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summary

I. Title

Development of Processing and Industrial Technology Using Citrus
Sudachi

II. Purpose and Significant

1. Citrus sudachi is a variety of sour orange, which is widely used
as an acidulant for seasoning or flavoring  alcoholic beverages., The
fruit of sudachi is characterized by its relatively high acidity, and
it has a pleasant and refreshing aroma. However, the aroma quality is
different from that of ordinary sour oranges such as lemon and lime,
In this work, changes of some components in sudachi juice heated at
various temperatures were analyzed and some products were developed,
2. Processing technologies such as natural vinegar, sauces, juice,
Jam, oleoresin, soap, body massage wash, and nutrient pack., were
developed.

3. The aims of this study were developed as an unique some products

for tourist of cheju island.

III. Scope and Content
1. Preparation of natural vinegar from Citrus sudachi
2. Changes of natural vinegar from Citrus sudachi according to
heating temperature
3. Changes of browning intensity in natural vineagr heated at

various temperature

4. Processing some food products using citrus sudachi

5. Hotel and traditional cookings using citrus sudachi



Physiological properties of Citrus sudachi in vitro
Application of beauty materials using Citrus sudachi

Storage of Citrus sudachi

© ° N oo

Econcmical analysis

IV. Results and Recommendation

1. Preparation of natural vinegar from Citrus sudachi
The squeezed juice from sudachi was filtered 15um filter and then

refilted bum filter without hydrolysis,

2. Changes of natural vinegar from Citrus sudachi according to
heating temperature

A. Total acidity, pH,and °Brix of natural sudachi vinegar showed a
little changes by heat treatment. Total flavonoid content decrease
with heating temperature increased.

B. Some organic acids such as oxalic, citric, and malic acids were
presented in natural vinegar. Major organic acid was citric acid.

C. Fourteen free amino acids were presented in natural vinegar and
major free amino acids were alanine, threonine, proline, serine,
tyrosine and trytophane,

D. Contents of vitamin C was 21.3 mg%, these contents decreased as
the heating temperature increased.

E. The total content of naringin, hesperidine and neohesperdine was
304 mg¥ and these contents decreased as heating temperature
increased,

F., Voaltiles in sudachi were presented in fifty components, and

major volatile was limonene,



3. Changes of browning intensity in natural vineagr heated at various
temperature

The study was performed to investigated the relationship between
polyphenol oxidase activity and browning intensity of citrus sudachi
juice. The browning of sudachi juice was affected by polyphenol
oxidase at 1low temperature and by Maillard reaction at high

temperature,

4, Processing some food products using citrus sudachi

Processing of dilution juice, a mixed drink with vegetable extracts
and citrus sudachi juice and jam using citrus sudachi peel were

developed.

5. Hotel and traditional cookings using citrus sudachi

A, Pretreatment, basic technology, decoration method, and points of
application of citrus sudachi in cooking were suggested.

B. Western cookings such as sauces, main cooking, breads, biscuits
and cocktails were applied Citrus sudachi

C, Japanese cookings such as sauces, mushroom, fried and roasted
foods were applied Citrus sudachi

D. Cheju traditional and korean cookings such as seasoning sauce in
frozen rib, seasoning soybean sauces, sudachi syrup, meat sauces,

dooboo were applied Citrus sudachi

6. Physiological properties of Citrus sudachi in vitro

A, Extracts of Citrus sudachi Jjuice and peel were obtained by



several organic solvents such as hexane, acetone, ethyl acetate, and
methanol, Their antimicrobial spectrum were determined against 14
strains of gram positive and 4 strains of gram negative bacteria by
paper disk method and minimal inhibitory concentration(MIC) was also
obtained. Antimicrobial activities of solvent extracts from Citrus
sudachi juice showed stronger than those of solvent extracts from
peel.

B. Acetone extract from juice showed the strongest antimicrobial
activity among extracts, but the hexane extract did not show
antimicrobial activities on tested target strains. The MIC was
different among tested strains : 0.5%(v/v) to subtilis ATCC 14593,
1.5% to Listeria monocytogenes ATCC 19111 and £ coli 0157:H7 ATCC
43894, 2% to Propionobacterium acnes ATCC 6919,

C. In antioxidant activities based on DPPH quenching activity,
extract from citrus sudachi peel showed stronger than that from

Juice,

7. Extraction of beauty materials

A, Oleoresin from sudachi peel was extracted by ethanol. Optimum
extraction conditions of oleoresin were: ethanol mixing ratio
1:20(W/V), extraction time 2 hours, and extraction temperature 70°C.
B. Yield of oleoresin was 38.5% Oleoresin was used as beauty

materials in soap, body massage wash, and nutrient pack.

8. Storage condition of Citrus sudachi fruit

Experiments were conducted to investigate the effect of storage
temperature at 1C, 5C, 10C, 15T, and 20C and packing methods
such as container(CT), cotton box(CB), CT+inner polyethylene(PE),
and CB+inner PE, respectively. Packing by CT+inner PEL} CB+inner

- 10 -



IEETII:Y

PE showed good quality of Citrus sudachi fruit at 1 ~ 5T,

9, Economical analysis of sudachi natural vinegar

The net present value criterion reflecting time difference of
inflows and outflows of fund was employed to examine the economic
feasibility of natural vinegar production project. The positive NPV
shows that the investment is more profitable than saving the same
amount of money in the bank, The NPV of the project was 109,255
thousands won which is greater than zero. Therefore the project was
turned out profitable. And this project will generate the profit of
14,027 thousands won per year over the analysis period. However,
this result is sensitive to the purchasing price of citrus and the
operating rate of plant capacity. The price of citrus should be
maintained below 1000 won, and the operating rate of plant capacity

should be maintained above 80%,

- 11 -
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Ai1dgAME

A& (Citrus Sudachi)2 YEHOE 58 sl ¢ dFo8 2

gog olulu#, FwAdNX, BERH, A, ZFolatn AR Ee
22 9t AFL w 2717} 30g Vel 2 &3 Tz golo, zujk:
amAEE QB AS 10870 THule} 2ol WHEX T 11do]
A7t "k, Tsxm HFEH oA o] F& YBW TR AT (F
5)a Barizl ‘97d 1080 WFolet WEstech 47 Y 2 5
e 2|7t HAQ 4zt Alelold TH ol Fx, 2u] ¢lem, T
£ 23 wel 93t HE gol 2UEEE Hutel Abeiel &3 A
ol d 2Bsls Zo] BRolth. AFA Y] 7 F 2L 9 - 1088
oJAIFlE AFA Y exWe] F 4£EAJIF} ohd o] Tt
Az ol F& IR el WE TS £ 22 5 uAE
WEo] AlEE Agolrt wela hEsie ZEFUTo] 43S WE T}
& EZo® folstA tiAzl stk 2EuU =9 2| AnkgA oo}
oFol tizt BB o]gol iyt AF7F AL gtk Y #F Ao o
g FU T} Qo] AR Bl HEE SRR A Bdol W
spete Exdo] Arh. HFL MALOE An|srlols Algto] Hated A
NgogL AYshx| i, A 08T AL Aol WY UA

olth.

dFe] BAE ol8slo] UMl WAMINE Adz, X, dFAVE
48, AE, WIPAF, UMY 2B 5 UGY AFNES Astel B
% BAELE Tista gloy WY *:101 Bapgt Agoltt?, whebA

AFA G HrrEgst 9 oA ugd xﬂ—er%‘l o] BHEAENE 4
3] FE o] &T T HBAE Aol Wag Agolch

Zue] #evle A% EAEE AuEd Uit dF 35 YES
2E 9] - 92.0%, A 0.4 - 0,5% A 1.1 - 1.2% EHE3E 6.2 -
6.7%, & 0.2% wBlE} C 34.8 - 58.8mg¥, AHE 5.1 - 6.8%% HaY5
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e Y3 AU G824 e, des 23 Pl wa

& L 3, ZAje] 100de]4 © Fo] &)

shaL olrh. QJ_H«I °§% AAreke 90 8,000, dRoA AujE
3 3 92.9%, whyA 0.5% A9} 0.1%, T3}
6 3] .04%, 214t 5% Zz15h, Y o) ¥

Brdl& 22102 %} monoterpenoidhydrocarbon, 2|UIES FA ST

2 monoterpenoid 5 1000] AXo] &xjgitin el gtk Qo

PaEls 9B AN ALY A2 FASIA atere] Fob AN
=

v AyshA i, Antd F& ol &Y NFAFE susto] Bkt

(lo

EEF o E] AL uﬁ%&-sﬂ_ A7} olefe] Table 1o Xy ol
o]Fo]A glom, Table 20 UFolA AU oy gIFUdH dF 7t
FAEY 5X & AHstrt

B dFodMe d2AMAR AFx9e BF FSLEHE RES)

22} FEFE o8 ottt JHFAFE Adstaat shlch
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Table 1,

Examples of the processed foods using citrus sudachi at

Japan
FEANER]  AEAX ] adF &
LA ‘
AE7HE  Kawaguchi'" FEE o83l KEEW Al
(1989) 3 35
Gohtani (1992)" A&} A=A H71gE dFo] AEY
e BEEo] wAE dRe HEs
Hog a1
Tajiri (1993)% (42 HFUS FHEARA S2AZA
olg% EA} |
B BREYEE R E FEF
Ikushima(1994)(7) |cyclodextrin®® EH3IEE yHEo]
| FrPor E AMFHNE
= FEFS o] 8T REY o E dE
{www. osakagas, co, jp/webcooking)
AFEOE [Tanusi(1978)F  [7128] £% 9 L=z 2 o9
HBEA 24}
Tanusi(1981)'"  [CAXg3lolAl |22 vit. co ¥ ¥
g 24
Tanusi (1982) o|4t3} AAdloM JFE AAAAEA
vit, Co] ¥apHstyg RA}
Kitagawa(1982)'"' |4 28 5C - 25C2 A&sheA A2
AR RS EF
B8 E  |Sugisava F&e) FREYEE SEE FE3Y
(1989) "% FRRES 2
Njoroge (1995)1|dF& cold pressing® 2 F&3te]
A3 B REGEL BEE 24
Tamura (1994)'7 [@2 vle] 8788 24
Sawamura aAF 5 4528 ZFHFE cold pressing
(1994)"" o8 F&3l FRAE B A
Yang (1992)'"  [d&¢] Aol 2Asts HRHEY
odor A =i}
AgEgA  Kumamoto o3F7 2o Z2)| 5= flavonoid
(1985)"° glycoside58] Aol nAE THE
ZA}
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NFNEL  OE AR} 47U
4 Ax
ZatR o] |0zaki (1991)7% [d FE R} MAIEE limonoid glucoside
A=A ¢l Ichangensin  17-D-glucopyranoside
g £
Horie (1981)'7) [m|&ed@o] Za|sl= flavoned ZAS
e
Horie (1988)""% [dZz}ujoll N 2l2& 3719 EalRicol=
¢l sudachiins B, C, D& &g
Hasinaga Ao Ex|Ft= limonoidF2] ¥ 7
(1990) ¥ 2o ti3) =}
4H-E4  |Sawamura Algto] 733t o#x] §54¢l o4& 5 7%
(1979) 2] 2HEY Rtz SR =Aua
Yamaki(1989)™ 7001 %2 ZtEd EF S ASA7E At
3} ahEs] HBE ZAstel FAel UE
¢} #EA R
Sawabe a9  AANM 5788  terpenoid
(1996) 2" glycoside® £2|, 53 |
%-2+2] 54 [Kobayashi FEE Aol Easte 2] 54 RA}
(1985) %)
Hasinaga gF FAlo| Exf3te B|RxolE S
(1989) % HPLCS} EFE=AR 53
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Table 2. The commercial processed foods using citrus sudachi at

Japan(24,25)

TEE W A= 5 3 3% € = Az
TES5-13 (93  ZAFY- U B 2400 5u) IS | BEAST
LAy [50% &BIF |MAEES § g8 FE(K)
Hojrd, Apzha]|-
2oz o A RS 3 A

=,
=
o

-4
il
£
¥
N
_o\i:l
9,
N
o

TEBA |[FZHEA008[- 2L & ol uAUE A Al FEHARS
- 7l A3 2-3LeL AHE (%)
(o]

Healthy- &, HIERl C, |4 d&& MHste] E53}EHhoney
THS | FECER(Y |[EYT AE P L
&) )
TER5E |[FEHEY100%- 4 - 58l ASE = 5o B Hhoney
Rk 23t FRE e e |RRITHE
-AdE 7 o vIRIE A ASHEK)
71 $18) AH&

o

- 2ol FuE B
- Bwel 2 - 3E ¥
FEbE |FEEEY100%- & o] &% @A R o]§& WHEAML

- EA o] F A 2o o] & H(#k)
- JHYE o)
-3 |dEtE - FFAEE 018U ¥R BE RB
TR
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NER [, FAe E 4 9 & = EXY
THEBY (9FUE, -3EANEY 9 ARLESRET B
TA FEPAEE ol 8T ARR2AE 121G E iRy
BETS
+7 Bpow |[FFHEW, |- AMI AZ3 bioAEQ Ao||[EEH &
der AFAZREE |EEYLERE o] &3le] ¥ T RBRMA
YAER BalA e Burzng BETSH
TEBL |@FEEN, of- ANY obxo} AL baseRIBET M
n ARz, BEF|RAF AR
BETH
TEBA |BFGEE, [-E8Eo] ZolA A% mET B
i AEHHAE, -880g, 400g, 25, 5 Tho¥yt T BHREEA
314 5 2 H(PYLB S E) BETH
TE5E |AFAE, AT LAFESR AME mE B
Bifprs |€F, WER E RS
3 A = ELS
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FET | W, FAE 5% 4 8 = Az
TE5-3 (98 HAFY|- 5 = 240 5l Ao | BFHAST
LAy [90% BT, mAEE T & (%)
Hotrd, AbzpA - AF, 947, I 53} EF]
Z, EgAe|o nrEE 3 73
5 - V& A& W AUiste] ze
EEQA
TE5H |EHFA100%-84E & o vINE Ao FHEES
R 7] $18) 2-3&& AME (%)
- ZHo]|AY FnE FAYAT]7)
A8 2SSy AR
- &R By &%
_@%]2_31:1}0 E.?g—
Healthy- |&, WlEIYl C, |48 dF& AMAsle E53}EHhoney
TS5 (AR EL AE R T
El) %)
TR5H SEHEU100%- 4 - 591¢] AZE E 272 Hhoney
R Yt FRE npde AS [RETE
- g & ol vIUE A ASHER)
71 918 AMg
- 2Eo) Y] FnE P
- Mol 2 - 3L E§}
FESE | GEHE01006- 25 o] 8% WHAZ )8 |[ERAGT |
- FA R Az o] & |EE(BR)
- &2 ZEYE ol&
P-gREE dFAF - GFANEE ol g% Y SE  |HEET
BHRES |
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odF(Citrus Sudachi) Algto] 7% o] BEAOE ¢ Foja Algke o]
£|3lo] AR E Ak, 3ot gl 94FY Y 2 B3 ) =
el mj&at Adefoll A 71 8ol Fa1, &nto] glo] Pl ulsat Ao
A FH3E o] Bojrt. JFL WAL OoE 4o Algte] F
slo} Agalgog Hghsha] k', Antg o] 8% JIBAHEY sjdo] B
a3 AdFolct. gFe] A4S ol&sle] d2 EAERKIAME 2dz, 2t
2, IF L7PEF HFHA FE T Uiest gt

[¢]
Bigog whfsta 9o} HFade) BPE

1. A%

SAH AFEE gL F|uIR] Q) A FE AT EAJo)A] 1998 94 20
dof| +=H3le] EZ 1a} A ¥ 3 MHAR 13 AF3tdct. MHE
AR EF 33 AFHt AFHRE AL3tgch

2. g2 AFAgY Az

AP Azter wiaAY Febal 7] Z 500kg/en’s] ¥ oz 10
=2 4HSt AFAE @olrh & AR o 3.0kgd& AZXE WE oA}E
of Yol gtaste] Hzsiolrt. olgA MR & HFAL 7t o2
(Seitz-Filter-Werke, Theo und Seitz GmbH & Co., Type KD85, Krbuznach,
Germany )& ©]&3}o] T-1000 HE{(Seitz depth filter, EF =} 37]:15
pm) 2 of2sto] FaFaol Algsts Heog ARE3AT]
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Aol dF% whHoE A3 ANHRE Wyl FE3[fEAQl Rapidase C8,
0

cytolase PL5 Cytolase CL EAAE 0.18% HT 2 FHI7Iste] FTEIT
542 nuga Q& WY 5& BARDA GG Ea 0§ 2de
15CIA 2017 308 FQ WA F 85ColA 287 sdste] HAE
=233 Azt dxE2e ZLAE AelshA] g2 HET dF Adx
E fo dF% hHoE 1A F rhA] K-500 HE(Seitz depth
filter, W AR} A7]:5un)E oJ3}5lo] 85°CoflA] 287F ALHAE AL A}
&t
L 48 0 BRAE U

&2 HAFE 9F e FA oy AFQ FAR e !
o7 Fitge OJ-S—; 100mL 13‘“*"‘—,:13112101] 2zt o018 100mL Y

neter® XZE )& 25°Co|A] ZA3eit). ’&EE‘ AR =
e FARINE Whatman filter paper No. 22 oj2}3t T Bzute
AR FFstch

Y
o,
it
Mz
o
1>
N
i}
N
r
>
olx
2
>
)
=
fist)
rlr

N
i)
N
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o
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. 4EPEel e B
)

J
-1 O
ZEabdol wizt dF& HEY F9 Table 3of AFY A A G2
7 Alo

277 YR o (BFE 271 : B, BE $% 26g) WEALL Ae)
$2% 4 pdon, YARY HENE 08T A% AU AKA
eise B384 ol Uel AAlE ol ARH, YA 2 A
£ 48 o AT 2 AHY ol Fystach phel ¢ WEA
oz HEY A9 pivh 2.30lg0m, QUReY FP olnth ¥

02 e 3

Table 3. Property and characteristics of juice extracted by belt

centrifugal and press type extractor

Essential
Extraction Yield .
Property and characteristcs pH oil
methods (%)

content (%)

Belt type 2.5 almost not extract 2.3 0.2

Centrifugal type| 82.3 turbidity materials and oil 3.0 25.2

Press type 27.5 similiar japanese product 2.4 0.3

2. TAAE

T-1000 filter® 1x} oJ2¥t g xjgdzo] ¥l F3H 4l Rapidase
C8, cytolase PL5 Cytolase CL EAME 0.18% L2 F71slo] A3 =}
Az FAAE AR 92 2R FAL Table 4o vehjglch
Table 4o]A ZAX o] utel & Nejo] Fojzn, FALE B3 317



Sls) THESIAIEI B R 78] &Aool UABE Gt wietA dEolA
& ol 83 A2 Az PPN ELALE SR Y3 o8t AN

st Zio] vigtAsigich

Table 4. Properties of natural vinegar treated by penctinases

browning

Property| _ acidity lightnes index
Brix pH

Treatment (%) 5 {Abs at
420nm)
Control 8.3 2.4 5.1 24,2 0.13
Rapidase C8(RPP) 8.4 2.4 5.1 27.6 0.15
CytolasePL5(CPL) 8.2 2.4 4.9 27.1 0.17
Cytolase CL(CCL) 8.1 ,2' 4 4.8 25.1 0.15

ZaA A Brixe 8.1 - 8.48 UEhion, A& 3712 ELF CPL
< BaAPA] 2 ANE 2 o HFAF] AHE UEER CPL
< HYsHA 4L AR UEiklch pHet AR RAISIRAOM A 2
Aee] BF AAS AR o2 Zol JP Rlth ol TaHA
45°Coll A 2412 3025 &A= At 85 coﬂH 223 Aol wet
2N E kgl Mo MEist ATt 52 JoR ATk o]
FaAE A ZAEES AFA2A 20 HEEEE ARl WE 2 ¥

718 SAdol ARE G HFAE o83t AURE ARA] AAAT
SHA] i HFHAE iR o8k 2ol MEY Fde & HoE
RhekE|giTh

. 220 o] g3 Atdze Az
FFS AFPHA AT RYA GHI)E 500kg/en’e] g gt
2 2Este] WY £3) RAE HEA] Adxe] F8o] AMEA 42 A
o7 tE et UL B JEFS o8 AU AF HEF YA
JjE o]-8317] mwigel & AFME 4 HFY AL AARE IR
8P9it}. 22 AQZXE 15unE A} F Sun filterE xjoj2}sto] oz}
st ol g Atz E ST

o

o
i

rOI

e

o
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ML

A 3% Jd2x0 ME 2 XAz &2
35}

A 14 AA
oAF(Citrus Sudachi)E WVHEOE F K5l 3t 29 dFo=2 &
F3h= gel B3t HE o] aAElmE Yakel Alejel nj4 3} Abefol
A FHle Zo] FAolth. &Y AU JIE \_—r“.’—-l” =714 1/3 -
1740122 7]& U HFZEE o8 # Blon, dI2 "gﬁ}‘g‘gi Ty
ujstr|of= Algte] Zste] AAlgoRE= AR U,

FAEL Ade] BRF AAolrt. dFe] 5HE ol&3te] A& HAEK
olME AAZ, AF, AIIVER, Y 8 T AuE o/ &E gyt
FEAEE Mste) B SaEe shystn ot P RN A
AEE dE2 dEdA A" JF3 FASIA Atdere] Eof A0
2 Zﬂﬁv}zl UL, Adnte] stz dSzt o] AARE A z3taxz}
Ttd2Ee] e & ASYY 4& HMHE

2RO R gF AARE Yshed 7 AR

_9, rL

H

ZAbsle] AFA ) BRE
2 ARz} shglic.

A 248 A 2 Y

1. A¥zs

2 Ay AE3 dF2 £ Auliz|el AFE A ZEA|A 1998 9Y
20 ¥t Alg-s}eic)

2. 9F AAxY A=

Aol A AR whasly fha AH7)E 500kg/cn’d] YELF 10
=3t et HEAE Aok dHsld d2 o HFUL Ut o=
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7](Seitz-Filter-Werke, Theo und Seitz GmbH & Co,, Type KD85,
Krbuznach, Germany)& o]83}o] T-1000 HEj(Seitz depth filter, HT
AAF A71:15um)E 2% F clAr] K-500 HE (Seitz depth filter, -
AAF 2715 um) B oHste] A RE AHE FHoich

3. ¥F AAzxY dAg

UE - ojztste] AR FFHAFAE 100m¢ A EHol 80mey T Eol
Eol it UBE 7148 71(AE: 30 cm, o] 50cm)of o Z+zt 40, 50,
60, 70, 80 I} 90°Co] o= AlETIA] AA et 152 Bt 2 LRo|A]
AL F B2 BoA dAste] AoA 64 & BHE A F
&3 AREE ARt U272 dAesA] 3L HEYES ARSI
Ag 7td &= 15TH o, 40, 50, 60, 70, 80 I} 90°Co) ol A7t
& 7}z 8B 8%, 118 53%, 158 593%, 208 363, 258 57329} 328 57
27} 2954}

4. AT & AAxe] B

7t A=

A ZE 10go] 2H4 26mlE 7}8F F 0.1IN NaOH €902 pH 8.00]
H wizlx] HAsto] Au]E 0.IN NaOHO] 9k& 78F C}g 1LolAato g Fhal

sl

L}, °Brix
t]A]Y YW XA (Refractometer PR-100 ATAGO Co. LTD, Japan)ZE &334l
tl.

th ¥ Eelilcol= ©H
) Al 2
add 3= 1go] 50% methanol 50méE Y3l 80T =RojA 1A FF
B &% F AL Y7t ojste] 1002 FE3to] AlRYoE §}
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sich

2) & ol ¥

A8 0,5m¢o] diethylene glycol 5méE Y31 Z¥3lo] IN NaOH 0.5
wE Y3 37T FRIA 1A PX T F 4200wl 0.D. & FYstalch
standard A] @} rutin lmgol 50% methanol ImE Y& &o& 3Ad}o
25, 50, 100, 150, 200, 250ug/mé& ZA|S} T

gt Uad, slavell, Jesaset get
ggol Existe Uz, sased, vesaved dFg F 54
m‘z”oﬂ ofeb  Edstelch. & @3 Adzodo] 100w
N-dimethyl formamideE 7}5to] 90°CollA] 33] wrE R Zs}odct 2z &5
& 1}6}01 12,000 xgoll 4 1087t ¢4A1E2](Sorvall RC 5C Plus, USA)F 4
E0) & 2]3}o] 0.45 um membrane filter(Lida Co. kenosha, USA)E o3}
3t RP-HPLC EAo] Al&3talrt, & £4]8 HPLCE JASCOA}(Tokyo,
Japan)8] PU 980 pumpf} UV 975 dector, 7725i39] injector® ¥ A
TS ARE3IgiT}, Capcell pak Cig UG120(4.6 x 250 mm, Shisheido Co.
Ltd, Tokyo, Japan) colunm& A}-&3}o] A& 5ulE FYI F o5 &
8 %7) 0.5% acetic acid/water : 0,5% acetic acid/MeOH (70 : 30)o]
A ethanol®] TEr& 1.5%/mim® ZI7FA]F|H A 2} flavanone glycosides&
BelaZloh, 44 §42 lol/nin, 2%+ 35°CE UV 280 nmol|A] A &3}

it

o}, §7]4HOrganic acid)

g4z AEFE FH4E 108) A F 0.45um membrane filter® o2}
ste] HPLCE EA3tolch. A}€3 column Aminex™ HPX-87H(7.8 X 300mm)
ogdom, Detector:= W ZH&/ZE 210nm<>1V1 F3steict.  Buf(Mobile
solvent)= 4 mM sulfuric acidgl o, < (flow rate)2 0.6 mé/mingl

t}. Injection volume2 20 £91 0™, column temperature= 35CE -3



slgdct. EFRMO R oxalic acid, , citric acid, malic acid, vfortmic
acid, acetic acid®) %i}—g—"—‘}(BiofRad organic acid standard)& o]&3}
gt

v}, B-g]o}n] k2t (Free amino acids)

dg IEF 1 mlE viald] Y32 AZL AR & phenylisothiocyanate® &
A3} sto] A AR ¥ 1.4oM NaHAc, 0.1% TEA, 6% CHiCN, pH 6.328] &
o 20080l o] 0,45 im membrane filter& EMA]Z) ¥ Table 52] ZA
of uwhzl EAMstglch  olwl 7 ofm:Are] RS AlEe] HPLC
chromatogram?] peak areaZ W3 AYPH HEE AL peak aread] 7]&3}
o x-&stct,

Table 5. Conditions of HPLC for free amino acid analysis

Instrument Waters PicoTag system

Column PicoTag 8.5 X 300mm

Pump Waters 510

Injector Waters 712 WISP

Detector Photodiode array detector Waters 990 at 254nm

Solvent A) 1.4 mM NaHAc, 0.1% TEA, 6% CHsCN, pH 6.3
B) 60% CHsCN

Elution Linear gradient of solvent B(0~100%)

Flow rate 1.0 mé/min

2}, wlER] C(Vitamin C)

d= U5 5mE 3 8}o] 5% metaphosphoric acidZ F&F3¥ T 100w
L3t 71 & 0.45um membrane filterZ oj2}slo HPLCE HA{slglom o]
uje] FA2AL Table 63} Zt}
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Table 6. Conditions of HPLC for vitamin C analysis

Column NHz column(4.6X250mm)
Detector UV(254nm)
Mobile phase Acetonitrile/50mM NH4H:PO4(70:30 v/v)
Flow rate 1.0 mé/min,
Injection volume 10 &£
Column
40°C
temperature

of, AAIZLE o]-§3 7] el £

dAelo] wE B AFY YIRS BHLE vAsH] ¢iste] A
2}3 (chamber: A 8s, sensor: A 32, Aroma scan plc., WK)E o]&3}e] &
Aslgict, o] ull, A|EEA RALEA AR %L 25T, reference
humidity: 50% RHE 33}¢l o, block temperature:= 30TCE. 3}ait},
A|R8] 8& reference time 40X, sampling time 1503, washing time
200%, t}A| reference time 15022 3dlo] FHAsIlon o] uw] FUEE=

271e] f42 £ 250mE sHeict,

2t GC/MSE o] &3 7] H& £4 W %
3¥7] HEo] HAME 2|3 | E TAEIHL dynamic headspace £
& AHEstdh ¥714E Auidd RS F5F37] 2lste JAas
¥ 22] (5890 Series II plus, Hewlett Packard, USA)-Z &k & 7](MSD
5972, Hewlett Packard, USA)E A}g3}qic). 37| HEL 53517 2351y
gas chromatograph-mass spectrometric detector(MSD 5972, Hewlett
Packard, USA)E AF83le] 21719 Belf o] iy 4% AMEYS @
o] Wiley NBS275 library?] spectrumz} B]i3}o] Ez|¥H AHAE L £33

c}.
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A3 A Ay

1. pH, &2t% 9 “Brix

dxelo] mE dF AFY pH, 4= U BrixE FZY A& Fig 1
of vtehfigleh. pHs AR ol & Ae)7t §lo] B 2.498 HA 2o 93|
2 4%E U4 4t ZoE Uridon, Falx oA Agte] & o]t
glol B 4.80x2 UElNTh 7H84 nFEY FES UEh= Brixe

B 6.92 dAglo] wE R zolE UEhiA] dgirh

8 8 19
7r ) 7 18
6h .,«—-\.___.\_‘./I\- 16 {7
5t A 2 A A 2 ‘5@ 18
il - T 45 x
T L i = =
s 4 4:_§ 14 @
4]
3F 13 < I3
21 —e— pH 2 12
—h— acidity(%)
1t - 1 1
—& "Brix W
0 I 1 1 1 L n 0 ‘0
0 1 2 3 4 5 6 7 8

Sample number
Fig. 1 Changes of pH, acidity and °brix according to heating temperature.
1: control 2:40°C 3: 50°C 4: 60°C
5:70°C 6: 80°C 7: 90°C

2. % SefRcol=E UY

dxelo] ulE & FefRxolE F2 Fig. 20 UEhidich F Sefie
ol #ake dAXale] wuwel ase HF¥E UEhle] controlef
23.02mgxo] ¥l Zo] 60C WX e A|RoA] 22.00mgrE ZABIII 70°C~9
0C dAe AZojAE 20.01~20.05mgxs 743t o]PL dgo) &
A EtRolE {HFE £HAI|} AuiA|o] utel depxn, ||
= 18 - 28mgy EA|SHH, Fol:= 4.4 - 10mgx F= ExjFcta st
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30

28

26

Flavonoids(mg%)
’ b

18/ Y
V{ i 1 1 1 1 1 1 J(
8

0 1 2 3 4 5 6 7
Sample number

Fig. 2 Changes of flavonoids according to heating temperature.
Sample number refer to Fig. 1

3. #7]4HOrganic acid)

odgd IAFol= G714bo] oxalic acid, , citric acid, malic acid7} &
2P o, 21F citric acidZ} & 5% A= Zx|3}ct. K7ty £5
B Jdato] 92.8 - 94, 1%2A tF-EES xRS, 19 malic acid®}
oxalic acid 08 4% THFE e Foe=g elyrh 3 Jjd2e
7} 40°Colld 90°CE F7H84F FH7IL #YS #ALdte g Ho
Faare] AL JdA §eko] 5,105 oL), 90°CE JMEFE %teke 4,90%
2 oF 0.3%71 23Tt AEFY <7l wE {74 $HE EA 2
5o g Re] 74t YFE FA Ao 75.7 - 96.24% FEEE AR
Qrhe Hu9} RAHE olFo] HIY THE ZBHol Hisel AN B
o we Hol H34gTh T A2 OJES FFE ARE AHSHA YA
F-odab ko] 7H Erial B3t ¥RF sHE(C. natsudaidai)o] o
Ab ghre 1.467%gith. ¥ o)&? g Fel $8A o] wE RN B
Mg Azt FAe] of 90%E R[S, gFo] ojoiol uiet a¥FFS
ZAPTHs Hagt EA12 AEE AT $HAV| AR 99 2097

A

“
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o] BFe] FAA T 4.8 - 5.5% Sk B} Falstelch

Table 7. Changes of organic acid contents according to heating

temperatures
(unit @ %)
citric acid malic acid oxalic acid total
control 5.10 0.20 0.18 5.48
50T 5.06 0.20 0.19 5.45
70°C‘ 4.96 .0.20 0.11 5,27
90T 4.90 0.24 0.13 5,27

4. felofn]i=4t(free amino acids)

Adg FFo] &2t Felotn|eat 14F5 9% alanine, threonine,
proline, glx, serine, tyrosine, trytophaneo] F& oln]i=4to]gl e,
arginine, valine, glycine, lisoluecine, leucine, histidine H5-& &}
zapstint. 7t el wel felotnlat FHIt A Felotnl=al
ake  zhastolrt. o]=? @I Zol= cysteined} lysineo] ¢lom,
methionine?] A% Yol &AL ¢loLt, o] Jojzto uwap 2&F
APETIE Basle], 2 MM E o]l fre] olnjimite] HEFA] Ue

A& Fatstalch

5. B]EM C(Vitamin C) |

AF Bl nEN C7} 21.3 pgx EAII oL Fig, 3o UERd A
Hg stdstel whet Fxp zZaste] 90°ColME 17.3 mgw7t Exste] ¢
18.8%7} @) Elgch wiebd BlEN C ¥ JME =T} B4 P
st o o)1= g F3tw|e}l 252 vkl ¢ Y2 +HIIA 104 3

v
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Table 8. Changes of free amino acid compositions according to heating

(unit : ug/me)
control 50C 70C 90T
Amino aci
Alanine 421.55 436. 89 352,52 362,91
Threonine 288. 21 245, 54 248.71 237.29
Proline 281.59 270.87 254, 86 265, 40
Cystein - - - -
asx 616.73 674.28 598. 83 584. 97
GLx' 276.14 301.10 247,47 240. 84
Serine 229,14 178.75 228,76 214.37
Glycine 12.26 - 21,36 17.76 23.67
Histidine 5.04 - - -
Ariginine 56, 37 54,42 47.34 50.19
Tyrosine 196. 58 188. 86 129.52 135.04
Valine 16. 36 - - -
Methionine - - - -
Isoleucine 11.58 - - -
Leucine 10. 57 - - -
Phenylalanine 0.00 - - -
Tryptophane 123.52 138.10 111,51 119.63
Lysine - - - -
Total 2545, 64 2510.19 2237.28 2234.32

(1) : asparagine and asparatic acid, (2):glutamine and glutamic acid

d7kx] HAA e FUlsh 11Y 8Y £ R 73] Ayt st
glom, 2AYL +HAZIS FAIE 99 200 0] 2 JFFAL u]
ElRl C ©&F2 33.67mgwelil Hste] £ Agola ZE wlepyl cxRcl
ol oF llmge F=7t &A Uuddch 2u AR ZEFe 25 4
FHAE A BHE w2y A7PeA 947 uy EHE vEmw
C a2 Yddo] 77.5mg/100go]m, FHRAo] 49.9mg/100g, |2}
48.2mg/100g, 3t 43.3wg/100g, WA} 43.2mg/100g, HF 30.2mg/100g5%>

L2 AT Baste] o ZEF Rot vlell ¢ g2 A Yeiyt
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th 2y o] &2 AYatA|4 E}E} HELR] C §o] zlo]& Rolm, 7|20
W& A oM HEFY wEr o RS woul HvFe

e Hgloia siglch °l€1 YL 7]20] W2 oAM= %719 R
ol whzy] whEoel 2u]Fe) wiehn ol Pake Wolxu} mEY FojA
= Y] W] koA BE }8FY o] HME AFF HlERR
C gape] Hojria stk

26
24 |-
3
S 2t
E
o) 20
£
g 18}
[
=
> 16} L
/ /
J( ] 1 i 1 1 1’ 1. /
0 1 2 3 4 5 6 7 8

Sample number
Fig. 3 Changes of vitamin C contents according to heating

temperatures. Sample number refer to Fig. 1

6. LRI, saweel, vesasegl gak

Fgoll st Uiz, dHavael, yesAsawl gere 304 mgsdd
o, o]& 37}A] flavanone glycosides® #|Aw g%l 3teko] 717 &HoF
Tl olE2 7ol wel of 7k pastg ot o zZawe 3A QIslrl
F5E FHAVE A5 vy vzl savey g H3Eg 2o
Tt % B9 RaPeA ool 1,926ug/ml )3} @Fo] lojztef
uhet 2@ F243] Z4ste] 12¢ ol 200 - 250ug/nl FE )3}
m, daved TS 945 2, 644ug/ml EA)SH) 129 ol = 480 -
350ug/mLA = Zx)3tct dFedc).

o]

l

<

=
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Table 9, Changes of naringin, hesperidin, and neohesperidin contents
according to heating temperature

(unit: mg%)

Naringin Hesperidin Neohesperidin total
control 94 142 68 304 H
50T 92 141 68 302
70°C 92 139 66 297
90T 92 138 67 297

7. AARO) LjF ¥}7) FEL HlA

dAgt dF AFY BUHEES B E vlaE] K] ¢iste] dxt
IE o]&3te] M AXE Fig. 4o Yehidlch
e A2 SAlo] A sensor signalo] ZAE L sensor Ao thgl
7} sensor&2] W (%dR/R)S L F o]& A%H7/I AHE vehled
ZEF 2ol ‘FQMHEEX(principal component analysis : PCA)’ 2.8
plotdhd 2x}4d 2ef=} Fig. 49} ZL 3314 =& datag A 3=
oItk ol TEjmate] Aeleh wge] 2ol wheh Al aromas] ol
2 ekl Zom e W Ate Adel Yt BES A2 SR
aromag ZHAIAL Qi Mg M2 ThE W el "HolA gle
FAPgol ¢l aroma® VEhbe Zlejth

qgF AN g 2zt L= (control, 50C, 70T, 90C)E dxa|ste] 87
& £A3to] PCA map 22 UEhA A3t 50C2} 70T A ] A8 AR 7
< Ho] glo] 22 siele] uisks 712 AR R grouping® 4 glodwl wh
™ control W 90CE AME T2 e W Al AU EHN Mg
THE si¥l Y] g 71 AIRE grouping® o 3 alth.

re

=
=

flo
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- 70

€ 100

Fig. 4. Three dimensional map of relative reponse pattern

obtained from Citrus sudachi juice flavor by Aroma scan.

8. GC/MSoll &3 B7IdEe 4 U 5%

A AF Y MEEE BHE 213 CMSE EXTE AIAE Table
100] VeIt total peak area® & ul 71 &2 v &E ARt A4
=]

22 hydrocarbonf-¢l limoneneo]glom  o]g], y ~terpinene, a

-phellandrene, myrcene, a-pinene, terpinolene, trans- 8 -ocimeneo] &

& u|&L BT dF HEF VP EES dA gl wet tEE
Zraste 23S UEh)o] limonene2 50CTE 7tE Al 17%, 70TCE 7td

Al 23%, 90CE 7} A] 45%7} 7tA 3t om, y-terpinene 50C 7}
oJA] 11%, 70C 7}FA] 19%, 90C 7hdA] 20%7} ZASHHch EZ, «a
-phellandrene 50T 7FgA] 13%, 70T 71gdA] 19%, 90T 7} Al 23%7}
ZAast e myrcene 50T JHA] 13%, 70°C 7HdA] 25%, 90°C 7@ A]
42%7} 7+A3tE 5 a-pinene2 50T 71dA] 19%, 70C 7}dA] 35%, 90C
7} A 9357} AT trans- f-ocimene 50°C 7} A] 10%, 70C T}
oAl 23%, 90C 7}dA] 41%7} 7435t W, @ -terpineol 90C 7}

gda] AZER] Qgkern, a-terpipene, a-terpinolene, f-terpineol,
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cis- B -terpineol, a-muurolene 90°C 7}YgA] AE gt dF 239
7] &S WAH R dAglo wel AT AXE vetdled total
peak area® & ull controlo] B3] 50C JFEA] 15% A, 70C 7FEA
25%, 90C 7tdA] 387} ZrAsiolTt. oot T HAME HAlnE BN
Ao} wlastel B GCAtolA] dAe|ol ulzl total peak area’} ZrA%H
AAY AR PCA HHE THE wiEE 7 Ao Uit A2 o

B4 Sle AHE Rt
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Table 10. Changes of volatile components of the citrus sudachi

juice heated at 0, 50, 70 and 90°C

pk# R.T compounds . AREA COUNT / 10000
Heating temperature (T)
0 50 70 90
1 3.29|ethanol 3062 2882 2935 3110
2 3.43|2-propanone 4012 3960 4083 68018
3 3.63|acetic acid, methyl ester 2495 2589 2181 2199
4 4. 4|acetic acid, ethyl ester 19283{ 18885| 18805| 18033
5 9.57|ethyl butanoate 2142 2297 1871 1710
6| 10,67|cyclohexane, methoxy- 649 723 562 0
7/ 18.26|alpha-thujene 1270 0 0 0
8! 16,71|alpha-pinene 25525| 20924| 16789 1890
9 17.53|camphene 3291 2517 1859 1517
10} 19,31 |1-beta-pinene 6196 4122 1676 0
11} 20.28|myrcene 364901 31740| 27312| 21641
12}  21.18|alpha-phellandrene 58765, 51155 47697 45225
benzene,
13 22.35|1-methyl-3-(1-methylethyl | 40707, 38381] 17428 0
)-
14!  23.32(limonene 493062! 411315| 380049 276793
15/ 24.12|trans-beta-ocimene 12458 11237 9612 7444
16| 24 94|gamma-terpinene 88231| 78487 71514 71223
17|  25.42lbicyclo(3.2.0)hept-6-ene 0 0 0 1316
18| 26.24lalpha-terpipene 0 758 822 1825
19 26.54|terpinolene 25277\ 21793 19972 20843
20/ 27.16}alpha-terpinolene 0 1] 0 1127
21| 27.17{linalool 3649 3943 3505 0
22| 27.39|Nonanal 838 862 728 735
23| 27.96|D-fenchyl alcohol 674 804 916 1605
24| 29.27|terpinene 1-ol 0 0 0 643
cyclohexanol,
25| 29.42 1542 1374 1376 1379
4-(1-methylethyl)-
26/ 29.52|mentha-1,4, 8-triene 0 0 0 888
27| 29,94|beta terpineol 0 0 0 7804
28| 30.64}4-isopropylcyclohexanone 1488 1222 1207 1246
cyclopentanone,
29| 30.68]2-methyl-3-(1-methylethyl 1011 949 0 0
)-
30 31.12|cis-beta-terpineol 0 0 0 418
4-isopropyl-2-cyclohexen-
31| 32.39 1775 1644 1506 2040
1-one
32| 32.72|(-)-alpha-terpineol 3094 2391 2159| 18425

(contiuned to Table 10)
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pk#| R.T compounds AREA COUNT / 10000
Heating temperature
(t)
0 50 70 90
33| 33.57|decanal 3092 2924 2595 2723
benzaldehyde,
34 35,58 831 647 611 735
4(1-methylethyl)-
2-cyclohexen-1-one,
35| 35.88 6477 6225 5620 6004
2-methyl-5-(1-methyl)-
36| 37.68|phellandral 1021 0 781 5821
| 371 41.3|delta-elenene 618 444 0 0
38| 44.34|beta-elemene 2863 1923 1707 1101
39| 45.85|trans-caryophyllene 1239 897 932 844
40 47. 7|al pha-humulene 6163| 4282 4492 3722
41| 48.81|beta-selinene 3563] 3592 3615 6695
42|  49,08|alpha-muurolene 0 0 0 727
43| 49.43|alpha-guainene 7165 5001| 4599  2750|
44| 49.65|delta-selinene 3394 2366 2504 2526
45 49.9|alpha-sel inene 9528 6340 5564 3102
46!  50.37|farnesene 1914 1143 1238 960
47| 51.24 delta-cadinene 1567 1024 1089 928
48 51.92|valencene 230 1564 1502 546
49 52iselin-4,7(11)-diene 998 778 864 1818
50| 52.23iselina-3,7(11)-diene 2603| 2091 2089 942
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N azt 72/d250 ME g2 A x9
2t = B g}

A 18 A A

A F(Citrus Sudachi)L YEPOZE FH 52 st 29
7} 30g Wiel2 2 Fori® ¥ o) izt FYATE
2 BREE®, 3ivle) "otgeiate™, gR2%® £ s
Jb AREg e, el Abx] W *zmmﬂ utE &9
BN gg gu) 258 7 1A, £ wE AR
FEg, 71413 Selicol=e) Wste] A AW gl »
glale] el tigt A7 01& Axeltt, weld B Aot
HEBAY AR ge] WY SAHEHS 98 JFL 04T Ty 1T
AL e Qe ﬂ% =o] w& g Ad2e  polypenol
oxidase(PP0) ¥z} AWM= W3IE 213ty o 71Fe 712 AE=R
AH-g8l24} shedct,

A
o
o o

N,

%S o M
lo

ok

ok

©

u\;
ol

N
fe ol 4t M 2 m U
2

ru‘l
o

A2A Az 2 A
1. 48 2%

EAYo] AMRE JF2 Fajuxel HFE A FEA oA 1998 94 20
dof] £Hslo] ER MEHZ F AREsiact.

2. dF HFAY A=z

QualolA Az slaAE $ek QI sookg/on’s] YR 10
22 gEfelo] Haolg ddth Yele] A 9@ FFAg 71 o3
71(Seitz-Filter-Werke, Theo und Seitz GmbH & Co,, Type KD85,
Krbuznach, Germany)& o]&3}od T-1000 HE|(Seitz depth filter, B
alzl A7 15um) 32 423 F thA] K-500 HE|(Seitz depth filter, B
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A=F A7):5um) B o Hste] AIRE AR S}GIT)

3. g HEFN dAze

ot - o 2p3te] A2 JEAENE 100me A E o] 80me¥] ©iL Eol
Eol e 488 7148 7(AE: 30 cn, o] 50cm)of Yol 2k7} 40, 50,
60, 70, 80 3} 90Co] o]2&= A|H7IX] FAe 3t 152 F
FAT F 2L oA Wzste] 25ToA 6247 &% %63:8: Azl F
3 AEE AN tRTE GAEA 42 HEYL
HEg 7ld L2 15T e, 40, 50, 60, 70, 80 } 90C
2 747} 8

A

27}

2 8X&, 118 53XF, 1569 59R, 208 36=, 258 5722} 328 57
L=t
4, & Zevs RtE g

dAegt J4F HF 1goll 50% methanol 50mE Wil 80C FRoJA 1
A BF Y7 32 F AR Y7 oFste] 100mE FEF AR
Ao steirt. A EQ 1mlo] folin-ciocalteau reagent 0.1mE Y &
3rste] 3uzE A-2olA WA FE Zlo] NaCO;E3}g 0.2meE H7P Z3hs}
I FFT 2tE FIsto] Aol 1A1ZE WA F ATt 2]3te] 725nm
ol 0.D. & &Aslgct, FFEIZAL caffeic acid Imgel 50% methanol 1
wE Y &S At} ALEsIeTt
5. Polyphenol oxidase(PPO) activity'*"

dA a3t g A= 1. 5g0) 0.05M acetate buffer(pH 5.6) 30méE 4
31 15& 7t waring blenderE E3}3}e] o]3}3t L RF AN T sfeict,
0.1M catechol 2mé(pH 7, 0.2M potassium phosphate buffer@ =|2)¢}
0.05M phosphate buffer(pH 7) 0.8mE& ZHF o 2ELY 0.2mE 4
3 20ColAM 1027 RESAIA 420nmeilA] 0.D. & ZA3igc) weF =¥
208 Y2 AL 21 E st} 1 units 187 2FALY Iney

HFg-Eo] 0.D. 2 0,001 Z7HA 7= oo g Bttt

,_
ok
oX,

)
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6. ZH =9} o] A ek

ZHEE dd HE5Y9L o] (Whatman No.1)E o3}%F & 420nmo A
0.D.& FASATH?. oimwe] Ha ke 92 ¥5 10g2 10919
ZFE 4T AS 25m8E 28] 0.IN NaOH €02 pH 8 40 =gl
wi7kx] A A3 F formalin £ 10meE HI7}5to] tiA] pH 8,40 =@t
wf7kA] 0.1N NaOH &} 08 A}y =3},

0.45/m membrane filter® oj2}3}o] HPLCE FA3tgdct, o]
2 Table 113} Zt},

R=3
o
A
ﬁ.
ri o

Table 11, Conditions of HPLC for free sugar analysis

Column Carbohydrate analysis column(3.9X300mn)
Pump Waters 510
Injector Waters 712 WISP
Detector Refractive index(RI)
Mobile phase CH3CN/H20(80: 20 v/v)
Flow rate 2.0 m/min,
Injection volume 1042
Column
40°C
temperature

A3 dx 2 uF

1. & Eve 3YE ¢33t PO By

thz-, 40, 50, 60, 70, 803 90°Coila] Hz|gt FgF 2FHo] E|s}=
3 Eelle HsbE % pPo B9 W3t Fig. 52} 60 YERASICE
% ZuvlE HYE THS 50C71A] LAsE U 60°Co) el e 50°C2
gt FAeEA UElkch &, tdAeEE kA 42 tixTe] FEav
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L 33HE 3RS 45 9gmxo] QL oLt 40T A el Al TolA 43.9mgxE ZhA
3t9lal, 50C @Ae] ABo)A 42.8mgu2 THA ZAslcist 60T ~90TC A
A2 A BoA 408} 50C Hrhe wout ZHARE A ekt PPO
S thzFet 40TColME W} glgloy 50THE #go] HA Ha
3= AEE Uehjo] 50ColAtelx = PPO7E EEA3 7] ARSI
PPO: thlA g ZAES 9= TAR 71 So oslo] EFGL}. o
gha] PPOZE Zo) o5t el g WAIsty] 918l blanchingolut
AH B slo] BAE BUANNAA RS APt B oAl PPO
gAo] A Uehts 2EriddE ZelvlE YE Yol F438] Ha
stelse, whd PPO o] Yolxl: LErjodEs Euls 3IE o
) 2o H]sﬂ ZraFo] HolA, 50To| ol ZAadhe AP A B
olx] ¢kotrt. & IAF-o RFo] SAEWAM dojule AHUIEZ FE
PPOo]  &j3le] wis3lgtEo] AMEIE|WA O-quinoneo] AFPEH, o]
quinone2 Z¥E o] Lo ZA T N FUES YEs HOE o
A Q" gan s BFe] ZMEE Ay Sciancalporest
Longon'¥= gajB £t M Ee] Xjo|7t glort ofedt ZH xS Ao

E

et

lo

&

35 -
30 |-

25

PPO activity {unit/mL)

20
0{ 1 L I | I 1 1 1 /f
8

0 1 2 3 4 5 6 7

Sample number

Fig. 5 Changes of PPO activity according to heating temperature.
Sample number refer to Fig. 1
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= pPoe] B3 ZAEE Aujrin Rastdch wlebd olEel o

B o) nl3e], B dFola PPO BAo] dolAlE LErio)A Felw|

= 3YE WY FaTo] FHojA P07t FA EREIHETA J1E 22
U ES AHE3IR] X FAajet AZE A

i

e
i

50

a5 '\\‘_‘\‘\‘—‘

40 |-

35// e

Phenolic compounds(mg%)

Sample nhumber

Fig. 6 Changes of phenolic compounds according to heating
temperature. Sample number refer to Fig.1

2. AWM=, otu:el A} foY Y

dxjelol whe 23}t F=o} ofnl el Ui TR wstete] WAL &
2 5749 wske 77 Fig. 73 8o vehiolch ZAs H=E oz
Foll usl] 40T dH el AEE FA3] FUIsHA o Dol FY dAe] AR

L @9t Z71E shoinh ol Fig. 5ollM A ¥ PPOS] A3t Ao
Azks) B wi PPOQ] Hido) AT 50C~80CTHAl= ZAE F=7t A2

Z7belA] kS o 4 glgin)h ¥, 90ToM = PPOS] E/do] ZAslal
o Z4H3 AxE FUPtded o) AL L&A Maillard REZol 23]
29357 ARE ) v LR AAE gt oimxe] A4 THFLS dAe
o] we} A= AEE Kol controlo] 481, 3mgxs iR wbH 60°CH
A2 ABE 457 5mgx S VERA Qo™ 70T ~90C HAE AlE+ 437, Smgx
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£ vehjdch 3 Fig. 9oA Rl dY, 2, EEo] Existyd
o, &R e NP5 ol ulel 234 ULdte FUE
Ko contralo] 690.3mgxE LEPA wbA 70T A 2] A &EE 630, Omgx g L}
Ehyglon 90T g8 A8 610 0mgxE LEhgich AelY & MY

Ntd2Est gotdel uwhel o ZAste FYES Holon, ojg NklE

l

7} &3, pHglel F71d4E A zZ4stgoia Rasiidch wyF 220
A JtdHEY wiFs 5EHEY HlEAH ZhHE AT Y Beveridgedt
Harrison"?& wj#A HZES 80°ColA 4.4X|2F 71d38tS wl ofn]icat
9] 20%8] &Ao] dojuin, EheEMEe] &AL glvia sigdch oY B

TE 2 AR ohlwr] WA BASHE AL FARY Aet
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2.00

1.75
1.50 -
1051 /——f———.—.——"/.
1.00 -

0.75 -

Absorbance at 420nm

050 P4
T ——

0 1 2 3 4 5 6 7 8

. Sample number ] .
Fig. 7 Changes of browning intensity according to heating

temperature. Sample number refer to Fig. 1

Amino-N(mg%)
583

Sample number

Fig. 8 Changes of amino-N according to heating temperature
Sample number refer to Fig. 1
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o (2]

1 fruct
BRER SUCT

L s L
Q [=] o
m Q [«]
3 2

(%b6w) suaguos iebns aa14

600 L glucose
500 | total

700
100 |

70

50

Temperature (°C)

Fig. 9 Changes of free sugar contents according to heating temperature
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A5z g2 713 M=l e

A1 AA

A F(Citrus Sudachi)& AEBOZE FH5e st 2 dFo
7} 30g L}mi zte golrp oo Ut FdTE YRS F
2 AeHR aiule) Welstzg™, JR2HF & ey
7t ARG e, Fufolae atx] W $EAIo] wtE G HE
N Qg go) 22E ¥F 2N, FAo] w
aElw, f714atnt ZelRicolze] Wste] W3 AW gle ¥ g
18 A7 gl AFolth wlebd B dFoae JEe] EERA
A A FEA e Ay BNEHE 98] GFL ol & thyRt v

o] Ao MFA, opTUFA, IHIEF o8 WL 7

lo

4

%
2
N
o
n\l
Mt

o

o 1 J4m 2 o>
ox

il
2
o

A2d A 2 Iy

. 47 Ygrad Az

AgEoe) o] 10 - wwEEF M3} GBFA A B
gere ARslnA) 42 HAdel 4% 2 ANEE ANDT B
2 Axstelt WEAAE 98 HEPes Wrstdn, AAAzE B

2A(aNovA) o & He|stden, 24 P2 Duncane] thEHlaygE& Al
gstalrh

2. 4% AFdz oAl BEAL EUYW BYLEY Az

7 W5

FEHEUY URE W EFH HHY F TUobASH(SBrix, B
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& 5, 10, 15, 20%37}sted W, &, M, 7T 2] tj3 WY B
Abstedth, olml AME¥F WiEEL 10% H]&2 A T = 6.6

uh dlER co] A MRS 4%

FEAFYY THE 20FHES AN F TP FHAE 1557 718]
A o B5H 5dol FA Uehd, of7]e] vlER CE 0.2, 0.3, 0.4,

Sud7tsto]l 7teel whE #ed 54& =Abste] wiEpl co HA 3

7¥e& A stz shalet

3. AEFuHE ol &% Y Az
7t A&

HE2E g Abgsialen, HYUL AutE=
pectin)&, AMER2E MEFHIEE FA4E A8

Ll qhEbate]

ZAEHE o83t MG ARl 8] EUZE ARA EAAT Fat
9 dFd & F20l=E Wlcolloid mill)2 Faistylct. 2+
40mesh®] A& Bsts HFEMES M A 2ol AHEstA o™ 40meshE
TskA| Rt HEE thA] A&t A E AT EHA Tt

2re. 3 gufjlct.

L RSN

-

shute] BB o8 A A
A QP 3,68 7hESEA colloid mill2 PAT PHE
10, 20, 30, 40, 50, 60% YEF A& W7ol W Azstgch ol
b #E 3 paae] SEE 27 1owe} 0.5%30m, 9@ e B
4 B4 A, B, %, 424, $UY AZES obFumril), vhur
(2), SFIUMCK3), RFoTH4), AUFTH5), FTH6), olFFTH7

2 stof zAbstlth ola) /1YY A9 A 4BE 2~33of L}Tcﬂ
A AgSEA e B2 wESAT 559 WYAL 14T JEL 9

N
flo

=3
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on, % T3 T4 1.5%5 ol §3lste] HUPstdct w59
T = 65~67C Brix® 34t}

e £42 dHoHEE o]&st AR lem ZolE ¥FH plunger7t 1

3] FELFA e H U(g)E Z=(hardness)E 31315, EZ F24

245qch, Boo) 88 UBY plungers Dol

=358 & Y dlevel(Rheoneter)?] 22 Table

), Critical area:314.0(mm’), Deformation:10.0(mn/g),

Sample height:1.0(mm), load cell:1,0(10.0, kg), Plunger:2.0(cm),
Chart speed:30.0(No/sec)ic}.

A Erpstel RIS @2 VZEE RAIRE Aibe Table 120] LERY

L
Atk YBAEAY Yol £SHE Y WYl B FAE WBsHY

Table 12. Sensory evaluation of juice containg various sugar contents

Sugar(%)
10 15 20 25 30
Sudachi juice(%)
10 7.2° 7.8 6.7 - -
15 - 6.4 7.7° 8.0° -
20 - - 6.0° 6.5" 6.8

Score: very poor(l), poor(2), slightly poor(3), moderate(4)
slightly good(5), good(6), very good(7)
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tul, JEAEY 208 BB Aol Y 30 TPl HYshrhat
Bt g ou AUAA Ao SEsk A THE Aol He) slBE
7 molAith WA A, FBHFY 152} MY 25we] Yy HelP
g g 7EEE ket

F AE 1%E YA W 4Y 248 A B9 STE
g A Uehdout 4l wael AUAA e

AnE 7 e AHBA|EE oM APSE

ool A LR} esh 108 27 Askslel MRS B9 B3 B4
22T BAAE AAstYct J|3E AA A3}= Table 13, 140 U}E}

Weich Table 139] A, J2%F A 10x8] Ffolls & 104, 2HH]Q

Table 13. Sensory evaluation of juice containg various stevioside

contents
Stevioside(%)
5 10.0
Sudachi juice(%)  Sugar(%)
7.1° -
10 10 : 8. "
8.0° -
15 20 : 58"

Score : refer to Table 12

Table 14. Sensory evaluation of juice containg various sugar contents

Stevioside(%)
7.5 5.0 2.5

Sudachi juice(%) Sugar(%)
12.5 7.7 - -
12.5 " 15 - 8.1 -
17.5 - - 6.2"

Score : refer to Table 12
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Aol = 10% ko] HelFrt dF 2HEFY 15%0] ol AE 20%,  AH]
Mlodfol= sxe] Azl7el JTES} wokTh 4F AEAe PE 12,54
2 2R3, A9 2dHE| Ao =] TS vhEA st BeHALE T
A3H= Table 140] Uehligtl. §FHEY 12.5% AE 155, 2N LA}
o|E 5% e JdF FA7 N 2 JZEE BIIE AL

U, okl Y g2 Az HEp ¢ pEel ¥

A2 ofa) HHAL 9:1, 8:2(v/v)] MEE B F, ulehy
0.2, 0.3, 0.4, 0.5% #7lstol Frbae] WhE vt Ant, FyY S5
| Thet s S5A4L 2ARE A Vit.CE 0.2, 0.3, 0.4, 0.5%87}31%
w0, 4%9} 0.5%2] HEME CE A7FE Mel7e] T SHo] Fokon}
Exel7 el felxt: glolth webd 0.2%2 0.3wETH: 0, 4us}
0.54¢) SEE HEHICE Hlsll TULEE AZstE o] 22 5 o

sich.

2

2.
=

o]

Th G2 HS5A o) w&HAE TUY FH LR A=

dF AFYH okeHdS TUT HMIEE AR sls) slelA
AAY EZPu]L3} Vit. €8] HEE J|EO® 3o ofxlsEalg 5, 10,
15, 20%3d7tstol B, &, A, FYA J|ZxO iyt B BHS A
A3H= Table 150 UER)SCE ofxjsel 3h8-aFo] 15%8} 20%S 3 7}3)

Table 15 ., Sensory evaluation of juice containg vegetable extracts

Vitamin C i
5 10 15 20 F-%]
concentration(%)
Taste
Sweet 3.0° 3.5 4.5 4,5°  3.32
Sour taste 3.5° 4.0 5.0 5.0° 12.15

Overall acceptance 3.2° 3.9 4.7 4.7° 12.38

Score : refer to Table 12
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Hel 7o Bed Aol Fuon, o FAzT 2 FYAIL Qlol oA
FEYE Hrlstel EUIHSRE A2Y ¥ 15~20%2 opleFAE

Hotete Aol & % siglth

2. 42 H#u§ o8 HM(jam)AF MY
7). bbb o] 8% Y A=
Atz A ZA] U FAbEQd 4EREE colloid nill2 4% F A
2 AE EHEE 10, 20, 30, 40, 50, 60% H =& MEFS HI}slo] M=
2

5732 Table 160] ‘Ehglem, oju] H7i3t #la}

3 R4S HE Qo] 40xolsidl B B FAo] Hopzle

= W | Fotzlch mebr ¢habg JheshaA
4 A& 4F W& A2Y FF G2 500l 7I3lof dRe= wch
gHach  5E Zhdete] Az e 2L ARt @rfe PR}
148-160g, Hsotle] A= 420gehs Hito] vj3)] £ oz A=z

dgF e olE FT F=A 250g2 LEhiglich

Table 16. Sensory evaluation of jam using citrus sudachi

ey BY A 3} o Az FEHUIER
10 1.0 4.0 2.1 1.7 2.0
20 2.0 4.0 2.3 1.7 2.2
30 2.5 3.7 2.1 2.0 2.5
40 2.7 3.2 2.8 2.9 2.9
50 3.0 3.3 3.0 3.2 3.2
60 3.1 3.2 3.1 3.0 3.0

Score : Refer to Table 12
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A 64 sdaw 9@ AEgade dE $EAY

BaEe] dFd S (WM, Citrus sudachi)E 2099 H 4B M=
HoRTH ‘:°‘3}°ﬂ ZHHHEM Al 2fstelet,

o] ¢ar7t F7BIEA 2YLF hA AuEER 1 o] g
olth. 2000 =) ofabxiul A o} 30hac]A] 1508 A
Ll 2010 7kA] z{efE A 200hal® Fr)sls AR 4, 000E
stmdek™. gFe thE #EY wel w4 nsa ded w4
7} olem ofo] iMoo Aag|d plap gro] AAlE]e] FRIFX] 7} Hol
zlx},
A AFat FFL2 8Y FTolM 108 Featolo] 27iH et nlsa} A
Efof A +&ste] F22 T8 drwola] zhgaxll "ol HAEY &
L2 F2 WPFREI Qv nl&3p Aejd] odF2 55% 8 (limonene,
terpinene) 2} AIBH(ALE 5-7)o] 7Y ul ofujal uto] AL glo] Al
I FE B 4% o FEY 4 e Yol &2 AaRo|r}
G99 alRojAs oledt dFe 5L AR BEsl =RAnEE F
Hog g8 Az 2221 § /3AE Aaa By g,
U9 AAS AFaee(Folry, Fo], AfAn], FHQr 55)d I
l%eﬂ Az, AR A sestn Urk®. ole} o] AFS ti
22 53] HE cfAANE ALY 4 9o, g vzl
MR ddg qzld 88 + & Wk tigt AFA27 FF3}o
g AR eg HEE= APolrh. ol | ria Adatsko] wolx|z
2888 W IEAE 5 AV UZEA] o shHe] BY¥ Y
o] EAtEE J&& 2FuF AR g vy oJPAH #nt

lﬁ

(WA

[«

l
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optlel, @28 4ol wE 23 A= stfsly] oJPAH]
wheba 2 dolAE ol 22 Y A AT 2dE IH3 g
7t AR E A&57INE nidsted] dzsby] flste, ZElee(9y,
o, AzpAg, Zed) @ dge(HFAFTLE, Ao 4FE €&
g e A g UEE A=t

1. A=
2 A¥olA AMET S 8 %‘—4:—011*% 104 Fofl MAEA] A2 o
9523 oA -rs% T RAoE FNAINAA 3~4enF E)8 HAuQl
of X

o &atele] dEE 2011-22%% '}°i AEE AMRE AMESIACT
228 NAE(EF, A, ofulF, AMaF)e ANT Aoz 2ol Al
M FUste] 4T WAL AYIIHA Al EE AMEslT]

2. A

7h @4 28 &S ST AAq

¥ AHEE 2% WHog Frute] AI(A2]), AAE(zester)E
ojU7], ®u|§ Z(peeler)E E&Z7], &g juliennne) ZZtH %
Agstglen, IEF AMEE S1% WHL A (wedge) HAY, W w57y
(slice), FA7I2 2E317] 59 7IHE HEstadct 28 yFAgold
B0 Fhrd-tlo]Z(canelle-knife)E A}&3}o] v-2} T2 shyo] A
H st
L 42 Hg It R EE Y

de Morgel HEAHELS B ZIHFE ALY RSB
(reference)?} 5FZ - AFHE HEEES 402 AESA]
B3] aAR(ZAMAA 5 6F 4588), M2 e|(deep frying) I SH

2A

fel(2Elolz, E7bA), AapAEF(A0, iy, specsol,
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A, F7], #z2l), tHMEMME), 258, oA, $&7], B
o], REJL &, dEeg 5& wolaR T 43 Zed L wdES
Zhed )oll F&2] A YYL s A& HsITHTable 17).

Table 17. F&Y A& el Ngze BF HYL AT N@ze o
¥ BE

25 ANgze g =58
ATEFQdar WAEA BEAS QREE QL
Fhelas, LA GdoliA, FEULA IAYPLA A
A MISHllAA, HEAL IAjiA, SARLA 2
AAR |22 ZAXNELAY, dFupeuR, ojgagsay, @
soga, ZeEdis, cheASoldWE, ElEEIRAA
ool R, Aelas, We|RaAA UFIEAA BEULA
AHRIAA, AUELA FIELL ddas
HHFEE, ARV, dEEdds ZEEeAds, A
Fo2) [$FAAFel], BHAUY, ZAAEI, WZAER, ﬂu
AE
A, Bapy, SasAm Saa RelAw oy
A mp an B sleEse), Faxe], HEHA, AR
wa (A, Fasd, ermERAs] wAzl, dFFY, 4
w3, AZe, JFAE
gamuel, Zools, TLEXWx|, FAFE, HIAHNE
2, AELY, BpUA, Ax, dFEM, A,
4 o
T ey, Ay, sz, WAz, gouds, wsayY,
T e, ATIAERe], AR, BUCAFL], Ao}
AaRcaloly, REglu|=, Fule|Be, c)Fe], nirtelE}

dE2geof thet FEAHEL thFEE Lt
ol¢} HZF A sletae (&, ¥, ¥, B ¥

stATHTable 18). FEoelo] FHEAHE2 AFHAFTEHI TA2
FESlo] £a3stATHTable 19). AFAF A= F7/, E3F, ol

F, &%, dEA] 5 Yde FF, AAF, BAIF 5& THL

m[o
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2 AR}

7 Hopy gelE AE ZeAY Amstol olFolHom, oaxelal
o 7% BREY AY 12¢, dNe 5I3Y 104 39, AnAgS
v AGGIAL ), ZELEE WAE 74 A8, AERE

dnt 2]*—1 12 Ao AfatEolddrt. & dgze]e] deHrtel I

b A 78S AFgeteid AGA AYYAS(EW SFITEEL
Ab R} 5, ozt 2)oln, WeHAle AFTeirly THzE M Fed
AP (142 )olN 713 BEEE AFESIATHARS olds, 1999).

Table 18, @) 4 st QBze E5 43e 9% A@z o

N EE
e Agze oy 22
Bz BEAA olxjetad|, UnlolA, umpma, FEabolx, LY
Aeﬂwnﬂé.ﬂézﬂ%,ﬂM4azia&ﬂ,ﬂﬂmé.én
iy | o

&7}, AFBAA, Tnjcle), Albolx, Anja, slmA, oin

A, BAFolas, AFolAA

Fo] oM AT To], FolMAATE, HolHAAFEAFE, FolwA
g ZARE, SolwAldn], HolMATIl, HolWMAE, H}IIE

2 [N =y e |

Aol oFdzbgTol, o], ofa|Fe], mx| Fol,

2317], Au7ol,

AE A H7, HER A8 57

Zu1g ohalu], ZNE 2E, Holz], %oy, =ojdb], &

7ok, o8, ARTER tdan, Ay, TaIRIAR, A

B, BNYAL, FYPL, vy

Solge
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Table 19. ®&e] H& 7hstt A2AT U 3y E2 43
z2) thy EE

flfo
o
r
>
o

7 APz o ES
WYF, 0019, 2qojuF, X, WNIAI, $F
W9, 2FolF, NFF, Wro|H

=37 AelE3, BAEY, SEEY, L2E3Y

A Fol, FEo], dgolFo], BFAFe], xglte], H|

A

3R

Fol%
A7), FEHARDT), WEAHDI), FHED

ZR |43, $EF 250%, WAF, £l

g en [FAAL MFUAATI, meaT, AS, 2a7d
Rk

e AU PR IeE wers, AddEs 593
&, GuEFE, ABFA

th g AU =R 2] ord el sy

HAZm] HAE FEAE Az % dFHES ¢
Beach, Model No, 27889, USA)Z ¢l=lslo] ZZal8 &ojo
HRY sPHA Apgstolen, ojuf dge] chrye A&
Zrt

%l%i 172 ST B 12| (23| | ¥&
A3 =l oizp| | 3

2,
fifo
S
oZ
iad]
>
't
X

2
M,
s
N
2
o
r o
i
A
e}
X
fd
N
i
Jo
o
©
j}i
it
oy
&Y
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gl ch&= gFas A3 s

1) 2HPg W 23)FFqe] A=z

2oL dxHoRE Y 140 HAY 2408 Y3 o7]o chxnt

10g, 7t2oAl15g9] ZIHE 27 Y2 F 7HEAA F7] AR &
3L AolA YA thE 100pm AE A3t AlA Az 2n|HRE

, oA o' A ZujtY 1L6] AuPE F&Y 400mS TSt

nzrgdg dglch olul AugE F&2 B Lo FIHN 203}

10g2 Y2 7HdAA H7IASHE S 2R 283t 2023 o

HY thg, WA 100m AR g3} ADF AujgE FEAE derh

Mooy

Be BN a2 o

Z3] FHAL SAT 299 o 20go] o¥E 500mE 3FFEAI 4
2 83014 55T, 3A 7 £EY F FEAE FYAHMTBAA No. 2)

3t = zg7hote&7olA 45C, 700mm Hg® 150me7} E wizpx] ZdsS
AlA 21| H&H9-g Azt

2) THEE Fare] Az vyl
X7 BROIA Qe Zu| A, FBAF, 21 FEFYL WAL T 7o
32, oleEe 9% vz BY 2Asl HAuPuE @7 ¢35 Table
203} o] Al®slich o] W d@FAaAZHe] EA EAL glste] pHe
42401, 95 8.310.12 2Fs}r).

uh, JBFF A

FRAL 100 L] F& 7I8te] 6~TAIZE Ad2olA ’"“11*]?% =3 F
A2 s FAS & F, o|AE Ho7PAA FA F Y SolAM 5&
o # thE, o2& 37 Y JiAlel ¥a FRet wixlE Eelxlzlch £
£ 7tdsteA 85CrE © wizkx] SR sirodydd HEAS HIIsho
3] Ao Fa vt BRETY £3FE 7 UFAARIIA ol E5AlHA
FHE Azstoen, 5y 54L& AsIolch



Table 20.

tHE

FFLAT

A(QE8.3%0.1, pH 4.240.1)8] A=

ZE O]

gt ) Euf 3]
=R PPN IS [N RSP PARSPARS KA RNPAR PR RAPNIS ARSIV -
Zn 25
) 1000 | 1000 | 1000 | 1000 | 1000 | 1000
BEAT | 4 200 200 200 200 200
(me)
B
300 300 300 300 300 300
(m)
s
1 1 1 1 0.2 0.2
(nl)
2ea) - 1 0.5 0.2 0.1
(m)
Al 32 A3 4 nF
1. 3o g9 $EAH
7h 42 a8 S8 4T AAe
1) 9&2 28 §&3t7] % 7|2 e
dge e FEAZL 30gUel, AL 30-40m, BFS F2FI 2y
L 2m oW (AR 1), &2 7P dwrded AHEHE #E A5
U AHS BEol: ALoln, 9o el AAE o] &3l & WA
U dAE el B o2 AFE¥ 4 rHTable 21).
71) #Astell A (AR 2): JF ¥ E A Zohiy] flsiA & Zut
o] AEE JPEA AR o]t M2 o]u] gk Zohfz Fek
7}9](Albedo, Inner peel)i= 2ulo] glomz  ZoJux| Y=E Itch(ufz]
o= B{HE] YL FX(oil sac)E o|Fo|A Qlt}). Ex= YIE A
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Ao wojul7] f13]A

HE g%ew 3

HAHE AR

Aol GBS B

ek 97 18 £72 FolA verh

23 HA

) gefol& J% [(AHRL 3, 4): AFE 2 YAV ZELL2E A3
fl8te] oF2 ¥ = vy wHog &elo]AE REETL
Table 21. &S {8 o] &3} Wy
R g = ol 3
2] 2}x] (Flavedo, o a oo  simero o
Outer peel)E& ‘i}ﬁl%ﬁ;_r;?;if;];ﬂ];f EEL:: ZeF Ao
ipecler)Z  ohl ¢S )
(Peeled rind) = N
EA AL =, AA/AF
| 28], ¥4, @/eelag (¥
Zutell &]ztw] Kol E |yt SAEZ 7|EF ke uH Ao uwlal
A ZHobhd(Grated ) ZA == F
sudachi rind: Zest) |-FA ZA& H: A~ 9‘“‘1}, ot A
olAAY, AME(AFe] AL
et R LH7l s
iRk Adesr], glola
(HFE& 74 el Frsr)
dd AAE WU 2193 oy 2] B
% e SEolAER|.SElo]ar ZEHY, UEIE,| 9o FrLo
Y (Vedge, slice) |84, HdFL (I3t A E 7%
XAg Foysiar fHAEol A
&)
gre. & 710
s ZoiLﬂ?Z f 7 2 (Julienne) B Z}EF Q7]
=1 H(Julienne ‘
. of tieFstA dAH I &
strip)
e} g s ZZHo] w©l
. Tt @A
(Canned sudachi |- &afo] A: FHx|27], Le|17]
He = 9
slice) N
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thH RS (vedge) WEVI(AHA 5): Bzl Fol HEE # ¥ ¢
A d& Zh(segment) o] whel 7t2g AlBch 4 g 2583}
| I

3, of& v 2 S Tl o] IR My 224 AW AFe] HiE
ol Eeulel= o] dlrth AHUE JIER 2 FE3te B-eE dA
o] d-& whetRok(wedge) RHEVIE wf Alg¥ich

eh) Ad AFE BIUI7I(AR 6, 7): Alzby] shRo] Ealde Zeth o

wo] FAE|A] QA Fojdlrt. ZeldleR A&t

]
nh) HEFSII(A 8): A& HFIU §FE AMgelH, HFA 9SS

vl A Jleciel &7 ST (AR 9): ghdubo] E(Canelle knife)E
ARgste] 2Zbwo] Ay LR oA ¢k AA E8 zZ=ch zgdapgA W
e & AMEste] FAE & o dA Aehd & gioh

2) ¥F& |83 dAdld WY

f2l9] |BE whAsle gEE o &% dYAgold e [ sty
Br e 2FHEL oFTHES &ol 229 AAM(ABHE Ao AA 7
oAttt 53] T=UAA B A5 E7RA(ZAASZIV Bd7ts

5 oz gAReIL 2 ANl 2 o gt

HEEE ol &3 HA A
) 2= A U= #AE ARgste] odF AAS WAV A3 spect
gt Z2Zf¥ (Julienne strip) 22 AETh X ZAY E FAA ] dAY
OH“_ Freh(ARRL 7).
) ol2l3r 2H e 2 LS ALESto] JHedt ¥ ¢fa £H 07 oA &
E}‘Dlé ok Zeld, YR 5 =Y IAFo AMRY wiv AYF
gold & wie 27} gl wi=A]l AACH AR 3).
(3) V-2t & yh= Fhwel-uo]|Z(canelle-knife)E AM&-31o] B
2 e g ZA-AE V-AE shd thg, A &elolA 3l TIAEo

|7 ello]d Trh(AR 9)

&
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(1) 9F GetolAas] FURE 1202 o AE The, S} You

BlEch g el glo] A3 2] Fol W 8l Fgol Fg2THAR 10).

=

> AR ¥ Bo] AW Fol A, elolFWA o]
Uetbs] AlatsbE Alukst spo] Sl At

> By vle FF 571 AEE vld FA ¥ TthE, FUIE w
3 ¥Rz AR g A el BE Y 4 9l 2t}
@2 A2 GF2 UEA] vl A Ryt JF&etela
YRl 7hsdirt

==
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(g2 gol§ XIE

o= W] C(60mg/100ml)7} F-F-St22 Qe Hty

Pl
=)
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AAY BHLR naddt 2vsHde Arlstae ul(AAld 331 4) 2
B UE oI AL flo] A AAFA nlo] ol FAFE G 1Y X
3 FH Hrll fsl 23] BfY o] AL dFFo) AeAe w
"ol dglrh. mety YFFE KA Y ol E AAstaA 2%
Szt nhed HILE Fo] Al 58t 68 RAOE LATMAS A 238G
th @@ A3 ¥ A ]
m AAle] 62] fA¥ 2 A%
th ol dxjulel o3 2" 4
H7 Sl FE3t 297} o] 23 58 ¥ulE AFshe Zlo] Aol
Th AAlol 62] whghnle]l miel A2H AALRS ERA} 24 A E3)

Hed 549& vARABITHTable 34).

™

DAL @
2

g 12
anzbgo] 713 3 BSYIE

[>
[
oM
ro
r)'
2hs
2
)
o
k
rr
ild
foi
i
o
o
o

Table 34, ERAIAE3}S] #5dEA vla

A& 8 A SR B LI\
AAH(FAT) 2.5 2.7 2.6
BAH(=4h) 2.8 2.7 3.0
CAHY2) 3.8 3.4 3.7
B s 4.0 3.5 3.9

1:0}5 vt} 2:umict 3: K Eo|tl 4:Fr} 5ol £}

7] FolA B wpel o] & UPES dF3 xuE F
ERAAIEETE 5/ SuE AT vl ol £ BAH
al

F3iths BeH7HE vk @A oM HzE el AjuiE
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N

¢

2 AIEDY 3, 2R, vhAnt B SRR FAE Ml tb
TEE AA AYY JHHLE AMEIL glom, FuAt 2L
Ao & A TEH FEFgelolwt Abgo] Fheditie
Aol WHR A= Tt 22 F0] A
olg thFE2 ztgel Uz} R FAE HIlsle &
7] sl &e] FudaddEe d& £20%E M3 3
E HVRY £43%2 dEAZRTL Fo] L3t AN A
E

o
(=]
e w FriEAEY ol AL & U W **7’%‘

i
%

Kel

A A UB R
Hogk ox
k1 o I
o Y o
r K e
)

= 32 o

a

o
o%
H
1T
ML
kel
o,
1
fa)

2) THEE &2 7242 34 ujdo] mE 23 ze £8
olgA Wold AF Ax L M= Wxo| wet AMRY,
23, 2% Q2o BX, AR Sof 43I 2yo] o) S5
Agstn 2E AujgRo) s) shd N Acia 4 Ytk E o
2xo] TRl wel Az, nAvol, nhy, AWE, TEIE, A7)
o Haj2g Hrlslel AR 4 glrhs Mol Atk
E oA Mz £27RE URE RN A5HE AR 9
st AxpHoE AEUYROTHE HE JMsA S ARAR, RE 7,
shd gelel 2&AAE A3} Table 359} 2},
Table 35014 R ulg} Zo] WAl A3}, ZEUGOT ApHARR, 4
Agol, 57, VE 5 7% gl FEYLOE ofF % ojge: Ao
2 Uehdth EY 712 whe} 1~20) B2 M5l AlgsldE
g 2azbgo] © 4 vk meld ¥ wweld A2 2ARPe 24E
e ZEQLOT AP AL & 4 At}

AN 4)olA AMRE A2ANFE ZAVFOLAHL A o2 E AE
7] Jstel ZY@elo] HGAAL A Table 3634 Lh. 2 AFN A
ZY AANHE ZULOT VL] N E DAL 4~68] 343}l
ApgsHe ol ulatdelz su) BAA Jbg 22 A4S Aot Aukshw

NS
ot > o du

...,__4
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Table 35. A£AZMHe] 215 2e]e] ZEY 3 &
Gk B
&3
R 18]2] A 2] 3]
AREAFE(R)) 4.2 4.5 4.3
EnjA]g| 4.0 4.2 3.8
&3] 4.2 4.5 4.3
ol | A A 4.2 4.5 4.3
T A 4.0 4.2 3.8
= 4.2 4.0 3.6
g2 |4 % 4.2 4.0 3.6
QAo 4,2 4.0 3.6
7 4.5 4.2 3.8
u A 4.0 4.2 3.8

1:o}F LpmiTh 2:Lhiict 3: Bgojct 4: Frl 5:ofF% t}

doje 2L oL guto] st 7~8u) A Bto] F7] el 7]
F=o] uhel efzre] Aol QUA|RE 5uHE HAMFlo] ALl Zlo] HY
st B Az dFg dristel ARE Y] wEe 4E 234
Aol glglrt. o] EAE A 218t
47} ghchd o] Almkg &

233 AgY 4 9ch

N
Uﬂ.l
fo
o,
>
(e

),
>
N
oX
2
o¥ 1r

N
o
e
o
fijo

B>

w

L)

- 101 -



Table 36, AAZbge] =3 Qo 3§

AA M Bt
Uy (203 A | 4ul 3] | 5uRE] A | 6ul 2] A\ 7ul 3] |8l E]
A2y | 2.0 | 2.5 3.1 3.5 3.2 2.9 2.6

a5 zd| 2.0 2.5 3.2 3.5 3,0 2.8 2.5

Eojzg | 2.0 2.5 3.2 3.6 3.2 3.0 2.7

FHz | 2.0 2.5 3.4 3.8 3.2 2.8 2.5

1:o}F Lpmct 2:upmich 3:EBolth 4:Frh 5:opFFrh

AZY £ANHE FERFLEAY AYILE AEY A3} Table 37
3} gtk

Table 37. &R F47Fto] H &

AA A Bt
ﬁelug 73}]314‘4
)21 (50024 6w =) 7o) o | Bhel ) (AnbAIE | o
oTm

S| 2.4 2.6 2.9 3.1 2.7 3.5 3.4

1:o}3 vlmir) 2:upmc} 3: REo|t} 4: £} 5:o}2Er}

AZH £A28E F48Fo] HEAA & Z3 Table 37014 Ei= u}
o Zo] Al FEFFRTH 2 F4E e Eslglert T HAA
7 FeEE A2soE wrt 7B 2 9ts Uehligith £ Ad 43
EA S4RAFOR BESI] gsiM ol HMAR LA FFE A
sbstgdel, 2 Az ARAE} Bl [l A2AE At webq 2
axZbge] ofzte] FRgh Arls) Frid F4yIFoEA FEI BEY
4 rh ol AAloe AnzrE & dFolM AMz2Y L2 AR
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AL ol R, Z-ER, AR § AFLed 3 sted tiEHE 2%
2N FE¥I Zt2eF A than, BamA 54 o9 5/ Zn
g 23 glon 2 JEEE FEAAE F v saFelE ¥
4 it
Ah dd FHe g
TRAZ SIAE |3 "Fo d¥niavige] HEHRNMER AHE
EA gloyt At F MEHIE iyt Axe] wizkge] whet A A
wH7kE0l &7HA Y& AXolrh. ulgtd FR A2A Y S3A o
A dE AFAE HUIste] AARY FRAZ 7 oFE RABIA
th @EY FF AzRA S3A g s E =AY 9t Ak &
FE HFAE T Hulslel FRE ARt B

RS ZAY A3} Table 389} Zt}.

Table 38. ¥YEH7} #Fo Iy B

& HzieH8 1000me

Oy me} O(Togai—rzs—w;e)) TsH 52

A 0 100 AlBto] U7 Zhgt

B 50 50 Alglo] 733t

C 70 30 Alglo] zE

D 80 20 o 7

E 85 15 oF 35

F 90 10 Bl A &

G 100 0

it S8} BRI E shols @i z&% BAg TS 9l

7l wie] HFANE AEHOT BB Az STAZ H4E AU
th webd B APodE 13} AES Azs $lstel ANt 214 o)
A Bet 42 AFAL AgsAen olE M St &
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SRyl Aot 2 dF #HAFAH 4] Ziu gl wel FF
o] B5H EA nxle o] Arh dF HFAY Mgy T &l
8:2 X 7.5:1.5 Hlgo| UHHOE 4% ANE Aot EY FF°l
AZ7AE Br174R17) 7] wjEe dF AEdS HPoZ AHSEeH
ZAAA Byo] St weld JFUY H AfFoAE HI(dAEE
42, dF )3 Egste Alggichd ol £ AXE S
gl g} gieHr)

o] AAE 23 YEFS FE HEF E FBOE o] §3lof Ant
2} g gelol FoistAL AAE AMS3te] fejo] ¥ P LR o]
Lo, Azle R} x| (wedge), 1/2 AW, Fulol&, 1/2 gefo|x
HE7)o] 23 EF o Uy ALY 4 dden, Fxs o] AA
72t7], AAH(zester)E Foujr], HE AF EIJHJ], Y
(julienne) BIE7] 502 L Jlu3dladct

MoFaalo] ALREE ALY 65 RFF JFUEES HII8l 7]
IEE RAIRY A3 RAE RARY ntayRe} o] mAlasdd hed
solgdlE gy, ElEElZAA § MIE =R 7MY AHidsiale
o, ddgele] AMEEE NS L4 AP LA HELA
o] Eatto]z &2 B2 A vwyUE A& 2 A 23
ARCIL A= X

FFE AY Fod HALAN A EFA(RIAAEY), WFrkA(M]
FAER), FAFHA 5 HAFol Hrd A Ee AHRE dF
S A Y& ) gt o] FE ] JE =T F-3holTh
A 2} A R0l = %4% °§ A (zest) & GRHUY 7, Ex= YA
H& ALY 4 9ony, nke] AABE FAgo| (FS FuisiA 2
Hel vsldt ue AE —’F 9J.L7_, a3 AR &S ARHoE A
£ 4 glgled 53] memAdele dEAE, EAYAdE FIFAE,

»

on, CIZiE% *Fﬂﬂ._{% A3t 2
7 o

S4% FAg 2]
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FBE WABY Aol Jeotade A AR
B2 ciilel §38 Yol BE Yolol=k Bololze] AE W
Foleim, 4B Aol AU A Aol AB(Y, 27, na
o) Zeldel Aystolon, B¢ Zuds BAEORE o] AF w
2 e A7 nZd 13 Q4 gl
FEAFE YR 20§ Bxass 1959 245 Ao} YRR
2 2 Feed, olghila, Auola(zyar) A
Golis Bol e ABEE Heod ol AAE
[o}

FHHELE hA AU AR} UGS Syt ALY
ol

I
>
oL
fd
Yo
ﬂlZ‘-‘-
2
o
jav
lo

i)
w

o

=
X

T4 AZHE dY Soladle] GRAX, Sols, BE 5& A
& A3, ol o] FOIARHAE, FolFHAVE, oy Eo eale] B
3 94% JBEg non, B3 423e 77} el Wrlslel wlamy

A3 72 Ante] dE AU R gFE& AU Z90t A Bfe

&
B>
=

25 4BAEOE Aol VEUS
2 )

7} 34215}71] gastal Fnl7t A

0% MY THedE HAY 4 Qlgich 2 el WH, E7A W ALR
sol & 7hesim 53] Az B¢ ®otE A4AI FuE YA
T Ui

HA gL GddeR JEAY, 2uBH, 2uFEY, 9uF, 6k
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W 32 55 Eyslel ddealg Azsla, ojzle] HAZUE XA

] A By AF THY F USHHE $5 /15T usix )
AES AZY 4 ggdon, 71TE AL A 0)$ S4stocl,

AuZbg 50, AnAR 2z(En, 7x) 20, dFWF 14, BF
152, mieZ W 2NE3de #3102 Yo Az dFasne
UEAE 2agos AEe FEY, SFRY, T4 So| 34
W4+E welstel AW 4 2igle.

AB}EE FHe $IAZ At} AXAEERY Az A4 T
2ol By BHE AEY A, dBASY 948 82 B 7.5:1.59)
M &2 Sl $AR AESIRE W Fe Y BEs} Sokr)

AEBHoR 9FE Aus R ZASE 243 add] AeIisHe ¥
AU # Q9T B3] Ui hBES AR B )X ALY 5 9o
B2 2L 2YsE Avlels Adede] 9F FIE AIT VLY 4
58 2nlalEoA ZERed] Agshs Wil tiy FRsp &I,
FAEE JENE AP eolel A2 ol8Y 4 b AANE ABY

gto] ool 311, olgd AL o8 AE 22AFE Aol
ABYhE A 2A GEe] anBriel A slelE £ e e
t}.

oL of 12

[+4
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A&l 3: =ct0lA %JI(*'Q)

AR 4: 2 2H0] A BHE D] (BHRI &)
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A 77 429 BB XAH(iGn vitro)
A1d A4

2 AeRY AR YT ¥ AEE FHLE MY Y
ol RFALME I P8 AF 14FH 2P 248 AN 453 & AHEE
glom, ¥ats) &2 F4FoeE B DPPHE AME3te] ¥ 54
& 232} sk

A2d Az L I
1 2289 Az

dg M&Ez My 8o Zi7t methanol, ethyl acetate, hexane,
acetoned Wi 24217t x|, £&319tl. F2L2 33 wEslgden 7
EES A Y& F-F5%7](Rotavapor R-114, BUCHI)E A}&3lod 40
Tl Y 5&F3te] LuiE AAY F thi] H=71 400mg/me7t EHE=E
Bujol & #$FYE HFsAT)

2. AM&TF W x|

AHE 5 uiAle Y 8 Al 143 2 23 A 43S AHE
Tt EFE2 7] dAirle] HFI FF oA 24AT T
33 HIE3te] HujokE WY F ARt ¥FHE L paper disk o2
&73st3ich

3. ¥dEE &%

AAufA] Smeol| 24A17 Fot viYY FFE top agar(0.75%)o] 0.1%
%3] agar plate $/ol] @3 paper disk(8mm, Whatman)E ejE TS
FEES 0¥ spotting¥t F 2421 wFIte disk Fglof Liehd
clear zone?] A2 ¥HY & FFYsIoirt. £ 728 gujrt AHg#F
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of malE TS AESY] 95t e & 30 AHeFE tiRFE
slgitt. ojdjo] dF UF-oMME FEHES w=E ¥R 24T vl
&3t Zztel FFE g AE-oME FEE 05 0.3% 0.5% 1.0%
1.5%, 2.0%, 2.5%& A3 Ztzte) wix]o] FFste] 72412 F wietshA
A B&ARE FFstoArt

4, b3t 28 F5%

DPPHE 0] &3t 4 TS ol&shdrt. dd o #F F&88
DPPH&- o]l A 7}sted 308 WHEAIZ ¥ FHEE FHFst [Cnd T34
th. A8WYS 29 DPPHE ethanolo] o 517mmofA 2] FH =7} 1.57F

TE ALY S, o] &Y 2meo] FAY ethanol-§ 1.0mE 7}
e F 308 Fof 517molM FHEe] #AE FAFsIArE olul FA 1g
H,0 10mé+EtOH 20meo] ¢l 3 1A Halgh HE5dE (T2 3}

o, AEaE o To ¢ 5meoll ThA] EtOH 10meE Y3 oF 3087
2 F A A EelH A5A(Ty)& o83t DPPH Quenching
Activity(%)& & slo] thdA ez A4rstglct

-

ok k?u o

DPPH Quenching Activit(%) = Blank—( B"’;Zs;;; Control) 100

1. 93 228 a3

g 2o ¥FY EAE AME] st & HFE E AT E MeOH,
hexane, EtOAc, acetonel & FH&3}o] 8l F3tE &F3 A3}, Table 39
of Vel A3} o] 2F F&Eo| 2y FEERT I TATL F3
gon, 12 F AF-olE F&8 ¥ B 7MF Folurh 53] B
subtilis  ATCC 14593, Listeria  monocytogenes  ATCC 19111,
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Propionobacterium acnes ATCC 6919, E coli ATCC 25922, E. coli
0157:H7 ATCC 43894¢] thstel 73 49 & vehldlen, O3 S4adx
tf 23 Tl o ZpFo|glrh £ Ade] A I3 FAHEA
Escherichia coli, Escherichia coli 0157:H7, Salmonella typhimurium X
Pseudomonas fragiol ¥4t #&&& AMsta RF ¥4 a}E ehigl
t}, ¥ M FL  Bacillus subtilisol PR RTIHFo|gon,
Streptococcus mutans®} Staphylococcus aureus®} Listeria monocytogenes
A= ZAE Urhigleu ZAFRE BE Hge FEEI U5 oM
E 2227 479 84 UShIQL Unx 2225 ¥4E Rold

E-geol utet gulo] &&F= A=7t )

£ A8 A18E 42 BY FEEH] HEE3 oS 718
 &E&Edria A=Ak B3 HEE st Aol RFEEH] }E
o2 ZEEI] wEed AulRcl HFol LBl UF3] I Ao
2 AzEigr}. )R FojA = clear zoneo| WEIIA] ¢lo} HHFFHIE F
8ol 71ARt Zo] ofjel F&o] TRE e I EHe 71
gohal wiekE et
2. & HF-oME FEEY =2 ¥HEHY

g HF oME FE2EY H7 =(0, 0.5, 1, 1.5, 2, 2.5%)o] WE
g EIE Table 400] Yehfidch BE A do] 1% H7l 5% dl
o] Aol A= em, B subtilise 0.5%, Pseu fragie
1%, L. monocytogenes®} E. coli 0157:H7-& 1.5%, P. acnes$t Sal.
typhimuriume 2%, Staphyl. aureus: 2.5% 37} =ZojliA AA-3o] Azl
gt g2l F2 |74t citric acid7} g0l 3% A& THEo] alod
FFe] o] Ao 7]AF Aeo] oIt BAE PO citric acid B}
TRt g7 F&9 /7 o R AS A3 ZE Uehle] 9F
o YL F2ol TRE A TIE YR dF] F o= uuy
Fed= )

r-lrt
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Table 39, Antimicrobial activities of solvent extracts from Citrus

sudachi against various microorganisms,

Indicator strains Sudachi_extracts
1|23 |4|5|6|7]8
Streptococcus mutans KCTC A
013 - - |9 (121115
3298
Enterococcus faecalis + 12
var. liquefaciens KFRI 675 -
Staphylococcus aureus ATCC
12 (18] - | - |13 |15 |16 |20
144458
Bacillus subtilis ATCC 14598 (14114 | - | - | 1516 |21 |28
Listeria monocytogenes ATCC
12120 - | - {13]15|19 (26
19111
Gram | Fediococcus cerevisiae KCTC +
(+) 1628 N
Lactobacillus plantarum NCDO
-yl -1 -1 -1 -]-1%x
955
L. reuteri NCFB 2589 -l -1 -1-1-]-1=
L. delbruekii KCTC 9649 - |13 - -] -|-1-1]12
L. fermentum NRRL B-4524 -l =l -] - --1-1=x
L. sake KFRI 816 S == I I N S e o
L. bulgaricus ATCC 33409 -l -1 --1-1-1%x
L. casei ATCC 393 N R R e R e ==
Propionobacterium acnes ATCC
18123 - | - 1161201925
6919
Escherichia coli ATCC 25922 17 25| - | - | 12122119 26
FEscherichia coli 0157:H7 ATCC
1622 - | - 1822|211 |26
Gram 43894
(-) | Salmonella typhimurium KCTC
12119 - | - | 13|15|19 |22
1925
Pseudomonas fragi ATCC 27362 { =112 | - | - 11012 |16 |21

1: Squeezed Sudachi-MeOH extract 5: Squeezed Sudachi-~EtOAC
Sudachi juice~MeOH extract 6: Sudachi juice-EtOAC extract

Squeezed Sudachi-Hexane extract 7: Squeezed Sudachi-Acetone

[ 7% B W]

Sudachi juice-Hexane extract 8. Sudachi juice-Acetone extract

*: week activity, —: no activity, a: diameter of clear zone
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Table 40. Growth of each organisms in media contaning Citrus sudachi

Jjuice-acetone extract

Citrus sudachi juice-acetone extract
Indicator strains concentration(%)

0 {03{05(1.0|1.5]2.01{2.5

Staphylococcus aureus

S i A I T R S = S
ATCC 144458

Bacillus subtilis
ATCC 14593

Listeria monocytogenes
ATCC 19111

Propionobacterium acnes
ATCC 6919
Escherichia coli 0157:H7
ATCC 43894

Salmonella typhimurium

KCTC 1925
Pseudomonas fragi
ATCC 27362 S R e R A M
I
+ ¢ growth, * : week growth, — : no growth
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3. g FaEE

ZHF7] AAZE(DPPH quenching activity) Q.2 H7)3
Table 41¢] Wepjgich. 2tu]z} dujrc} oF suj
a-EIHERT} 430) eFstoict.

ﬂ,
%
o
gt
Jo
a8
o

Table 41. Antioxidant activity by free radical scavenging of methanol

extract from natural venager(NA) and peel(PL) of Citrus sudachi

(ICs0)
samples powder ‘ Me-ex
NA 3. 1mg/3mé 1.08mg/3mé
PL 14. 9mg/3mé 1. 86mg/3mé
a -tocopherol 25ug/3mé -
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A 8% g2 0| £2A=29 &

A1d M4
AF Adz Az FAEU GBANE o8 YA Fe
Burg DE Foule, uidohaixgsl, dgHe Azsel 43 o8

o& AFE AFAY BAFLE 8§ st sgich

AR

% o

AEQ oA ulgazle] &

= AFEQl 2Enty A A RSto] hammer millE 8mesh
A7NE 3 A& HEEE o83t F&31%ct & oleoresing F&
0 w2e dgol WUES 7o 0T SRl BRUZRS B 2e)
of 2A|7tF FEF F oIste] 7Y HH3t oleoresin® 2 BT
2 At

FETES TYULE AAtsiolch

L HERE HOR AR

HekE HI7rE A8 fiste] dF 2yl FA FuHlE 10, 15,
20, 254fe] WELES 7}5ted 60°C shaking water bathollA] 5AJZF HoF 3
&F A3t gl F AU 553 &S Pl muE A A

7t& 2178 stedr.

th #& &% 4%

& =& A7 S8 ol dF A
30, 40, 50, 60, 70C & AojA #HF{F FH4ALE FASY 2 F A
3to] "7l F 4 w&ole] &3 784 1Y RY UL A4St

2 22§ dAsialch
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B 22 A7 4%
2z N2 MRS dslel slolN 4AY 2AeE 4, 1 i, 2,
L BAIZ Bt 22 F olnsiel 2 BEY T S

3
4 APEY Fapo] FUA A AEE HF F2 AN2E siolrh

ot

1
,32,4, 4

ol

2. B Az

dEFE HAF F FAEU HEUE 52 242519 hamer nillE 8mesh
A7)8 Eg A W AR sto] 200mesho] 32 B3] vl A,
o) Hyh Axj2 AMR3IC) o

3. "l A= |
o} BAES o] Esle 9o whHoR Az gF HAIE ¥
o] 1- 5% =¥ Hrlsto] v]%E Azslaz} steic). olm) AHEF l:l]

T=
20] A2 plam 0il& J|ELE 8 $£=x]¢ic}

4, wic] oiabr] ¢4 (body massage wash)2]| Zﬂ"

73] FALEE o] &3l 914 whHoE ARY JF SHALE vy
of 1 - 5% wEEE AHUlste] wit] npalx] 4 I A zstzA} stgich A
zye AR BREA 5 YRE HUsle 70°CE Jtasignh. #8
HBolE= RERE F/80] 70 - 80°CE stdste &3t ¥EE HIL
slo] Z3R ¥ 70°CE RAIElch REAFFME ni] uiAA] A48
Exo] wiel S4dRel FIAE AAE] HFIBPEA o] R3I6A &
Azt f3E FEI A F VIR 5 AASIL oSt ¥ F
£7)0] 2A35t4c) wiola YRBE F4, 9 FF &, LUAE A
23187, REARE B oo, wlelwl ¢, vlEk A, Slo]F4L, &3
A, APEYS AT

5. QoM (nutrient pack)?] A=
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et YPAZ AR EeudUEE et 80°CHlA gAY ¥
55°CE Wzttt mAwtebil(nethyl parben)E& dZol =< F E2H|

dago] Bol Yk EWlol Yol YW ¥ 9F F3E $& 4WY 2
beA 3,000rmo2 $dsl ER Ha AAvh BY B4 A2 ARE
50meshe} 30mesh o} Ftste] Qyslel WRE ALgsATh A Hvlel A

& A ¢l8) 222y MAE 0.02% AHE-shoict,

A 34 43 2 &

ol g3 M2 Az
A7tAAY e AZE 93 wgtg Hupe AA

g Atelzx RarEQl zbulef 10, 15, 20, 252} HIERE(w/v)E H713]
o] 60°C shaking water bathojjA] 5A1 7t St &31el& wje] 482 Fig.
103} ) mErES 10m) Y2 AHel Pl 22.9%8 &, 1589 A+
ofl A 36.35% o 13x A= FAHY F71E Holtt 20uet 258) A 2| ol A
Zhzb 37.8%2} 39.7%2  £& FUt fnsiEch et 329
oleoresing $&%3}7] 913 A et Hrhble U Fyu|E 20m)

7} a&Holu AR 4% A T2 weE ST
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40 - X

35| |

Yield(%)

30 |- i

25 - J

L 1 i

10 15 20 25
MeOH amount{ml)/1g of sample

Fig 10. Yield of oleoresin from citrus sudachi peel by methanol

ratio., Extraction time : 5hr, extraction temperature :@: 60C

. uleastaie oA A2E Y 2E2xe] Ay

BF AAx AR FABQ o] HEHS 2001 ko] 30, 40, 50,
60, 70C LA oA F&3191LS uf oleoresin®] &2 Table 429} Zt},
30C Aelto Be 3492 MY W2 &S, 40~60% A]FolMe 3
6~37% BE £&E RYom 70T B 37.8%8] MY £ &S B
gt a8la, 7184 ¥ EY IS oA 70 BxE M woton
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Table 42. Yield of oleoresin from citrus sudachi peel by extraction

temperature

Extraction on .

temp. () Yield(%) Brix
25 34.94 70
40 36. 85 72
50 35.30 78
60 36.96 78
70 37.68 78

Extraction time : 5hr, methanol ratio : 1:10(W/V)

glof AFY YYPLRE FEI JHAELR T UBE AT FIs Fig
112} ) 0.5x]2F F&Y HeFolA 3.2 “BxE Kot 241 F&A|
7.308 FAY Z/E Rojt}t 1L olFoE 84 1BEY FIts R
2] okotrt. whebd 9 F2] oleoresing F&317] $13 AAY FEABL 2
Alzto] Hetsirta wetEdct. ol F&4&2 38.5%8 Lieholcth

Soluble solid CBujent(

L L L L L
0 1 2 3 4 5 8
Extracttime(hrs)

Fig 11. Yield of oleoresin from citrus sudachi peel by extraction

time, Extraction temperature : 70°C, methanol ratio : 1:10(W/V)
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Fig 12, Folw sheet of processing of soaps containing oleoresin from

citrus sudachi peel
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ut, wjr] n}rbR] 9% (body massage wash)

3] FAES ol &3te] 918 WHoE Az AdF YeAUE vin
of 1 -5% =& H7isto] ulv] npalA] Y+ & Fig 134¥ A =3ttt
A BA o] o] dER AME3 FY, odF, LA HIslo
70°CE Jlestadrt. RedRs §4 Rl gelH 2 wepl ¢, w)
ElRl A, sto] R4t Fepdl, delEdE &3 AlA A&l AzxF
2 A2 wojLo HIA Wl REAE FoIsle] A Egsle] F-3 4

) % oS WTE FUEE oldstrh Tl $3HE FES A T A%

F

4
& AASIAL ool Wzt F &rle] FAstAch

Hlo] A2l A
l
ok g | ®E sle] a4l
HFA4 Fo et
| «— 37} 40°C
X
!
o33}

LR
I
A5 %3]

Fig. 13. Fig. 2. Folw sheet of processing of body massage wash

containing oleoresin from citrus sudachi peel
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Bl 9o}l (nutrient pack)

Hale d25e AR FAEY VR gy o] g FAE
gh, AFAIY WAE] A2RA F AAS: AR ZxFo AR
& HPAZl F, o] A& qjtrUsod; Zﬂﬂﬂé g peel off typeo]}sl
Ttk & AP E AuAHE B3l peel off typed] o 3u& A 23514]
vl wut PEARE FELLE 15%8, 9F )Y A ugsh] ¢
3l 222 MAE 0.02% AMESloict o]jol AR B RYES oHF
FEE 10%, FA 5 66.5%, ZEUAZLE|E 3.05, JIZHEAHYAZZ oA
LIEE 5.0%, oflgh& 10.0%, 3¥7 0.5%%ch A ZTAL Fig. 140 VeRd

A AE wA A & 7hesEA # 5AF, UYQEE FAsidch
_1_'5_

_

—_

AF 80°CE AASPAA IWEEE 3,600rmos 2ASHAA &3jAIA
th @3] 83F riA] 3,600rpn o @HFSIE A 55°C7hA] Wzbstgict,
I o] E¢HET 88 58 AUlsle] AT 50mesh® o 2psto] Bzt
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Fig. 14. Fig. 2. Folw sheet of processing of nutrient pack containing

oleoresin from citrus sudachi peel

- 126 -



A oF d=2°] MEAIY

A 13 A4
F& Aol il FUALTL glol dA Fapadelold AEF H3pte)
E fA FAol vty EA13e] sk ulebd FFe |E AR A
& 3ste] Bl A A8 4 =S JIRY FeolY, Foli
2, Zelof A "WE(polyethylene film) 22 EAslo] Feo|uio] Kt
Ze|oldA WROE Bt Foldate] RAsAE of Y AYRAL

ZAFstaLap shgict

A 24 Az 2 U

CAEAE

Al AT FEFS FAMAR] AT AFEAA 1998 94
20del A2l 8 FA] APUE §A AY 2ol ulat £f3le] AEE
AHg8HSATE

2. g&e A 24

g o 350g(FF o 10 - 157])& 47 A+ & 2 IOM 15 x
20cm)ol] BHEE Ae](CT), Fo]4dxH15 x 20cm)o] RF|ZE At
Eeloldel HF(polyethylene film)2E EA3lo] Feo[Ljo] Bt Xi
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A 34 43 & n

1. g9 Agzd 94 54 24

7t dF AR F F% W

283 oG-S 471%] A 2] F(CT : containero]] X3, CB @ cotton boxef
B3, CT+PE : polyethylene®. 2 XA3d}oj CTo X3P, CB+PE :
polyethylene & & X A3lo] CBo HF)E A g|sle] 2= (1C, 5C, 10
T, 15T, 20C)E 4BV AL F FHY 3 A4 ES Figure 15,
16, 17, 183} 190 vrehiglet. CT A Aol CB AR Rt 8 ZA4go] 3
o1}, CT+PES} CBHPE: W]&s}eit}. CTe} CBE 1T 5C AAA] 50
72 A Jbsd o), 10T & 208, 15T 20C AFA] 1547IA =
A zdo] Zhax ol PER EASIH 1T 5C A A 504, 10T 34
404, 15T} 20T A A 204 72 AY =7t Ao 60Ul
= EE AESEAMY JIXE JAstart. EY, 2EEE ABNEE |
~ 5T AAA| F3 L4l /1 ) whebs, CT+PEL CB+PER X
Zste] 1 ~ 5CE B3t o] /A £& ALE A=At

metd AFodE Fate] delE Hela ot AF F =A Wt
BERE AAEHA Hch 4F AEVAY A 13 FE J1ES AHolR
2 E A Aol AEE FAsIAch Y dF& 47k AT
. containero)] B3, CB : cotton boxe] R¥, CT+PE : polyethylene®.
2 xA3}ed CTo)] B3, CB+PE : polyethylene &2 3EA3}oj CBoj] BH)
2 AHstel 1T 10CE AT F B A=E S ZAI}E Table 43
3} Table 440] ‘ieRdITh A% 7]zto] Zojiol wiet BRE A e|FolA

B
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L, a, b gfol 5715l Z¥& vehlded 2 37182 1T AFET 10
T, oM ZA velddth 1T AZAEE= L, a, b 3o 7180 e
v, CT&} CB, CTe} CT+PE, CB&} CB4+PE Zitof 2 xlo]E JlepuiA] Qiotc).
10C AAAE 2 CT8 B L, a, b te] &7180) o1} CT+PES} CB+
PEE CTe} CBoj w|s] F71&o] HHrh ulolelole dFstal atAnt 15
TS} 20C AFXF = CT} CBol:= & n|x|L} CT+PEQF CB+PEQ] L, a, b
2k %7}55 Zom L 7] & F7HEE BTk aghd FAo] s}
o AFF A FE +1002F F718tH, JAo] ZFdle] A& 004l -80
o8 Z4¥rt bk FAo] sle] A4E 0oM +7028 F718HH,
Aol 71 00X 7022 zha:jhr), o]2{3t Hunter A2}A 2] %"éﬂl
vl Fo] & ZHzjol M PER EHSle] (T CBofl Yol 1TE Busthe Zlo
N F& AR AZAFE Ut

35

30 J ~a— CT

O CB

£ 25 4 —v— CT+PE
=1 —¢ - CB+PE
O 20 4 %)
S .
3
%S 15
0
8 10 4
_"

5 o

0 r— b — = =G Qe }

0 10 20 30 40 50 60
Time(Days)
Fig 15. Changes of weight of Citrus sudachi with packaging methods
during storage at 1°C
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Time(Days)

Fig 16. Changes in weight of Citrus sudachi with packaging methods
during storage at 5°C

35

]
30 -
& =
E
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0 10 20 30 40 50 60
Time(Days)
Fig 17. Changes in weight of Citrus sudachi with packaging methods
during storage at 10°C
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Fig 18. Changes of weight of Citrus sudachi with packaging methods
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Fig 19. Changes of weight of Citrus sudachi with packaging methods

during storages at 20°C
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Table 43. Changes in color of Citrus sudachi with packaging methods

during storage at 1°C

packaging methods

CT CB
cntl days days
10 20 30 40 50 10 20 30 40 50
L 35.8 43.2 45.9 40.1 46.3 44.1 45.9 44.7 46.5 46.2 45.4
-7.5 -8.6 -11. -12. -9.3 -11, -8.4
a-9.81 -11.2 -8.5 -7.86
2 9 1 5 1 5 4
b 13.4 20.7 21.2 18.3 22.1 21.9 21.2 21.6 23.5 22.1 22.6
packaging methods
CT+PE CB+PE
cntl days days
10 20 30 40 50 10 20 30 40 50
I 35,8 43.1 45,6 45,8 44.9 45.2 36.3 39.1 41.4 43.9 46.7
-11. -9.6 -11. -9.6 -10. -10. -9.6 -11.
a -9.81 -11.4 -9.00
8 5 2 9 5 5 3 9
b 13.4 20,8 23.3 23.4 23.8 24.9 16,0 17.6 18.6 21,2 24.5
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Table 44. Changes in color of Citrus sudachi with packaging methods

during storage at 10T

packaging methods

CT CB -
cntl days days

10 20 30 40 50 10 20 30 40 50

L 35.8 506 5.1 - - - 572581 - - -
-8.3 -9.5

a -9.81 1.5 - - - 55 - - -
3 5

b 13.4 21.6 30.5 - - - 32,131 - - -

" packaging methods

CT+PE CB+PE
cntl days days
10 20 30 40 50 10 20 30 40 50
L 35.8 44.1 52.0 60.2 64.7 - 49.4 50.9 50.8 52.7 -
‘ -12, -1.9 -9.4 -1.3 -1.3
a -9.81 5.73 6.18 - 1.45 -
5 1 8 5 0

b 13.4 21.1 27.9 32.5 35.1

]

22,7 28,0 28.3 29.2 -
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Table 45. Instruments for economical analysis

No LIRS o +
Az F&, Az A

1) | EXTRACTION PRESS 1 SET

9) | BASKET FILTER 1 SET

3) | EXTRACTORSTORAGE TANK 1 SET

4) | H.T.S.T SYSTEM 1 LOT

5) | SANITARY PUMP(ZHP 2 SET

A 3d A3 g 2F

LAatgR W 24

GFE olgT Az FYL 10088 BAlol AY 5082 3 20
o] A2A A 5 708 AE Aethe 7Hgstel B AR E 4HE
SIS stolct. olate] ZPEsle] 4£QFE ZUIAIEFAN|E table 469}

Ataen, EXY W ERFZAmlE FAER ol 10038 KAl
o] 10,0004, =xXAE R EELAMZE 500089 5 15,0004
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HEE3R AEFMEE FUE 503 AHFANME 1250008, A

LA 20 ] FAWIE 21,8043 T AMZAME 146,894 %0] &
LF = AR eyt 53] A2A Y5 AAdule F 72,9803 Y Fol
A ARz RS 9lete] ALARDE 30% WRATIT FPPst] Ay
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24 AEI} 7)AEN7F2] 0.03%9] 64744
et Z R dF AR A2YA Tt 23

et EEA 2, F 2 19999 Az uF ZeHR AN 7 AR e
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A23stal
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ol
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U 20.65F HE3Pch ol HIEES HBY A TEMHREES
5,439 ol "ol Ao AatEodrt

table 50 & AAZ FFBAIY 2ZE] AU (M2 0)
che] ¢ Y
A ¥ # 59 A Y AR AT
1. 4 2= 146,894, 000| 14,689, 400 3,305,115
V22 A 125,000, 000! 12,500,000| 40 ¥
PR A E A 21,894,000 2,189.400| 40 W
I, 71 A A 4]
227 20,000,000 2,000,000| 11 1,636,364
PR E] 7,000, 000 700,000 30 210, 000
e 3,200, 000 320,000 11 4l 261,818
2ol o) 3, 500, 000 350,000 11 d 286, 364
s o] 7] 5,000, 000 500,000 11 409, 091
AFF-7) 5,000, 000 500,000| 11 @ 409, 091
2] 8E = 1,150, 000 115,000 11 188,182
22 A3 (7] Al 13,683,600 1,368,360 11 ¥ 1,119,567
o4 2 18,000,000| 1,800,000| 11 ¥ 1,472,727
w71 EA 2] A1
By W Hojdu]| 8,000,000 800,000| 11 654, 545
ZANGE u A} 5,000, 000 500,000 11 4 409, 091
Al 10, 361, 955
F 0 AEYL HApgel A AW 10%E &
U, o Q)
shof @ dwipeuls AAATE #E2] utufE 93t A Zw|et AMFEA #
a3 93 dnkten|E dZ=r 2 WY table 513
o|Z uhn] W odwiHe|RFo] FAlsleE FHLol tizt dIA|Fqed T
HLeFo]E A9 EE table 529 v}, 3hu) @ dNi@e]F-Eo] FALE <
P ke SASIAAN o RE Wy $AIIAL 1golt}, o] EoA
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table 51 o3& A}AR 7}FAt

i
rﬂ
=i
==
¥
e
rz
e
AL
=
=
12

A =5 A & 9 H] a
1. 7P Fy) 19,500 | <& 10-7> =
7|25 (12,000)
RS = ( 6,000)
HAFHEYE (1,500)
2. Ha|FAu] : 975
b ARE)] ( 525) | 12l x 3,500 x 259 x 12¢
7] E} ( 450) | 19l x 3,000 x 259 x 12%
3. o H 1,200 | 100,000 x 129
4, EA0u 60 | 0.5% x 10,0009 x 12
5. AREn) 240 | 20,0004 x 12¥
6. 44| 35 | 2+ w2 0.5%
7. E2dn] 120 | 10,0009 x 12%
8. Xx}8r-g-=|n) 1,800 | 150,000 x 129
9, Z¥71Abzin) 894
10. Z=Fn) 600 | 50,0004 x 124
11. #3238 0
12, R¥E 904 | 3}zf:541, X132k 8508 Y
13. Bhuf&30n] 1,802 | dRrtzelu] 2] 5, 0%%
14, AAF-2= 487 | dute|n]e] 1.35%
15. 7] E} 7,424 | antzke|u]e) 20. 6%
shof ol wkge|] A 36,040 | -
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HF, 7Ieh] g zb Eo] A W dt@e|ulolA AA|ste HEE
ztzt 3sto] siustEe] ul&& Aatsiolnt. o] U2 WHOE Adshd
ol EAuE 1,802H %, AMFAHES 48734, JIEH]&2 7,424 o]
49¥= o2 Uty

T} 3718 Aky

BYoIN 219 AEe AL Azdzieh wel R Q0B Yol
& 71EHAZBOE o%old Atk F Agld AN el Az}

F AdzE ofz FHAUY Aol AR lA ot FHIT AF 74

g & 4 g Agolth
T} Aty BAE slaE 4oe FE AFolop st £
EeES 2 Hgolgo] ARF oo} gt} ue}

AR e 22714
A B ENoME Azd7tol] siof W ke E tt 299 1045 ©]
$02 AASI AZU7to] ol W ARiFEH] 2} o|HA AMH ol&E&
tsted A FRAEIIE APESIE, oo FIIMAAM 105F THiste]
| F 2718 ARt

ozt e W oE AR AU P W £37H= table 533}
2l AZU7ME UM AEE ZAAY FHE8] 99,988, EAARH]
19,5748 ¢, A=) 559004, 7}%731:1] 26,4028 & BT
201,365 %10l o]t} o]Fo] HRUTjel o) W AWIFBE ¢F F
o] 10%a}3 ZAEPE o] &L 31,2824 o] o] B} AHzYs}, v W
oubtE[H], o] &S U3t MAEEI7H= 268,6873 %o, o 7ol FII7HA|
Al 10%E T3 HEE 7= 317,0508 4 0.8 Lelyic)

kg A ZPJH= 7,191,609 08 UElIGon, ) W outmenls
1,287,159 2 UER} o] F3E §o] 10%Q o8 1,117.21¢0] =,
MAZD7H= 9,595,969, FIEAIAME T3 MFESIUME 11,323.23Y

° 2 ek},
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The] ZAH(360md W EA) Y AR Y= 2 588,980 0 2 LEltom, uhn)
Y Ate]s 463,379 2 LEh o] FaE el 10%el o]&2 402.2
o] En, MNHEIIN= 3,453.55¢), HIIMAAME EHI HFEIME
3,800 2.2 uelytt oA d& Az HEF UAELR ALY
Rol7] wiEel BEe] lkg® A27H4 3,0008& Mg sto] &a7ME A
g Zojr},

table 53 & AR AU/ W 37 BAA

e s
g = = 5 T A2 kgt ey
AR A9

EE 9 & 99,988,000 | 3,571.00 | 1,285.56
ZAg8] | H (360ml) 11, 666,667 416. 67 150, 00
ZalrEl) 3,111,111 111,11 40,00

g o & 1,555, 556 55.56 20,00

Zata] A=t 1,944, 444 69.44 25,00

PARTITION 1,296,296 46.30 16. 67

AA-Hu] | o =1 32,400,000 | 1,157.14 416. 57
Aoy, et 19, 200, 000 685.71 246. 86

LR = 3, 800, 000 135,71 48. 86

=2 Ba|Eu) 4, 875, 000 174,11 62,68
o H] 1, 800, 000 64.29 23.14

E A 1 180, 000 6.43 2.31

AR EN 600, 000 21.43 7.7

4 A w) 453,418 16.19 5.83

A 7 B 1,272,360 45,44 16.36

2y 7V A Zh) 10,361, 955 370.07 133.23

ALZ e 600, 000 21.43 7.71

2= shody| 174, 000 6.21 2.24

LI =S 647,051 23.11 8.32

7 E} 5,438, 967 194.25 69.93

A = 7} 201, 364, 824 7,191.60 2,588.98
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table 53 d& AldRx AR 9 27} AMA(AL)

g = 5 5 T4 kg Kl
A Q00 AQ ol
o o 7H4 - B 12, 000, 000 428.57 154,29
antzte|d] | Abo], S=ut 6, 000, 000 214,29 77.14
EA el 1, 500, 000 53,57 19.29
) A0n) 975, 000 34.82 12,54
o H] 1, 200, 000 42.86 15.43 |
2 a oy 60, 000 2.14 0.77
2 R E W 240, 000 8.57 3.09
F A ¥ 34, 750 1.24 0.45
2+ 7}Aakzh) 893, 571 31.91 11.49
o, Hodn) 120,000 4.29 1.54
B ¥ 8 904, 000 32.29 11.62
X}aF-Q-2) 4] 1, 800, 000 64. 29 23.14
F2E&FHn] 600, 000 21.43 7.71
zhof & 214] 1,802,007 64. 36 23.17
2| Al g3 486, 542 17.38 6.26
7 e} 7,424,269 265.15 |  95.45
ghof W dwkdz|e] A 36,040,139 | 1,287.15 | 463.37
ol (A=Y} duran] 10%)) 31,281,905 | 1,117.21 402,20
M &7}t 268,686,869 | 9,595.96 | 3,454.55
BANX A M A ST 10%) 48,363,636 | 1,727.27 345. 45
AF& 57} 317,050,505 | 11,323,23 | 3,800.00

3. BAEN
7t £ A LA
Abde] el apgde] Alsiol R, Algle] BEA, el AlgogyE W

Ashe B8 +o& AR flslM e HAEA o] Hdasojol Pt o
SYANAM S} A G ERE ol §5te] AlDY E&EE A

- 148 -



Y Fol HEulo] W AF
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B3 THEstol A ol g pufel] gl of 2 Pol wistA EHE £
IH7h depd 4 glrh
A 2 FAolM oF2] ARl MY Fay fdejzta e A
7Mool &3 7ML a7t YR AXSrEThe A RA L
o} FFol st} AAE ool vt WA EstAo] AR AFH 7
O 74Ao] AlFelA ZAARE JHHECH wrid AYE E¥E 2T
F G Ea Rl Al AR B AAEE AR 2%E
N = ARARE $Eo] oA Hrl wheba EutE
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£9& 73l FIIAME TS FF 714 E 3,800 0.2 A
Aot of7)o] Amu], wFul, MZAu], vuf 9 QB u S 2zsto]
& APE STt
2 B BNl Y|t F& 71 2oz 7171 11d o' stel
Z ARSI, theslRE B Azbste 11
gt HAo)Alr 7
A& ] E3 2AFzA,
S| A|7b7o] W Aol erh Ale 47 & 4 Qo ey 2
A ML 20009 FAE v|2o g Ewolel Ao 77ty
HNARE wmE St Qi sbgsiach olazt e M
& table 542} 2t}
g el4=elo] AREojo} i),
gl Aty dgaxse W Aoy, ddYdsde 4
qAIEAY B Wik, AJYNEE AUxpTol viF Y
23} olxle] Aol glth oYl AIVEY BAYA Y& 44, EL:
JUBEs BAYe] TANELR B JAY &4 5 A4S
Uz} 2B EEAL 4 QO o] ZE APASYT xBL glE Ao
2 7HAstc). olzo] stale wl ddel 3} X &L table 552 ZTh
4 Aldzx Bgo) ABHI AsNE TRANEE AT AR B
BAUF MBS AT Q=T Lash] Brh olF AHAEL A
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< 9F sl B¥ TeeatE W 7R B Y Eol 9
A srdEds *’FUM 3 5ol A FX}EH’%E Fuixtge] ALE Ue A
o2 spgstaL, ik olle] umA] gAtE2 d 23oA Aqist
2o E JPgstint ¥ FFolA 2 dste FulAtE2 e Svof 1d
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222 ud sy, olx}&-L 13.5%% s} 3telc)

table 54 @2 7}BAIIE AN I
chel (A

3 = d % & o |
2] 268, 687
F2 AAH] 191, 003
Z2) 5.1) 99,998
E A2 FH) 19,574
) 55, 400
RSN 4,875
SEl 1,800
Ea1n] 180
AR EH] 600
Sdn) 453
A% 1,272
A&EHN] 600
S 174
Rn¥g 647
7] E} 5,439
) 2 ey 35,147
AR 19, 500
Be| ¥ 975
©ofn) 1,200
Zaln) 60
AR FH] 240
S4dn) 35
4=, Fg] 120
R¥EE 904
2} 8F-8-2]H] 1, 800
A&EUAN 600
SR ERRe) 1,802
A A2 487
7] E} 7,424
4. AR ol 42,537
5. Zt7bdzin) 11,256
6. Aol & 31, 281
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table 55 &2 7FZAlY 4] 443 #&

15 A+ o1 ¢l 9] £4=9) 2 A& |HdY A (EA)
1d 226,149 248,923 - 22,774
2 d 226,149 248,923 - 22,774
3 d 226,149 275, 376 - 49,227
4 ¢ 226,149 274,053 - 47,904
54 226,149 272,731 - 46,581
6 d 226,149 271,408 . - 45,259
7.4 226,149 270, 085 -~ 43,936
8 d 226,149 268, 763 - 42,613
9y 226,149 267, 440 - 41,291
10 d 226,149 239, 665 - 13,515
11 d 226,149 239, 665 - 13,515

olxke] ZHgstel dde] UL mid FoixtE §xlgz AU
226,1493 o] olA Hch EIF dde] XEEE xZal olF §3}
AARFEe] UFH3} olE Zzjoll thd o|xjAaHe] gt olE delF
22 i 239,6653 o] o]E1 g9lom, offe] AlMdalE FAIeye
AR 717t B¢t o]x}AkE o] 9, 258d U MRSl | AMB7|7F Zol e
Fgedo] 35,811 Mol AR ¥ FFEA 27,775-U7R] o]2A Hcl
utebd dde] &4 AEARE AAZIZL B 22, 774H o, A=)
T 8ol AKEIRIA 49, 227HU7A] FIHY F (UFL AdTo] o] Foix
A 13,5158 471] 2EA4s1A "l

o] & dgATAE MR M Ve SUAANE A
HEH FHIHE 71 B¢ AlEAAE AR 5 siniol 85081412
UM FA o] f-& JIFIIAE L AN FabE o] &9 1045 HAME
WA E R HAAM T o] 7,6573 ol WalA Hrktable 56).
et Al AFZe] Tl AAEHA 243l 28 wiztA] A
Folfol AdalE el Aol nixz] Rslel Held B o) &
o] B molUAR EI, olF AlMAF A¥e] FEH F 17,7674 Y9
HAA F2Hd o] &3t 15,990 %1e] HAA F2F o] &g HEst= o

¥ o
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2 Uyt

table 56 &R

7hg el At 11

che] @AY

IVed | Aol g | 44 o HAAA | ¥ ol A | HUMFE
(&4 ol-& ol &
14 31,281 - 22,774 8,508 851 7,657
2 31,281 - 22,774 8,508 851 7,657
3d 31,281 - 49,227 -17,945 - -17,945
4 31,281 - 47,904 -16, 622 - -16, 622
54 31,281 - 46,581 -15, 299 - -15,299
6 d 31,281 - 45,259 -13,977 - -13,977
74 31,281 - 43,936 -12, 654 - -12, 654
8 31,281 - 42,613 -11, 331 - -11, 331
9 31,281 - 41,291 -10, 009 - -10, 009
10 31,281 - 13,515 17,767 178 15,990
11 31,281 - 13,515 17,767 178 15,990

L}, AE&9) ¥ (Sources-and-uses of Fund Statement)

AFEUEe AFY FAZEESE BV AT £HoE AT F¢ F
A2bZe] A UE EAst J|Qle] AFEF wE AFAARe] WIHE
vt 3ty] wiol] A28 F(Fund Flow Statement)2}il% giC}.

7190 slolA 78 T2 AREeAdE A7 BgolRol ety 4
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gt & 4 vl EY AREY AQA B A
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AR-gtel whel 264, 57238 o]l o2 FYIE 1dAFEE £YRHO]
PSR Aol B FulAlg, Al Fo] Exste] nld 268, 6863
o8 Ztktable 57).

ApFe] A& z7lole AlAREA| 7} gled, olgjol Akl chAlFat
Al AAERL ZA7E glen, oldele delF ot WA WUt ol
c}.

table 57 §&X 7}ZAIY AFLEF

3t | 2G5 19A | 2dAp | 3dA} | 4dxE | sdAp

- z}:q 291 | 264,527 268,686 268,686 | 268,686 | 268,686 | 268,686 |
Z 319l gx} 79,358| - - - - -

A2 185,169| - - . - _
AH-gAL

A A - 42,537| 42,537| 42,537| 42,537| 42, 537
Zabol e

Zeuf R} - 99,988 | 99,988| 99,988( 99,988| 99,988
3 H-g=}

LA - 126,161 | 126,161 | 126,161 | 126,161 | 126, 161
23§}

A}2e] A& | 264,527 249,774 | 249,774 | 275,376 274,053 | 272,731 |
%:;_/gxmzy} 264,527 - - _ _ _
Ex 9 AL | 166,894| - - - i} ;

7 7 97,663 - - - B i}

Al =} - - - 26,453 | 26,453| 26,453
R s

ol R} - 99,988| 99,988| 99,988| 99,988| 99,988
IS4

238-gA} - 126,161 | 126,161 126,161 126,161 | 126,161
HENH

Al x} - 9,258| 9,258 9,258 7,936, 6,613
o) 2

Tl R - 4,999 4,999| 4,999| 4,999 4,999
o] A} A

230 g%} - 8,516, 8,516 8,516 8,516 8 516
o AP

el A - 851 851 - - -
o o Z -| 18,912| 18,912| - 6,689| - 5,366 - 4,043

- 154 -



7}3H°P Acke Holrh

2 AAZ AHJge] Frte] glolA [F-&8lA 2
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whefsto] Rajstel B,
4 A BE ahglo] 1ufel
2457 UEo AY 712E

3 & 6AX} | 7¥x} | 8WAF | 9dAF | 10WAF |11 A]
z}:L,] 49l | 268,686 | 268,686 | 268, 686.| 268,686 | 268, 686 1268, 686
234 %X} - - - - - -
}\]ng}:f- - _ - - - -
5§}
72 42,537 | 42,537| 42,537| 42,537| 42,537| 42,537
7ol &

Zuf A} 99,988 | 99,988! 99,988| 99,988| 99,988| 99,988
5§t '
LR 126,161 | 126,161 | 126,161 | 126,161 | 126,161 | 126,161

238-8-X|
A2 A& | 271,408 | 277,035 268, 762 | 267,440 241, 441 241, 441
EXE RN 7} - 6,950 - - - -
EX] ! L.E' - - - - - -
7 Al - 6,950! - - - -
PES Ry R= 26,453 | 26,453| 26,453| 26,453| - -
s
Sapf A 99,988 | 99,988| 99,988| 99,988| 99,988 99,988
AR,
2-38-§-A} 126,161 | 126,161 126,161 | 126,161 | 126,161 |126, 161
L=,
PARS E =3 5,291 3,968| 2,645 1,323| - -
o] R}t
SR} 4,999 - 4,999, 4,999 4,999| 4,999| 4,999
o] A} Ak
2382} 8,516 | 8,516/ 8,516| 8,516] 8,516| 8,516
o|AtAE
W Q1A { - - - - 1,777 1,777
o] o & |-2721]-8,349 - 76 1,246| 27,245| 27,245
A FE
Al AAE £33 Zrte] FE AR e Ao 4

4

ThE A He]




ol X XBE= AL (Net Present Value)®} 3429 & (Internal

Rate of Return), 49-dH]€& (Benefit-cost Ratio) S-o] it}

7h At el B3t

oft
.
e
S
>
2
ne
Ry
ALl
[l
off

7}713ke) whep debd

71Ed 3 VAR e A BAY 83 FdsAR Ned
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ey 2 BMelre F JAL AT 11dE AgTIeR

Aste] FF 11de] tidt J2x 73S Bl 432 shlch
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Hollq g vlg3} #4912 thE vEE Fol s ook gt

THE Aol A AR w3t 48 43 A vlast] fsidE o
A& 2 "elstel @aZtA 2 ABVYT F oulastoior sted] FHASRE
ojwl gt oxtg-S Yl ol &R ¥ A T

AFEA o] QoA HEE = o] 2 olAE&S e VAN LR o
o J1go] AFE e UE 5 & olAEolr}h. tise] At
o AAAET} ElIAELE FAE] wR & £@xEelA 2] 2
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——

- 156 -



(Gittinger, 1982)""

FEx 7HEFAEY BF AEAE 409 F 7055 FHoJA AHAEE
FARLIL, U] 30%E 9F R EAFoE FRUriL sHEEha
th ARl A AlERE §XPFE o]ARgo] 4 swoln, &R}Eol
thaiA Z1E8] g o2 39 W] AR £9F 8.37%F L ©elo)
A& 0. 6%0] T},

t}. &8 AP 7}2] (Net Present Value)

& B SAsiM s AT dulE A Qshed dadt A
Al 2QHIZE 08T Y ARl 2@ FAE of 22 v 8 e
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