F3¥ & UJAT pHe ° 2t ¥da FFEd.
ety & d¥zddxe PE E843 713 33 Y Hde go=
dHEn, 4714 @A PEE o2 Ao AAVIAEYNE JHY o
free carboxyl groupel BFAHAd] ZUA o]dsteio] o W& pHIMe
9o pk.7t ¥ 4.09 HE nel¥ o free carboxyl groupd #eE7}
Zasol Az 71Fd ¥ ARzsl FF3 FAHe PE ¥4 AdsHe

Aoz FAHAY(Houst Marshall, 1995a).

6. ZA o|Ltsjels X2|7t ZE2H AL pHe C Brixol ojxle g%

Table 7& FEF2E8 258 Qdd A& e 2= % 24
ojatgtgad ¥ AP ET B AYHNUE wWel pHS " Brix WHE
HodF3 g, FEF29 pHe AZ2xe g @Aglel Had, ¥ A9
fFAIAT. ol FEFLE YA olAHEL2 MIYIHA F29 pHE
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olAtstgtAo] ojdle] gito] PAFDE YAHoz FAHAT AMAAE de
FA2 By @start JqReR2 ReHe F29 9 pHE HEcL]
wj&oltk.  Balaban % (1991)2 pH7F 3.691 LdAF2& 35C/310
bare2 A& W pH7t 2.967HA 2, pH’ 3.8¢ F28
40T/270 bar2e2 3L W pH7F 3.174A ZA2dIAAR AAF €
pHZ H¥o} fittn Rasdc. I8 93C/40% AP FEH29 pHe

3.33°14 3.412 0.08°] F7l3tdtt.

Table 7. Effects of SC-CO. treatment on pH and " Brix of Citrus

unshiu juice

Temperature Pressure Time pH " Brix
(T) (bar) ~ (min)  yptreated Treated Untreated Treated’
40 -- 130 3.40 3.43 13.56 13.56
40 138 130 3.42 3.41 13.46 13.57
40 276 130 3.38 3.42 13.46 13.57
50 - 60 3.41 3.44 13.46 13.41
50 138 60 3.41 3.45 13.46 13.46
60 - 60 3.40 3.42 13.57 13.35
60 276 30 3.40 3.42 13.57 13.57
93 -- 0.66 3.33 3.41 13.96 14.17

* Treated by temperature or/and pressure
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7H8d 1YEE RE UM AHIA, F A9 fKASiAed. dY
AEF29 AZFTHA 93T/402 A2 79 Hlwsdte] € o YA ol dpeid
Af AYFAPL HEF29 pHS " Brixel 9% vXA @¥dth.  Arreola
5(1991) = LdAol LAAF2E 35~60To|A 69~344bare.2 A 2l3}o

Fa
pHSt " Brix& 3¢ 23 AdAd A9 gLty Eusiio

7. ZQA olasiEta X2zt HEFAS ANT ofamEHNo|

o|x=gE

Table 8% HEF28 & B3t AL st &= R 2YA
o]zt o YL < AHALS W FUF ojxz2HA
H3E RAFa o AL APz we g FUEAY iAo
@¥ Kimball(1987)& dlo|E A F22 JE 2% AEY limonind
AAE7 918 30~60TelA 207~414 bareZ H3AL He FA $FS
3¢ ZAA  AH"d, F A9 ¥ gidda:  Raden,
Arreola%(1994)E HAANE 2ANF2E 35C/58 bar/30¥# 40T/58
bar/60&°IAx AdAES o FAFZFA oM A ®WIst UAHx
233t ¥ Kimball(1991)& AAFAE ¥ £20N 7148 o F2
Fol EAde /71439 ZvjFEoF pecting JHFEHE FIAIIE2A

pectic acid9] Al 93l FAH¥Fo] i F71E F U RudHo.



Table 8. Effects of SC-CO: treatment on total acidity and ascorbic

acid of Citrus unshiu juice

Temperature Pressure Time Total acidity(wt/vol %) Ascorbic acid(mg/100g)

() (bar)  (min) Untreated Treated  Untreated Treated
40 - 130 1.31 1.32 42.1 41.6
40 -138 130 1.32 1.34 42.1 41.3
40 276 130 1.31 1.33 42.2 42.2
50 - 60 1.32 1.32 42.7 41.8
50 138 60 1.32 1.32 42.7 41.0
60 - 60 1.38 1.30 43.1 40.5
60 276 30 1.38 1.35 43.1 42.0
93 - 0.66 1.32 1.37 44.1 38.8

* Treated by temperature or/and pressure

olrmEuy BB Hedel W 2UA olAfgrz Nl Fw
A9l W3t gRou 93T/402 Al AE 12%9 £40) ARed, ok
297 o|4Bers HFFAE AP ALE olVHVAd g F2 Fof
gago] A& Ma7t ABHAYD, TG 40~60T vy R ex2 AP
A% W 93Tsh Qo] ¥ LEAME $EMA @ olrmauile
Aste] @ &£4o|AvHTrammell . 1986) F& TableTolHsh ol
REF2e 294 ouswiz A Wse @Y 93T/402=2
Nelsde W pH7b 3.33614 3.412 008 27+ oz Mol ug
Ay gAlNE  §A4F EASE FaoleFel olrz=uie g

221717] 82 Aoz FAHEH Huelin 5. 1971). Arreola $(1991)=
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Bl ol A F2E 70 barolA 340 barS] NN YA ojasigiz
HNAsAE W 271@] T1%oNAN 98%7A olAmEH Al KA HUttn
B3, g 2dA oligiz RIFIFAE AU e 2T
A2l 5ol vste] olxzzH o] &HE PYAY £ UL Rog YUY,

8. Tl ojiEfElx Xalot dEF A9 Mol ojxls I
Table 9 HEFLE =& Bst] NARAL st 2= R 2UA
ojistgi] ¥ YHL LUt AN wWe L(FE, lightness),

a(A =X, redness). b(ZH X, yellowness) &< BddF3 ).

Table 9. Effects of SC-CO; treatment on color of Citrus unshiu juice

Temperature Pressure Time Untreated Treated

(T) (bar)  (min) L a b L a b

40 -- 130 41.59 10.67 24.31 41.40 9.67 24.07
40 138 130 40.80 9.51 23.73 41.74 8.69 24.86
40 276 130 40.97 9.37 23.89 41.55 8.42 24.82
50 - 60 41.06 9.49 23.83 41.54 9.38 24.14
50 138 60 41.06 9.49 23.83 41.62 7.92 24.79
60 - 30 41.18 9.62 23.82 41.55 9.40 23.98
60 138 30 41.18 9.62 23.82 42.07 8.27 25.09
93 — 066 42.34 10.32 24.92 43.16 9.72 25.15

* Treated by temperature or/and pressure
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RE AN AAEG NelFe FEF29 LI bate FUHAT
a@te Zadsch. 294 o ARELE NYIAYE W e AT 9
vo aEHFxe L batel F7H8ln a@te FAddAed, o FEF2IL
Z2YA oldstgae Hed odtd Mxrt o YolASE 9v|@T. Arreola
F(1994) 2AA o} LANF2AE 2YA ojAdga2 AT o HAd
vlste] Lgke F718n agte FASMUAT bake We HAow, AARE
LA F2E

+ 294 ol L2 N U TIY FFE E.

9.XUA oJitsfEtL 2 Xa2|H ZEHF2A9 4T XN¥S PE 4T ¢

Table 10& 93T/40%¢ XA ojdstgi2 50T/138 barclr 20%
A AEF2E 4CAdAM ARZdes FX PE 4= ¥H}E Ho4Fa 4.
93T/40%9 50T/138 bar/20% M@ FEF2E ¥ vdoq MY ¥
PE 4=/t &7 12.5%¢F 10.3%%eo] FE3AY. 4ToAH AHZ F
93TC/40%2 AN FEF29 PE 4= MM 2o, wd 294
olAtzigtaz AH¥ FEH2S PE BHEE 4} Il Axdte
YL Bid.

Arreola §(1991)% WdAlo}l LAAF2E 45TC/290 bar/2hrt 50T/29
bar/4hrollA Z4A oldgiz2 Aedd 4.4CA AF F PE ¥HEE
23% dad ARVI¢A wet spgAHQ] WEAE HIAT dEEE FFH,
LAAF2o FEAIPEE PE ERAHAE ¥ ohe} YA oldtedidd 9%
el F nddA Aoz AN Arle ALY A% pecting] B
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710 ¥tn B,

Table 10. Changes in PE activity of supercritically treated Citrus

unshiu juice during storage at 4TC

PE activity(units/ml)

Storage
(daYS). 94T /40sec 50T /138bar/20min
0 0.163 0.134
7 0.102 0.141
14 0.103 0.146
21 0.049 0.134
10. 2sSHAL

Table 11& ZZF2 9, 93T/40%, 50T/138 bar/20% A%
Frzol W FsHA Aol #BEHAled 259 dide=
TH71EPA ez A, ¥ % FEANIEA didteq BFHAE G A
A, Fd QloiMe ZEFE fdeo] YA olizgirz MR REF2
gl Zlaert (AT %I FHAY MITA oM E Z4A
otz A AEF2ie FEF2 AT {RAE 2YA olistex
M2t 2729 B5A 4 Y¥ J¥E vXA &S ¢ F AN, #¥
93C/4022 MY #ZF2E RE #FF FA YoM 71z ‘e

°l€ Table 8olXs o] FFF2E 93T/40x2 AN e o
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ofAzE2HAlo] 12% £A4W AoZ Hol ndM HEde FU¢ oAU olwst
AYER7] 8 Aoz FFEG. dustd FEF2AM ofiz2H Ao
A vALH 3l YAHEQ furfurale]l Y olEF AMe oAU
olmlg WA AT APF vz olHU  olulrt  BAYH7I

] 2olt}(Trammell %, 1986).

Table 11. Total sensory scores on quality attributes

Overall
Treatment Color Flavor Taste
acceptance
Untreated 43 46 47 48
93T /40sec 55 52 54 52
50T /138bar/20min 52 52 49 50

Lower scores indicate more preference.

ol #e AANE FHsd E o 12 HEANY dA ALAM YA
oldzigaz HEF2E AHHdE YEE 249 WUdel He PEE
BRI RN, Ao it dAHE FEF2Y A7, P19 &4 o
W3zl olxzzH B3 F FAAGRE WA FEF2IF AR Ye 2N
2R % JYtE FASe FEF2Y A2V} ks Aoz wddd.



V. & ¢

Fdo JtEAY WYPdN LAde FEF2Y P 4 R HdEARY F
FAA}E WAE FAHoz FIFRLE JIEEe dA 2AA oliwiE
At MPAR, 2=, & F YA oldEie] HIAXUE] FEF2
% PES 843 9 ZEfF29 Fdd d3F3te pH, 7184 d¥(° Brix).
FRx, olzm2HA, MR, #%FH A4F Fd uAe 9%E FFAUG
40ColH 2xwtez ZAIFF2E AHIYIAE wWe AHdAded w2 PE
BE8AH=7t 15~55%U ¥t 4 138 bar2 F7HAIAE dWe BRAE:E7}
31~83%= F7l3Att. 138 bardlA 40T= M 3}NE W 98 F9 PES
83%& E¥AAIIedl  130%°] 28" WA 50CE2e  88%7}
EgAdssed 20¥°], 60CT2& 87%7F Bg€A3sed 108 ¥l 2857
%A 40TolMe Z2YA oligirt PE B84 vXe Fgo| &
W 50, 60TCAMe d¥Egde 259 J¥e] AUd. @AM PE BRAG
EXogE 2YA o|ARYLE ol &TTA uiFAF AxUL 50T/138
barelA 20E8°IAd. ¢} ko WE PE B HEEE 35U k3t
ol9] 44 D(decimal reduction time) &€& A% A3} Az e} PE
B892 HgYHIL g A Hol 2FURF2dE dAFACl dE 271A
¥ ol4el PE7} EAde Aoz FFHAUH.

2729 pH, 7H4481n¥E, FA=E YA oiEx: AHgexs
ol ARl AHA, F AY {HAERAUG. ofxzm=HA FFS 2AA
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olatstera AW, ¥ A9 W3yt Aoy 93T/402 MR B¥e 12%7)
Z2EAY. FEF2 Axe 294 oldztgxg A Wit 2etes
AYstA& W 2oh LF bate]l F7MEH R agte ALY, 4TAM AP F
93T/40x Hg #IFF29 PE 8d=v AAM3 2@ v 244
ojarztetag Mg AEF29 PE AEE 7M9FoAY. €712 2
A% % FFANITC ot FEHAE AAG AH 2GA olER
A7t AEF20] #B5H A Y 98 vAA Fud
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Ag %A 4 & AN FA Be 59 BEY 24Pl YAl VL
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WA 3% A€ dAY GEF 2AYY Agoz AxHFA FA gl
259 2e g =YUY E80) 42 AR AF AES AHE opA
e BaH
24¢ oA @ed $uld R4, AAH mad, BIF med, d5d

AFEAE A TE Ao

god dY IFd, 1YY AFHEAE Fe ZA=EPUY. ¥ 2

8718 FA 293 AA4EF dgd AvdAz 2= 38 P & o
EEE FA AAE ANH, AT FYeAE 2=y
2350 U7X VAA Yoz HAW FA oy, ¥rd, FHYNA Fe
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