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Seed Processing Technology, and Their Physiclogical Role
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Summary

I. Title of Research

Development of turnip root, turnip leaf, and turnip seed processing technology,

and their physiological role

II. The Obijective and Importance of Research

The objective of research is development of turnip root, turnip leaf, and turnip
seed processing, and investigation of their physiological role.

Turnip has been cultivated for a long time in Korea, but its demand is limited
because of simple processing of turnip and little information of its physiclogical role.
Turnip is similar to radish in shape, but Turnip is sweeter, more flavor, and harder
in texture than radish, so it is needed to different processing from radish. During
cultivation of turnip, leaf and seed were harvested as a secondary material, they are
able to use in food.

Farmers in Kangwha area had traditionally income from Jinseng, the productivity
of Jinseng is, however, less recently, so they have to find another crop. Turnip is
one of the candidates, because turnip grows well in Kangwha area. There are good
flavored seed oil in Korea, such as sesame oil. Turnip seed has much oil, too, it is
possible to develop as good flavored oil souce.

There are many people suffered in liver disease in Korea. Because hepatitis virus
infected highly in Korea, chronic liver hepatitis, liver cancer, liver cirrhosis occur
frequently following stomach cancer. Although these liver disease are important
cause of death, few information is known in medical cure, cause of disease, or

preventive material. It is important to develop preventive or curable material. Turnip



root, its leaf, and its seed were tested whether they had preventive effect from liver
injury.

Liver disease resulted from acute or chronic liver injury is one of the most
serious health problems in korea. However, to date, no effective therapy for
liver disease such as hepatic cirrhosis and liver cancer has been developed. In
the present study, we investigated the inhibitory effects of turnip root, turnip

leaf and turnip seed on chemical induced acute or chronic liver injury.

II1. The scope and Contents of Research
1. development of turnip pickle with sugar and salt and protective effect of acute
liver injury
(O Pickiing technology of turnip root in sugar, salt, organic acid
(O Separation of turnip root component and analysis of their components

(O Protective effect of turnip root, its leaf, its seed against acute liver disease

2. Development of juice using turnip leaf and protective effect of turnip against
chronic liver disease
(O Juice technology using turnip leaf
O Investigation of physico-chemical properties in turnip product during storage

O Protective effect of turnip against chronic liver disease

3. Development of oil processing of turnip seed and functional food using turnip
(O Processing technology of oil from turnip seed
(O Technology of functional food processing using turnip root

(O Protective effect of turnip root against advanced liver cancer

1V. Conclusion and recommendation

1. Development of turnip pickle with sugar and salt and protective effect of acute



liver injury.

Turnip was processed to pickles with sugar and salt. Concentratins of sucrose
and salt were selected for pickle, Because skin of turnip has red pigment, whole
turnip was gave red color in the pickle. Effect of sugar, salt, organic acid on turnip
pickle on sensory properties were investigated. As a results, salt 1.024 and acetic
acid 3.3% were good for soaking solution. Skin of turnip was redder in organic acid
than in water.

Water soluble material and insoluble material were separated from turnip root.
Insoluble materials were separated with sulfuric acid to hemicellulose, cellulose,
lignin, and analysed. Sugar was about 8 % in turnip. Red pigment, existed in skin,
had maximum absorbition at 520nm. Red pigment was 0.14+0.08 mg/100g-turnip root
as anthocyanin. There were fructose, glucose, sucrose, and unknown material in
concentrate of turnip. For unknown material, the concentrate of turnip was separated
with GC/MS and LC/MS. Volatile 278 kinds of compounds were found, and
estimated with their mass spectrum. Five kinds of compounds were found in LC/MS,
too.

Acute liver injury was produced in Sprague-Dawley rats by carbon
tetrachloride(CCls, 0.3ml/kg, single ip), and sacrificed at 12, 24, 48, 72 hour after CCls
injection. Before CCly injection 709 ethanol extract of turnip, turnip leaf or turnip
seed(bmg/ml) was given to rats by oral administration. Garlic, ginger or red pepper
extract with turnip extract was also examined by the same experimental protocols.
In acute liver injury serum GOT, GPT and histopathological findings showed that
turnip, turnip leaf and turnip seed have protective effect. Combination of turnip with

garlic or red pepper have additive effect on protection of acute liver injury.
2. Development of juice using turnip leaf and protective effect of turnip root

against chronic liver disease.

Turnip leaf was pressed to get juice, which were mixed with sugar and citric or



ascorbic acid. Adding sugar 8%, and citric acid 1.5% was enhanced in turnip juice.
Apple, plum, and pineapple were enhanced in sensory properties. These turnip juices
were almost equal to commercial leaf juice in sensory properties.

Turnip leaf was fermented with garlic, leek, red pepper powder, like to mustard
leaf Kimchi and radish leaf Kimchi. Turnip leaf Kimchi was almost equal in sensory
properties to mustard leaf Kimchi or radish leaf Kimchi. Turnip leaf was hard in
texture. The leaf got soft in soaking in 5% brine for 1 hour.

Hardness and color of turnip root were investigated comparing with radish.
Turnip root was same hard to radish at pH 5.0, Turnip had same hardness in acid
solution pH 4.2, but radish had soft in the solution. Turnip had harder in calcium
soluticn but radish did not hard in same condition. Turnip skin was redder in acid
solution. |

Turmip root was mixed with garlic, leek, red pepper powder, etc., fermented to
turnip root Kimchi. During fermentation, pH, acidity, and viable cell were
investigated comparing with Kagduki, that is Korean radish Kimchi. As the
fermentation period was longer and longer, the proper flavor of turnip Kimchi was
stronger and stronger.

Turnip root was grinded and pressed to get juice. The turnip juice was examined
in sensory properties. Adding sugar 7%, citric acid 0.3% gave good sweet and sour,
and strong red color to the juice. The red color was stable below 107C, unstable in
sunlight.

Turnip root, leaf, seed were tested whether they had protective effect against
liver cancer or liver cirrhosis. Liver cirrhosis was induced by
dimethylnitrosamine(DMN, 10mg/kg, 3 consecutive days/week, ip) for 3 weeks.
Diethylnitrosamine(DEN) was used to produce liver preneoplastic lesion(50mg/kg, 2
times, ip) and liver cancer(40ppm, in drinking water for 20 or 30 weeks). turnip root
showed protective effect against liver cancer and liver cirrhosis in early stage.

Turnip leaf or turnip seed did not show any protective effect.



3. Development of oil processing of turnip seed and functional food using turnip.

Turnip seed was pressed to get oil. The roasting condition before pressing was
examined for enhancing oil yvield and good quality. In case of sesame first press was
sufficient to get oil. but two or three press were needed in turnip seed for enhancing
vield. Roasting of turnip seed for 20-30 minutes at 160°C gave roasting flavor, which
was similar to sesame o0il, as well as elongated shelf life in turnip seed oil. Some
properties of turnip seed oil were examined, such as acidity, refractive index, fatty
acid composition, etc.

Turnip root was hard in texture, so difficult in extraction. Trip root was dried
and extracted with solvent. Ethanol was selected for extraction, and extraction time
were selected, too. The extracted scliution from turnip root was concentrated under
reduced atmosphere. The concentrate of turnip was mixed well in water, carbonated
juice, apple juice, and red Jinseng juice, and the mixtures examined In sensory
properties. The mixture of turnip concentrate with red Jinseng juice was better than
the other mixtures in sensory properties.

we investigated the inhibitory effects of tumip on chemical induced liver cancer.
Diethylnitrosamine(DEN) was used to produce liver cancer(40ppm, in drinking water
for 20 or 30 weeks). In DEN treated rats preneoplastic lesion induced less in turnip
group than control, and turnip leaf or turnip seed had no inhibitory effect. But,
Turnip extract failed to protect liver cancer induction. Turnip root, turnip leaf and
turnip seed have some protective effect, at least in part, in acute and chronic liver
injury but not all. Further research is required to clarify the exact action mechanism

and optimum concentration.

4. Recommendation
We studied processing technology of turnip root, leaf, seed, and protective effect
of turnip against acute and chronic liver injury. This developed technology will apply

to industry, and encourage farmer to cultivate turnip. There are need to research

o 17_..



further about detection of effective compound, exact concentration and mechanism of

protective activity, and new cultivate technology in the future.
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kol RAAEE A5t =3 dgA B NER ASHE GST-P focid HY

51. 147l A R stA §igle] mX= &
BAA R AFSA gHL B2 F GOT, GPT, glucose, cholesterol,
triglyceride, alkaline phosphatase 5 A3}t A S AASe A YEve
o8] 7kx diAbe] W &F T FEE0] oWE FFE vA=A £AAT

(1) G- Aol A=

ZEtel A 20000 FHeel A" &% 2
Fael AFeta Abgsuth o B &
o F ER MRSt AHESIHT. &Fd 993 ARAAYS FHsr] fsty A ge
AMzeget. dRANL A sorbitolE TFsI] ARSFHAT. A2 a
sorbitole &Aooz AT A QMG oz F JAE EFs] AFEY
th A¥e] T2+ 20, 30, 40, 54%(w/w)% 3F3l sorbitol 0.0, 7.0, 105, 14.0%(w/w)&
aith olek FAlC AFAALLS Eoly] HAetd dx 1.0%(w/v), 24 33%(w/v)Z &
4% FAAL Axskuch
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ZE 2R 100g€ ¥ 1093 AXE F #BEEH SHE 2ASYGH #53F 54
A5 AAe e 5Hes FAStY 9xAyoer zAsIYYh o A 9 HE AAFR
ToFe B 49 40%9} sorbitol 14%<] 33 oﬂ_\,} dEr 549 2] FR o] ZH = E
RE Ente] B3 AL 5602 AFSHYT F FF IR F 2o 2 0
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£ 1 g6 dF 27 DA 54
g @54 =4
% %‘ A X hitol
=B sorbito 1 171 =54 O
(%, w/w) (%, w/w) 22 5% EH %
20 7.0 3.7 5.6 4.2
30 10.5 41 4.1 3.6
B A1
G RTT
40 14.0 5.6 5.0 6.2
54 0.0 5.6 6.6 5.7
20 7.0 4.1 3.7 3.5
L) A A
. 30 10.5 4.2 3.3 ' 3.8
40 14.0 4.3 3.3 3.3
g gtk 1t obF g 1 o}F vmi
B q=| - - 5 4% dt 5 A%sSY 5 A% s
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ZAslolof &9, &F7F FAEL F$10cm)e 5% G 308 A I}H FEEA
H(E 4).
%3 QANUEER 59 BH 54
BA A HEFE As 4 B4
(%, wiw) A )
0.0 3.6 6.8
1.0 3.6 70
1.5 4.6 5.4
2.0 4.4 4.2
25 4.2 5.6
1: Z&gko] 4§ gl 1: w9 Asich
ds A= 5: Rsto] Aksict 5: st
o: ml¢ Aot o: wh¢ stk
E4 A F eRUR 95060 W3
&9 57 (cm)
FAA717H(D) 0.1 0.5 1.0
=714 0.2 0.2 0.2
30EF 3.4 1.7 1.3
79 F 4.1 4.0 3.9
1445 4.4 4.2 4.9
© AAE f712e HE
duksow {74 A A AFAHE wole A7 Ao wEbd &
ol A AR e AEEd cFE YA A7 CrExAExE],
1.5x1.5x1.5cm)2 AR5 5%(w/v)9] acetic acid, citric acid, lactic acid2 TWHE 7]

2~ I

T8

AX R 77t AX e 19 AHF Ak £7e] pH

Wals zAbE o).

My



TE= 992 AASA &3 EeFE AUd 449 uE AAsy 2dd AR F
AR Azst A&t Acetic acid 5%(v/v), citric acid 5%(w/v). lactic acid
5%(v/v)el AXdo] AAHYA &F5 v Aste] AR FANE pH 2.1-2924
AURA Agte] ZASATHE 5). 49 E AAT &F = Age] AUAA FsAdd. &F
o] g MAE Z3 93, IAAsE X HMol o AstA EMHUT. 2y 9
HE A 55 FHMo] Jeldx gt} Citric acid 5%} lactic acid 5%¢] 3 x| A
of AAHP #FE ZFo] AZJHA LY acetic acid 5% A A AAH &F= =F
o] WatA] ) waEtM Hr]ie 2= acetic acid 5% X Hol 71 AGFSH Ao=R
Azt At

(7 A3 F714 s =238
=z M el acetic acide] 5= AAI7] 93 acetic acidE 2-6%(w/v)E
Jolg 7zt Alzen, 4% A72 Bod £FE IR A AAsS 1947
9tk 2 23 acetic acid®] FE7F 2-6%(v/v)el A Agta A

Z =] o 9 AAT =59 | o o o
F 5 = % (w/w) oH AAAEF &5zx4 | 79 4
a2 AHABA FHT 6.3 BEZZA 2 A o) oF
olo m acetic acid 5% 2.9 ‘Et‘?l?} }_Z!_ 7—‘3.’?1.“%?:5"_
(2 %) citric acid 5% 2.3 A3k =2 sl AR R
lactic acid 5% 2.1 A A 2 Aty
S¥T 6.4 R ES ol
A3 E  AATH acetic acid 5% 2.8 wetstk 3 N
- citric acid 5% 2.1 ek A58t 8l
lactic acid 5% 2.1 =2 Az} &

(8) 293} acetic acidel EF Ao} A4 w2 AHAY
==
=

2 A3} acetic acid F7HA] A7 9] FAll A7 fste] A9 1.9,

o



1,5, 2.0, 25%(w/w)9 44 F, acetic acid 3.3, 65%(w/w)S} 25F 22 dtil, GFEE
A% 50%, sorbitol 175% 2 Ase AR 7t FAAdo] ¢=FE 9UIF 24 F
g F B¥H BALS ZABIAT 2 23 Y 1.0% 24 33%9 A g 9E £F
7V BEA 71557 582 MY A UEE22A o w28 A9 249 AF =
2 AGHATHE 7.

2

E 6. Acetic acid Ao AT T+ FF9 pH (L&, 1Y)

A (acetic acid %, w/w) A9 £29 pH
FFT 6.7
acetic acid 2% 3.4
acetic acid 4% 3.1
acetic acid 6% | 2.7

E 7. AQ7 acetic acids £ A Ao Y &7 BEA SA
AR H5H 54
acetic =34
A1l (g o} }1\_]_1:1- ZzA 7
=1 (0) acid(%) s A A a 7}:5:5
3.3 3 5.8 6.2 5.8
1.0
6.5 3.8 7.2 7.9 5.0
s 3.3 4.4 6.0 5.8 4.0
' 6.5 4.6 6.6 5.4 3.8
3.3 3.0 5.0 6.6 4.4
2.0
6.5 4.4 8.2 4.2 3.0
3.3 3.0 4.6 5.8 4.2
2.5
6.5 4.2 6.4 5.6 4.0
10 A A= Fop|1: A8 AR o1 o]¢ dsich |10 el v
53 AL 5: A3ttt 5: Aslr} 5 Agsttt 5. Agsith
9: v-¢ wc} 9: ul-§ Alch 9: w3 @dsichig: o F
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acid®} acetic acid= F&£T 35 A

£
10%(w/v) &dolA 7g ®ol F2HAo. 19

d 3 £FA BAE FEF9 Lee and
Francis(1972)9] wyoz AFsidet 21 23 £FF9 HMie H7F 014zx5F04
0.08 (mg/AZEF-100g) o284 MAF RS 5o we zolr7t g HeZE eyt

g 5o F5E, AMAZIEZ Mo Aojo st ¥ A7E Zarlk U

£ 9 FE&dd &FAN 58 A9 FIFE

Citric acid % E3% (520nm) Acetic acid ¥ & 3% (5620nm)
1% 0.33 1% 0.08
3% 0.48 3% 0.18
5% 0.53 5% 0.35
% 0.72 7% 0.46
10% 0.77 10% 0.35

% % £%% $/ 2-3nm= Feh4 $AAzY T RHSch ¥ =
Fg slotel 84 4R ol dAwste] ¢844 YR BEY 4Ee 2
o 7 BT 484 RS 505%RATHE 10). £84 R FHR 4] ethanolE
A
~

(4) &5 B84 AFAEY SEEY

5o BEgA AES IM HS0s B 72% HoSOs 2 &2 2 HEsio] 1
= = ® 108 2 IM g JreisEe 4R
(hemicellulose, starch, &4 protein $)2 74%% uYEldeh o] & #4¢ #A#
starch®} proteine 79 FEHXA ZLoZA i F hemiceliuloseZ2 AZtE Y. =2
e 72%9 FAENoA RS HE celluoset 32.7%°1 I, FAEAAE TtFE

A e lignine 04%=2 ERStl
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2 GCE F8% Adxe 19
29t 9. F 279709 3 Z(peak) 7} -‘f'*ﬂﬂﬁiljr 7—]‘ peak® mass spectrum 2 FAlsl
At olF WAU LR 0.1%0]4 A¥S ¥ 129 o /M BE AL HFEAT
15.18% peak® 20.35% °lA+= ©l, hexadecanoic acid ethy ester®2 FAHJINEE
99%). 1 Yo7 e AL HEEZAZ 168389 17.20%= ethyl linolenate(Z &
09%) & ethyl linolate(ZFE& 95%)E FAHAUTE HFF AT 16.87F9 15.70%<2! peak
- 9-octadecenocic acid(Z& 99%), & octadecanoic acid, ethyl ester (Z& 99%),
£ ethyl stearate (88 98%)E FAHFUC. HFE 167689 10.13% peaks ethyl

linoleate(&% 99%), =+ ethyl linolenate(ZFE 99%)= FAHEHU L, HFEAIZ 20.87%
9] 4.47% 2l peak: ergost-5-en-ol-3-beta(ZE 99%), Ei= 235~ methylcholesterol (&
g 97%), =5 2-monolinolein{&& 97%), =& 23R-methylcholesterol (FE91%)=2

AHAT} o] AREL AWFEAZA AdM AEl7sd #AF Aoz AAHUR
A AR AN AYrisd dEed g o d7F a7t Uk

(7) 53 %=E9 LC-mass spectrometryoll &]% w3 HJRo &+
THFEEAAN HEHR g HJES LC-MADE 2434 €7 5F5ES

aceton®] = ojA LC-mass spectrometry® #4]38le] & chromatogram< 1Y 33 Z

A
o

ok, UV 264nme &3 Edo] % chromatogram¥ positive chromatogram, negative
chromatogramo] 2ojFth UV 254nmol A FFEF L = F F Al {Hretention time) 3.42
3 4018 27019 peak’t HEFHUY. o] B absorption spectrum< 4 A
25 242nme] HAWEFIE=E Ze= RN, oA FAHHAA «%vh Positive
A peak’t FAEEA] FHLRA AAE UojFe A2 &2
= A ottt Negative chromatogramo| A= 5719 peak’} HERBo=2ZM HAAE @
ol AE 5Fo] dAAUT HEEATL 68682 peakE mass spectruml 2 #A%H
A7 8301 m/z8 TY peakE SAEOEA] RAZE 8302 AHAELE AAHIAY
T 13). HFEEA7F 8.15% 2] peak® mass spectrum 7355 m/z¢] © Y peak®= ‘}E}

chromatogram & 2+ o}F
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# 12, £¥%&=Ed 4 GC-mass spectometry & F=AHE &= 318%
peak area . molecular match
Humber RT % compound estimated (CAS) formula | quality(%)
benzeneethanamine CBHI11N 90
1 4.46 1 0.18 B
K+ bezeneacetaldehyde C8HB0 90
13 5.75 | 0.11 [1-amino-pyrrolidine C4H10ON2Z 86
17 6.01 | 0.09 |4-(1-hydroxy—ethyl)gamma-butanolactone C6H1003 83
24 6.39 | 0.27 |benzenepropanenitrile C9HI9N 91
49 9.06 | 0.10 [N-beta-hydroxyethylpyrrolidine C6H13NO 64
50 951 | 0.98 phinylethyl isothioc-yanat.e CY9HINS 91
¥+ 2-phenylethyl isothiocyanate COHINS 90
58 9.90 | 0.12 phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl C15H240 96
) ’ ¥ 4-methyl-2,6-bis(l,1-dimethylethyl)phenol | C15H240 96
60 10.33! 0.39 i—ixazolidinethione, 5~ethenyl CBHH7NOS g1
¥ = phenol, 4-{3-hydroxy-1-propenyl) CI9H1002 87
92 13.14| 0.10 [tetradecanoic acid, ethyl ester C16H3202 98
1H~indole-3—acetonitrile C10H8N?2 96
96 13.491 0.68 L_ .
&+ cyclotetradecane C14H28 98
hexadecanoic acid C16H3202 97
108 114.18] 0.30 |¥+= ethyl laurate C14H2802 96
E = ethyl pentadecanoate C17H3402 93
117 14.86} 0.86 |hexadecanoic acid Ci16H3202 97
118 |14.89] 0.59 |1,2-bezenedicarboxylic acid C16H2204 96
119 |14.99| 1.46 jethyl 9-hexadecanoate C18H3402 97
120 15.03i 0.27 |unknown
121 15.08] 0.25 |ethyl 9-hexadecanocate C18H3402 83
121 15.18] 20.35 jhexadecanoic acid, ethyl ester C18H3602 99
{1H)indole, 4-methoxy-3-cynanomethyl C11H10NZ20O 98
125 15.52; 1.11 .
¥+ acetal-beta-carboline C13H10NZ20 93
134 16.07| 0.05 |l-octadecene C18H36 93
135 }16.13] 0.19 |heptadecanoic acid, ethyl ester C19H3802 97
144 16.76110.13 ethyl linoleate C20H3602 99
) e ethyl linolenate C20H3402 99




¥ 12. £F%&E GC-MSDE A4 3335 (A%
peak area . molecular{ match
RT timat CAS ]
number % compound estimated ( ) formula |quality(%)
145 16.83 |17.20 9,12,15-oct.-adecatrienoic acid (ethyl linolenate)l C20H3402 99
= ethyl linoleolate C20H3602 95
9-octadecenoic acid (oleic acid, ethyl ester) C20H3802| 99
146 16.87 | 15.70 |2+ octadecanoic acid, ethyl ester C20H4002 99
=+ ethyl stearate C20H4002 G8
147 16.97 | 0.52 ijunknown
148 17.03 ] 1.26 |octadecanoic acid, ethyl ester C20H4002 99
163 18.23 | 0.07 |2-ethylhezxyl p—methoxycinnamate C18H2603 91
164 18.33 | 0.35 joctadecanoic acid C22H4402 86
171 18.73 | 0.38 |ethyl ester of dicosanoic acid C22H4402 91
184 19.73 | 0.90 |unknown
9,12-octadecadienoic acid—(Z,Z)-2-hydroxy-1-
(hyd thyl) ethyl est C24H3804 o4
185 |19.89 | 0.69 | - Croxymetyl ety ester
= 1,2-benzenedicarboxylic acid, bis
C24H3804 90
(2-ethylhexyl)ester
9,12-octadecadi 1 id (Z,Z2)-2-hyd -1-
201 |21.24 1 0.75 octadecadienoic acid (Z.Z)=2=hydroxy~1= | o piagny | g
(hydroxymethyDethyl ester
202 21.33 | 1.52 |2-monolinolenin C21H360C4 93
204 21.95 1 0.44 |unknown
205 22.17 | 0.27 junknown
207 22.42 1 0.11 |unknown
226 24.47 | 0.07 |unknown
259 27.42 1 0.16 lunknown
ergost—-5-en-ol-3-beta C28H480 99
TFE 23 S-methyl t C28H48 97
279 99.83 | 4.47 meﬁ y cl?oles erol 0O
%+ 2-monolinoclenin C21H3604 93
L+ 23-R-methylcholesterol C28H480 91
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Wi, WREEAZ 111989 peakE 167.1 m/z2 ©YU peak® ElRTE W FEAITH
13.875-2] peak®E 723.1 m/z¢} 7586 m/z2l F 70| peak® uENG I, WFEFAIZ 1450
B 9| peaks 554.3 m/z% 657.9 m/z, 663.0 m/z2] 370e] peak® YiEbRTh wEbA] A A}
g wol=dg Y¥E 5719 AES ExFo] gi=zF 830, 735 167, 758, 663% 22 EHE
At o] AR g TAHA T4 FH | A7 Zasuh

¥ 13. Negative chromatogramol ] 278 peak?] mass spectrum

peak retention time (min.) m/z (abundance, %)

1 6.86 830.1 (100.0)

2 8.15 735.5 (100.0)

3 11.19 167.1 (100.0)
723.1 (76.4

4 13.87 314 )
758.6 (100.0)
554.3 (72.6)

5 14.50 657.9 (85.2)
663.0 (100.0)

SR AL AZE 732001 119)d A FEste &8
2 AAEsgct o2 e ZAEF7(expellenE® GE3A &FHEF
5

5.7, A+ (lactic acidZ A1)+ 0.2%°] AT}
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EK
o
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o
o
it
o
off
H1
1

o]
_ A8k
FE (%) 4 7] B 2%k Tee
8 70+15 6.7+1.0 5.9+1.9 3325 3.2+16
9 6315 6.8+15 6.3+0.8 22+1.0 4.0+2.0
10 7741.2 6.7+1.6 6.7+0.8 32+2.1 28+1.8
11 75+1.2 8.2+04 7.2+1.0 3523 3.8+2.6
12 6.5+2.4 6816 82+0.8 15408 35+1.8
1 ol ersith Lt o} okt @xeT 1 Alx g I: o}% Jur}
#5344 0F9) |5 Agst 5 ALsg 5 "AYst 5 Agsd 5 Agsic
g olZAsTt ¢ o}FEBHT o o}F wrk 9 ofF AY % ofF =
¥ 16 5% 852 =¥ A5 (HT+EFHAD
ascorbic acid i} A ukA
2 Kid g A5k s
(%) s
0.0 6.3+0.5 48217 6.0+2.0 3.0+2.2 2.8+1.3
15 6.8x15 75+1.8 6.0+2.2 6.2+1.2 35+1.6
3.0 6.7+2.1 6.7+15 32+2.1 6.7+2.5 95+1.4
45 5.8+1.9 6.2+1.5 35+2.1 73412 4.043.0
6.0 77+08 75+1.0 4.0+2.2 78+1.0 92+1.0
1 ol% oFad 1 ol% S5 1 @489 1 AASTG L o gmog
B5d% @A) |5 Fgsit 5 Agsd 5 Agst 5 "wsd 5 F@E
o S}FEAET 9 dFEAEHG % olF wy % olF AW 9 ofF 4
4) %3 g8 FEA7 L9
s=FH S8 AFE AOF ASESE BEF, AAAEEFE 33%HE
AvEAS ZAGER. 1 s ARE AASE AANEFE 4H2 A Alss



o + N o o ARk

Jﬂr% ) Al gk 7] oot A=k N ;

A F 5.0£2.4 5515 42+16 4.0+1.8 45+1.6

ul] 5 6.3+1.4 6.0:1.8 2.8+0.8 5.0+2.3 3.3+2.0

WAEE 7.3+1.2 5.7+1.6 5.8+1.2 45+1.4 43+14

2 2 F 5.8+1.3 6.3x15 2.2+1.0 4.7+3.4 25+1.4

o) E Fux 8.3+0.5 7.3+15 5.3+2.0 45+2.1 47427
1. o} etalgk 1t o} oksltk 12X T 1 AXgT 1 ojF var

B A QAW 5 A gatch 5. A <raict 5 A st 5 "gat 5 Fgsdd

o: o} Zatk O o}F et 9 ofF v G o}F A 9 o}F FU

* SR AHZF(67%) + FLF@E3%); =+ 7F FAANE

¥ 18 Aol HstE €573 259 AF SRS ATEAY vw (HA+EFHAD
AREA
Al B A 7] ot A

NEx

R ASF+OANE 53+1.8 5.3+2.4 4.0+1.3 43+15 3.8+1.8

w5 F+ = 3.7£2.0 5.3+1.9 4.2+3.2 6.5+3.2 27+27

TR AEF+T i 57+2.1 35t1.4 23+15 1.8%1.6 20x15

AN Z23=sEF (A) 3.3+1.8 5.0+1.9 3.3x15 3.7+£2.0 35+1.2

Al 2g=E (B) 2.7+16 2.7+2.1 2.0+1.3 2.3+1.0 23+15
1. o}5 okttt 1: o}F ¢katk 1 &A@t 1L AAEt 1 obF ymir)

#AxA5 (9FW) 5 & st} 5. M etach 5 Hgsit 5 Asit 5 Ao

9: olF 73lth O o}F el 9 o}F "k O o} F At} 9 ol F EY

w A F67%) + FEFB3%); *= 7FE HelelE
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& 31 Aegd Aol E¥dE &FF859 9E, pH, Mo €l
EEE + 21D N eRgRe 54
AR %) + TR | BE (brix) pH A ok
5 0.1 8 4.5 oFe A oFshot
5 0.3 8 3.7 e efFsirt
7 0.1 10 4.6 oG E A A gstch
7 0.3 10 3.7 2EA A F35tct
9 0.1 12 4.5 oFgk £3 A U5 g
9 0.3 12 3.7 254 U5 g
F 32, AR FAde] EFE £F R BS54 M (FE+FEAAD
a9 - SFFD + B +
+ A% 10%+ |+ 2T 8%+ [+ A2F12%+ | +2F12%+ | + 4T 3%+ 9]
FAY 0.2% [ 7R 0.1%| 742 0.1%| T4 03 %| FAY 0.3 % v
4| 49408 | 2.4+09 | 31:16 | 65:1.1 | 6.4x1.3 |5 T T
; 1: o)% efsie}
7] | 41222 | 45+1.9 | 35+1.9 | 29+1.5 46:1.8 1o 0% aao
1: o4 ofslch
Al gk 50+1.7 | 2.9+1.3 | 2.6+1.2 6.6+1.3 7.6+1.8 gl md e
) A T A s
@9t | 5.8:0.9 | 3.6¢1.3 | 7.0¢1.8 | 4.1:1.7 3.1£1.0. o me oo
e R
San | 41#16 | 3015 | 3.4%13 | 3.9:1.9 | 31el6 |3 ¥ RS
A A= 1: w9 vpmct
Nee | 50:14 | 3.0:14 | 40515 | 45:20 3.1#15 |g' gt =
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1l O

sy, | FREGDY  €RE@)  €TEU)C | wRE@  EREE)

260 MFG)EG0  NEF10EG0 ATEE)RE) ATE10)EE0)

% | 34:15 3.8:16 44£17 5.0£1.7 5.6+1.4
% | 36+13 35:15 55:15 58+2.1 6.0¢1.4

= 7 A

SR 342 34:18 54514 53+18 5616

St & texture meterg AF&&}o] =
W BAE7 vrol . 2@y pH 4264 & F & H
= A7t @ g DolHHE 34). d5-AHEs) AEF

o wst n.
3% 34. pHOl 2%t =¥ 9] A% (hardness) (29 o
pH &5 5
5.0 596.9+69.2 a 580.7+68.3 a
4.2 4144505 b 138.3+19.1 ¢
3.8 62.1x14.2 ¢ 12224225 ¢

* a, b, ¢ kA FAF Aolzb AdE, p<0.05.



% 35 dFAHze g& %< 4 X(hardness) (&¢ g)
HAE2E (T, 308 =5 5
80 158.1+55.5 a 292.3+66.9 a
80 50.7+ 7.3 b 56.6+ 4.9 b
100 9.2+ 0.5 ¢ 36.7+ 3.0 b
* a, b, ¢ ZHAA FAH Ael7t &, p<0.05.
% 36 A2FF5d g &89 7 Z(hardness) (&9 g)
2FFE (%) T 5
0.0 781.5+46.5 a 720.0+42.3 a
2.5 107.5+16.1 b 132.1+16.9 b
5.0 67.1+ 9.7 ¢ 64.9+ 8.9 ¢
* g, b, c 7oA EAZ Zol7t 94, p<0.05.
E 37. &5 CaCld W& =% ¢ 73 Xx(hardness) (24 2)
NaCl + CaCly (%) 5 &
2.50 + 0.00 107.5+16.1 b 132.1+16.9 b
1.25 + 1.25 296.8+60.8 a 157.8+28.2 b
0.00 + 2.50 287.2+16.1 a 132.1+16.9 b

* a, b, ¢ M FAAF 2ol U+, p<0.05.
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& 38 pHel & £Fo MS(L, g b)o ¥}

& 5
pH B | AAE [ 4= | ] [ A8 | gAR
L) (a) (b) 1) (a) (b
5.0 51.8 a | 14.4 ¢ 1.9 70.0 -0.3 21.8
4.9 50.7 a | 20.8 b 1.8 68.7 0.6 18.5
3.8 432 b | 282 a -0.4 68.1 0.2 20.1
*a, b, c ZtllA EAA ol AL, p<0.05.
£ 39 A2FFRd wWE £Feo MZ(L, a b W3
&5 5
2HE=(%) W) [ HAax [gas | ] [ Aax | 349
(L) (a) (b) (L) (2) (b)
0.0 56.0a | 11.2 a 3.1 a 70.5 2.6 a 23.9
2.5 414 b | 152b | -11 b 66.3 -0.3 b 22.7
5.0 407 b | 153 b | -0.7 b 63.5 0.0 b 21.7

# a, b, ¢ A T AF Ao}t A&, p<0.05.

7N E e O —E—*é*a— o} TF 257 9 —‘%’4—‘%7191 A pHS’Jr A E

= =
HElE 2AGE HAie 340, 41'5’1L 7E’§D‘r. 2571 97 £ pH42d Zg@sE 7
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7148k

£ pHY =

% 15-2899 ) Mste] FATI)E
A5rlack o w=i %oE
Ao AAARY. &7

gatgich o] AL
ATAs A4E B4

29 2tk AFH 7% 9 Aol AMgo] wet o F7

4
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1
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eIt 71BEE AFFEII6] ot FaHc
E 40 €F7T/% #2%IS AYF nPER € pH (10T)
EESEICY EFAES] (FE) 257 (32)
0 6.6 ( - )x 6.6 ( - )
1 6.2 (56.3) 6.1 (5.9)
3 6.0 (5.3) 6.2 (5.9)
6 5.9 (6.3) 6.1 (6.0)
10 5.7 (6.3) 6.0 (5.9
15 4.3 (4.2) 4.7 (4.6)
21 4.2 (4.1) 4.3 (4.3)
28 4.2 (4.0) 4.3 (4.2)
36 4.1 (4.0 4.2 (4.2)
T4l ERATIIG FATY AYF nYBY TE HE)
2oL (Y) EFAF7] (F2) 2AE7] (F8)
0 0.09 ( - ) 0.08 ( -)
1 0.14 (0.17) 0.11 (0.11)
3 0.16 (0.19) 0.11 (0.11)
6 0.21 (0.23) 0.12 (0.12)
10 0.22 (0.25) 0.12 (0.13)
15 0.48 (0.52) 0.28 (0.31)
21 0.52 (0.68) 0.36 (0.44)
28 0.54 (0.75) 0.37 (0.49)
36 0.55 (0.80) 0.39 (0.51)




¥ 42, ¢HZAF7Y AFA7|E BeEAe] W (HorEFAAD
Z7] =71 7] v} 31
pH 5.2 pH 4.7 pH 4.0 (93 #)
Z}-'_l Z-I 0}: 3.8i1.4 S-Sil.o 7.6i1.1 9: WH—?—— 73_3]_1:]_
1: W okse
A=A gt 3.9+2.0 5.6+1.1 70£10 | g g gag
1e Fag
277 5.0+1.1 5.0£1.2 45:19 | g we vasd
AA A B 51414 49+1.1 45¢16 | L des
, 9: wjg Fr}
4) =59 =&
£Fo] LuoA FEHo ZA] geetic acidE AF&8d F& 999 pH F53H
Mol Ao g S-S A X 4338 2y FEHY pHY RolAFE FE2HEH A
Edkiii=s
¥ 43. & Y (acetic acid)®] pHe F&d Ao =
FEN =5 = malo 4NZE FEAe] AT
(acetic acid, %) FE el pH (redness, a)
0 6.5 1.7
2 3,4 13.7
4 3.1 15.8
6 29 175
B) MArzx==gde] Myt
FZEMN o A gcetic acid, lactic acid, citric acid®] 5% F&A S 2+ AL L3
o ¢HAA MAEAE UANDIFEIT HARE FHI Addes E 449 HZoh acetic,

lactic, citric acid® F oA citric acid?7} 714 2 2o] Z}s}

% =AQHEE wmste 44HY 228 Y FE9 pHETE



] #HEE AegZ HT = citric acidyE F£3 & AN AA] FIFe MAE Hol

Z3te ez 44U

T E==000
FEd (5%, w/w) ;4 ;g Ee;;js; j) &9 pH 2HdEE
water 0.0 6.5 -
acetic acid 4.1 2.9 k7t A3t
lactic acid 7.6 2.1 X 935t
citric acid 134 2.3 At a3}

6) AFEE, B T79 5 wE i AEFH
EF(FI))E citric acid (B6%)EHo] 23 4, 10, 30Cel AFstm A A
520nme] SHEE SAHS A= F 459 #ul 10T A 10¥e AFstAE Has
37} gigley 30CAME 39 olFE #asdAY. =F(EI)E citric acid(5%) &Y

¥, 4%, fructose, glucose, sorbitol€ 10-20%= F7st3 30T AFFY FF=

E 45 A= WE cFALe FHE A (%)=

AF7IZH(E) \ 25 4 T 10 T 30 C
0d 100 100 100
14 100 100 100
34 100 100 100
54 100 100 92
104 100 100 83

* FFEUIN%) = H3lE §FE / 27 3% x 100; 27]1&5F=(520nm)= 1.00



MeeE 2@ AT E 469 2o 2R BrhER ge YEFHG 9RE Wtw
A% Mxsk o A&HA Sorbitole] Mas] AxEAF AR B &

glucose, fructose £ 22 MA7l A& EH

T 46, 99 FEFH/E wWE £FML0 F3 5 W3l(%, 30T)

A fructose glucose sorbitol

10% | 20% | 10% | 20% | 10% | 20% | 10% | 20%
1Y 100.0 {100.0| 100.0 | 100.0 | 100.0 { 100.0| 100 |100.0]100.0
3¢ 39.4 91.7| 91.8 | 95.5 | 955 | 93.8 | 96.6 | 93.0 | 91.3
5¢ 83.7 84.3| 84.0 | 90.1 | 89.6 | 85.1 { 94.4 | 88.9 | 98.4

» TRTUI(%) = d3E FF4E / 27 F35% x 100, 27153 =6B20nm)= 0.70

A& 712HD) R =5 Bl kg At
0¥ 100 100
1 100 100
3¢ 40 100
54 20 100
104 20 100




F715ke] el FF Aol Mo b Ae uvxe YIS FAS AdE F o48% 2
o). Ascorbic acid, citric acid, acetic acid, lactic acid Sl A lactic acidd Al £F WA=
7 e A& T. AFe] HIEFHA=E8 S840 A mAe dF&e FAF
3 A= F 487 L) 2EF Tl BoldSE Alho A e AAFHUTHE 49).
¥ 48, HEF A &8 {78 do oF ML F33 s A3k (%)
A 271 7HY) ascorbic acid | citric acid acetic acid lactic acid
oY 100.0 100.0 100.0 100.0
1d 56.4 8556 77.4 98.6
5 8.2 28.8 23.0 50.1

E 49 BYRH) =58 4GFN £FNL FRE WH0)
HEsE (%) 096 1% 2% 3% 5%
IR 5d=E 5
- 57.6 52.6 90.6 48.3 39.5
5354 5H%)

() BFEE7F FHY Afge) A= 3%

ERAY Z1ES A7) stel GFA B (expellen) & AHE AT ¢
_ﬂ_

Aoz FAfat7l At d2He g 7tgsteol gt sldE " E B3
= Fd ST JhERel @NMd S FIHN fAle 53 FEAHC 2HHRE FY
oA drt. AFrF B9 &4 SR AP X8 23S QM F{HE 5= 9
o = F A A FFst ZAfEtr] sl e 2EF 120-180C =2 WEA|7|
A slgo) I BHEE FAF A3e ¥ 503 2 gzHlegy 228 120CE )
I FEPE o 48%9 HX17F FFHEHAk R WA ¢Fo) Bum ¢74 e Rop



AL 2A A et 65% 2 o R ol FARHUth 233Gt B &FHukg 33 3

ahA 44%71 ARFRR, AEAHE 1.9% 0] FHIUh ma dRRAE 3347
Mew Aoz FUANUG J2ddy eRE AFEE vasd 120CANE 176%7%

ARHRAIL, 140TAME 17.7%, 160TAME 184%, 180T = 18.1%7F FHA-= ),
HAZ 227t 229 FHEo] Eohlth a8y 200CAME £FA7 #dHo] BE
AAZE BT o] FHE 160-180T7F AFH-gol M e Aoz Jehwd.

¥ 50. &7 (expeller)e] &L= 2 4 358 2AK8(%)

FHALE 12HF 2 2A-ek3t 3AFer A7} 2 A
120 T 4.8 6.5 4.4 1.9 17.5
140 T 4.0 6.2 5.8 1.7 17.7
160 C 3.7 6.8 6.4 1.6 18.4
180 ¢ 3.3 8.1 6.0 0.8 18.1
200 C 3.3 7.4 6.4 0.9 17.9

* =4 200g, 285 AlE

(2) &7t FAR&d v

PR HFgole 45 ?Jf#%}?l Ao Fre vk FE 54 AU @
Rdo] §udte] FAof EE] AT W FHFEo] FolAa, I Hi=
F717F FAAHER AZRE FEHIE Sk EFHAE 180T A 10-40831
HE 160CT2 7tgste] &ste] #&{sta, 2 AFES 243 A9 ¥ 5
J}astr] Fel 180TNA 10837 ¥e &M 1xERJAA] 146%7F ASHAA T, 23
Zfroll A 8.0%7F AARHol AA 17.9%7F AFEAC Ede 180T 2083 B
RN 157 163%7F A4HAT, 23 F Rl ME 37%2 FaHgot AdA
L 17.7%2 Hl$8An. ESAzke] 408z Hojud 1358 27.8%=2 &7t

2l
o 2AHFE2 0.0%2 Fasted dA HAFEE FUAAL F HEALe] )

:1or~!.

ol
2



ol et 1A3RAFEL FUstd R, 23 AR FhEe AA AREL A9 HL
Aot wEtA F/e Aol A2 1AFAF &0l Frtster 2xF 80 "aide] Zi
SHATH o]AL B Aol ZoAH ZAW @iFe] o] 2udle HA FE&HE A
o2 AP Ty B Aol AoAW £BEAE G E v Zol dHA o F
T8 &FH 718 F& dA= HA ey, a9 % o Astd At
% 51 BBSAZ UE 2A{8(%)
tdex 719A17H | 14388 2228 EA(%) WAy A
180 ¢ 10% 14.6 8.0 17.5 - -
20% 16.3 3.7 17.7 T2 dJA ek 2 A
. A "
fin . ; ] Z A
30 17.7 1.0 18.4 2o A2
408 27.8 0.0 18.1 g oAl A 24

= FH 750g, expeller 160TC, 258 A1
(3) &FA, A, EA9 FF& v

ERAGG Ferh usd BAS FANA Afes vusdc 27 2ke

"
&3 274 FAfgol NEHYT 3F FHEe wopsod, A% AL 1% F48
ERARTG AW 233587 33 A58 £¥H By} 0 gt oRe B
st FAE del dstel wudo] A SIRFLRA 14 FHIZE TR FHIAT,
&R FeE do olate B

steh 3% 447t Bad Aow Az
Ao =AM, E78 185%, A7 26.4% HTh

Hox2
nu
L
‘_)‘4__5’
N
lo
it
A
-
%
rr
&
00
X
o
Dy
o
o
o

BN



=)
ol
]
3
-0
%
st
3
il
=
L,
B
Jo
o
i)
=
=1

5 12 2 23 ZH-& 3AA & A (%)
=2 12.7 13.4 4.7 30.8
= 14.2 3.3 1.0 18.5
AN 19.3 5.4 1.6 26.4

*Al # 2kg, expeller?] 2% 160C; W5 A ¥

4) F&8d =749 A H&
£718WE RHe] FHEL ZAY] Qo] £ERE @A BNz BE
hexane, chloroform, ethanol, Folch reagent (chloroform+methanol, 2+1, v/v)2 %X
N7 SRy BAR F 24 471800 Qe T4 1 FFE 2N BAHE E
337 Ztl HexanelZ F&3W 13 2{H&°] 26.3%°IU 1, ethanol& 10.3%E 717

A Yt} Chloroform+methanol(2+1, v/v)< 7 F& &) =Urh

¥ 53. & 800E 258(%)
F=8 Z4-&(13], %)

hexane 26.3

ethanol 10.3

chloroform 31.8

chloroform+ methanol (2+ 1) 34.1

ERH 25 lmm AE E98 F F £08 209wy ¥3 LA 1647
_7_‘]'._

e



(5) &35 BE 2X 7159 FH&
EFH NN hexaneLZ 718 AHY FS FEIFIAWUE FHEE AT

Aye & 549 2ok 1A FEdAM oFHAT7IES s
87%, 3422 M= 37%, 4xEFoME 21%7F 22T oA, AANFo2E 355%7)
FEHJY FHERE B 1ZAFE9A 594%7F &
FEHHA D 3A7A FE8E 94.3%7HA FEHUT

)
A
=
[\
2
_\‘\i_,
A
ol
At
o
g T
o0
W
[<»]
o
N

X 54, &5 71E9 hexane o] &3 FE&

Hexanedl] 9% & =74 7184 F520%) 2 &(%)
1z & 21.1 59.4
2zt F& 8.7 83.9
3zt = 3.7 54.3
47 F= 21 100.0
A 35.5 -

A BH5 Imm AE BH3E F hexaned 20Wl(w/v) 1 A2 A 16A17F F

6) £g2xrt &84 7159 7] Axd uAs %
FAFeZ AL £FENY 7SN TAstE Frie FEE ZAEAT. &
HERE 140CoA 158, 25%, 3580 47 7tdsta ¢Fstd €574 71§€ FH5%
g ZARE eSS FEE AP d 0o 09 AEE SHHAE ZAEAT
(X 55). &% 140ToA 1587 7tgdsta &Fd &7 7189 Bdcdes 2391303,
2BE I AMEEn RS e Haod 230180 2y 3B57®3F rEEtn &R v
2 HaEed 142 71 w90 7FEAIze] "HoAS4E Frle Arv okt

(7) BeANTre] Flol WINE 4P

Fade] £% 160TAAN 158, 258, B 23 HAs £74 715 o
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¥ 2.89]
A7F 13019t} whEba] 258 :
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N

el A=l Wl 20
A7t T B,

it

AR

=
.

B2 % 140 TAlA 7FE A3 w

F
AR

oA
L, ﬂNU
W o

o AR

2.3£0.8

2.3£0.5

1.4+0.8

15

140

35

A e A

= 2~
—

TEA Y% 160 Co o

3% 56. &

o
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2.8+0.6

1.9+0.6
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180ClA 2089 71§34 3082 7I§S #71EF FNE 7I€ez 7579

ZAxg uzagdch(E 58). 2 A7 FVEL BFEY 16%01% 3, 180T 208 7}
4% 54 7182 e 1990131, 308 71dd 54 7§ oo 256492
CollA 208 dsx ¢g2e 718

GJerdd. mEA AV1BUE N1E0E T W 1801
‘%‘ Z

T FqUE 2 AeR

id
hul
¥
i

B 57 HEAE2E 180 Ceol W& «FA 7188719 2=

‘51:7]701-5
SR 2] 2] A ZHE) ° &9
EA-8P)
180 15 2.4+0.8 2
20 1.8:0.4 1
30 1.8¢1.0 1
x g71el 7% A ALY 109Y, 99
E 58 RN 7E7 IFr|E39 A rEE H I
N _ o o . " B PAR
A= BeE FHEAIEGRS) (9171 %)
o =g 180 T .20 1.9+0.9
TSHA 7 E 180 ¢ 30 2.5+0.5
=
(H _17_]\] E_) - - 1.6i0.8

* Al S E 7S = T3 PAY 109, &S99
(8 «=FH 71§ A7

A 4t7Hacid valueye f# AT $=FS deEle A Eolth Hexane2

2 FE2F JEH FoE AL 71E At & 599 o oFAdA #7148



(hexane)® F&3% 7|§&

L B O
L LD

=7
B &g 218 YEi .

% 59 &84 7189 AVE, E7E, UFH

A7E7E 0.2 mg KOH/goll 3
Ao #AGe] 1.1 -1.7 mg KOH/g °] %l

&
AME ZNER 7153 Hlasy

AF7} (mg KOH/g)

0.2+0.0
1.2+0.0
1.1+0.0
1.7+0.2
1.6+0.0

1.2+0.0
1.7+0.0

(9) 54 7189 282 =7 Hiodine value)9t & A& (refractive index)

A 2
= 2 2=(odine)¥

DY dEA 8essteh UGl o guh FAe aessd #7
F2 wahe Aoz EA oAl B2

A} mobdt, 2AEE #A71 9e FASE 4SS BASE Ao Yol
Sete st 478 Fiste Sxe vge dven,
E 60. 54 7|89 82719 =4
P = | = =3
g = =FA 78 L.T/BA_]
(S5 &%) (4%
7k« 103.4 102.2
=F4& 1.471 1.471

* Tl

centigrams of iodine absorbed per sample(g)



(10) =54 7|&9 e

He # 613 v} Hexaneo # T

PIG50nm) ol A& 082 A, A M3 (440nm) A FF7F =gk, AA2 HAapge] na
d A W AU EFENE Bold A £FH JEL hexaneL E FEF 7
5} Pl(440nm)¢t PIG50nm)7h ¢ 4] o Z7lele] 340 o wolyth AvlEolu
E7162 ¢gEez 48 #5784 7IFEY Pl440nm)7t ) w1, PI(G50nm)S o &gkl
e gRom AL FH 7B @Bl BrE8uy o mae] A Aoz

Jep o,

E 6l. &=F X 7189 A% (photometric index)

2= Photometric Index Photometric Index
at 440nm at 550nm

Hexaned& &F4 71& 4.9 0.8
W2 =T FIEES W8 20.9 4.9
& =54 71E5(HS180T, 108) 21.4 5.9
2 =54 71E(F=1807T, 30%) 037 5 9
&3 =FHA 7IE(FHES180T, 408)

et FNEANED 0.5 7.5
&3 715N EE) 0.8 6.0

* A 1% & B (hexane)ol 41 2] PI, 440nm == 550nme &3 % x 100



£¥4 g FARE Stoz wE ANY FUAEYOR G AdE
7,

% 629 Zt}l Hexanel® &3 &
s
T

= 3
AU 4F FrEL AR 44.7010 o, E B5Uige

Z71EY EVISET ¥ 52 4L BaY

% 62 =X 7159 HAKEL, a b)

. LR A 2 A E g =
° (lightness, L) | (redness, a) |(yellowness, b)

HexaneF%& 54 71F 45.7 -1.6 31.4

A& ¥4 JE(FH=180T, 10W) 33.2 0.8 15.5

gtz &R 71 B5(H 180T, 30%) 25.9 2.8 2.1

o £74 71 8(R$180C, 40%) 26.3 3.0 2.1

I A7IF A EE) 44.7 4.0 24.6

%4 BV ENTEE) 41.7 4.8 24.7

f L
SR 1B AR 24e AR A%l EFATE hexaneo . F% 3}

B& o] methyl 71E 24X 335
o]0

o=
A S WS ¥ gas chromatography® ®4i8le] A& chromatogram(13 4)
9} AHA 2L AL d3le E 637 g FEHos AL £FH 71§52 palmitic

acid¥ 2.3%, oleic acid2 19.6%, linolic acide 15.2%, linclenic acid< 8.226, arachic
acide 82%c°lvt. 2l obF FAxx ke Eake 455%7F Ao R oew ¢
& F£EA 7]EL palmitic acidE 2.3%, oleic acid< 18.6%, linolic acid< 14.4%,
linolenic acid¥ 7.8%, arachic acid® 11.2%°]dth. Zglx oz Fl=s ke A4k

45.1%7F Atk T /1A 71ES vwstH FE71EL A7 ER T oleic acid®

— 89__



FiD1 A, (HSH073:|\003F0301.D)
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v
A-ART
¥

1600 ~

1400 ~

11.234
11.726

e A G AP, 766

12.460
== 13.682

N
o
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i i i

8.768

: b\‘ : Y|V L\__A/‘L;_&

e e
0

1 16 20 min

o
o

2y 4. &=FA AWAke] chromatogram



linolenic acid”} © ¥l arachic acid7} © ®WolA, F&7159 EZ SR 44.0%9]
A3, FFA7IE EXsAEALS 409%01 ek MEA AdL o 4H5%E B
A8 A w, o] AL WEFAZEe] 21 Ao

AZrE R, o2 o 438 a7t Usith

A0

o 2§ Al 2 EFA7E T
A iy ;
(RT, & (Bv+=&9) (&3r)

palmitic acid (16:0) 8.7 2.3 2.3
stearic acid (18:0) 11.1 0.0 0.0
oleic acid (18:1) 11.3 19.6 18.6
linoleic acid (18:2) 11.8 15.2 14.4
linolenic acid (18:3) 12.5 9.2 7.8
arachic acid (20:0) 13.4 8.2 11.7
unknown 17.6 45.5 45.1
A - 100.0 100.0
E 3 A 4H%) - 10.5 14.0
E 23 A uHH%) - 44.0 40.9
unknown(%) - 45.5 45.1
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¥ 64 AFFT =FA 71E9 AAEE

A % A 1% AR T
(607) 1?3_; 180t 208|180 30%|1807 20| TF | BT
6.3 6.5 11.7 11.0 9.6 6.5
8.6 10.6 12.4 121 10.6 9.5
19.0 14.0 17.1 15.8 13.3 28.5
10 445 18.9 16.5 18.5 20.7 64.3
17 65.1 43.9 24.0 29.6 33.7 | 193.4
24 87.0 72.9 38.2 35.9 389 | 2025
31 123.5 119.8 80.9 54.8 63.9 | 216.1
38 161.8 136.7 95.3 81.4 104.1 | 276.8
46 189.1 156.5 113.7 91.0 1060 | 397.4
. $RE olgw N5 AEe AzslE

TFE o489 SBE AXsr] st T

.'I
THE AAdsled F2A23% t}e ethanol® s FW(I6AI7F) 2E3A, 22 HL o3



Fig. 2. Bacillus sp. mutants 2] protease activity Fig. 3. Bacillus sp. mutants2] amylase activity
A : PM3, B: TKSP 24, C : TKSP 24—M4 A : PM3, B: TKSP 24, C : TKSP 24—M4

3. d &

wild type?! Bacillus subtilis TKSP24& NTGZ &9 WolAlA butyric acid
(]| FHAE)E PAsHA] & Ed¥olF TKSP24-M4E w38 HE3ch
TKSP24-M42 Az¢ 42 #sHAME Fv7 5538 Y% protease
9} amylase®] 97}% wild type strain® H]s3dte] off- o]dHo= FFE o

ole} Abm ).
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3= 10%E 8l ascorbic acid® 05% o] pHE 3752 &gt olet & uhyo
ANFLE ML &F 55 5% ¥, AL 3% 10%, ascorbic acid 1.31%(w/w)E 2o
# % pH 35022 3t A]fg%ﬁ Ve %% 10%2 =ola, FFTEE 10%,
H ¥ pH 3752 ATt

I

HN‘
2
o

4

68. pH7t O A¥eEs BEEA

$let

Ry pH 4.00, 3=10%, | pH 3.75, ¥ =10%, | pH 3.50, B =10%,
e aRxz2B5g () | $RS2E 5%, ()| <525 5%, ()
A4 3.3x1.9 3.9+1.1 5.0+0.9
WAl 2.3+0.9 2.6+1.6 3.3+1.5
o gt 5.0+2.7 4.3+2.1 29+1.6
ofj -2k 2.8+1.8 2.9+1.7 3.9+2.9
Al gk 2.3+0.7 4.5+1.4 6.841.5
* B AALRY 99; 1, ofFokalth; 5 F7belth; 9, obF Zelr); HAEFAR
olgl o] AERH AY FHFSEE I EANEA T AT 9HoeRE F#
Ae FHE #AFFA ALY E Tt A4, WA dut, A 9 Agtdd dqig AEE 9%
Hoz zA3 Axles ¥ 6837 ol ANALE I I IMME& 5558 5%, 9% 20%=
23, pHY & S 3olth, AldLR [ [I7tde Ho] 3335 392 H|=ditn Yo
U, AEeR M AN 5002 o ¥ Aoz vehdoh o|Re %o AMae
Aol A o A AAg vehie AT #de] Y Ao AZFAL dAE AP
g RE od Aow YEww, @3t AFSE I dAdE 5002 YERI, A¥e
HIo A e dae] 292 Yyt A8 I /dBlOl O molA Fozoe=x whutol
oF &} o



AP=E oA 230 6 22 =21 AL Adess 102 dgo] oA oE&gte o &

N=
o] Z4AF Aoe=Z gztEALt AFLHe Ane pHe o)l AFLE [ I 119 4
2 ZsA ZREJ. ANPS5 pHE 375 95+ 10%9 & A4 dut Algto]

FEFEE FHE 10%2 AFLEAVIE AxsArt o AlFgs9 pHE

375, FEE 10%2 gt o NILHRE ANYLHE ¥ £F%2E IFzv =1
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Al hr) A5 (g) N5 (g Za i

24 207.2x1.4 8.9+0.6 4.3+0.3

P 48 198.1+1.6 9.5+1.0 4.8+0.5

72 211.5£10.9 8.91£0.4 4.2+0.1

24 203.7+4.5 9.5+£0.5 4.7+0.1

Ty 48 190.0£17.0 8.3+2.8 4.3+1.2
T R

72 220.9+3.0 8.9+0.5 4.0+0.3

24 230.2+t5.4 11.1+0.4 4.8+0.1

48 187.4+10.9 8.2+0.5 4.4+0.1

72 232.6+10.0 10.1+1.0 4.3£0.3

24 209.3+2.1 9.2+0.7 4.4+0.7

=3 48 205.5+7.2 9.7+0.7 4.7+0.5

72 207.2£3.6 9.6+1.2 4.8+0.3
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AlZHhr) | Helza 2510 SFT &30 B 2
24 +++ B
TH T 48 ++ C
72 ++ E
24 ++++ A
TFAT 48 +++ D
72 +++ C
24 +++++ A
o o T 48 +++ C
72 ++ C
24 +++++ A
12 Bt 48 ++++ A
72 ++++ B

1) HEx3 230 JAEA/AA dA o2 &dsted ALAGR e
1/2 o) ¢ +++++ 1/2> A>1/3: ++++, 1/3> A > 1/4: +++,
1/4018} : ++, 1/5 + 2 EAISFR T}

2 EFT T TAAEE TS 2 4008) @wE Alopel A

500 o} @ A, 5000] 8} 4000]4F :B., 4000}t 300°]%4: C
300013} 2000]4k D, 200018} 100°]A4HE |, 100018 F2 %A 4.
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]

75. &5

Azl 2% & AAZHAT, FFTF

.

A ZHhr) A 5() e () N 52 (%)
12 234.3+£7.9 9.48+0.70 4.0420.25
24 230.5+6.1 9.98+0.31 4.03+0.09
48 219.1£9.5 9.46+1.03 4.30+0.51
12 244.8+8.1 10.00+0.92 4.10+0.39

=8 + 1P 24 230.4+5.2 9.18+0.88 3.98+0.33
48 225.4+11.6 9.32+0.88 4.13+0.23
12 237.8+5.8 9.94+0.38 4.18+0.14
24 226.6+12.8 9.68+0.73 4.27+0.14
48 213.4+5.4 6.860+0.35 3.19+£0.23
12 232.2+5.15 10.04+0.56 4.33+0.20
24 236.6+6.5 9.26+0.86 3.91+0.28
48 233.2+7.6 10.26+0.54 4.40+0.13
12 227.2+14.5 8.58+0.68 3.79+0.35
24 237.8£13.4 9.42+0.44 3.97+0.22
48 231.2+8.41 9.96+0.85 4.30+0.23
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A Zthr) | ®Exzd 250 | 2T A5 2]

12 ++++ B

=5 24 +++ C

48 + -+ D

12 ++++ A

S5 o+ 31F 24 ++ + B
48 +++ C

12 +++ B

=7 + ks 24 ++ C
48 ++ D

12 +++++ A

F=2 o+ AT} 24 ++++ B
48 ++ D

12 +++++ A

2 e 24 4+ A
48 ++++ B

1y

2)

Helzd s3ole AARA/AA AA o= FAkste Ad(A)E o
1/2 o] ¢ 4+rat, 1/2> A>1/30 ++++, 1/3> A > 1/40 +++,

1/4018F & ++, 1/6 + B F A8

TET FE FTARYE 7IF2E 4008 A Aokl A

500 ©]4d A, 500°] 8} 4000174 :B., 400¢j3F 300014 C

300°13F 200°173: D, 200°]st 10001/ E , 1000138t FE %A 530
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77 #R, £F4 R A BEo] BYRAL T A AT, 0EF
AgA gdlol v 9
DEN | A% DFH@ | HNH FFHER) | foci #
+ - 307.4+9.96 14.00+0.87 4.56+0.31" 15.7+12.3°
$RT
N - 314.8+8.76 15.14+0.78 4.81;“0.31_ -
+ 256.3+35.24 | 15.26+2.31 5.85+1.75 26.8+11.6
ERAE
~ 263.2£21.43 ) 14.32+£3.24 5.62+1.45 -
+ 281.2+6.83 | 14.98+0.89 5.33+0.27 26.8+11.6
ERH T
- 288.8£24.35 | 15.97+2.87 59.51+0.65 -
+ 279.2+14.91 | 15.54+1.88 0.58+0.70 32.1+10.2
CES
- 283.6+10.01 | 13.88+0.82 4.90+0.29 -

* significantly different from positive control (p < 0.05 )

E 78 ST, £%3 B 54 B0 YAERE T Ao st wal
o mxE J
DEN GOT GPT TG T—chol
P + 99.0+18.38 37.0+10.15" 61.4+6.69 102.0+19.46"
- 79.2+10.28 33.8+5.31 73.8+£11.17 120.0+12.43
P + 115.8+15.42 72.1+£32.1 72.3£20.41 126.4+20.01
- 96.4+18.21 32.6£10.29 69.3+15.13 130.0+£16.25
P + 88.8+17.36 51.8+5.81" 58.0+18.49 | 104.8+£10.69"
- 82.4+15.04 28.2%£4.09 50.6+11.30 92.0£15.62
gz + 101.4£28.99 68.0+41.29 68.2+25.29 124.0+21.87
- 82.0+13.1 28.8+8.04 72.8+11.95 102.4+10.95

* gignificantly different from positive control (p < 0.05 )
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DEN A (g) BEFey A T (R)| AB A
s + 279.37+12.03 13.43+1.10 4,80+0.23 1.30+0.48"
e - 327.20+17.72 19.24+£1.14 5.88+0.09 0.80£0.45
J + 296.86+17.35 14.05+1.20 4,73+0.26 1.70+0.82
e - 338.78+25.33 19.62+1.87 5.79+0.28 0.80+0.45
e + 287.93i26.96 12.07+0.70 4.23+0.50 2.20+0.63
= - 263.88+11.35 17.38+0.91 6.59+0.32 0.80+0.45
+ 288.07+20.77 13.74+1.37 4,76+0.22 | 2.30+0.67

ol =T
- 310.16+11.60 16.43+1.57 5.29+0.36 0.20+£0.45

* significantly different from positive control (p < 0.05 )

AABRE Bt AAFHo= Hrstr] 43k
Az z 4zl ursodeoxycholic acid® AL-&3td]

~
i

B EFF R FFE AFOR vl SAER I AUY AFFe
A
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¥ 80. Ursodeoxycholic acid®} Tei7} CCLE §2d 7F &4 A A2 2 7h=d

Al 9

Relative liver

A gl hr Body weight(g) Liver weight(g) weight(%)
12 239.83+ 4.07 10.07+£0.75 4.20+0.37
24 218.73+16.55 8.71+0.95 3.98+0.25
CClis only

48 216.17+13.66 7.64+0.83 3.53+£0.26
72 231.03+ 4.50 8.28+0.17 3.58+0.05
12 246,40+ 9.51 10.71+0.69 4,35+0.28
24 234.78+11.95 9.56+0.61 4.07+0.27

UDCA(+CCly)
48 220.54+11.70 8.22+0.79 3.73+0.31
72 238.70+10.57 8.30+0.34 3.48+0.09
12 261.32+46.65 10.18+0.51 3.98+0.62
24 234.06+19.82 8.03+0.86 3.44+0.34

UDCA(-CCly)
48 238.17+29.82 8.20+0.96 3.45+0.25
72 247.72+35.51 8.91+1.13 3.60+0.19

Data are the mean=SD.

Not significantly different between groups.
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v Al Y stk ArEe] qAEH

A A E(20F)
bilirubin, GOT, GPT, glucose,
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Tded
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chEEE9

OR-ERE
7 &4

cholesterol, triglyceride 2
Eaoo] 9ol albumin¥ alkaline phosphatase”’t 713t TH(E 84, 85).

oo Mg Aeole WFI + AT
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(2) SHYS A A E(B0F)
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BEHE WAA XIAHE 86, 87).
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# 82. Body weight, liver weight and GST-P'foci area(20 weeks).

y i Body weight | Liver weight | Relative liver | GST-P" foci
A8 .

(g) (g) weight(%) area (%)
=% + DEN 439.83+22.53 12.43+1.35™ . 2.83+0.28™ 11.71£4.15
a5 - DEN 43854+24.11 10.66+£0.52 2.43+0.07 -

W ZT + DEN 432.61+20.38 11.90+0.94" 2.76+0.26™ 12.87+551
gz - DEN 445,30+39.08 10.64+1.73 2.38+0.23 -

Data are the meanzSD, = p<0.05, ** p<0.0l1 compared with DEN untreated
corresponding diet group

Not significantly different between values of two diet groups

n = 5 for each group

¥ 83. Body weight, liver weight and relative liver weight(30 weeks).

S Body weight Liver weight Relative liver
(g) (g) weight(%6)
&% + DEN 386.55+96.49™ 15.22+7.02" 3.85£1.25™
<% - DEN 471.60+28.00 10.07+0.84 2.14+0.12
&% + DEN © 418.83+55.87" 16.17+6.76™ 404208
&3 - DEN 473.33+34.70 10.10£1.10 2.13+0.14

Data are the meanzSD. * p<0.05 #** p<00l compared with DEN untreated
corresponding diet group
Not significantly different between values of two diet groups n = 5 for each group
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3 84. Serum albumin, bilirubin and hepatocyte enzymes(20 weeks).

Albumin T-bilirubin GOT GPT

(g/d) (mg/dD) U/ (U/D
<5 + DEN 3.72+1.63" 0.36+0.09 87.60+£33.63 16.80+3.70
4% - DEN 2.27x1.20 0.47£0.28 63.11+45.647 18.22£14.94
=< + DEN 2.38+1.00 0.87+1.08 57.56+25.65 13.67+4.44
=T - DEN 2.12+1.39 0.44+0.22 48.40+23.38 16.20+5.40

Data are the mean+SD. * p<0.05 compared with DEN untreated corresponding diet

group

# p<0.05 compared with control diet

n = 5 for each group

¥ 85. Serum glucose, cholesterol, triglyceride and alkaline phosphatase (20weeks).

Glucose Cholesterol Triglyceride Alkaline

(mg/dl) (mg/dl) (mg/dl) phosphatase(U/1)
4% + DEN 87.89+40.13 59.78+16.48" 72.89+35.06" 143.78+72.87
=% - DEN 122.40£27.55 93.00+42.90 87.60£23.47 136.80+56.74
&= + DEN 84.89+28.97 63.67+27.15 104.56+38.45 131.00+52.81"
=T - DEN 91.60+32.45 61.20+19.47 85.40+16.55 80.40+26.55

Data are the mean+SD. * p<0.05 compared with DEN untreated corresponding diet

group

# p<0.05 compared with control diet

n = 5 for each group
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¥ 86. Serum albumin, bilirubin and hepatocyte enzymes(30 weeks).

Qo= Albumin T-bilirubin GOT GPT
(g/dD (mg/dD (UM (UM
&% + DEN | 4.32:1.25 1.00£0.81° 236.80+188.70° 96.00+105.53"
%% - DEN | 4.39+040 0.36£0.19 98.44+18.30 20.56+4.82
fx=F + DEN| 4.22+055 0.77+0.32" 368.00+390.25 183.33+266.57°
WZT - DEN| 4.40:057 0.37+0.07 123.11£16.19 23.11+10.15

Data are the meanzSD. * p<Q.0b, =*x p<0.0l compared with DEN untreated
corresponding diet group

Not significantly different between values of two diet groups

n = 5 for each group

¥ 87. Serum glucose, cholesterol, triglyceride and alkaline phosphatase (30weeks).

Glucose Cholesterol Triglyceride Alkaline
(mg/dD (mg/dl) (mg/dl) phosphatase(U/1)

&% + DEN 108.40+28.16 108.80+9.34 104.20+61.08 197.20+£94.53
=% - DEN 129.89+20.37 101.33+16.67 95.33+29.41 144.22+21.48
Zw + DEN}  109.33:28.69 103.00+28.16 97.00+£37.60 73.33+£105.62°

oA
HH&E=F - DEN 121.89+16.66 101.00+£18.53 120.89+33.39 152.78+39.62

Data are the mean+SD. * p<0.05 compared with DEN untreated corresponding diet
group ’

Not significantly different between values of two diet groups

n = 5 for each group
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¥ 88. Histopathological findings by DEN treatment.

20 weeks 30 weeks
A= Clear cell foct Tumor Basophilic foci Tumor
incidence(%) incidence(%6) incidence(%) | incidence(%)
&% + DEN 7/9(78) 1/911) 15200 | 4/5(80)
=7 + DEN 9/9(100) 1/9(11) 0/6(0) 6/6(100)

500
450
400
350
300
250
200
150
100
50
0 I 1 1 1 1 1 | 1 ] L. i 1 5

1 3 5 7 9 11t 13 15 17 19 21 23 25 30
(weeks)

| ——tH & 2 (DEN+) = O = 2 (DEN-) —— 2 2 (DEN+) —— & 5 (DEN-) ]

(g

2% 14. Growth curve.
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17A.

2% 17. Glutathione S-transferase placental form positive foci in the

B. di&T)

liver of rats treated with DEN for 20 weeks. (A. &%,
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ith DEN for 20 weeks.

Histology of liver from rats treated w

238 18.

5, E; control

L

(A-D

’

A. Clear cell foci, B. Hemorrhagic necrosis

C. Hepatocellular carcinoma, D. Normal liver, E. Clear cell foci)
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23 19. Histology of liver from rats treated with DEN for 30 weeks.
(A-C; &5, D g

A. Hepatocellular carcinoma, B. Hepatocellular carcinoma with tumor emboli,

C. Basophilic foci, D. Hepatocellular carcinoma)
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