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SUMMARY

. Theme : Development of New Processing Methods for Garlic and Identification

of Its Flavor Compounds

. Objectives and its importance
1. Objectives
The objectives of this research were to establish a long term storage method
of garlic, to develop processing methods for utilization of stored garlic, and to
study changes in flavor compounds, antimicrobial and physiological activities of
garlic products.
2. Importance

Garlic, onion and pepper are important crops for farmers income, and their
price fluctuates significantly in every 2-3 years due to the improper control of
their supply.

The wild fluctuation of their price could be controlled by developing a long
term storage method or processing methods for about 20% of harvested garlic.

The currently used low temperature storage method can extend the
shelf- life of garlic up to maximum 1 year, which is not good enough to stabilize
the price fluctuation. Also, it results in remarkable decay loss during storage, and
green discoloration of stored garlic at the point of uses.

Frozen garlic can be stored over 1 year, but it could cause texture
softening, drip loss and discoloration upon thawing. Therefore, new processing
methods should be investigated to overcome those problems resulting from the
frozen storage.

About 98% of the harvested garlics are consumed as fresh garlic, and 1- 2%

of those are processed to powdered, crushed and pickled products. It is necessary



to develop various types of processed garlic products to encourage utilization of
processed garlic products.

T he unique garlic flavor is firstly produced by the enzymatic reactions, upon
disintegration of garlic tissue, and developed by second degradations. The flavor of
garlic products can be altered by the processing conditions. It is necessary to
establish the extraction, separation and identification methods of garlic flavor to
study the flavor changes resulting from the processing conditions.

Garlic has been known as a spice having antimicrobial, anticarcinogenic
effects and anticoagulation activities for blood. T hese physiological activities could
be affected by unit operations including heat treatment and extraction. T herefore,
it is necessary to study effects of processing operations on the physiological
activities of garlic products to produce products with high quality physiological
activities.

Based on the necessity of this research, attempts were made to establish
freezing, storage and thawing conditions for a long term storage of peeled garlic
with minimum quality losses, and to develop efficient processing methods of frozen
garlic. Flavors and physiological activities in the garlic products were investigated

to evaluate the quality changes in garlic products.

. Contents and Results

1. Freezing preservation of peeled garlic; Peeled garlic packed in PE bags and
stored at -18 , did not show noticeable quality changes for 15 months. It was
estimated that the storage period at -18 could be extended to 2 years without
serious quality problems. Frozen garlic resulted in texture softening, drip loss and
browning discoloration upon thawing. Crushing peeled garlic in the frozen state,
and then processed to various products, such as frozen chopped garlic, freeze-

dried garlic, and garlic spread for garlic bread, overcomed those problems and



their quality was evaluated to be satisfactory.

2. Developing extraction methods for high yield of garlic juice; Peeled garlic was
pulped and subjected to a hydraulic press for obtaining the first garlic juice. T he
residue were hydrolyzed with combined enzyme including protopectinase, cellulase
etc., and then pressed to obtain the second garlic juice. The first and second
juice were combined to get the garlic extract. This method increased the extract
yield by 15% with minimum flavor changes.

3. Methods of garlic flavor analysis; Volatile flavor compounds in garlic products
were analyzed by GC/MS, sugars by ion chromatography, free amino acids by
HPLC, and organic acids by GC.

4. Effects of preheating on the flavor of garlic; Volatile flavor compounds of
preheated garlic decreased as the heating temperature and time were increased.
Garlic heated for 10 seconds in a microwave oven had similar volatile flavors to
that heated at 70 80 for 30 minutes. Heating garlic at 60 90 for 30
minutes decreased free sugars and free amino acids contents. Microwave heating
caused the least overall flavor loss in the preheated garlic.

5. Development of processed garlic products; Freeze- dried garlic, chopped garlic
and garlic spread were developed with the frozen stored garlic. Spray dried and
freeze dried garlic powder were produced from the garlic extract, and their quality
was evaluated to be satisfactory.

6. Antimicrobial and physiological activities; Antimicrobial activities of garlic
products were evaluated against 13 microbes by the paper disc method. Garlic
extract revealed superior antimicrobial activities to the 50% ethanol extract or
ether extract. Freeze dried garlic powder had more antimicrobial activities than
spray dried powder. Garlic extract and 50% ethanol extract, when added at 10%
level, showed over 90% growth inhibition effects on stomach carcinoma, colonic

carcinoma and Hepatocellular carcinoma cells. Anticarcinogenic activities of spray
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dried and freeze- dried garlic powder were similar to those of the garlic extract.
Coagulation of blood was significantly delayed with ether extract of garlic, but not

with garlic extract or 50% ethanol extract.

. Scope of Application

1. Frozen peeled garlic shored at -18 maintained its good quality for 15
months, and could be stored up to 2 years.

2. Thawing frozen garlic resulted in texture softening, drip loss and discolora-
tion. Frozen garlic can be processed to various types of garlic products with good
quality by adapting the crushing process without thawing.

3. The new extraction process improved the yield of garlic extract by 15%
without noticeable quality loss. This technic could be applied to the extraction of
other spices and fruit juices.

4. Garlic powder produced by dehydration of garlic extract can be used as a
good quality spice, and also as a food ingredient with beneficial physiological
activities.

5. Analytical methods established for the flavor evaluation in this research can
be utilized for the quality evaluation of various garlic products and other similar
products.

6. Garlic products with good antimicrobial and physiological activities can be
used as an ingredient for developing various designed or functional foods. T he
results obtained from this research can also furnish basic information for the

research and product development activities in this area.

. Recommendation

1. A patent was applied for the enzymatic extraction process of garlic with

significant yield improvement, while maintaining good flavor quality. Further
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research is required to implement this technique for the industrial applications.

2. Garlic extract powder has superior antimicrobial activities against Escherichia
coli O157 : H7 and other microbes. This antimicrobial activities of garlic powder
can be applied to many food products, including noodles to extend theirs self-life.
Further research is required to put a progress in this area.

3. More basic researches on physiological activities of garlic products are needed
to develop various functional foods using garlic as ingredients. Also, it is
necessary to understand how unit operations used for processing garlic affect

physiological activities of resulting garlic products.
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. Texture
4 T exture-

meter(T exture analyzer, Stable Micro System, England)
puncture force . 10 ,

T exturemeter . mode : measure force in compression,
option : return to start, force unit : gram, distance format : strain, pretest speed :
1.0 mm/sec, test speed : 0.5 mm/sec, postest speed : 5.0 mm/sec, strain : 60%,
trigger force : 10g, probe : 0.2 mm.

. Drip

drip 100g
beaker , beaker

drip (%)
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Dripe (%) = AFRHEATA_SEFHLATA ,

t}. Surface color

¥Eukse BEMEE MAA(Color and color difference meter, Model 600-
UC-1V, YASUDA SEIKI SEIKAKUSHO Co.)E 733929, Hunter Scaleo) <3}
L(FX), a(+a : Y, -a: 54), b(+b : FA4, -b: FA) goz eyt ol A}
4% EF® L, a bate 2+ 892, 0921 € 0.78 °lUt}.

2 Fr7149E 3 2 B4

719 X 3L dynamic headspace ol Wa} Purge and Trap system$)
Tekmar LSC 3000(Tekmer Co. USA)E AH&-3% ™. A& 20 mesh 2712 £
BEvE 1.0go] WHEF 23 25 mgd A& (55mm O.D.X120mm)ol 3o A
2 Purging3ldA #7142 2399, o1 mount, bottom, valve 2 line 59
255 Z2Z 100C2 1383 stand-by temperatureE 30Tol3t2 3%t} Purge
gast A4 E AME3Y I purginge 30psie) AL E 29 60mIEE 2 308¢ AAs
o 60~80mesh®] tenax GC(poly of 2,6-diphenyl-p-phenyloxide)?} 23d JF it
(12°x1/8" stainless steel)ol F71PEE JFHAAA FRAE F7IPY-E €3 A7)
A3tq FABE S0CE Au7tE3tn 180TAA 3833 719 €3& AAsA
Purge7t 48 € F trap W ol dol A& AL AAs7] Qs 250TAM 3023
conditioning Al Zth. =& HuP HEE ZH 7t5HE $AEI] A8 AES} F
PE AN - AF F 120 TY x76A 24T A= dZ2AA 9 7|4
Fol gl F5Hoz FAF F A4

Dynamic headspace® 22 F& @ vwiE9 HLAd VAL L AFHo2 F4
flame ionization detector(FID)¢} DB-5 column(fused silica capillary coloumn, 60m X
0.3lmml.D., J&W Scientific, CA, USA)o] ¥ @ GC(Hewlett -Packard 5890, PA,
USA)d Fq13tfdct. old FY7 ¢ AE719 2= #47 230C ¢ 250T2 sy n
oven® == %7 35TAA 38 FAHAU7L £F 15T 220C7A FsA F
220Col A 10¥3¢ FAAT. WA EE &S AHE3d £F 12ml 58 #A
3le™ split ratios 1 : 2022 Kt vlsAF R FrAHE v|RE 4 ARY
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HIEHS WY EFEZe] HadHez 4dAsA %S do FdHA #ez 4y
el WREEEAZE diethyl disulfide (Waco chemical, japan) 25mg& & 200
neol] &3 RS AlLEAY. AFHE7I ZAZBVL zero =5, attenuation = 7,
chart speed = 05 cm/min, area rejection = 50,000, threshold=5, peak width=0.04%
At
ol 71489 3

GCol 93d E2d 7|48 FAHLE gas chromatograph/mass spectro-
meter(GC/MS : Hewlett-Packard 5972 system, PA, USA)E ©] £33t Fr13 8
F2 2 FUL e GCBRYFA 43t At NEEUYS AT interface 2=
200°C, ionization voltagei= 70eV, resolution< 1000, mass range= 30~300 m/ex 3}
Rem I ¥tel 1L FrAAEY FEHE AT GCRAM ok GCHEVIZ A4
FIDA A Ado}R chromatogram®] 339} MSollA 4oz total ion chromato gram
(TIC)Y] 13 &L n-alkaned ©] &3t T ¢ kovats' retention indicesE H] &
TR B FHL EFEEHC] JE AL FTEHAE MSd FYstq A
3 spectrum¥} PFEF AIE AN vudo HAPow, BFEH YUe AL
Wiley library 9] spectrum® ¥l 23l 8213}

vt fEl g

tEF 9 #2l3d ¥4 ion chromatograph& ol &3t £t vl &
23 F2& A 20 mesh 272 ¥4 YEvtE 1.0gE HAEG236 Hiln
FTHTE2 AA Fo] 100g°) HEE FHAY. oo ol H Fol EF nEFA
(mixed bed resin TMB-8, Sigma, MO, US.A.) 3g& ¥3 18CoA 150 rpme.Z 4
A FE 2AG F o)A AL A FF AASAY. cl2AZrtEIYAE
A8 45 9L membrane filter(pore size 0.2¢m)2 «3}3tqd o|& Table 2.1% &
19 olxaBvtEaR T 10E FAHAL 2 FAH L RS A8 glucose,
fructose ¥ sucrose= Sigma A F&(MO, USA), l-kestose, nystose ¥ 1-F-furan-

osynystoset WacoAH(Osaka, Japan)A| &g A&t}
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Table 2.1 Operating conditions for free sugar analysis by ion chromatography.

Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)

Column Carbopac PA 1 (4.0 X 250mm)

Eluant #1 100mM NaOH

Eluant #2 100mM + 1M Sodium acetate

Gradient Eluent #1 from 0 to 6min, ramp to 100%
Eluant #2 at 46min

Flow rate 1.0 ml/min

Chart speed 1.0 em/min

Detector PAD (3K)

El 0.1 volts tl : 2 (300msec)

E2 0.6 volts t2 : 2 (120msec)

E3 0.8 volts t3 : 5 (300msec)

AL FrEjobm] x4k

vt Fo f8 oprlxAtE HPLC(Water system, MA, USA)E ] &3l AccQ
-Tagygol 9sle BAsH F 20 mesh 2712 243 YFuis 1.0gE 443
g2 Wi old 75%AYE 80mlE 7tete] 150 rpme 2 1A% wRtg g ol &
100 ml2 B83td Ax3idct G349 smiE Hetd ZYd=Z F 0.IN HCl 5 mlE
7vsted £3ld ¥ membrane filter(pore size 02u#m)2 Q334 5 wE HPLC F
d3H. Fa otuixit EAHE 98 LY Nova-Pak Cis(3.9 X 150mm, Water,
MA, USA)E AH83dn ZYde 2% BTE #ASAY HAE7e ¥3HE7)
(fluorescence detector, wavelength: Ex. 250nm Em. 395mm)E o} &394 3, &0 A:
0.14 M sodium acetate(pH 5.02), €0} B¥E 60% acetonitrile® A}&3l4d. £l
gradient system& ©]&3d EHct. F Hxos &9l AZ 100%, 05FdE &)
AE 8%, 158dc &) AS 93%, 198d= & AE 87% , 33Eole &) AS
68%7F A Eon, 3EA 3BEILLS &0] B EH 1, 3BEAA BEAAE
SolAZ ZHE HYsatdot.
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of. #7714

vls %9 #7142 gas chromatograph€ °] &3t E4&dd. §7]4 58
8l 20 mesh 2712 £ YEvts 40 g€ HATe230 FH3tn ol 75%
€2 100 mlE ¥ol 150 rpmoil A 3A1% 2yt F AFHs A F 4 S AL FH8A
det2g AAP F mixed bed resin (TMD-8, Sigma, US.A)el #713& F&A7]
I 100m! ¥ole AHAMFZ resing AAHAt FiY {714 6N EEAH(formic
acid)2.2 £&A1A ol& AYA3NUT FAB G A& 14% BF3 /methanol§ 4
5mi, W*EFEAZ methyl laurate’t E°1 A& chloroform& 9 2ml ¥ FFop&At
YEEE 718tz ¥4ae 448X F 80T sand bathAollA 3023t wHgAIA
A3t o1& 10mle] Alg@do] &2 thg 4mi®l X3} ammonium sulfate§ &
7tste 29 # F chloroform #%E Hetn 43 T4 ol UEFe 2 @3
o 04 uE flame ionization detector(FID)®} HP-FFAP EA# Z¥(crosslinked
FFAP, 30mXx032mm ID., PA, USA)e]l #&® GC(Hewlett-Packard 5890, PA,
USA) Fdstd B3t th. Injectorst detector2=+ ZHzt 250C ¥ 270C= 314
2 2E 25& 70CAA 183 FA} F £F 5TH 230CT7A ZSA1A 230TAA
8EZL FAREE A /A YFES AREHAL £9 F5E 12ml2 {2
o split ratiox 1 : 6022 HFXA3Hct F714 BEEFS 5 FA4(Sigma Co. US.A)
£ A183g 1 AAL Varian Chromatography Data System 402(U.S.A)9l 28 W
R EFEYoz AFsYd,
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1. 954359 F34s
7}, Textures] ¥ 3}
WEAYG 71 € 250 mE textureB 3 E ZA3] Hdtd -18C 2L -40T
WEAA dF 71duit AFF ANES JFAEEHA 4C2 FAY F texture-
meter2 puncture forceg 3% Z 3 Fig. 21 ¥ Fig. 229 4.

16
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Fig. 2.1. Changes in texture of garlic Fig. 2.2. Changes in texture of garlic
during freezing storage at -18TC during freezing storage at -40T

Fig. 21 ® Fig. 22014 R vie} o] vtE& -18TCol3toll A HAsd AHAF 15
MY olFolx zZ9 WEEe FAHA A7t Y RA2E UeWY F -80TAA
YEF =T AR 9 puncture forces 2709 +363 G.S (gram - sec)elled, -18C
BE o] 12709 2 15709 A3 A89 puncture forces &2 2642 = 284 G- S
% 2590 £ 141G - S& YERRUTH -40TY s e 12789 2 1670€ AR AeE
24z} 2614 = 171 G- S ¥ 2608 £ 133G - S& YEhUL o4 A= RE -18C
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olste] 2xolA wlEg 1570¥T AT 29 ¥ WAHA LS &
ARt
. Drip &4

THES HESHE AE o AR YHHI o2 Astd #HFA AX7 7
AHAAM HMEHe] F8EEC] FEH &4 {F&HEd olE drip Aol @
Drip @730l ofste] 2Aste &4& drip &4oled sted ol ¥E2d € s#EY
Y HAZAY FoY FAUACIY. wets £ AFAME -18C ¥ -40Tol AAF
vtsg 9A ZIBEE AHASA dripEdE ST 2 Fig. 23 ¥ Fig. 249 2.
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Fig. 23. Changes in drip loss during Fig. 24. Changes in drip loss during
frozen storage at -18T. frozen storage at -40<C.
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Fig. 25. Changes in color during Fig. 2.6. Changes in color during
frozen storage at -18T. frozen storage at -40C.
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22 Fdol Asdd. £ AAFE YFF dAFE sAHTE AxzHol &4
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A EF AZFT vtse] ¥R A E S A Fig. 25 2 Fig. 267 2ok A=z
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~163701 25 -40CelA 16708 AT e Z42Z; 5001, -1.28, 19792 & W=
e Aoz Yeyt, -18C 2 -40TCTAHZTFE vlad 3% -40CAN A3 Ao
Aol Wl A Ao 2 Jeygn. -40CARTFAANE Latel 43t FAasideoy @
LR gz g o xol7t FREA dEeEhA stk o2 WEA G o
& 4] ARALE JIFE vhER ojfdede A Qe Ao Alsdgr

2 U4 &9 Wt

WEAZFT vtee] 714U E Fostr] stq -18C ¥ -40CAF el 16

AU AZE vbeS 44 3/4Y € 474doid AR E AFsA PR ¥ E
Z338tAth GC/MSE ol &3t 7€ 27719 I 86 ddld AZFe] oL
WEE GCAA EEld ¥a9 ¥Aoz H4uE A3 Table 22 ¥ Table 237 .
Table 22 2 Table 2394 A H& vie} Zo] YF AT vt A7 A
o] w2} diallyl disulfide, 2-propenal, 3-hydroxy-2-butanone, cis-propenyl methyl
disulfide, 4-methyl~1,3-dxathiolane, 4-mercapto—-3~methy! crotonic acidv Z4 &%
1, dimethyl disulfide, 5-hexen-2-one, hexanal® Z7}stE 3 ¥& yehddd. oks
o] F8 gYrigd¥oz &3 diallyl disulfides -18ColA 97lYL AAF Algs 2
7] ANge] sagAq] ulgd o 10%, 16748 Fo& 16%AE7 Zrstd oy, -40
TAHZ® vt52 AY 4197 ZA%A gRov A% M9 F REHE Fide
S deto] 16718 Fole o 8%AE FAsATY EId ddsol=sH¢EQ
hexanal®] A X7 HIAHEHL 1199012y, -18CA AR AlgEs AP 6/1€
Alge HaAYL 22060101 1570Y Follv 5008 JehU. A -40TCol A
e A8 hexanal@ e A 8/HY Almo HadAL 161301029 HA 16



Table 2.2. Changes in volatile compounds of garlic during freezing storage
at -18T

(Unit:  area/10000)

Storage time(months)

PN Compound

0 3 6 9 12 15

1 1-Propene 1496 1007 1280 1026 1375 1475
2 2-Propenal 17397 14359 16882 14110 13661 14209
3 2-Propene~1-ol 9571 9423 8137 9101 11020 996.3
4 Cyclopropane carboxylic acid 5313 6899 4462 478.6 4849 442.0
5 Chloroform 3229 825 2314 824 51.1 98.1
6§ 2-Butenal 57554 5639.0 57692 49482 55440 60681
7 Allyl methy! sulfide 846 571 1084 95.8 100.5 1234
8 3-Hydroxy-2-butanone 6652 3186 169.2 2785 346.2 400.0
g Dimethyl disulfide 4802 4729 5282 645.4 8034 918.2
10 2,4-Dimethylfurane 594 ND 303 203 1045 1753
11 5-Hexen-2-one 267 809 1830 154.7 1974 2211
12 Hexanal 1199 2206 2424 5615 506.9 500.8
13 Dially! sulfide 3113 4687 4930 4945 4863 3236
14 1-Hexanol 605 88 86 123 86 114
15 1,4-Dithiane 9187 7810 9278 6524 8699 861.2
16 Trans-propenyl methy! disulfide 435 190 26.1 20.7 217 233
17 Cis-propenyl methyl disulfide 2865 1612 1690 132.7 102.8 189.4
18 4-Methyl-1,3-oxathiolane 5872 1085 92.1 95.4 1025 1205
19 2-Ethoxy-1-propanol 94 ND ND ND 100 11.0
20 Allyl-2,3-epoxypropy! sulfide ND ND 56.1 246 89.2 2059
21 Diallyl disulfide 69969 67515 63557 62753 61743 58536
22 4-mercapto-3-methy! crotonic acid 6157 4639 4638 493.8 446 .4 5284
23 3-Allylthiopropionic acid 34812 3908.1 3329.1 33016 34667 36613
24 Allyl methyl trisulfide 2508 802 1262 1009 2308 2832
95 3-vinyl-[4H]-1,2-dithiane 285 407 379 436 644 66.2
26 2-vinyi-[4H]-1,3-dithiane 71 335 K% 42.3 55.2 410
27 Dialllyl trisulfide 5.3 455 52.8 56.3 792 542

Total 245426 22921.0 225170 214355 233525 237529
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Table 2.3. Changes in volatile compounds of garlic during freezing storage

at -40T
(Unit: area/10000)
Storage time(months)

PN Compound 0 3 8 12 16
1 1-Propene 149.6 159.0 138.8 117.1 142.1
2 2-Propenal 17387 11092 9630 1003.1 13126
3 2-Propene-1-ol 957.1 625.8 560.5 572.1 1204.4
4 Cyclopropane carboxylic acid 5313 5033 5727 5863 4734
5 Chloroform 3229 204.3 155.7 170.8 3279
6 2-Butenal 57554 5943.2 59573 59846 5055.3
7 Allyl methyl sulfide 84.6 55.0 52.2 66.7 96.7
8 3-Hydroxy-2-butanone 665.2 694.0 4325 333.0 4915
9 Dimethyl disulfide 480.2 500.4 776.6 8389 666.7
10 2,4-Dimethylfurane 594 21.0 85 6.0 46.6
11 5-Hexen-2-one 26.7 90.6 875 1025 1985
12 Hexanal 1199 179.8 161.3 278.2 3117
13 Diallyl sulfide 3113 2230 2164 2007 356.3
14 1-Hexanol 60.5 176 16.2 14.9 35.7
15 1,4-Dithiane 9187 7699 750.1 9445 9189
16 Trans-propenyl methyl disulfide 435 206 18.0 236 49.1
17 Cis-propenyl methyl disulfide 2865 1679 1574 1845 2495
18 4-Methyl-1,3-oxathiolane 5872 1780 1323 1181 3379
19 2-Ethoxy-1-propanol 94 ND ND ND 14.1
20 Allyl-2,3-epoxypropy! sulfide ND ND ND 105 14.1
21 Diallyl disulfide 69969 6968.0 64035  6489.6 6456.0
22 4-mercapto-3-methyl crotonic acid 615.7 601.9 493.2 525.7 630.5
23 3-Allylthiopropionic acid 3481.2 33910 31955 31485 39967
24  Allyl methyl trisulfide 2508 1230 935 105.7 3395
25 3-vinyl-[4H]-1,2-dithiane 255 51.0 478 394 379
26 2-vinyl-[4H]-1,3-dithiane 7.1 327 40.2 33.1 109
27 Dialllyl trisulfide 56.3 51.7 52.7 497 50.7
Total 245426 226819 214894 219478 238252
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AY A8E 31178 Jehidch

Allicin® ®2#=d 66%9 diallyl disulfide, 14%9} diallyl sulfide 2@ 9% diallyl
trisulfides} oldagoz FAHE A2 d2iA U Luldtol= R FEHAELS
thiosulfinate2 8¢ A4 sE Aoz &2lA . Spares} Virtanenel Q7o ostd
ofmo] Abak Ex3lE thiopropanal sulfoxide2 5-€ propenol® & vinyl alcohol
o] 44 ols ¢FHFT T AtstE o] propanal ¥ 2-methyl panpental® Z&
dgstol=2 don Atk Y& dustols BAL uled g A8 AX
7 A=Y 3 SPgERGE o e Y4sEE AeE geA At Boelensd A7
Ao 95w FHe] FS ddtol= EFAL 608 ol A4EHAY 3 YE
L 60% olFo HzJ JdElddz sdd I ¥ BS trans-(+)-S-(1-pro-
penyl) cysteine sulfoxide?t E 853 propyl sulfoxide((+ propenyl sulfide)s}
pyruvic acid’} AA W o] & Z X2 ¥ propanal, butenal, 2-methyl butenal ¥ 2-methyl
pentanal §°] A4z Ak

ojde] ARZRE visg ¥F AFNE FUIEEY IRV FHES ¢+ A
An ol FRBAE -OTAH A2E A=k -18CH AFE ARI O
A ZA&At. 2y -18Tolstel A 154U A A8gE BeHer HIT
A% AZz7] ARG vty 7148 ddAXE F493HA AolE UEHWA ¥R

o}, freloprl ikl W3

o] WEALFE FEotvixit #FE& HPLCE ©l83ld 3T Z3} Table
24 2 Table 25% 2t wtEF9 F2 oln|x4itE Table 24 L Table 25914 B+
ul e} ol arginine, tyrosine, proline, glutamic acid, alaniine ¥ serined! RS2 4
et YEAY 27] vby Fol ot $EF LS vy 10027 1047.8mgel &
fEo] AR, -18CA 15714 F -40THA 167443 AR A2y fejotn
Ao FHEke ZbZE 10446 meg% R 10746 mg%g& JehTh =3 A F leucine
& F7hg 99 tyrosines TAdeE AFE Jehich Alling 74 otul x4
cysteine AZF o3 W3t v Ao Yeud
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olE=%9 serine, cysteine ¥ valine2 7|3 723 allyl-L-cysteine sulfoxide,
methyl-L-cysteine sulfoxide®] A #Fdol T2 8 3= A2z wudUr
TR isoleucine, glutamic acid, cystein, glycine® ©}E5 % 2] y-glutamyl isoleucine =
glutathiones] 3o ojddq YH4ddn ot

Table 2.4 Changes in free amino acid of garlic during storage at -18T
(Unit : mg/100g garlic)

Storage time(months)

Amino acids
0 3 6 9 12 15

Aspartic acid 7.0 6.9 7. 73 71 75
Threonine 199 18.7 19.3 20. 19.8 19.6
Serine 29.8 218 270 29.2 30.6 294
Glutamic acid 36.4 371 38.8 359 373 38.7
Proline 64.7 649 62.3 62.7 63.8 63.3
Clycine 6.3 6.3 6.6 6.8 6.6 6.7
Alanine 356 349 35.9 332 399 385
Cysteine 226 22.1 20.1 19.7 19.5 19.8
Valine 25.7 20.1 19.6 209 17.7 16.9
Methionine 24 2.7 24 20 25 26
Isoleucine 8.1 91 83 10.5 8.6 101
Leucine 213 211 25.1 325 299 320
Tyrosine 103.2 103.5 104.1 88.3 61.0 530
Phenylalanine 224 255 25.7 23.1 25.3 25.7
Lysine 19.9 19.0 19.8 223 199 19.3
Histidine 193 206 19.7 218 20.0 19.3
Arginine 603.2 697.4 633.2 6419 667.4 627.2
Total 1047.8 1140.7 1081 1087.2 1088.8 1044.6
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Table 2.5. Changes in free amino acid of garlic during storage at -40°C

(Unit : mg/100g sample)

Storage time(months)

Amino acids
0 4 8 12 16

Aspartic acid 70 7.7 73 7.8 8.6
Threonine 19.9 19.0 173 19.2 18.2
Serine 298 349 213 315 26.1
Glutamic acid 36.4 339 32.2 35.4 353
Proline 64.7 64.8 62.4 61.4 65.4
Glycine 6.3 6.7 6.4 6.4 6.9
Alanine 35.6 371 349 373 386
Cysteine 226 19.7 18.6 180 21.6
Valine 257 20.9 20.7 213 8.7
Methionine 24 22 23 21 22
Isoleucine 8.1 10.2 1.1 10.7 10.3
Leucine 213 308 35.4 317 499
Tyrosine 103.2 80.1 80.4 95.8 64.3
Phenylalanine 224 253 215 29.7 271
Lysine 199 19.7 201 18.3 20.7
Histidine 193 19.0 18.1 19.4 175
Arginine 603.2 628.3 607.3 621.6 637.2
Total 1047.8 1064.3 1037.3 1079.6 10746

vk, el W}
YEAZ F vled R JUNE ol2ARviEIYNE o] &3 A
Z7 Table 26 ¥ Table 277 2o AZx7] vt5F9 Fa3Y glucose, fructose,
sucrose¥ 2tz vhes 100g B 2229mg, 6387mg 2 589.7mgol #HHol Udew,

fructooligosaccharideq! 1-kestose, l-nystose R 1-Fructofuranosy nystose® 24+t
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Table 2.6 Changes in free sugars of garlic during storage at -18TC
(Unit : mg/100g sample)

Storage time(months)

Sugars
0 3 6 9 12 15

Glucose 2229 3150 400.1 332.2 367.4 3742
Fructose 638.7 593.1 615.6 670.6 6945  701.21
Sucrose 589.7 564.4 466.7 4747 464.8 4794
1-Kestose 130.2 139.3 120.2 132.7 1554 146.6
1-Nystose 160.9 171.0 180.1 1659 165.2 164.1
1-Fructofuranosy nystose 1053 101.7 1039 1139 129.1 1119

Total 18477 18875 18926 1899 19884 199241

Table 2.7 Changes in free sugars of garlic during storage at -40C
(Unit : mg/100g sample)

Storage time(months)

Sugars 0 4 8 12 16

Glucose 2229 2135 2137 241.6 245.0
Fructose 638.7 679.7 625.2 634.4 647.0
Sucrose 589.7 603.2 616.0 597.2 5915
1-Kestose 130.2 1356 1376 1424 141.6
1-Nystose 160.9 168.9 171.2 167.3 158.7
1-Fructofuranosy nystose 105.3 123.7 119.9 1147 114..0

Total 1847.7 19286 1891.6 1909.6 19138

130.2mg, 1609mg ¥ 1053mg7} FH-=ol ATt -40TolA 167A€3F HAsHA o}
=% 2T ¥FE FAE 2} At YA -18Tol AFYF HFLole 6714
AZFE sucrose?| o]l A3t glucose®} fructoser Z7FslPd=dl ©]= sucrose

o 2o 719 Ao Algdr
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Ab 714 W st

vtz AlA pyruvic acide alliin®] #sie} FHEF BAZE Qo0 Succinic
acide Azl FAYT d AEAMH obF ZAHD oj2 Qo Ay 3ol
7t 2R RaH3 Y g WEALF vl {714 $38 GCE ol 43t
o EM% A Table 28 ¥ Table 299 2t}

%9 F8 #7142 citric acid, malic acid, pyruvic acid, lactic acid, oxalic
acid ¥ pyroglutamic acide]12.8 1 o) & succinic acid malonic acid 2 fumalic
acid7} AN A Z7] vkE 100g%F FR/714 FFL 895.7mgol #HHol AU
-40C R -18TolAM 157043 At x {714t 3o d3e e Aoz ey
o alliin®] A B4 EE Ae2 BIE pyruvic aciddFE W@ EHebA @i

Table 2.8 Changes in organic acid of garlic during storage at -18C
(Unit : mg/100g sample)

Storage time(months)

Organic acids
0 3 6 9 12 15

Lactic acid 8.9 79.4 80.1 783 89.1 74.2
Pyrubic acid 192.7 191.3 189.2 194.2 197.2 2095
Oxalic acid 32.8 338 33.7 343 33.1 31.1
Malonic acid 105 11.2 99 11.2 11.2 102
Fumaric acid 6.0 7.4 7.3 9.1 9.0 8.6
Levulinic acid 14.1 14.0 133 14.3 126 125
Succinc acid 19.9 21.3 21.3 23.2 228 174
Malic acid 168.2 164.2 156.4 164.1 150.3 1342
Citric acid 3305 3175 319.8 3434 330.6 332.4
Pyroglutamic acid 35.1 41.3 458 60.9 44.4 49.3

Total 895.7 881.4 879.8 939 909.3 891.3
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Table 2.9 Changes in organic acid of garlic during storage at -40C

(Unit : mg/100g sample)

Storage time(months)

Organic acids

0 4 8 12 16

Lactic acid 859 81.0 836 81.7 779
Pyrubic acid 192.7 197.3 190.4 190.1 192.1
Oxalic acid 328 30.7 329 340 34.7
Malonic acid 105 106 112 105 104
Fumaric acid 6.0 10.1 94 76 59
Levulinic acid 14.1 122 9.7 111 84
Succinc acid 199 19.7 21.7 21.7 216
Malic acid 168.2 153.8 168.5 1748 171.0
Citric acid 330.5 352.0 3281 356.5 350.1
Pyroglutamic acid 351 51.9 55.3 406 50.9

Total 895.7 919.3 914.7 936.6 935.0

2. YA & FA9s}
7}. Texture®] %3}
WErlsg d8sd ez wet A2 f9Pxs wsstn olF Wl
v A 2o 4% ¥ U ol £4%E 2 A3l Eo) AF EFAAE @
ol dAYY. watx YA Fe FAWE i) Y ey e we
Al FES oo} & AMgF ] Fhtolt).
WEots g o8& AFMLY 7I2ARE AT st 7] de H5UY
o o3t HFYF WEvIE 239 WMEE texture analyzer2 A E A Fig. 2.7
# 2o, Fig. 27914 B< vie} o] & 5Py A microwaved o} &3}
o HEFL A A2 F, YAHTF R dFAF 2h 23 o] ¢of dEF Aoz Y
Soh 4oz WEALAFY Fe 42 € YASHAAN gdTaEE AU )
279 At AAUYAE ol 83t FLHE L W AXY 3 R JFYE
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Fig. 2.7 : Changes in texture properties of garlic thawed with different methods
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Fig. 2.8 : Changes in drip loss of garlic thawed with different methods
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. Drip &4 &

BEutee A2dE, ¥FAE, 9FHF, microwaveE o]l £ s Wyzre
drip £4E& 538 27 Fig 283 2o} Fig 2894 BE uvle}l go] WasfE A
2385 R microwave2 o}sHA st HE T FLolE dripAEol 0.15%0] 01U
U4 dFHEF 2 microwaveR Z3A & HEYL A= 03%AEL drip &4 o
BAsE Re2 et

g 4% W3}

tEe 7HEF gL Tl st s ol AT F2) e Qg
< o Z2UgE ¥FE e #5EAd AHEE Ao MY 27 HE 24
29 shvold. maA sHEuygel wE viye EWMTE 3¢ AF Fig. 299
2o 971E deEhdE L3t Lol 1000198 & 4olzm 02 He 4L Uehy)e @Enl
T2 AEY F¥ 60~629 HAE JEHUNUL, a@e (-)22 4L YUz o
Y Sge2e 548 PR3 o2 AUt bgke 20~238 Jehidch 2a
o FEE JEhle Lats) bate T8 2 o 5 do ge 4o wa: 93
A Zol7t YAt

ob 7129 ¥}

Aol Me YErise YIRS 2 A3 Table 2107 2ok 3
L3 8 Y microwaved T 2 T WPl At AFUA WAHE R A3
ol v HLAY PRl o B Aoz YEWh F AAE stsd=
@212 diallyl disulfide’} microwavesl & ¥ IF AT FASols Zd paAWA o)
88194 3 7069.3& el oW &% HEUQ WAHTF L HeAFL & ALd:
2t 62745 R 631398 YENUT. 2¥tel 3-Allylthiopropionic acid, Cis-propenyl
methyl disulfide, 4-Methyl-1,3-oxathiolane, diallyl sulfide ¥ 2-propene-1-ol% &
HEe & A AadHe] o 2 Reg et Microwaved| B3 AZH 35
U Fede Az o oste dFse Ho) BTl vt FIHE {3
37 Aok ol AAE FYH ¥ o vlse FIHELS SR8 JHME A
2 R ¥3AEY BohE microwave X FEFH Tl st HF3s Mol wigHY
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Table 2.10 Changes in volatile compounds of frozen garlic thawed with

different methods

(Unit : Area/10000)

PN RT Flavor compound yiggs AeHs EEES Microwave
1 5580 1-Propene 738 572 64.6 70.2
2 6319 2-Propenal 2144 202.4 2237 240.8
3 6.952 2-Propene-1-ol 3927 3642 509.7 580.1
4 725 Unknown 261.4 216.1 2711 339.0
5 7487 Cyclopropane carboxylic acid 229.6 1954 228.6 2423
6 8.001 Chloroform 1245 96.6 1338 165.7
7 8658 Unknown 198 13.0 376 376
8 8898 2-Butenal 559.0 4726 554.3 629.1
9 10474 Allyl methyl sulfide 533 495 58.0 81.9

10 11.198 3-Hydroxy-2-butanone 46.3 527 532 68.1

11 12866 Dimethyl disulfide 465 46.4 41.3 55.4

12 13.269 2,4-Dimethylfurane 219 302 46.7 484

13  14.780 5-Hexen-2-one 1427 1103 169.2 199.1
14 16.455 Hexanal 582 55.6 520 583
15 21.189 Diallyl sulfide 2320 2309 280.8 311.0
16 22.027 Unknown 150.2 127.1 193.1 828
17 23.792 Unknown 224 183 259 293
18 24.128 1-Hexanol 21.1 16.7 24.2 29.3
19 25390 Unknown 134.7 127.7 151.4 160.1

20 26.701 1,4-Dithiane 565.2 5570 586.6 794.6

21 27976 Trans-propenyl methyl disulfide 96 10.1 104 136

22 28.800 Unknown 3223 3297 3446 3321

23 28921 Cis-propenyl methyl disulfide 2717 948 3034 324.3

24 30.605 4-Methyl-1,3-oxathiolane 2995 1854 354.0 3738

25 31.904 Dimethyl trisulfide ND ND ND ND

26 35.692 Allyl 23-epoxypropyl sulfide 155 113 15.2 178

27 39.905 Unknown 26.0 233 213 232

28 44405 Diallyl disulfide 62745 63139 7069.3 88194

29 45.432 4-mercapto-3-methyl crotonic acid 3488 334.1 405.0 459.0

30 46.427 3-Allylthiopropionic acid 2305.7 2260.4 2739.2 2976.1

31 49.815 Allyl methyl trisulfide 586 60.1 80.0 81.7

32 54.777 3-vinyl-[4H])-1,2-dithiane 1393 1074 1423 147.1

33 57.294 2-vinyl-(4H]-1.3-dithiane 103.7 97.7 886 89.0

34 66.000 Diallly! trisulfide 36.1 39.6 37.2 438

Total 13586.9 12907.6 15328.8 17923.7
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otsg A7 A%E7] At vhEE -18C ¥ -40ToA 167193 ARsAM A
FFe FAMse A Yo dE FAWNE AU

¥E AZF vt 23& FAY d3 -18Tolstol A 15784 JFAE A%
T 239 Fod B3t AN Drip €42 -18T 157197 A8 E 07% P2
B, EEMEE LE, agt R bgel 4} ZAadE F%E YEUNeY 3%
o o3t Fo] & FEx olYUrh FH 40Tl AZF A8 drip EHEol
02 % AuA] &% Mo Wk -18CAHZ TR vj$ J& Aoz gy

BEAZT ¥Y71EEE FAY 2 visd F8 U EQY diallyl disulfide?}
-18T oAl 1570Y AR RS 16%FE Fadddou, -40To 16749 AR A%
T U4 %A= FAHRA FEAT ¥FE FAHE A} -4OTAME vEZ9
glucose, fructose, sucrose, 1-kestose, 1-nystose ¥ 1-frctofuranosy nystosett A%
167043 AgatA] gotoy -18TCel AFE Aol AP 6/0Y sucrose’t HFHA23
I glucose B fructosex 718t A4S YeldUd. #3 ooty AS ARF
tyrosineo] ¢t FA e AL JEhidch. Alling EHAER 22 pyruvic
acid # 2 %9 {714 AFAF At Qo

BEohEe AFPdd we FIUHE dotry] st deHF, dAHE, G
THEF % microwaved °]4 ¥ HFEYE HEF} FI microwaved o] &3 B
2 3d =9 WASE 23 ¥ 4 JUUX DripE4dE FHHFUYY EF5
microwave2 FE 3F 0.15% Itz FAY & AUTh M4 W= HF Py
3t o3 Aolrt Qv Aoz veidh FrILe] WaE 2AF A micro-
wave X ol st HFE 3 vkso] YV E &4 L AN £ A

olde FH & o viE g uy o -18TColstolA HF S W Yo W
3E HazedA 243 Aol st Ao AlRdY B YEciEY #5uy
L2& 13 AEY B4 we 2R Fr19E ] 2 dripE&dE Ha ] 9
HME FHASYYE ol 83t Ao MFAY Aoz A
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A1 A E

HI vhsd] FAE AAGAAY, dAPH AQAS R TN T AL gyol
S Aoz BRagd wet uso] AN EY 982 #4RE 3 Jdoy AF
Fdo) glolME vl E5F FriEQoe sy FAEE F2 AMLHT UG

vtEe] E5¢ PSS ntExFo]l E4E o HAE v nHY WANE
% ok Fol EAFGE KR, FEolvxd B {71430 &y TP, vl
55¢ dae Aol #%AE o viy F9 allino] allinased] 9134 allicin®}
pyruvic acid2 ¥ 8= 3 allicine] ©hA] diallyl thiosulfinate$} diallyl disulfide2 23
5o o]E0] pyruvic acid$t ME 243t AT HIAFE E carbonyl HFYEL A4
FozA e Ao deA UG ojAE AF<=1834dd] Wertheimo] #ts$
T%7] FHAA essential oilE FEHAM AlREHAY. Semmlery vhsessential oil
AE L diallyl disulfide’t FA 8oln, diallyl trisulfides} diallyl tetrasulfide® &3
o At 3tk RundqistE diallyl disulfide?] A FE2E B 3o glycosided} i
AEE YWY allinol2} B3P s Stoll?} Seebeck® vhE 9 methanol $2 o
A ARG olw x4kl (+)-S-allyl-L-cysteine sulfoxide® ¥a&o alliinolg &
A2 allin® vwlg Fo EA3s &2 9§ allicin, pyruvic acid, ammonia® 43¢
o3 ¥t 2 F Cavallitos S vlE9 ethanol 284 &4 EF< allicing
e 2 FZ71 diallyl thiosulfinated € #<13th. Brodnitz%& allicino] vt
o 2 WNAELE allicin®. monosulfide, disulfide, trisulfide ¢ sulfur dioxideZ
B n 249t Saghirs# Jacobsen® & uleFe ot AEE diallyl
disulfide, allyl methy! disulfide, allyl monosulfide ¥ disulfide@} 3 Qdct. =& vl
Zol¥+ alliin ol9ldl = y-glutamyl-S-propylcysteine® y-glutamyl-S-allyl-cysteine®)
EAdes Aoz gdeiA Uk o] &L y-glutamylpeptiase®}t r-glutamyl- transpepti-
dased] 939 thiosulfinates® E3 o} vtz #¥ul& vl FAAIG @4 3
€ F&uH Mk wE thiolsulfinate® 3 W3lo] W3l AF& A3} 25T
FARAE W AR A wd FrhEdAoyd 0TAME 08 Fo Hdghs
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Yetldc B st

Zt2ARvEadE JtAFASolEIYE-AAEAY] ¥ DEANIZvlE T3
o @ 24710l FEEE U] wal HZ 0|58 o83 uyol guAE)
T B A7 olFoA 2 Utk YuF e vlE2RE 3579 4R e 2
o o}F 30709 4R diEtq 2 & Yo vk FA o pHol g 7|4
o ¥ #8 BudIdc. Geary9} Millers HPLC 2 GCE ol &3t S-allyl-
L-cysteine, diallyl disulfides 87} A &d disixs AR P$HL zAqe7E 35
Aot 2y Whitakere vtE9] F714E YA E20 A3 dstd o}z
Pl ol 8] WEe] HAY EM7YPS olEd o ¥ AFst Yasda &
Aot

vlEe FUEEL HEAFS HE 3l we gL xeo)E Yelhyx|gl
tEel FF € Az gdEaME Zolst e Re2 BuE3 o Ueda 5
44 ok 13%F9 i3 A allin, cycloallins #3323 §ulo gL = 87
ol x4t B4 FFH FF ¢ AviAdo] mga B Aojrt lvtn B msig)

vtEe S5 FuiEAdR dey 4L A 2w 278 GLE ATL
Wgstz] dME vtee F8 F2 SEAH4A Fu4dR FH3 2Auhgo) gyl
of ¥t WA B AFME FAA L dAA vtE2 dEHE ZUl vlsd o
MY TR FAUAEZ ARHE YR E v Red {8, feolund &
714t To ol e FEsty ENE £ e UL gYsna Q)
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A28 A5 L WY

1. 4=
2 A7 AHEE olse '960d4 oA, MAE dal 2 3 A AoA AArE bl
2 973 8¥ A F¥ 2 w7MA A Folstgo. Foid ol gAL AA
3 F XA -80CYF o BAIHA Ao ArLsgr}.

2. Agy
7h ARk R EA
o9 NP ELS AOACHR wet 248 &, SEFZL 100C 4
o 7tERzY, =AY #FL Soxhlet F2W, 29WA L Kjeldahl, P&
550C 332 ¥$ ol fstd 23t a8, @538 10004 F8, 2dud,
ZA% L 3Es W oz ARG
U #7148
D #7188 23 € 24
71’3 &2 ¥3-& dynamic headspace® ol @z} Purge and Trap system$!
Tekmar LSC 3000 (Tekmer Co. USA)E A}&3t4tHFig. 3.1). Al&%& 2094 (mesh)
712 24 vt 10gst HF-EE E2 89 25mege Fig. 329 & A &4 (55mm
0.D.x120mm)l #3t9 AAZ PurgingdtdA 714 8-S $%38932, old mount,
bottom, valve R line 59 %& Z7 100CE 23 329 stand-by temperature
€ 30Col3t2 3%t} Purge gastE FAE AME43t9 T purgingS 30psisy] A4S 2
g 60mlE=2 30%3 A3t 60~80mesh?) tenax GC(poly of 26-diphenyl-p-
phenyloxide)7t 2 ¥ &2 #(12“%1/8” stainless steel)ol] 55}7]"‘3-3‘% FAAY &
Zd F7148¢ A7) HEtd FZBE S0TE Hu7tgstn 180TolA 383
7t 23& AAET Purge7t 98 E F trap WOl o} = 2L A
Astd 250TAA 3087 conditioningAlHth £ W4 HYEES9 IF s54L
LA At AR FUE ARYE &A AF F 120 T Ax7)AA 24
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Fig. 3.1 Schematic diagram of purge and trap system(LSC 3000)
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Fig. 32 Tekmer sampler used in the study
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AL YXAA T Fr14E0] g3 B5H2E &Y F A&

Dynamic headspace 2.2 FZd vls9 FHoLA Fr/1AH4ELS Table 317
22 289 GCE ol &3t AU, 1€ 42U B3 vlue GCHEVIZ
A8 FID9 response(area count)E A& 3 71 (HP3396A, Hewllet-Packard, USA)
2 ZA3oq WHEF 229 HIdH S A dJE W AL ez v
gBUdct BE EFEAZE diethyl disulfide (Wako chemical, Japan) 22.7mg& &
200mlol St AR, AFHE7IY 2AXHUL zero =5, attenuation = 7,
chart speed = 0.5 cm/min, area rejection = 50,000, threshold=5, peak width=0.04%
o

Table 3.1 Operating conditions for flavor analysis by GC.

Instrument Hewlett - Packard 5890
Column DB-5 fused silica capillary coloumn
(60m X 0.32mm1.D.)

Oven temp. 35T (3min) 220T (10min)
15T /min

Injector temp. 230°C

Detector temp. 250TC

Detector FID

Carrier gas 1.2m¢ He / min

Split ratio 1:20

Make-up gas He, 25ml/min

2) #7148 ¥3
GCol 93t ®2d Fr]1d 82 FAHL gas chromatograph-mass spectro-
meter(GC/MS : Hewlett-Packard 5972 system, PA, USA)E ol &3t 71479
F2 2 FYL 43 GCUHUTF FYaA At ANE=YUS AT interface 2E&
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Fig 3.3 Gas chromatogram of n- alkanes.
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2007, ionization voltaget 70 eV, resolution2 1000, mass ranget 30—~300 m/e2
sdRes O ste =de FrYEY FE AT GCxAT 2o GCHEVIZ A%
@ FIDolAM <oz chromatogram®] 329 MSellX Aol total ion chromato-
gram (TIC)9l I3 HAL n-alkane A143tAT. & n-alkaned GColl FUYso
o] A& chromatogram®.2 F¥ Ztzte] n-alkane® ¥ & A& F3a(Fig. 3.3).
¥ o]l& GC-MS24H o3P TICEZ ¥H ZZte] n-alkaned ™MF& AHg T3l
Hlaste] 2t F714 89 A 9 FE Alrelative retention time)S T3
HFE Aol w2t GCY MS chromatogram “#¢l #7|4¥ 3E 4z 7E8Y
ot

71489 3L BEEH Ut AL EFEAL MSH FYstd o
3 spectrum¥ PFE AL MZ HEdY gAsHon, BEEH e R
Wiley library 9} spectrum® Y] 23l Q13 c}.

3) F714E9 B45H T2 SX S AT sniffing Al Y

GC ¥ GC/MSz &3 #4E viso] EA4sc 2449 S8 g 74
e #%53 FASAHL ¥ddr] A Fig. 349 #S FAE o] &3t sniffing
NYe ANHAG. F715HE FHH7] st oYL 53 ALd 599 B
AALR QA Z42te] S Ao dF FFEHL S BASREE 39 FEsA.

Olfactory Detsctar Outlet ODO-1
Make Up Alr Supely

€
»
ne

W17

ontad ALre—
nlet Hele

Fig 3.4 Schematic diagram of olfactory detector.(OD)
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. Fe3

ol #a% AL ion chromatograph® ©|43t9 EA &g}, vlsel
g2 2 A 20 4 272 24 vty HE 1g8 H4A4Fg23d Hin
F42 AA Fo] 100ge] HEEF 3}, oo Fol& F dole EFuFFA
(mixed bed resin TMB-8, Sigma, MO, US.A) 3g& ¥ 3 18CHA 150 rpmoZ 4
A B¢ B ¢ F o224 BAE £ &, AASA ol2a2viEIYAE
A8 4542 membrane filter(pore size 0.2 m)2 3t ©]F Table 329 2&
Z9 ojgaznEagxd 104E FAAUT. 2o B R AZFE A3 glucose,
fructose ¥ sucroses™ Sigma AE-Z(MO, USA), 1-kestose, nystose ¥ 1-F-fura-
nosynystose:= WacoAHOsaka, Japen)# & & AM&3l%id)

o

ok

Table 3.2 Operating conditions for free sugar analysis by ion chromatography.

Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)

Column Carbopac PA 1 (4.0 X 250umm)

Eluant #1 100mM NaOH

Eluant #2 100mM + 1M Sodium acetate

Gradient Eluent #1 from 0 to 6min, ramp to 100%
Eluant #2 at 46min

Flow rate 1.0 m¥/min

Chart speed 1.0 em/min

Detector PAD (3K)

El 0.1 volts t1 : 2 (300msec)

E2 0.6 volts t2 : 2 (120msec)

E3 0.8 volts t3 : 5 (300msec)

g}, frajolul it
vls 39 §ao}r] A& HPLC(Water system, MA, USA)E o] 8389 AccQ
-Tag*$gol st A3 & 20 vi4] ariz £4% ots I 1g8& F4¥s
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239 Y1 oo 75% &< 80 mlE 73] 150 rpme g 1A% wdt & g2 ol
100 ml2 &3t gF&Act. 43Y 5 mE e FYAx ¥ 0.IN HCl 5 mE
7tetd f&$ ¥ membrane filter(pore size 02xm)Z A& 5 W& HPLCH F
A3t F8 otmcal ¥4S 93 ZYHES Nova-Pak Cig(3.9 X 150mm, Water,
MA, USA)E AHg8slz Zde 25+ BTCE FASAG. AE7ie 830E7
(fluorescence detector, wavelength: Ex. 250nm Em. 395nm)& ] £3lgx £u] AE
0.14 M sodium acetate(pH 5.02), £l BX 60% acetonitrile® A&3 ¥t foje=
gradient systemS °]83d EXtt = Hzole &l AE 100%, 05%= &l
AE 98%, 15%dl= &) AE 93%, 19%olc &9 AE 87% , 33&o= &1 A&
68%7F SA E3on, 33EA 3BEHL &uf BHS EH I, 3BEAA BRAAE=
4olAZ ZYPE HIYseAd.
ob, §714d
v5F 9] §7]4+2 gas chromatograph2 o] &3l A3 {714 55
< 98l 204 Z71Z AT vts BE 5 g& AAEGHEF e old 75% ol
©& 100 mlE $o] 150 rpmoll A 341 2yt F Ao g3 42 g 53
AL AMAF F mixed bed resin(TMD-8, Sigma, US.A)9 #7148 F3HA17]
I 100 ml B0l HATE resing AH}AY. FAH #7144 6N EFAHformic
acid)22 &AM A o8 AYd At #PA T A5 14% BF3 /methanol €4
5 ml, R EFEZZ methyl laurate?t £° & chloroform€d 2 ml € 75 o}%
AYEES 715t WA @e AZAAZY F 80T sand bath’dol A 3083 ¥gAA
FreAgstda. o8 10 mle Alg & €0 o5 4 mle] X3 ammonium sulfate$
4g 7}3le] 2Y{ F chloroform %2 L 239 T4 ol YEFoZ ©
T3t 04 & flame ionization detector(FID)%} HP-FFAP 2 M & # ¥ (crosslinked
FFAP, 30mx0.32mm ID. PA, USA)°] ##&® GC (Hewlett-Packard 5890, PA,
USA)el FU5o 2else InjectorQ} detector2 =& 22} 250C ¥ 270C= 34
I oY LxE T0TAHA 18T FAF F £% 5CH 230CT7HA 4sAA 230CoAA
8EL FAGEEAY. W7 ES AR 29 F5S 12mIR e
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™ split ratioe 1 : 6022 FRI3AT #7143 EF2EL =3F A 2KSigma Co. US.A)
& AH88Y 2 AAFL Varian Chromatography Data System 402(U.S.A.)ol <& W
B BEEYoE AFsyc).
vt 7713

vhE 2094 AxE FZag §F o 05g8 AYsE Ysg YO Hstod
S500CAA 2X1F 2B A1A Wztg F olo] ol ZFS4 o 109ea FAgd
(HNOs : H:O = 1 : 1 84 d)3mE ALY 7bstxm 100Co QBN e 2
g AARAG. o2 thAl 50T oA 1A S BgAIR) e FAHEd (HC
“HO =11 B4qdhoz 50mrt HA HEsd g AMREYTY ARFY 22
E£4& Table 337 2& 2o @3 ZaAul 247 (Inductively Coupled Plasma
Atomic Emission Spectrophotometer, Jovin Yvon JY38 Plus, France)E o] £ 3t}

Table 3.3 Operation conditions for inorganic compounds by ICP.

Instrument Jovin Yvon 38 pllis
Im Czerny-Turner monochromator
Grating : 2,400 grooves/mm
Reciprocal linear dispersion : 0.33 nm/mm]
Slit width : entrance 20um, exit 40

Nebulizer Glass concentric
Frequency 40.68 MHz
Power 1.2 KW

Plasma gas (Ar) 12 L/min
Carmier gas (Ar) 0.3 L/min
Auxiliary gas (Ar) 0.3 L/min
Observation height 10mm
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Ab Y€ A

B E}7l AT chloroform : MeOH : HX0(=2 : 2 : 1.8) EFEAE o] &3o F
%, P& % UVHEE7] 2 u- Bondapak Cis Z¥°l(30%0.39cm)¥ ¥ HPLCE o
/3t £43dt & ks <o 10go chloroform : MeOH : H20(=1 : 2 : 0.8)& 7}
& 5000rpmoll Al 3&3¢ FASE F LYo Fo BAEA chloroformE FH3tL o]
A2} chloroform® H0& A Sell A7g 43 FL3A 7tetd 22§ X chloroform
%% #F39d. chloroform& EF Botod ool REJAYESES 7ta] A Fteteq
YEZet ¢ AYA R0 2N KOH-EtOH €4 20 mE 7}ste 100C <&
Aol A 3083 Hastdoh ASF 20 MY FHTE IGEFE A Hslgold
o} FYE ¥ EddFo] 274 50 m A EAHZE stete 1523 AP EE59
BXAIZL g dEHZ2F3E JAdd.oE 235 ¢ BHEA dH2FE AR F 25 &
3 1 % Hezadd AAAE ¥ FHFE 718 KOHE AT odddd=
2 FFRUYGEFS 78 24, 433t AAFFE A4S MeOHE 7tsf &84
A 10 M2 FET F 045 ¢m membrane filter2 A3 10E HPLC ol FY3t
At oldf olFRulzE WY SHd FHF GIEFEUNE ALY o]F 8y &=
t % 10mez 3. Zygozry ¥ vEU AL 325 nmilA HEHAL
o ZEE 02 AUFSZ 3tk vER AYZS A% EFL&9L vlepy A §3o)
10 IU, 20 IU, 30 IUH Al A8t A5} T AAHL AXA s}

oLu]gt=l C

Hle}7) CE 5%metaphosphoric acid® #2339 045 im membrane filter2
AR F 20 & UVHE7] ¥ YMC-Pack Polyaminel Z%(4.6X250 mm)o] ¥
¥ HPLCAl F]lste 43ttt oldf o] F§vj=2= CHCN : 50 mM NHHPO4
(70:30, v/v)E AHE3ARL olF&vle] £x& T 10meZ o BYPez Ny
2@ vEeY C= 254 nmolA A&3id ey A== 016 AUFSZ 34 vlEr C
AFE A EELYL 1 m%, 2 % ¥ 3 m%T AHEEA.
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A 34 2% % 1@
1. FU4 vhs ) Yz
shsel 43 2 ARE AR N2AEE AT A5t WA vhy duz

e =243 A3} Table 349 )

Table 3.4. Proximate composition of garlic from different area

(unit; %)
Sésan Uiséng Nambhae Hampydng
Moisture 68.3 62.4 66.7 61.6
Crude protein” 22.7 183 19.2 19.5
Crude fat" 0.3 0.5 0.6 0.5
Crude ash” 44 34 42 34
Carbohydrate" 725 716 76.0 76.5

1) The contents of crude protein, fat, ash and carbohydrate was calculated by dry basis

49 R A vise FERILS 44 624 % R 616 % ol M %
dadt ohs e 742 683 % R 667 %olUth. YW, AW L AP L X
2 HFeE ALY A3 2IdWAL 183 %~227 %, AL 03 %~06 %, =3
€ 34 % ~ 44 %9 B YA 94, Es 2 YA vkso @43
Fe HEY 2ozt Aoy A vtEe 725%E YUY st S8F 53
o] A1 M&g RolA 30~40UT AAIZRFER 30T~40Te ARVIANA 47
HAE s FEFZ) 64 % 57t HA stojok Fr|HFo] HeF Ao Buy
AU, oY rlgez £ o o4 R W mEL 4B NYst o)FoA v
At gt
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2. 9t59 Fr1EE 28 € §3F

AEF F7IEE B4 oA FEAFL e TG Aol duysd
2N18EL nlZoln AEA FEBolnz XARAFT A LAY 543 g 2
Foll 2|3t W3tatr] wFolt.

F714 89 FeUoezs FHA A Wy, B & F2H 2 FAAE
ol&% FZYol AT YuT< vt IR E 2435 Hetd ZFHUY 4niF
Yl ddtd HEF ZFA Likens-Nikerson2 FA& ol &8 A&FHF F2Yo 7}
2 A Woladtxn 3. 18y Likens-NikersonZ 3| & o] &8 F29L& 100
CTollM 121l FE2Fo2H Fo o3t A &I Fr|A 8o Huslzn 33
3ol ste] 1 FAFY FrIdEel BAHE F Ao HIolE AAdel s B
dEol &4 £+ A% JlsAde] Ae AF 53 HaHF € FAFY FNHRL
dynamic headspace concentrator& °©|&3td FI|HES & B4z Y. 2 A
TIAME vhze Fr18E £4YES #Ys7) H93to Likens-Nikerson# 2 & o] & &
2% dynamic headspace concentrator® ©]§3ted FEWYE uvmE A
dynamic headspace® oA+ EAl#Fo] ¥ F{FEARE 2 #§FE7x F el
R Likens-NikersonsZ 21 & o] 88 I43F FEUoME EAFo] L e
Hase A Bx3Fo] E 3F¢ELS o ®ol ygr

E P14 E AEAHA EYUE AHMME 2P ddo) Tt} olg 3
S40°l &7] B& column& AHE’ A FAo] ¥ column(DB 20)91 A& 4080
¥ HAEL M2 EErt g2 ¥ wd F4o] ¥e column(DB 5)olA £}
ZF HAY £ AE7)d Ut YES A FPDAE7|dME #5880 F2 3
E5oY FIDAE7|ME #3¥EE EFF alcohol, aldehydeF = HE&H U}
wetx & AFoAE dynamic headspace concentrator2 X IF F ZAo] B e
DB5 column& FIDAZ& 7|0 QA3 £43712 4t

FTUL vhEe] 74 EE GCE 223 23 Fig. 359 232 4 Hae 4Ee
g3zl e GCMSE M A Fig. 363 & total ion chromatogram
(TIC)E AUk GColl 3t 29709 2 #ag Aod oF 27F 9 P2
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Fig. 3.5 GC chromatograms of flavor compounds in garlic
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File ¢ C:\HPCHEM\1\DATA\GARLIC08.D

Operator : Byung-joo Lee
Acquired : 2 Sep 98 5:17 pm using AcqMethod DONGBIN
Instrument : 5972 - In

Sample Name: garlic pulp-preparation control 1.01g+IS 20u
Misc Info : DB-5 (60m X 0.32mm) 98/09/02-4.
Vial Number: 1

Rbundance TIC: GARLICO08.D
3470
6000000 4 2.40
5500000
5000000 4
4500000
4000000 A
3500000 4 35{p9
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Fig. 3.6 Total ion chromatograms of flavor compounds in garlic




Table. 3.5 Identification of volatile compounds in garlic

(Unit : Area count/10000)

PN RT. T Compound Formula MW ID
(DB-5)
1 5425 1-Propene CsHsg 42 MS
2 6372 2-Propenal CsHO 5 MS
3 17051 2-Propene-1-ol CsHsO 58 MS, GC*
4 175271 609 Cyclopropane carboxylic acid CzHgO 70 MS
5 8313 627 Chloroform CHCl4 119 MS
6 9488 654 2-Butenal CsHsO 70 MS
7 10755 704 Allyl methy! sulfide C4HsS 88 MS, GC’
8 13268 735 Dimethyl disulfide CoHsS:2 84 MS, GC’
9 13705 749 24-Dimethylfurane CeHs0 9% MS
10 14653 764 Unknown MS
11 15482 776 5-Hexen-2-one CeH10O 98 MS
12 17052 801 Hexanal CeHi120 100 MS, GC’
13 21.874 856 Diallyl sulfide CeH10S 114 MS, GC’
14 24893 889 1-Hexanol CeH140 102 MS, GC*
15 27470 914 1,4-Dithiane C4HsS:2 120 MS
16 28.767 928 Trans-propenyl methy! disulfide CaHsS: 120 MS
17 29688 937 Cis-propeny! methyl disulfide C4HsS: 120 MS
18 31285 951 4-Methyl-1,3-oxathiolane C4sHgOS 14 MS
19 32346 962 2-ethoxy-1-propanol CsH 202 104 MS
20 32701 966 Dimethyl trisulfide C2HsS3 126 MS
21 36675 1002 Allyl2,3-epoxypropyl sulfide CeHi10OS 130 MS
22 43911 1066 unknown MS
23 45295 1082 Diallyl disulfide CeHi0S2 146 MS, GC’
24 46245 1094 4-mercapto-3-methyl crotonic acid CsHsNS 146 MS
25 46951 1102 3-allylthiopropionic acid CeHio0:S 146 MS
26 50668 1137 Allyl methyl trisulfide C4HsS3 152 MS
27 55689 1188 3-vinyl-[4H]-1,2-dithiane CeHsS2 144 MS
28 58262 1217 2-vinyl-[4H]-1,3-dithiane CeHsS:2 144 MS
29 67.010 1306 Diallyl trisulfide CsHléL 178 MS
GC’ is identified by authentic compound.

I «*° means Kovats’ retention indices.

F A3 (Table 35).
#$AdE 27F9 APEL EFsA sulfide® 16%F, alcohold 3%, aldehyde3®
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furan ¥ 1 F5MF 1ZF , hydrocarbon#® 13, ketone® 1%, acid® 15 2 7|€ 1
Folden olsg AAEdtd I 2o

7}. Sulfide&

Sulfidest¥ &S w9 F8 Fr|4Eoz dexy Yo dUdd 1639
sulfide®+ allyl methyl sulfiue, dimethyl disulfide, diallyl sulfide, 1.3-dithiane,
trans-propenyl methyl disulfide, cis-propenyl methyl disulfide, 4-methyl-1,3-
oxthiolane, dimethyl trisulfide, allyl-2,3-expoxypropyl sulfide, diallyl disulfide,
4-mercapto-3-methyl crotonic acid, 2-propylthio propionic acid, allyl methyl
trisulfide, 3-vinyl-[4H]-1,2-dithiane, 2-vinyl-4H-13-dithiane % dially! trisulfide
olglt}l, o]E%F dimethyl disulfide, allyl sulfide ¥ 2-vinyl-4H-1,3-dithiin® mass
spectrumn< Fig. 3.7, Fig. 38 ¥ Fig. 393 2t Fig. 375 scan number 11489l
HFs = 229 mass spectrumn (a)& Wiley library2l mass spectrum (b)3} ®v|
3 Ro2 o]l dimethyl disulfideZ WA 2™ F spectrumnite {24 98% A
t}. Mass spectrumn®l oA M'7} 940l 31 methyl7]7} @iz Y& [M-15]"o] &3
3= M/Z 79 peak7t 128 methyl sulfide(CHsS-)717F Bold A4 Y M/Z 47 peak
7} o] °o] E&Ao] dimethyl disulfided & & & AU}

1}, Alcohol %

AlcoholH 2% 2-propen-l-ol, l1-hexanol % 2-ethoxy-1-propanolo] &2l
2lt}. 2-propen-l-ol3 1-hexanold EFEZAZ &3 A

t}. Aldehyde&

Aldehyde® & 2- propenal, 2-butanal ¥ hexanale] &< 51t} 2-Butenal ¢
mass spectrum< Fig. 3.105 2t} Fig. 3.10& scan number 7439 3= = =39
mass spectrumn (a)& Wiley library2] mass spectrum(b)$} BlR2g HoZ ols
2-butenal2 BHH S F spectrumntd HAL 96% KAt Mass spectrumnol]
RAoIA M7t 700) 3L methylZ17t BolA Y2 [M-15]"9 #i@at= M/Z 55 peak7t
o1 aldehyde(CHO-)7|7} ®olx AAY M/Z 39 peak’} Qo] o] E&o] 2-butenal
de& & F AU Hexanale EFERZ HAsA.



Library Searched

C:\DATABASE\WILEY138.L

Quality : 95
p o)) : Disulfide, dimethyl
pbundance Scan 1148 (9.007 min): 090502.D (-, *)
45 94
a)
8000 -
6000 47 79
4000 1
62
6%
2000 1 55 84
35 96
TN O |
(S SRS 6 S PV £ 1601 FURNIS I | S E— N ety ——r
/2--> 30 40 S0 60 70 ° 80 90 100
undance #117489: Disulfide, dimethyl (*)
94
b)
8000 4
45
6000 4 79
4000 A
2000 61
' 64 96
| | ’
0 ] i 11y |
Tt T
m/z--> 30 40 50 60 70 80 90 100

Fig. 3.7 Mass spectra of scan number 1148 by results of Wileynbs

a) Mass spectrum of flavor compound in the garlic

b) Mass spectrum of dimethyl disulfide from library search.
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Library Searched : C:\DATABASE\WILEY138.L

Quality : 98
ID : 1-Propene, 3,3‘'-thicbisg-
fbundance Scan 2055 (16.053 wmin): 090502.D (-,*)
39 45
a)
8000 -
6000 - 73
4000
99 114
2000 81 '
| s3s8 l °
0 aellllg il =258 ol T el
SENA 1] 1 TN SOR PN | SURTIN LN 13 VUM || PG | PR ——yr

T ™1 T P v N N
/z2--> 30 40 S0 60 70 80 90 1(‘)0 110 120
gbu.nda.nce' :5119270: 1-Propene, 3,3'-thiobis- (*)

b)
8000 39
6000 - 73
4000 -
114
99
2000 ] :
i l 81 8s
59 l
0 ...,....,..l.,.. ey AIFJ!.,....]....,.. N
b/z--> 30 40 50 60 70 80 90 100 110 120

Fig. 3.8 Mass spectra of scan number 2055 by results of Wileynbs
a) Mass spectrum of flavor compound in the garlic

b) Mass spectrum of allyl sulfide from library search.



Library Searched : C:\DATABASE\WILBY138.L

Qual:.ty : 86
: 2-Vinyl-4H-1,3-dithiin
pbundance - Scan 6464 (50.301 min): 090502.D (-,*)
7
a) ’
8000
45
6000 4
4000 4 19
b 144
2000 A
79
R N S
mz--> 30 40 50 60 70 80 90 100 110 120 130 140 150
jAbundance #10513: 2-Vinyl-4H-1,3-dithiin (*)
m
b)
8000 -
6000 -
4000 A 144
111
2000 97
| 313 -
30 G S ESS O S S . S— TR
m/z--> 30 40 50 60 70 80 90 100 110 120 130 140 150

Fig. 3.9 Mass spectra of scan number 6464 by results of Wileynbs
a) Mass spectrum of flavor compound in the garlic

b) Mass spectrum of 2-vinyl-4H-1,3-dithiin from library search.
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Library Searched : C:\DATABASE\WILEY138.L
Quality : 96
ID : 2-Butenal
Rbundance Scan 743 (5.861 min): 090502.D (-,*}
3940
a) 70
8000 -
6000 4
4000 4
2000 4 37
0 A l 44 48>’ 5355 sseo i’
—rr o+ B e area i U o SN L SN B T S —
/z--> 30 35 40 45 50 55 GIO GrS 70 715 8,0
undance $#116299: 2-Butenal (*)
39
b)
8000 -
6000 - 7
4000 4
2000 37
. ! l 44 51 S5
L T o o e NSRS [ I SUR—
m/z--> 30 35 40 45 50 55 60 65 70 7% 80

Fig. 3.10 Mass spectra of scan number 743 by results of Wileynbs
a) Mass spectrum of flavor compound in the garlic

b) Mass spectrum of butenal from library search.
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g. Furan € 2 §#=4&F
Furan ¥ 2 53 F 2% 24-dimethylfuranc] A=A
o}, Hydrocarbon#
Hydrocarbon# &£ 1-propene©] <15t}
v}, Ketone®
Ketone# & 5-hexen-2-one°] #1531t}
At Acid%
Acid#+ cyclopropane carboxylic acid7b #<15 ).
of. 7]t
Chioroforme] &aste Aoz et

Granrotholl ¢J3ld vlE3 & 2FAH L oA S-(2-propenyl)-L-cysteine
sulfoxide®} S-propyl-L-cysteine sulfoxideX serine® mercaptan®] thiolalkyl # o]z}
o] 93ty APA Y S-methyl-L-cysteine sulfoxide® cysteine®] methylationoil
ot AP A ol A 1x AP FrHA el Urh
&, Stoll®} Seebeckdl wWEW alliine  alliinased] 98t allylsulfenic acid¢b
aminoacrylic acidZ #3851 allylsulfenic acide allicin® 2 ¥ .aminoacrylic acid
T pyruvic acid®t gEYel2 Wgthe Aolg, 18]y Vertanend AJFEM7]|E o] &
o] o] AL AU HET 2 FAAAYF allylsulfenic acid7t B =2 Geoh
v RE& wAsHck wetA Dabritz9} Virtanene T ot 23y L Altsido
olgo] olFtd 289 alline] &gt diallyl thiosulfinate(allicin) 9}
aminoacrylic acid®Z ¥# =9 amincacrylic acide ©i-¢ EUddE EAozmz
pyruvic acid®t ¢EYeolz Esgdz 3dth. S-methyl-L-cysteine sulfoxide®}
S-propyl-L-cysteine sulfoxide®] ¥#ZEZx allin® L Aoz LAz loy o]
£& methyl methane thiosulfinate$} propyl propanethiosulfinateE 13} 2&AE2 A
Agdn &k ol## thiosulfinate3}FE S vl EAMG FHolng F4A] £3)
o} &3, dHdlols R AT FHE0] vu It
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Boelens®} Carsonol] 2&¥ vlseo #3EE L thiosulfinatest @0l Ea s
diallyl disulfide® BAd3stn o|Ho] vts Fo SAZE 4239 methyl ¥ propylH =
A HFZEH M2 2839 disulfide, trisulfide € ¢S 3¢ F3pES A4
3 R

Brodnitzs & trichloroflouromethane22 #& & uls 5382 % F79 &4
o] 32 3-vinyl-1,2-dithi-5-ene® 3-vinyl-1,2-dithi-4-ened ¥ WAy o|E 3}
FEL allicinol GCE #A&e TFo ®sld AEoA visd EAse AL of
Ytz F3suc £ o]5S A allicing ol &3t 49E A allicing 20C
o] A 20AI1ZF <tell Aol @AHF FHH 66%9 diallyl disulside, 14%9 diallyl
sulfide, 9%9| diallyl trisulfide® o4& Bo2 Eadctx 3yt Blocke allicin
27X BRAZE AAEAY @ FHBF2E 38R allicinel ARt 2829
g8 HAZLo] = ajonene (4,59-trithiadodeca-1,6,11-triene 9-oxide)el i &4
9 £ & @ RAAPZE allicin 22271 o] 28A9 2-proprenesulfenic
acide} 2%+ thioacrolein® A dtw Hae Al & &9 allicineg Hi F2
£ 2-vinyl-[4H]-1,3-dithin® 3-vinyl-[4H]}-1,2-dithin® & ®dn 3. Allicinol
2-vinyl-[4H]-1,3-dithin® 3-vinyl- [4H]-1,2-dithine.2 EsdciEs AL o A3
gl M= FHEED o

Spare®} Virtanent thiosulfinate3}@ 82 £¢ 4F 9 Lulsiol=rt A4 dY
2 3gct o] %o ArE ¥ A5t thiopropanal sulfoxide® %€ propenol®
22 vinyl alcoholo] BA =W o] AFF= Al 4stEo] propanal £ 2-methyl
panpental® 2& &ddel=2 dHotn Y. ¥I LI Lol EAL v

e 429 AEs SG3=d 3 SPERUE o % A4dds @b Boelense
A7 ostd gute] F¢ Lddtel= EFL 60F ol BAPHUY & 3}
FEL 60FclFd A7t Yeiddn At 2 IHYA S trans-(+)-S-
(1-propenyl)cysteine sulfoxide?t ¥ 3= propyl sulfoxide (£ propenyl sulfide)<}
pyruvic acid’t AAsl® o©]E2 %¥ propanal, butenal, 2-methyl butenal %
2-methyl pentanal 5°] AA "z 3.



YuS< nt=9 7|49 ¥ S Likens-NickersonZz2 2% F GC ¥ GC/MS
€ o] 839 Y|P E e FAHHALG. 15 GCE o83l B Friane &
2ades o]F MSZ allyl methyl sulfive, dimethyl disulfide, diallyl sulfide,
1.3-dithiane, trans-propenyl methyl disulfide, dimethyl trisulfide, diallyl disulfide,
allyl methyl trisulfide, 3,4-dihydro-3-vinyl-12-dithiane, 2-vinyl-4H-1,3-dithiane,
diallyl trisulfide, isobutyl isothiocynate, 2-propen-1-ol, l-hexanol, 24-dimethyl
furan, 1-propene, 1-hexanol & 30719 238 A3 Y}t ArtachoF < vls 2 ¥ E
allyl methyl sulfide, dimethy! disulfide, diallyl sulfide, dimethy] trisulfide, propenyl
methyl disu!fide, diallyl disulfide, allyl methyl trisulfide, 3,4-dihydro-3-vinyl-
1,2-dithiane, 2-vinyl-4H-1,3-dithiane, diallyl trisulfide® #3ld Ay FL T3}
Kot 3 Whitakero] 98 %3 3ol cis-propeny! methyl disulfideo] &A%t}
2 st

B a7oA 89 vhed $7148 A9 o AFAE g mnd vhse
F71483% wlzs & W 1678 3¢ E F, 2-propenl-ol, 2,4-dimethy! furan, allyl
methyl sulfide, dimethyl disulfide, diallyl sulfide, trans-propenyl methyl disulfide,
cis-propenyl methyl disulfide, dimethyl trisulfide, diallyl disulfide, allyl methyl
trisulfide, 3,4-dihydro-3-vinyl-1,2-dithiane, 2-vinyl-4H-1,3-dithiane, dially] trisul-
fide, 1-hexanol, 2-propenal, 1-propene Yalsle= Aoz Yepwck a2y olg g
B3+ Likens-Nickerson@ 2| & ©]&¢ Aozx £ AT w3 2-butenal,
hexanal®t Z2& AFAFEY £, AL Y& Aoz Agd

AR vt ¥7148S 4% 2 vhs Table 363 2l vise 7GR
€ FYAVHE 71Fe2 T 9 MUl 7HF dn F L Aol fodH o)
7 e }FAL ol HO ¥e Aoz Yeigd. otsF F8 HWA HEQ
sulfide® 3d] F A3V diste] 7 A Fall, g4, A4 vbsL 827%~
843% A1 ¥H vtEL 787%IAch W FAHo) W aldehydeH o] HFulE= @
B mhEol 87%, A4 M vhsel 27 76%, 75%0l10 e T ntEe 62%
o|Ath. Alcoholft 9] A+ #HA vhEo] 75%, a4t ool 64%, 944t npxol
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6.0%, A4t vtsol 59%E YE A

Table. 3.6 Volatile compounds in garlic from different area
(Unit : Area count/10000)

I . Ham
PN R.T. Compound Sosan  Uisdng Namhae

{DB-5) pydng
1 5425 1-Propene 40.7 305 745 644
2 6372 2-Propenal 6842 6317 5649 5550
3 17051 2-Propene-1-ol 9686 7655 8726 7610
4 7527 609 Cyclopropane carboxylic acid 3086 2072 1489 2844
5 8313 627 Chloroform 819 80.0 96.0 -
6 9488 654 2-Butenal 444 60.6 46.4 59.2
7 10755 704 Allyl methyl sulfide 924 96.2 65.6 319
8 13268 735 Dimethyl disulfide 18.0 12.1 89 84
9 13705 749 24-Dimethylfurane 148.7 89.2 802 1058
10 14653 764 Unknown 6.5 5.4 - 74
11 15482 776 5-Hexen-2-one 474 287 372 570
12 17052 801 Hexanal 5545 3114 2622 2918
13 21874 856 Diallyl sulfide 4900 3498 3034 2761
14 24833 889 1-Hexanol 75 6.1 70 -
15 27470 914 14-Dithiane 13438 1,489 8504 3113
16 28.767 928 Trans-propenyl methyl disulfide 119 7.3 74 -
17 29688 937 Cis-propenyl methyl disulfide 48.6 68.3 232 11.3
18 31.285 951 4-Methyl-1,3-oxathiolane 1239 81.1 1144 1239
19 32346 962 2-ethoxy-1-propanol 30.3 25.8 26.3 20.3
20 32701 966 Dimethyl trisulfide 22.1 13.8 91 -
21 36.675 1002 Allyl2,3-epoxypropyl sulfide 22.1 115 20.7 25.9
22 43911 1066 unknown 315 139 99 10.0
23 45295 1082 Diallyl disulfide 109976 7,.8383.0 98345 6,736.4
24 46245 1094 4-mercapto-3-methyl crotonic acid 1136 1190 114.1 68.1
25 46951 1102 3-allylthiopropionic acid 5520 7003 4037 3146
26 50668 1137 Allyl methyl tri-sulfide 73.2 529 50.7 25.1
27 55689 1188 3-vinyl-[4H]-1,2-dithiane 489 184 274 529
28 58.262 1217 2-vinyl-[4H]-1,3-dithiane 827 355 54.7 925
29 67.010 1306 Diallyl trisulfide 106.0 98.4 74.8 97.1

Total 171016 13266.4 14189.1 10391.8

GC’ is identified by authentic compound.

I «¢”* means Kovats’ retention indices.
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2) vtE F8 Y€ #%d 32 3t
stE7tEAEY #5d FASAEC M 4¥%E Fv FEEAHL ¥R
olgt Aztect wEtM nhxo] Y7|HEE GCE o148t Bszn ol & ¥
AEQ dAaY FrI5AE FHsn sdh ol 98 vl & Likens & Nikerson
% dynamic headspace concentrator?] 3t ¥ 3§ vls e FrHEL GCo FUs
o sniffing ANFE AASAG. 2 23 vtse F2 UYL EY BFH FAEA
& table 373 Zt}

Table 3.7 Characteristic oder of volatile compounds for garlic

PN. RT. Compounds Sensory evaluation
1 6789  2-Propenal A& =71x 23
2 7650  2-Propenl-ol WAE =77 X§
3 10250  2-Butanal HRE =7 B
4 12300 Allyl methyl sulfide 243 0] ¥ AadA
5 15508  24-dimethylfurane GEUE AY e YA
6 19260  Hexanal Z JdA
7 24504 Dially! sulfide AFH7F e H33 gL vy WA
8 30.304 1,3~dithiane HRJAE YA =& 7159 A F
9 31.834  Trans-propenyl methyl 28% T 53 Ay
disulfide
10 35551  2-ethoxy-1-propanol 2 UAYW(ES AAE | v d@Aa)
11 48620  Diallyl disulfide A4g vhge) g @Ay

12 49844  4-mercapto-3-methy! FUE = 748 WA
crotonic acid
13 50649  3-allylthio propionic acid o A YA Y& A=4 WA

14 54391  Allyl methyl trisulfide A FF5YA

14 59668  3,4-dihydro-3-vinyl- 5= vt YA
1,2-dithiane

15 62649 2-vinyl-[4H]-1,3-dithiane &% o $ =3

16 71299  Diallyl trisulfide & & g dyA

17 72100  Isobutylisothio cynate At Wl g E 2 JN
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olsel F8 FrjAdFoR 2 diallyl disulfides AAF vts9 A WAy
€ Yelyd e 3-allylthio propionic acid$} allyl methyl trisulfidet Zt2} 3 AA]
b A58 94 2 A48 FEYAE Jehd. Allyl methyl sulfides 2574 0]
23 d43#H, 24-dimethylfurane FAldo] BbE d4A), 4-mercapto-3-methyl crotonic
acide TUE 4t dAE JehdU. Allicing 24 EZ <e2lR 3,4-dihydro-3-
vinyl-1,2-dithiane®} 2-vinyl-[4H]-1,3-dithiane< Z}Z} 9 FAX§ vt JA 9} £
& A3HE UdehdAY.

3. 8% ¥ oligosaccharide 43,

Felde &Y A2elEayy] L o]2A2vtEaYNE o] &3 NG F
2lct. Light scattering detector® FEALZJS HaAF¢ n&a2rlEOY TS o
4354 vleo FAHES BHF AH glucose, fructose L sucroses w&|HFol 7}
SR oy 38R £t oM.

Aty o2 {22 oligosaccharider o Fo} Mol ¢A% pHE 12~
1322 39 Folzdy. ol HAE ol§3d ojagnEaYvz HF T
fege A4 2 AFY = Uk B AF A& refractive index detector 2t ZH=
7 100MAE ¥ Ao2 U421z Pulsed Amperometric Detector(PAD)E &3 o]
232 EaNHE AHEEY vlEF 9 f23 2 oligosaccharide® ¥4% A3 Fig.
311 ® Fig. 3123% Z& 22vt2adL 4¢ & AU Fig. 311 R Fig. 312944
T uks} o] vlEFolE sucrose, glucose ¥ oligosaccharideZ FAHE HIAE9
g4 veyon BFEAH ¥ B} 1-kestose, 1-nystose R 1-F- fructosyl
nystose’t A3 Aoz FAHAY.

#$AE 6% FeBe AP A3} Table 383 2. 2 2 SA4A vt
Eol ¢AA vts 29 ¢ Bol §FH AUY. F, FFE 7oz B o A7
QA R AL 42 vks 100 g7 63659 mg 2 55327 mgelR oy G A
gdaliel gHvitsS 242 41982 mg ¢ 37555 mgol #§fHol AAY. P59 sucrose
gFe 89 FeEd FEF 50%~60%E AT ¢2FQA glucoses}



6
8
1
9
5
-t
™M
&;
n
P 0 oy
N » A
«t al
fri 0
In 3
{‘ *
S 2
< [
N i
24 .
] W
.
W
-t
3 40’\
b ™ L
= fe |l ¢
n g
L 3
o~

NNEL A

Fig. 3.11. Ion Chromatograms of mixture of neutral Sugar Standard solution.
Peak : 1) Glucose, 2) Fructose, 3) Sucrose, 4) 1-Kestose, 5) 1-Nystose, 6) Maltotriose
7) 1-F-Fructosyl nystose, 8) Maltotetraose, 9) Malto pentose, 10) Maltohexaose
11) Maltoheptaose.
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Fig. 3.12. Ion Chromatograms of neutral sugar in fresh garlic pulp.
Peak : 1) Glucose, 2) Fructose, 3) Sucrose, 4) 1-Kestose, 5) 1-Nystose,

7) 1-F-Fructosyl nystose.
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fructosets F/2F & F9 7%v] 2ol tt. Frctooligosaccharide! 1-kestose, 1-nys-
tose ¥ 1-F-fructosyl nystose® 30% ~44 %ALT FHH ARes o]F l-nys-
toseZt 7H& ®ol &f=ol AUt Frctooligosaccharided FS Abxd=z 2 N4k
2 A AZEVIE 100 g2 22 27965 mg ¥ 20709 mgol FHE Ao
g3 2 #9rkES 12685 mg 2 11320 mgol /o ANt

Table 3.8. Neutral sugar contents of garlic from different area
(Unit: mg/100 g garlic, dry weight)

Neutral sugars Sdsan Uisdng Namhae Hampyong
Glucose 91.2 1559 492 100.8
Fructose 158.6 233.0 100.6 131.8
Sucrose 33196 30729 27799 2390.9
1-Kestose 579.2 4755 362.5 3049
Nystose 1093.7 899.2 5174 456.8
1-F-Fructosy! nystose 11236 696.2 388.6 370.3
Total 6365.9 5532.7 4198.2.0 3755.5

ots & el AAY T3 2ol AR dFHEA fructang FAded o
2 2] Z9 vl fructooligosaccharide®] o] B Aoz Yehdtl Fructooligo-
saccharidex ¥, E&, #AZTd U4 F7ldx 4234 A9 By e
1-kestose ¥ 1-nystose 2t 320 mg% 2 30mg % A% 3HEHo Uz Fch

Fructooligosaccharidex= FWl # &4 < bifidobacteria®l Z4] o} o) g5lo] HZ
7164 SeadesA FEYL Qo

4. 32 otrixAt

obp] x4t2 fluorescence detector’t ¥ ANAZvlEHNE o] Lsld 7
Mg a2y o xeitg dwrH o F¥PHYE uehdlA ¥yl @&l ninhydrin,
ortho-phthaldialdehyde ¥ 6-aminoquinolyl~-N-hydroxysuccinimide carbamate$ 2] A
g o83 FPAHE de FEANFEC] HA dod eI Al ZY
3 d Ee Fo ste=d old uigl per-column system®} post-column system& 2
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TR e

2 AP ME precolumn system2 ol €34 nitEo folrlxiRA
& Z3 Table 399 & FAE AU

Table 3.9 Amino acid contents of garlic from different area

(Unit: mg/100 g garlic, dry weight)

Amino acids Sdsan Uisdng Nambhae Hampydng
Aspartic acid 30.6 45.2 15.9 27.1
Glutamic acid 75.1 125.5 48.6 54.2
Serine 34.1 64.9 18.0 29.4
Glycine 6.6 10.1 5.4 2.9
Histidine 24.6 36.4 39.3 21.6
Threonine 30.2 38.0 6.9 6.3
Arginine 1544.8 1316.5 1386.1 1338.8
Alanine 110.4 135.1 62.2 38.0
Proline 47.9 97.6 59.2 56.5
Tyrosine 522.1 326.3 462.2 248.2
Cysteine 100.0 72.3 35.7 47.4
Valine 104.7 1348 200.0 134.1
Methionine 28.1 59.8 34.5 2.9
Isoleucine 5.4 1.1 5.1 2.9
Leucine 28.1 33.8 15.9 15.1
Lysine 2.8 1.3 3.0 2.6
Phenylalanine 8.5 7.1 7.8 8.1
Total 2704.0 2505.8 2405.8 2036.1

Table 3994 B ule} o] vlEol= arginine, tyrosine, valine, cysteine
glutamic acid7} ¥l o] ¥HHo AR aspartic acid, serine, histidine, proline
methionine, leucine® AZXE 100g F 20mgoldol = AR 23U glycine
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isoleucine, lysine, phenylalanine® uls 100g%3 10mg ©lg9te] Ut} Hao}n|AtF
arginineZ A Felopv|eite) 50%~656%FTE A ROeE YEgY, XA
o= A4 gAAdel dAA utsR fEotuledt 3ol & Ao YR
9. w59 FrEotv]xitF arginined 7MY FFol e Ao HIHon I
o] ofuxite] WM E AFA e we B A7t Qe Aoz vEidt Uedas 2
olso] 100g% cysteine] 188mg7t Aot 3P oY Madhavis & cysteine® ©lF
¢t ot FHGranrothT 2] B 1o o3d vlEF 9 ojnxite wlEd}y)
o F7EA AYRAEAE FLE AL ddn Fdt F vy Prig AFEIQ
allyl-L-cysteine sulfoxide, methyl-L-cysteine sulfoxide3}3dE<] A4l serine,
cysteine ¥ valine] o ¥t B 1P

5. 714t

7t& AZ2vtEadHE o83 vz /IS 24 @& A# Fig. 313
Fig. 3.14%} 2t} Fig. 3.13 2 Fig. 3.1491A B uie} Zo] nls Fol& citric acid,
lactic acid, pyruvic acid, oxalic acid, malonic acid, fumaric acid, levulinic acid,
succinc acid, malic acid, pyroglutamic acid’} Q& Re=Z eyt

AR vhse #7143 %S SRAE ZAIA: Table 3103 Zoh AL, oA, &
d L #9 olee R4 £33 42 A8 100g T 22066 mg, 2137.2 mg, 2359.2
mg % 19057 mg ol Alline] 2343 E2 <423 pyruvic acid §FE HH A
A 94, daiate 44 5495mg, 5181 mg, 561.7 mgol FHEH YR FHAL
409.1 mgel ¥H=o AN

AL ms9 SUIFLE A7 e 2 JHIABEaTHAYR vps9
F7143& #4% A3 vty FAA lactic acid, citric acid, pyruvic acid, oxaic acid,
succinic acid® vl #©°] fumaric acid’t ZE&H AL ©]F lactic acid, citric acid R
pyruvic acid7t F8 Aol o] A& A7 560.2mg, 375.8mg L 162.6mgol F5
o] Atz Bndgct & A7 A} AT AF 2T Aozt Ade AL A8AH
Mg R FHZP0) tEd 7IYE Aoz AZEd. & AXMIA2otEaGHY F
714 248 ZYE FFHEA v /714 B4 AF oxalic acid, citric  acid,
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Fig. 3.13. Chromatograms of a mixture of non-volatile organic acids.
Peak : 1) Lactic acid, 2) Pyruvic acid, 3) Oxalic acid, 4) Malonic acid, 5) Fumaric acid
6) Levulinic acid, 7) Succinic acid, 8) Maleic acid, 9) IS{methy! laurate), 10) Malic acid

11) 8-Ketoglutaric acid, 12) a-Ketoglutaric acid, 13) Citric acid, 14) Pyroglutamic acid.
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Fig. 3.14. Chromatograms of non-volatile organic acids in garlic.
Peak : 1) Lactic acid, 2) Pyruvic acid, 3) Oxalic acid, 4) Malonic acid, 5) Fumaric
acid, 7) Succinic acid, 9) IS (methy! laurate), 10) Malic acid, 11} B~Ketolutaric acid,

13} Citric acid, 14) Pyroglutamic acid.
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Table 3.10. Organic acid contents of garlic from different area

(Unit: mg/100 g garlic, dry weight)

Organic acid Sodsan Uisdng Namhae Hampydng
Lactic acid 2369 226.9 249.2 165.6
Pyruvic acid 5495 518.1 561.7 400.1
Oxali ¢ acid 91.2 838 1036 872
Malonic acid 246 205 303 253
Fumaric acid 88 9.3 10.8 99
Levulinic acid 426 83.8 399 286
Succine acid 46.7 516 59.5 453
Malic acid 236.9 2572 245.0 2326
Citric acid 8076 804.0 961.3 846.4
Pyroglutamic acid 161.8 771 979 55.7
Total 2206.6 21372 2359.2 1905.7

malonic acid, pyroglutaric acid S22 " H3a’t Yelte™ marlic acidet
pyruvic acide @ HA 2 PHAM YeidS A

6. F8& F713 ¢ veulF

U F8 AAY vk Fr1A2APE ICPE ol 43t BAY A7 Table 3.
117 2o A85100g 3 ZE, 9L 44 460~490mg ¥ 116mg~145mgdl & F 5o}
AN, YEEFH} B4 4Z 0mg~37mg ¥ 10~W0mg7t §FE AU e
2mgol 37t EAss Ho g Jelyitt

HEYl e & AZvlEaYs P spectrophtometer $& ol £33t &4 A7
el A, BESANE FEHA e vy C vts 100gF 06~ 09 meg% A=
7t $isol e Rz Y
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Table 3.11. Minerals and vitamins contents of garlic from different area

TR Sésan Uiséng Nambhae Hampydng
Ca(ppm) 10.04 18.46 10.18 20.52
K{(ppm) 485.13 491.09 473.33 45858
Mineral Fe(ppm) 0.94 0.74 2.04 0.88
P(ppm) 106.21 113.42 145.26 13251
Na(ppm) 37.31 29.71 34.43 37.06
Vitamin A N.D. N.D. N.D. N.D.
Vitamin B N.D. N.D. N.D. N.D.
Vitamin C(mg%) 0.9 0.6 0.8 0.7
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2u A7 date dIE grisHE Ad EFAEE ALEr] AdAME vhs
o F8 FASAEA FuIdEY 3} EAWY o] "edth wepx 2
TFAAME FH F8 AA9 vt5E FAA rlee F2F FAAAR AEHE &
714288 "X 72, fedotuxdt, F714 T FoAPLE S A9 £4E
F e Ee #ddnz g

vtE9] 714 E & dynamic headspace™® & ©l1&3te T IPF ol& v|FIHZY
(DB-5) ¥ FIDAZ&717} ¥39 GCE °]&3td 71 &&FHoz ¥4 4+ YA
F8 AA9 vpEg GCE T 23 29719 3 E AU olF GC/MSE o} &3
o 27%9 HFEL FAY F UAD FVNAHE S FHIVAE VFeR ¥ 9 A
Aol ZHE gton FHALS @S Ao dEiwt. viEe F2 YrjdEez @
21 3L EA JAME FaA, AAE R AR AloldlE FAAHQ Aozt Y&
Aoz yetio.

shEFe FEde o) A2rtEIYAE o) £3 T glucose, fructose, sucrose ©)
9]9l| fructooligosaccharide?! 1-kestose. 1-nystose, 1-f-fructosyl nystoseE g, &
28 £ AU, vls Fol = glucose, fructose, sucrose °}¥) 9l fructooligosaccharide
Q1 l-kestose. 1-nystose, 1-f-fructosyl nystose7} vl & ®o] #§F 5o AAeH, A
Aets & 1-nystose, 1-F-fructosyl nystose® 3ol =ttt

HPLC system& ol &3t olzZ o fajolo| it 2R A3} F fraoloxit
&S 20361 mg%~27040 mg% (AZEZIE)ZE #R=H AN, FAAvts
A 44drted Htutso] GAA vk B fYolvlit o] Huy & Ao
2 YEeyt

GCE ol&3&o {714 B4 A3 nfes Fol: citric acid, pyruvic acid, malic
acid, lactic acid, pyroglutamic acid, succinic acid, oxalic acid, malonic acid, levulic
acid R fumaric acid7t EASAR °1E {713 FFFES dxvkE 100g T 19057
mg~ 2359.2 mge] ¥FHo AN FHA otse dE AFY rtE By {74
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1. 48
£ Ao AHEE obEd 96t A viEE JIEE FFAE AIFAA T
dstAdct #UF vt=L B F Polyethylene UE22 ¥ Fste -20CHF 2o 23
BtEA Ao ARt
AETEE GEA7] AA AHER AL TF R S Table 417 o
2. vts AFY4 A € #8354
oty ZEFode AP Fig. 4134 2o 9A Fho BEEEE ¥o17] 4
3t HFET FH s SEFV(QAAZIZ R Wi g9 ArIsE 2094
(mesh)B = S A HZ33AcH(ol3} ole} o] 24T A& visdE g o). vty
Zg E#3t7] 938t Table 419 2 E vls¥Z £ HIMN AL
YT E AFHT B o IS TIhel HArbsiAC Ea9 HrbFe AFA
o] utsY TP st 2zt 0.04%, 0.08% L 0.12%E A7MstQd. 24 & Hoheto
ZIFEHE AT NEXEE 4 BhY W AH2TAM AAFHYo BEAGS
30%, 608 90F¥ % 120¥ 22 3.
AE5e 2 F7HES U3 gt A&

Table 4.1 Properties of enzymes used for improving yield of garlic juice

Enzymes Optimum Temp. Activity Origin

Enzyme A 40-50C 100 FBG/g Aspergirus sp.

Enzyme B 40-50C 4000 units/g Rhizopus sp.

Enzyme C 50-60TC 2000 units/g Asp. niger

Enzyme D 10-50C 4000 units/g Rhizopus sp. Asp. niger
Enzyme E 45-50C 2000 units/g Asp. niger

Enzyme F 50-60C 2000 units/g Asp. niger
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Garlic clover

|
Peeling

Crushing by chopper

Pulping by pulper

r— Garlic pulp

Filter press Addition of enzymes
Garlic juice Residue
(First) ‘
Addition of water
Addition of enzymes Incubation
Hydrolysis
Filter pressing Filter pressing
Second garlic juice
MixingJ
Combined garlic juices Garlic juice
(Control) (samples) (Samples)

Fig. 4.1 Schematic diagram for preparation of garlic juices.
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Fig. 42 Increase in vield of garlic juice by hydrolysis of garlic pulp with various enzymes
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Fig. 4.3 Increase in yield of garlic juice by hydrolysis of garlic pulp with various enzymes
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Fig. 44 Increase in yield of garlic juice by hydrolysis of garlic pulp with enzyme A.
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Fig. 45 Increase in yield of garlic juice by hydrolysis of garlic pulp with enzyme B.
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Fig. 46 Increase in vield of garlic juice by hydrolysis of garlic pulp with enzyme E.
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Fig. 4.7 Increase in yield of garlic juice by hydrolysis of garlic pulp residue with

enzyme A.
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Fig. 48 Increase in yield of garlic juice by hydrolysis of garlic pulp residue with
enzyme B.
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Fig. 49 Increase in vield of garlic juice by hydrolysis of garlic pulp residue with
enzyme E.
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EEgEALATA 4 EZ vis AFWAE 7MFRHEA 89 FHES F
A 23 2y 399 2ok Fig. 4994 B ule} o] £48 004% 2 008%4 #
7bate] bR @ B¢ &L 474 8% € 12%A= FUtEe RALe= dHEY. 2
4 E¥ 008%H7tT 0.12% 377 Aloldl oA zto)7t Qe Re2 Yeikd.
ojatel ARy viy FF DA BAE sl JMERHFE AEFE 3

BAgole BdaL: AEY AL AE vlEU I distd 0.08%~0.12%H % 718t 45T
dlA 607 ol ZhrEsistd AFNH F&E 13%~15%AE A F e AL
vebdch slsUEAA FFJAbe] AL E HUMA VMR HFE AES 3E olsUEE
AW e 39 5ok &L Al 80 F/EIAR §Y UEXRAAME F
2%01 o F7tste Aoz Yeigt olt AFIAlY did FFH visdEZFE V)
Fo2 st 45 H/ASEEZA AFAAHQ WA AT ALFET 2okA W
£ Aoz Atgdd

HAAE o83 AFFEY F7te AR FHEY i} 2L FTFHY ANEY
2t A5 e wE g2 ez ¥3HAY. Grassin® F& A F o Apze}
AAATE BEEG ¥ AIGYE EF 125g~150g9] 5 ¥ A A (pectinase, hemicellu-

hu

&0

lase ¥ cellulase & /32 AT BREL)E H7tetd 50TAM 2~3AF &3
o] 2FE A £8 AF AYE 13%HE F&°] F/EAD AFAFH A S
T BBEFE F€] F/EAGL BudH. ole Eldl sty At MEHY F
A Eol Rl e HAo| FAasA HERA AF Fo JHEAHRF Rl
474 £&5H7 dEolgtn Badgd. ATE 99 F2WYPE A A8 d
AF] 22 vgd 71 g AL, A R 4TS FH Er AN F&
2 FANSE AES A 4 € E4AE ¥HYso ANH}AE o 2TAE &0 F
7t e fa ofmxAt H4A] 25~51MFE FrHEAUYR Raddd. tAlql, d
2,2 9L 3EE oz & Fed ol vz aRE AJde Bust Ao

ojg} e ATAAE ¥H & v viso HARHAEL S SFYUE B HLE
78 BHAA FFY AL F8&0 F/HEHE R £ o vl AX Z3o] 3
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Aol =22 Fo 7HEARPEC] HA £25H7) H4EY Aoz Asd

2. YE-s5 g 9 J5

FHES ¥F3Y 23AFo FEo] JAHAM DAMZEAEA o 9% F97t F7}
A Eoh B¢ WFA SdEE 3E WAl 3452 2ot ¢& AxEA A
EHE A =Ho] AFA 2 JHEEGE] FE% ¥ wEED ¥F 9

s YARE AAR=EZA AEE FHHdte A E o]8dd vty AF
E3E Eolt FHE FESA Bttt ol HAs -20To 2xdA s WFS
4821 BAY F AL F(207), ¥AHAFET), EFHEOG0OT) £ microwaved
ol &% ¥ AFF g WIE 2T A Fig. 410% 2o

8.00
6.00
o
25
o :@ 4.00
§ >
200 ¢
O(D SRR
AdL&ds IFAFT EFHF MCROWAVE 53 %
;e
&y
Fig. 4.10 Increase in yield of juice by extraction of garlic pulp with different thawing
methods
Fig. 410004 B & ule} o] WE-s 5o o dess, WAHETE € 4%
HEFY A 4%AE +EF7H3A £ 4% ¥4 2 microwaveZ HEFH 3

FE F 4%AX F&ol T8t HF WP ©E FEFHEE F9H Aolrt e
Re g YERo.
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A 448 8.9

ot & HAaAFol vl FEEHo] ¥ vtEPZ o] HAo] o} AAFo] o
ok vhs AFAE o8 ZFAFE BEV] HHAME vlE FF A9 ERNgE
HAsn F&€8 FAAE F Ade WY side] "t gy & dFqME
ol M AL JtFEAYUF WE-AFE Yol A vteHF R AZWYL HE
1=

EA2E 8T I EHAY L vlEY AXE FAHSE HAES Psinay #HF
TEE FIANZ F U PPog B AFNME vtEHIo Y FAE JlEo B
A% AF3e LYY vfsYZE 122 FEFsn G Yo AAE sl BE%
AFste WS AEINND. viE 2AE FHT F A 54 E 142 A¥Y 2
HAPHAL 133 U AF228 FA 288 & Ue BgaL 2%F0] HE
A AFEA 4T Ao ey AEd 359 548 vhsUI Y F A
7t Bl F AEd A Wdn AR 228 FAO 2 £ dE BFas AVt
T& 37t A3 M 2 Aoz dEiwoh shE¥UE Y BYEL AE 012%
7hsl 45CAlA 08 ~12083¢ st AEH B FFF &0 10%~138E F713
Aok 1242 AFn e FFAANE BAZ JFEHY FASoe BEgEaL AS
0.08%~0.12%(12t &&=l vt F 718)E 7h3td 45ColAM 608 ~1208 3 7h58
HF AF3AE 13 %~15%9] F& FZHEFHIL AN ¥F L A5 AP AF
WYe AES A7 Y53 2 d52dd wE o ole dden %} 4%
Az #& T7tAHI} ' Aoz vyt

ol de] AAE T B 9 1xZ vsE FEF}T G WA BEPEL AS
0.1296 7}ste] 60 ~12083 B3lF AF3H 7M1 & 8% 92 F U: AL

2 vEistd.
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A1Ed M E

9 & 2} (Lilliaceae) W& (Alliium)l &3t wh¥(Allium sativum L) E5% &7
B4 g 4984e AU gl 2ulgs B8 8oz 4y AEEHT Uk
olEe] YR FFotAlotet AFHAL Aozt AT ded F vtelA
E @245 e g B oluiEl AFAzle] 71EE Ao Mo}l whEe] Au] R o
42 ¢ 2dd Ry AREth FUAA AuEHE vhee AU w2} FA
st dAAZ FEHEH FAAE WES AL, 94, 99, 8L, I FoA AiH
o, dAAZE 7, A A, ¥, 28, AF FAA AuE Ao

ohEe] FU Gz AAFE o s Awwy g gdde o B8 Aol u
sl ok H2 dde A4S 3620008 ~4481,0008 AFxolH, olF 416,0008 ~
4740008 0] 2Hlg3 o} &) vhEe B%FEE AY 4 PR HRAA &
B2 glon 1%~2%QEwe] HFAF] 482 AMEHT Ut e o] &E Tt
FAEL AF vhE, dAvkE, vy HYF L RuiE ol &3ld vhEo SET ¥
HAEE 3% 2% vlE oleoresinA Fo] A4 ARz gt

42 ¥ AFASE vhy FFAL ol88nA S A7F AEsPoU ohE
o +2¥Fol BE FAF vstel Y3 hEUTY Aol Eob AFFE0] o}

o

O

——r

2 o83 AEAL BL o gl A WA HFHAPAAY FAWRE J
gt #&¢ HUsY 5 Ae AFTAY Aol ot A 44N a2 7}
SR PG dF-H5UE 43 £&9 WHRE YRS

B AFAME £8¢ AT AFHHAN FoigdRe WHE HIHY
Ae FY AF2P L A st &x st BPAN BEFEC] ¥ A
A7 F vlEHI olsYUIE AFHT & WAbe] ALAS EABE FZ 012
% H7tste] 608 R 90R L FteR st HET vhE extractd] Yu|PE A E &
A3

24
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A 24 ANg L AFHH

1L A =

2 A7lAE A 43 extracte] 39 ADAN RE5 80 e 7
£ 5 ol=UIS ohsURE AFAHT G Aol EAASH AABE 27 012% H
hstel 60% R 0ET AFEMHA HF AZY obE extractSol et FuigE
o WHe 2387 AR NE YPAA.

2. AUy
7h 7148 23 R 24

g7143 22 ¥3& dynamic headspace' ol wet Purge and Trap system$
Tekmar LSC 3000(Tekmer Co. USA)S Al&3ld. Algs ulsaFd 10 g(7l 84
2YE B Brix 71E)] WEEE 24 25 mgd A2 (Emm 0.D.x 120mm)ol 3
e AA2 PurgingdtdAM F714 8-S F28Y old mount, bottom, valve 2
line 59 2%& ZtZ 100C2 2 AP stand-by temperature® 30Col3 s 31
. Purge gast FAE A43Q T purgingS 30psie] A4S B9 60mis 52 302
%t AAl3te 60~80mesh?l tenax GC(poly of 2,6-diphenyl-p-phenyloxide)7} % 321g
&2 B(12°X1/8" stainless steeDoll F71EL FHAADG. F34Y P42 e vF
A717) 3t 28-S 50C2 du|7tgsin 180T 383 71" 838 A3y
. Purge’t ¥8€ ¥ trap Wil Wol At 2L AARY st 250TAA 30
¥t conditioning Al Hth. B U HEEY AF NS BR 5] Ysid A=
7b FUE ANEHe &4 AH F 120 Co AxIANA 243 FE ARAA Y
F714 80l g5S 5o FAF F AL

Dynamic headspace 22 FZd w59 U P78 AF5Ho2 A
flame ionization detector(FID)$} DB-5 column(fused silica capillary coloumn, 60m X
0.3Imml.D., J&W Scientific, CA, USA)e] ¥ 3@ GC(Hewlett -Packard 5890, PA,
USA)dl F]stdch old FA+ 2 Hd&E7)9 25 47 230C 2 250CE 3¥ 2
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oven2 =& 27| 3BTAM 38 FASAT/E £ 15C 220T7AA FeAd F
220ColA 1083 fA&H SR s A5 S 838l 29 12ml 58 §A
819 o split ratiors 1 @ 2028 &) viEaS Yo IR vl 4 Alg9y
Hadd g Wy BEEA Hadyoer JAsHA dAe def FdAA ez
Eligich WEBEE 22 diethyl disulfide (Waco chemical, japan) 25mg2 & 200
noll & R AT AFHE 2AERP LS zero =5, attenuation = 7,
chart speed = 05 cm/min, area rejection = 50,000, threshold=5, peak width=0.042
At
L M e B

GColl 95t ®ajd 7|4 E 9 FAHL gas chromatograph/mass spectro-
meter(GC/MS : Hewlett-Packard 5972 system, PA, USA)E o] &3t ch 37| £ 9
2 2 ¥ Aed GO YA At AREYE AT interface 25 &
200°C, ionization voltage™ 70eV, resolution® 1000, mass ranget 30~300 m/eZ 3}
dew o el 2de Frigdee] FEE A GCxAFH T GCHEVIZ AMEE
FIDOIA Qo1& chromatogram® 339t MSelA dojRA total ion chromato gram
(TIC)S] 72 #AL n-alkaned ©]83td Fg kovats’ retention indices& ¥] i 3t
Fagch 71429 FHE EEFEH) gl AL BEEEEE MSH FY3A Ao
A spectrum¥ PIFE A& M2 ulmdd FAgow, EFEAC] fe A
Wiley library®] spectrum} 8l 23ty <134

o #a3

otFe $89 BAL ion chromatographg ol &3l EA3dr}. vls9
F22 F2¢ A8 e IFY 1.0gCURH DY E 35 7 Brix 71E)E A4dEg2I4)

ZH42 A Fo] 100g0) NES AT olo] gole ¥ Foj& TY IB
#Z(mixed bed resin TMB-8, Sigma, MO, US.A)) 3g& ¥ 18ColA 150 rpm2
2 4XZE B @ g F o]l BAS £A Fi3, AAS ojeAZetE Y
g 98] 45 %S membrane filter(pore size 0.2¢m)2 735 o]& Table 513
e 29 olgazneadtzd 104E FYHAT F FH L FFL A

rlo
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glucose, fructose ¥ sucroset Sigma A F (MO, USA), l-kestose, nystose 2

1-F-furanosynystoset WacoAHOsaka, Japen)Al F& At&3tgid.

Table 5.1 Operating conditions for free sugar analysis by ion chromatography.

Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)

Column Carbopac PA 1 (4.0 X 250m)

Eluant #1 100mM NaOH

Eluant #2 100mM + 1M Sodium acetate

Gradient Eluent #1 from 0 to 6min, ramp to 100%
Eluant #2 at 46min

Flow rate 1.0 ml/min

Chart speed 1.0 em/min

Detector ~ PAD (3K)

El 0.1 volts t1 : 2 (300msec)

E2 0.6 volts t2 : 2 (120msec)

E3 0.8 volts t3 : 5 (300msec)

2. frejolol it

obEF9 fE opux4be HPLC(Water system, MA, USA)E ol&3d
AccQ-Tag® ol Sjst XAt & otsdFd 10 gU841¥E 35 ° Brix
718)¢ AdFg2Id ¥ ol 5% @& 80 mlE 7Hste 150 rpmo 2 1A%
A @ g ol 100 mi2 8o At g% 5 mE FHid AYAx
¥ 0.IN HCl 5 mIE 7}t 8383 F membrane filter(pore size 0.2um)2 o 3}3}
9 5 @& HPLCAl Fagct fa] olvlcdt BN S s 23L& Nova-Pak Cis(3.9
X 150mm, Water, MA, USA)& A1 83932 29 2=+ 33C2 FA&AY. F&7)
£ Y8372 % 7I(fluorescence detector, wavelength: Ex. 250nm Em. 395nm)& o] £3
A3, 8v] AE 0.14 M sodium acetate(pH 5.02), €1l BE 60% acetonitrileS A}-&
3Rk &vle gradient systemE& o] &3t EFHTD. F Hzxoe £l AS 100%,
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058 &0l AE 98%, 15%8= &l A 93%, 198t &9 AE 87% , 33&9
T 8"l AE 68%7F A &R o, 3BEAA BETS &0} BHE EH, 3BEANA
WBENAE AR ZHE FYslsad.
ot f714t

vlEF9 #7143 gas chromatograph& o] &3t EA st #7714 &8
A AMEEe HEHEY 40 gCHEAE Y E 35 ° Brix 71€)S 4dEg234d 3t
2 ojol 75% &g 100 mlE $ol 150 rpmolA 33X 2Y F AFHEAH A
€ AYsEeod A @F2E AAHT F mixed bed resin (TMD-8, Sigma, U.S.A)9l #
14 FHAFI 100 ml BolR FAFE resing AHSAYG. FHE #7144 6N
E & formic acid)2.2 &&AA olF AGA DAL FYA G A& 14% BF;
/methanol® 9 5 ml, W EFE3AZ methyl laurate’} €9 %+ chloroform& 2
ml R FFFIUEEFS stetn WABE AZAI F 80T sand bathAell A 30
3 gAA fzAssdd. ol 10 mig Al¥H 1 ohd 4 mie X3}
ammonium sulfate€4& 713t B F chloroform & Hilx 2% T4
ol YEFOoR €43t 04 uE flame ionization detector(FID)$ HP-FFAP &
A% L (crosslinked FFAP, 30mx0.32mm 1D, PA, USA)°] #3ag GC(Hewlett-
Packard 5890, PA, USA)ol F13td ¥2l8d ) Injector} detector2 =& 42 25
0C 2R 270C=2 Y3 8 & & 70TCAAM 18T A% & 83 5CH 230T7#HA
BsAA 230TeM 8#% FA[MES st W7 AE EE AHEEAR 29
F42 12mi2 9o split ratiox 1 : 608 A8 #7114 BEEELS 534
2k(Sigma Co. U.S.A)E AHE3l¥ 3T AAE Varian Chromatography Data System
402(US.A)el o8 WF EEHo2 AFA

N
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A 3E 23 % nF

1. 71889 us}

Eheh 2P0 wE 7|4 E ] ¥sE GCE 4% Z3 31709 93 &
¥ + AN, GC/MSE ol &3t T 26719 HAd] distd 4L AR
. e 26709 FRARA d§ A XezPe wE USE FIAY ZFFH Table
52 % Table 53 7 2t}

Eaxelzde e YrigdEe] wzteE ¥Ud ¥E F HIUYE VEez
AMER 5AXE A && dRF HElg EAE AP vhsPIZd s s
Pt AFE Fe AW oI Rl FrsPey 132 AFsn G FAY] &
28 HAY Fe g7 Aolrt e Rz YERrh

a2y sleREd 39 F8 YAHELE ZaxE 2 g Wsis ez
velstt) olso dig3QA 1o delA diallyl disulfides iAo sty
Zaste Aol 7t & A2 Uewd. od AR visM A4S HE
g AeEde vhsdxd 5348 My A9 vk A F, diallyl disulfides HET
of vlatd EAE vt AT B¢ F 28%~28%7t HastH oY AFRAb A
A& F ol oF 6%~10% FasAd T3 FAaxelo] 9so 3-allylthio propionic
acid ¢} 1,4-dithiane® A3} #bd aldehyde, ketone ¥ alcohol33E9Q 2-rpo-
penal, hexanal, 2-propen-1-ol, 5-hexen-2-onetx &Axlgld) 2dted Frlstgen o
¥lol & Cis-propenyl methyl disulfide, 4-methyl-1,3- oxathiolane® %7}8le Rog
velyd, olE 88 F/F AL A4S A viEUTd AT F 7 FAL
Al A$ 2o & ez JeEiwt, Allicing 8422 <21 3- vinyl-[4H]-
1,2- dithiane 3 2-vinyl-[{4H]-13-dithane= W7t ¢l Ao 2 Yehyoh

Brodnitzs< &4 ¢ allicing o183t A A3 allicin® 20CA 2041 o
B3 =lo] 66%2 diallyl disulfide, 14%2] diallyl sulfide ¥ 9%2] diallyl trisulfide®
A& sulfideslYE2EL vty Fo SAsts 229 methyl 2 propyl F=AE=
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Table 5.2 Changes in volatile compounds of garlic juice extracted from garlic
pulp hydrolyzed with enzyme
(Area count/10000)

. w ___ Enzyme AY Enzyme BY
I_)I\ Compound control” ~50 in® 90 min® 60 min.” 90 min.”
1 1-Propene 85.8 131.7 1227 85.8 87.1
2 2-Propenal 199.3 250.7 269.7 199.3 236.5
3 2-Propene-1-ol 956.2 1763.2 1775.6 956.2 1668.6
4 Cyclopropane carboxylic 126.2 132.1 1934 126.2 1846
5 Chloroform 101.8 898 755 101.8 109.2
6 2-Butenal 543.6 364.5 454.1 543.6 310.1
7 Allyl methyl sulfide 56.6 84.3 9138 56.6 166.9
8 3-Hydroxy-2-butanone 46 64.2 70.3 446 754
9 Isothiazole N.D N.D N.D N.D N.D
10 Dimethyl disulfide 377 212 526 377 248
11 2.4-Dimethylfurane 1359 211.0 207.9 1359 190.1
13 5-Hexen-2-one 46.3 176.9 151.7 46.3 2320
14 Hexanal 204.2 643.3 440.7 204.2 12255
15 Diallyl sulfide 2674 2584 253.2 267.4 261.6
16 1-Hexanol 323 18.1 219 323 29.6
17 1,4-Dithiane 441.0 240.0 2453 441.0 2234
18 Trans-propenyl methyl disulfide 145 13.7 12.6 145 126
19 Cis-propenyl methy! disulfide 524.2 537.7 499.4 524.2 606.9
20 4-Methyl-13~oxathiolane 289.2 326.7 3818 289.2 336.1
21 2-ethoxy-1-propanol N.D ND N.D N.D N.D
22 Dimethyl trisulfide N.D N.D ND ND N.D
23 Ally12,3-epoxypropy! sulfide 310 17.8 117 31.0 133
26 Diallyl disulfide 50489 3881.9 39104 38489 3617.0
27 4-mercapto-3-methyl crotonic acid 5154 444.1 450.8 5154 405.8
28 3-allylthiopropionic acid 21626 12298 13744 2162.6 9435
30 2-propyl thiophene N.D ND N.D ND N.D
32 Allyl methyl trisulfide 139.8 241.9 2282 139.8 150.0
33 3-vinyl-{4H]-1,2-dithiane 202.1 2337 185.5 202.1 282.8
34 2-vinyl-[4H)~1,3-dithiane 156.2 155.4 107.6 156.2 193.1
38 Diallyl trisulfide 63.8 9.2 73.1 68.8 495
39 Isobutyl isothiocynate . N.D N.D N.D N.D N.D
Total 124316  11633.3 117079 112316 11625.0

Remark a) Control is the juice extracted from garlic pulp without enzyme hydrolysis.
b) Enzyme A is a multienzyme containing pectinesterase, cellulase, xylanase ect.
¢} Enzyme B is a protopectinase

d) Time means a reaction time of enzyme.

- 137 -



Table 5.3 Changes in volatile compounds of garlic juice e

extracted from garlic
pulp residue hydrolyzed with enzyme

(Area count/10000)

. 2 Enzyme A” Enzyme B
PN Compound control™ ~or in® 90 min® _60min® 90 min®
1 1-Propene 858 91.1 521 577 544
2 2-Propenal 199.3 216.2 230.6 198.0 183.0
3 2-Propene~1-ol 956.2 13635 1104.8 1038.1 1152.0
4 Cyclopropane carboxylic 126.2 1300 160.6 145.3 1355
S Chloroform 101.8 1333 1289 120.8 124.4
6 2-Butenal 5436 502.5 654.1 479.6 564.5
7 Allyl methyl sulfide 56.6 59.7 88.2 84.7 819
8 3-Hydroxy-2-butanone 46 66.9 103.0 68.4 88.1
9 Isothiazole N.D N.D N.D N.D N.D
10 Dimethy! disulfide 377 29.0 615 29.9 36.0
11 2,4-Dimethylfurane 1359 140.7 168.2 2219 158.7
13 5-Hexen-2-one 46.3 140.2 2189 218.7 245.8
14 Hexanal 204.2 316.8 530.5 610.3 628.9
15 Diallyl sulfide 267.4 251.2 255.8 278.1 227.3
16 1-Hexanol 323 219 36.8 256 321
17 1,4-Dithiane 441.0 2507 246.8 352.8 260.0
18 Trans-propenyl methyl disulfide 145 12.8 124 20.9 16.3
19 Cis-propenyl methyl disulfide 524.2 561.8 7974 659.0 668.3
20 4-Methyl-1,3-oxathiolane 289.2 3134 399.5 3237 305.5
21 2-ethoxy-1-propanol N.D ND N.D ND N.D
22 Dimethyl trisulfide N.D ND ND N.D N.D
23 Allyi2,3~-epoxypropyl sulfide 310 384 33.2 29.6 23.0
26 Diallyl disulfide 5048.9 4721.7 45230 4605.3 45215
27 4-mercapto-3-methyl crotonic acid 515.4 462.8 4134 541.3 4679
28 3-allylthiopropionic acid 2162.6 1544.4 12619 1661.0 1670.6
30 2-propyl thiophene N.D ND N.D ND ND
32 Allyl methyl trisulfide 139.8 1470 143.6 198.1 153.0
33 3-vinyl-[4H1-1,2-dithiane 202.1 226.4 2714 220.1 248.8
34 2-vinyl-{4H]-1,3-dithiane 156.2 163.1 1859 158.4 175.3
38 Diallyl trisulfide 68.8 60.2 50.7 53.1 453
39 Isobutyl isothiocynate N.D N.D N.D N.D N.D
Total 12431.6 119716 12133.1 124004 12268.0

Remark a), b), ¢) and d) : refer to table 52
e) Garlic juice is acombination of juice extracted from garlic pulp and garlic pulp residue with

enzyme.
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A3t o e FPEL AYGD RuEc vt A4 F ALY A
of W& FriARESe wHE 2AF Saghirsd T2 wW=w diallyl sulfide,
diallyl disulfide, methy! allyl sulfide, dimethyl disulfide® 30E7IxX& §233 F71¢
% 2 W3lg Jelyx ggkoy proryl allyl sulfide, methyl propy! disulfide™ 30%
Al F7H8tQ oy 2 olFdie A3 methyl propyl disulfides 1A13FgHe,
allyl propyl disulfide® 2A1Zt%tel 337t Jetyx fddx 233499, Yus2S pH
o] ¥sgld e vlse FUIAR FAAHA GHAEE 7] Ao pHE 2~107HA
1992 =AsdN P78 Uss 3T A YU F3FE pH 60~pH
904kl E Z7Mst oy pH 901 3dl M E ot ZAaste Roz HIHEA ox
by FdlE allin ol¥dlx 3FF<9S-alk(en)yl cysteine sulfoxides r-glutamylfx
A7t A oS0 uly Fol a3+ allinase ©]2] 2] peptidase$} transpepti-
dasesoll 2|3t Eajs7] WEolztn Y £ 2x vty FrIYERFT ME T
23 FAEQ diallyl disulfides pHe 719} 34 F718t929 diallyl trisulfide ¥
methyl allyl sulfidex FAHF2AA 713 Bel 4Addx i stEx249& 7
o vtbs FUIHE Axst 40TCTAN ARAA Y712 HEE F3E 759
A Ao 93l'H hexanal, propenals ¢l aldehydet %78t 2oy diallyl disulfide,
methyl! allyl trisulfide, dially} trisulfide® Z& 3otz st

Ast & XNF7A Bnd A7ZFAE B AYA diallyl disulfidec] ZAdn
alchol % aldehyde@@&°] Z7F A% & <423t AUt

2. frEl3e A3
EAaAEd o oo #8239 glucose, fructose, sucrose, l-kestose,
nystose ¥ 1-F-Fructosyl nystoseE ol2azvlEadya &A% A3} Table 54
% Table 559 2tk EAXNHE A &L d=zT79 ZFS$ v=AFA 100gFl
sucrose’t 13914 mg, glucose’t 939 mg, fructose7t 950 mgel HFHHol Un
1-kestose: 1284 mg, 1-nystose:s 169.8 mg, 1-F-fructosy nystosex 127.1 mge] &&
Hol Qth 23y vlsUE T FFAA A2 AYYE dd FEH FPle AF
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Table 5.4 Changes in free sugars of garlic juice extracted from garlic pulp
hydrolyzed with enzyme
(Unit : mg/100g sample)

Free sugars control® E.nz&\)'me Am. 5 I:‘:ni?lme BC). =
60min. 90 min. 60min.” 90 min.
Glucose 93.9 2106 212.8 101.8 1093
Fructose %0 2989 401.1 246.2 304.8
Sucrose 13914 1169.5 755.4 874.2 8905
1-Kestose 1284 263.1 290.0 66.1 65.3
Nystose 169.8 1835 2712 1342 1165
1-F-Fructosyl nystose 127.1 225.2 288.8 103.2 116.4
Total 2005.6 2350.7 22853 1525.7 1602.8

Remark a), b), ¢) and d) : refer to table 5.2

Table 55 Changes in free sugars of garlic juice ©

extracted from garlic pulp
residue hydrolyzed with enzyme

(Unit : mg/100g sample)

Compound____conro” 5 e e

Glucose 93.9 1993 2470 109.3 160.1

Fructose 9.0 2472 2700 145.3 214.1

Sucrose 13914 10378 8800 782.3 703.8

1-Kestose 1284 2352 202.7 939 92.2

Nystose 169.8 1836 2184 1388 142.0

1-F-Fructosyl nystose 127.1 186.6 147.7 834 90.8

Total 20056 20897 19658 13530 14030

Remark a), b), ¢), d) and e) : refer to table 5.3

4 FH}E olF T YFo| A Wat Aoz Uegth 1 WY FEE &



T Eoe I AgFt oS Ao B 549 FRHA @AM E Xolst AU

AL AR 71 REF olsFAEAS AZE B E sucrosed AT IS
25 F7hetd=d =0 ELE AH st BT A0 A A FER
g g F7ste Aoz JdElwt & d2Fo 13914 mg%Q! sucroses A4 AR vl
EYEE Q0ET FAT A$E 7554 mg%olU o Tate]l Mg Aol 8300
mg %% JYehiQAo™ zFol 950 mg%Q fructoser 27 401.1mg% R 2700
mg%E YERRRT

E4 BE IR E vsaEFAd e A2 A SdE glucosedt fructoser 3
7t8t 9 2\ sucrose, 1-kestose, nystose R 1-F-Fructosyl nystosex 748t} o]
A FUIEFE Bh AdA S} o] vfEH T AY E4E 7Hetd EsEe B¢
7b Aol M@ B9 Bg OS2 Ao vEit

AE2Zd EAste Reg 22 A fructooligosaccharider A2 JAF AWy
v Aoz g2x gloh Saitod] g AATE $F9 s FAdE 36% FE9
fructooligosaccharide®] AR 5TA 1592 ARF3A 1.8%%e], 20THEE AL
0.9% o] AE3AGT BustFrh

At 2L ZAFE FHUsY B vtsE H42 FH F ASY AS E@5EE
o] Wgrt 3A dolg g ¢ 4 AR Ex N Fo] frede ¥zt 49 F &3
gepatzle ey A EAREH AT oA FgiEH AL H49 %
of 719 Aoz AyZET. & dYe) AL ALV AAE AdolmZ £ B
Hog st A2 oYdE & a7 EAY £E Jong oF Al o @
380l B3 EE 484 FES T = A& Helth ol iy FHF WAL
Q37 AdMEs A8 Baed £ 2 AF $2 U ol AW vis T
EA3te B@FEEY ojgRHA ZAd dF ATV g FYsojop ¥ AoE
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3. e opulx=o s
EAZ ulEHIE FHsd Az nlsAEFdY fE oinxdE 4HET] 4
o] n&di A2vieEaHNZ fe olvxdt #FES £JY A7} Table 56 %
Table 573 2t}

Table 5.6 Changes in free amino acids of garlic juice extracted from garlic pulp
hydrolyzed with enzyme
(Unit : mg/100g sample)

Aspartic acid 6.6 14.0 357 14.1 10.7
Glutamic acid 39.1 67.2 68.3 59.1 49.9
Serine 29 15.6 245 17.0 188
Glycine 2.1 25 59 29 20
Histidine 24.6 21.2 175 24.3 225
Threonine 149 147 18.0 165 14.7
Arginine 602.3 601.7 655.3 605.9 649.3
Alanine 142 14.0 229 159 13.8
Proline 52.0 67.1 64.7 53.6 545
Tyrosine 91.3 873 85.2 93.0 835
Cysteine 11.6 15.8 17.3 135 13.7
Valine 116 14.0 19.1 16.0 14.2
Methionine 3.0 7.0 6.4 94 6.7
Isoleucine 71 48 69 6.3 43
Leucine 30.7 51.5 53.9 4456 37.8
Lysine 16.5 146 234 188 124
Phenylalanine 21.6 12.1 138 276 315
Total 952.1 1025.1 1138.8 1038.4 1040.3

Remark a), b), ¢) and d) : refer to table 5.2
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Table 5.7 Changes in free amino acids of garlic juice © extracted from garlic
pulp residue hydrolyzed with enzyme

(Unit : mg/100g sample)

Aspartic acid 6.6 94 10.2 10.9 8.0
Glutamic acid 39.1 27 36.8 354 52.8
Serine 2.9 10.3 31 158 135
Glycine 2.1 29 2.1 20 24
Histidine 24.6 264 18.1 225 16.0
Threonine 149 141 120 12.6 115
Arginine 602.3 625.7 630.1 644.3 6514
Alanine 142 189 11.1 11.8 10.7
Proline 52.0 55.2 311 52.7 439
Tyrosine 91.3 879 92.6 91.9 100.1
Cysteine 116 11.1 149 12.1 9.8
Valine 116 172 139 13.7 115
Methionine 3.0 6.4 6.4 7.1 71
Isoleucine 7.1 6.0 215 12.1 69
Leucine 30.7 78.8 80.5 442 43.7
Lysine 16.5 253 13.0 15.3 184
Phenylalanine 216 17.2 229 195 36.3

Total 952.1 1055.5 1020.3 10239 1044.0

Remark a), b), ¢), d) and e) : refer to table 53

A2AYE A FL d2TFY Fe opnixit FFE Table 5694 HE v}
Zol vpz2EFY 100gF 952.1 mgel #FFrsol AN ©lF arginineo] 602.3mgo]
Hol AA fFElotvixate] 633%E A& A ch Glutarmic acide 39.1mg, serine2 2.9
mg, glycine< 2.1 mg, proline2 52.0 mg, tyrosine2 91.3 mg, lysine< 165 mgo] #F 5
o] ANe valine, isoleucine ¥ cysteine® 2tz 11.6mg, 7.1mg, 11.6mgel a5 o
AN
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42 upsgEE st vs AFAE AZIFE {8 ol §FE FIt
9tk A4 AE vlegEo distd 012%71ste] 908D 2 3 AEFE YW &
olol it FHF L Yz T vty 196%7F F7HtA R 2 9o NHEFE o 10%
AT Z7tg A2 vEyY. nteEd T FAHA o 4 BE Jtstd Fd, A5
g 7o oAM= aspartic acid, glutarmic acide, serine ¥ leucine® ¥HgA1ZF 60
¥ 2 908 Ml T dolM 25 U #E arginine® ¥§ 90¥ A poM ¢
Z7t% Aoz Jeiwo, oty FF5IAbY £4F AHEstd #AFE F$E aspartic
acid, glutarmic acid, serine 2 leucine® 713t 2 9 arginined vwlEsH X FAE
7te Bege €8 BE 60F olFdE UMY Ao JeEyd.

Granroths o] 7ol o8R8 vkEF 9] serine, cysteine ¥ valine2 #7|d 783
Q1 allyl-L-cysteine sulfoxide, methyl-L-cysteine sulfoxide?] AL HFAFcin
34t £ MatikkalaS & vl 59 y-glutamylisoleucine®} glutathiones o] & 4o
o8] B3 =W isoleucine, glutamic acid, cysteinyglycineol A4 €cin go}.

o] &3l #7142 ¥ A% ZAF Table 5 83 Table 599 #th.

EAE HAYs & vs FFAA 27 A S hE 100g2 8213 mge F
714ke] #Hso] AU F714FF citric acid’}b 387.8 mg, pyruvic acid7} 141.5mg2
olE F f7Idtel MM {7 64%HEE AASAT. Malic acide 1126 mg,
pyroglutaric acid¥ 185 mge] #H=lo] AUt Lactic acid ¥ succinic acide 22}t
765 mg ¥ 152 mgol #FHHol YR, oxalic acid & fumaric acide & 339
mg % 80mg o] #FfH = AU

gaxge o8 £&& FYANY vtsFAFAY {7 ¥HsE HMBY citric
acid, malic acid ¥ lactic acide A9 ¥a7h ey allicing EHIEZ g3iA
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Table 5.6 Changes in organic acids of garlic juice extracted from garlic pulp
hydrolyzed with enzyme

(Unit : mg/100g sample)

b c}
Organic acids conrol” — IR A EIGE By
Lactic acid 76.5 82.9 81.7 84.5 85.6
Pyrubic acid 1415 3186 3955 308.2 3754
Oxalic acid 339 383 283 20.7 286
Malonic acid 149 16.1 133 95 8.3
Fumaric acid 8.0 7.0 8.2 59 55
Levulinic acid 124 124 128 155 138
Succine acid 15.2 13.8 145 145 131
Malic acid 112.6 128.3 101.7 101.1 1094
Citric acid 387.81 3584 3415 367.0 3133
Pyroglutamic acid 185 164 12.8 13.9 14.9
Total 821.3 992.2 1010.3 940.8 967.9

Remark a), b), ¢) and @) : refer to table 5.2

Table 5.7 Changes in free amino acids of garlic juice ® extracted from garlic
pulp residue hydrolyzed with enzyme

{Unit : mg/100g sample)

b <)
Organic acids control® g‘nzgfe A 50 i Ggrx:uz.lge Bgo T
Lactic acid 76.5 708 73.1 809 795
Pyrubic acid 1415 2123 232.1 2447 263.1
Oxalic acid 339 215 225 274 259
Malonic acid 149 76 9.0 10.9 125
Fumaric acid 8.0 6.3 5.7 7.0 8.7
Levulinic acid 124 13.1 116 10.4 135
Succinc acid 162 54 12.6 10.8 106
Malic acid 1126 108.9 102.4 103.4 104.3
Citric acid 387.81 3771 3765 386.1 367.5
Pyroglutamic acid 185 12.7 12.6 12.8 125
Total 821.3 839.7 858.1 894.4 898.1

Remark a), b), ¢), d) and e) : refer to table 53
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pyruvic acide F9& 2ozt gl RAeg YEWH vtsUZE L2 Il
o FFL E AAE AYstA &3 FFH d= 7o ¥ 2w oY Frhe R
o2 yephgr}. olgl§ pyruvic acid® 7t ¥ L Jt &3 Aol Z+-E ¢ A
k. FEFJAE BAZ M2 13 AFdn EFE AR Aee AMH AL
& 7t AEE AE Bod O 37t BFE Aoy wiETd vt 164 BE
Z7t 3. vt5F9 pyruvic acide alliin®] alliinased] 2|8 allylsulfennic acid ¥
aminiacrylic acid2 ¥# 531 aminoacrylic acide & 1827l @A MAAdcn
g}, o]FA AAHE pyruvic acide 23F ¥E§ol 9o oAl carbonylSES A
st Aoz dA Ao
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A 44 8 o

tsEE 9 FHFAAe B2 VSt bR E FFE St $£8€0) 10%~
153 = FAANL £ AR/ 284 FEFAFANA Fo|dEe wles H23g 5
Ae FH AF2AE A4 dstoq AL JIEEH HPAM FF 58] 2L A
g7t & weUT nfsUTE FFen e WAl AAAY ZABE 47 012
% A7t 608 R 90E tRsistd AET viE extractd] FUIHE WE 2
At gich.

Eaxxgzxde WE Yr|dEe WstE QY 329 F HaAYye JFo=
AHEE AN E A &L dxTFo] vdld ALE Y vl spatd Jlg
23l FEY Fee B PrIdRe) FadPoy 142 FFET G A &
28 AP Ffolc dz79 Zo|7t ge Rz Yeid a8y vl Ztzbe] ¥
71423 o)zt AN vhEe] dEAHQA PrigR¥os U dialyl disulfides
ExNed it Faste Aol M A2 YEigh o2 ZAAYL ue
b EAE AEE SR vhEUTo] AAE AP A9 6L A

ELE VI REAF AEE vbs AF Y0 UAolM FFFe] WEle 2 Aoz Y
soh ¥ Axe AAE vhEAt HIAF AeRoE AP YT HYF Ao,
ATl #L NI Bris U ATt A% 3t B2 Aa e FFH waA
E o7t UNY. BAFHEE RY AL A Hu:E BE A3 - EHE o
2o ¥srl @ Aoz yehygo,

ELE vlEUEE B vs FFYE AzsE 73 olrixdt #3332 F7)
B} B4 AE vlE¥Zd sty 0.12%718  90EY B ¥ AFL A &
Zotuled FFE g Fol ulad 196%7F FHEE 2 9o HaFe & 10%
AE FHe Aoz Jdegt 4% Fd ©E ol AU

AaAPo] & F&& FAFAY steAEdY /714 WHE ABEYE citric
acid, malic acid % lactic acide A9 W37 AU Y allicine] EHAEZ g2
pyruvic acide ## Zol7t YUTH vHEUTE L2 JIFEHSY FEL W
WEF ol vldte 2u) o] Frlatdth AFHAIE A2 E SRS 13 HFY
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3 ¢ shsdgdol Y HAE sl EE R BT pyruvic acidel Ak,

oael e YA 2 W BF4EL IuUNHT FuYRY A% Hans
) AN Eh AR HEDAA 012%7hehd 60 ~ R ASRHAF Bz
Ag 13 AU EPE FAL Adsts Ao) wYAY Ao AR,
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A1 M E

W32 (Lilliaceae) #&(Alliium)l £3E ohs(Allium sativum L)9] 9=
GotAlotst AFHAY Aol AHAL Yom FUoNE MA, A, B} i,
T, 2F AN F2 A=z o

Bt S5E P2 A AY FAYFEE JIFHAT F2 YR, SAAE9
£Z5 FANEE ALLHT Jon HIE vise $7FE, FHAE AAHEL, g
AL 59 A3 A37 A=Y NP4 EF 982 AEHT Qo

vhEe 55% FuPELL vt z2Ao] HAE o vy F9 allinol allinased)
98t allicin® pyruvic acid2 E# =1 allicine] T Al diallyl thiosulfonate} diallyl
disulfide2 ®3} =™ o]E°] pyruvic acidst M2 =2AL3d HNF Flge 9
carbonyl 3#&& AFo2A WA= Aoz dA Utk oY AFE1884W
ol Wertheime] =}t5& %71 ZFHAA essential oil FEdA AFHU
Semmler< essential cil ¥ Fo|A diallyl disulfide’t FAEoln, diallyl trisul-
fidest diallyl tetrasulfide® #f5o] Atk &t Rundqists utse B o
diallyl disulfide} 27 Ed& 223t glycosidegt™ FEE W1 alliinola}t ¥4
5. 2 F Cavallitos & vH59 ethanol 284 74 2329 allicin® 2g
8y 2 FX7} diallyl thiosulfinated 2 A3t Stoll# Seebecke vl:o)
methanol+& Aol Ao opnjieilQl (+)-S-allyl-L- cysteine sulfoxide® 2 &)
39 alliinolgl stQom ol mtx Fo EAse Aol 8 allicin, pyruvic acid,
ammonia® AA4¥H Hu&Ych BrodnitzF2 allicinol vlse F8 HEOZ ol
monosulfide, disulfide, trisulfide ¢ sulfur dioxideZ ®s®tix &t Saghirs
Jacobsens 2 vt 59 wl&nt A 2L diallyl disulfide, allyl methyl disulfide, allyl
monosulfide 3 disulfided} 3t} vlE Fol& alliin o]9)d = y-glutamyl-S-propyl

-cysteine®} 7-glutamyl-S-allyl-cysteineo] &Ast= Roz LA gt} ojEL
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alliinasedl 93ty E =R ¥ y-glutamylpeptiase?} p-glutamyltranspeptidases]
o1&t thiosulfinatesE Fal =} vhs9 W E ¢ FIAUGn dot

oleig AE7AY AFZFd] oFA vt S5 FuHES vt Fol A
e ATEAR olEL e 25 9t AYAHE Aeg A2 Y
EaAE d¥¥oz 25, ph, 712 2 FEE T 9o €Al ¥ StollH
Seabeache] ATFZA I 93 vls Fo| EA3E allinases pH4~80A &L
A& dedie] A3 AEL=E 37CHR AT EF Mazelis®t Crewsol o34
alliinas S-methyl-L-cysteine sulfoxidedl W3le 713 £& €4 v 3
pHE 652 2oz w3z

HIoe vted 3L, FAE AAH L, AL T 2L WYY EHE
o] &3 ZtF vt A FE AZXSFTA AW viEe] SEF JMEZ A3 A1 &l
AR Aot vks YAE vl Fo ESAsE BL9 AT BASL A 2L E
e HA 2FEIGE LuAt date B2 otEdANE Ad HEAES AN
F AL Aoz AgdY. vts Fo EAe BAEH LS JtEA A sl 2HE
T Ao

GetA & AFAAE vtsel XNEE € B¢ YR UBFYFE EH2
A st ol A ZHyEA] @ vtsEEFE 60C~90T HHA 10CHF o=
SxE zEstdA 08T EF B2 A% microwave(AAFH AA)AAN 1023

ZtE® 3% vt 714 E, fa, Fotuixed R R4 WstE A9y g
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A 24 A5 2 9y

1. Al 8
2 A7 A8 vtse (96l AL utE S At FFAE AN 7
&t M Rl REASAA Yo ALgEA
2. AAg =4
42848 24387 9% AAdzAozE AEARVG AREAQAE o] &3}
AT FFAXIE o8 dIEHYE WHFANAYL vlx & EF](40cm X 30cm)
ol 1 kg¥ "ol 60T, 70C, 80C 2 0TNA 2z 3087 7gx st Azt
Aol A JAAE 1023 A AT

3. AlEH
7h B8 E XY 2 E4
g7 ¢ XL dynamic headspace ol wat Purge and Trap,.system$!

Tekmar LSC 3000(Tekmer Co. USA)& AH&3lth Al&%& 20 mesh Z712 E4%
¥Erts 1.0go] WP EE €3 25 mge AIEHW(S5mm O.D.X120mm)el FHsted A
2 PurgingdldA FrjHES F23 ¥tk old mount, bottom, valve L line 59
SE& 747 100C2 A3 stand-by temperatureE 30Tol3t2 314t} Purge
gast HAAE A3 R purging2 30psid) FAE B9 60mEE2 3023 AA S
o 60~80mesh?| tenax GC(poly of 26-diphenyl-p-phenyloxide)7} 3@ JFi3
(12X 1/8" stainless steeDoll #F71PJ¥ & FHAAAL T2 Fr142E 32717
A3t FHAE 50CE oy 7tEs 180TCA 38 71 g8 AAsdn
Purge’l &8 ¥d ¥ trap W¥ol Fol At 23 & AAY s 250TAM 3083
conditioning Al Z{th. £ LA HJES AF /ts4AS BAd Yo AgI} F
e NaEe &3 AY F 120 T dx7A 24T A= AZAA 29 ¥4
2ol U5 BFHoE FAF F A8

Dynamic headspace’§ 2.2 FZ @ vls9 U FIAPYE L AFHOZ ZF4)

l

- 155 -



flame ionization detector(FID)2} DB-5 column(fused silica capillary coloumn, 60m X
0.31mml.D., J&W Scientific, CA, USA)o] ¥-#¥ GC(Hewlett -Packard 5890, PA,
USA)Y F43Ad. old FYT+ R HE719 2= 47 230C ¢ 250C= 32
oven2 =& Z7] 3BTAA 38T FAFAAI £F 15T 220C7A FsA F
220ColA 102 FA&dt VA2 dES A3t 29 12ml ££8 #A
3925 split ratio= 1 : 2022 Aot vtEAFH4Y FrIPE vlane 4 As9
HABHE WY EESH Hadoz dAA S do FdHY gz Y
Bt R EFZEFEE diethyl disulfide (Waco chemical, japen) 25mgg & 200
neol] &3 A& AlL3At AFHREI ZA=2HAL zero =5, attenuation = 7,
chart speed = 05 cm/min, area rejection = 50,000, threshold=5, peak width=0.04%
3.
Y. grigEe ¥4

GColl 93t Fald 7|14 E9 AL gas chromatograph/mass spectro-
meter(GC/MS : Hewlett-Packard 5972 system, PA, USA)E ol&3%ch 71438
9 32 % FYS e GCHYUH TYsA sy AREYS AF interface
X+ 2007C, ionization voltagex 70eV, resolution 1000, mass range: 30~300 m/e
2 ey agte AL rigdEe] EeE AW GCxUT 2o GCHAEVIZE A}
£3% FIDAA o2 chromatograme] 338 MSoAlA QoA total ion chromato
gram (TIC)8} 73 #U& n-alkaned ©]-83t F& kovats' retention indices& ]
e FIAY. Fr13EY FHALS BEEFHC] YEAL FFEAE MSH £}
o @oj spectrum B FEE ARE M2 vRES YA on, FFEH QU=
A& Wiley library9] spectrum v]2ste] &Q&tgict

1= 4

o533 fEd £4& ion chromatograph® o] &3t A&}, viso
#F2AF F2& A3 20 mesh 27|22 24T YSos 1.0ge AFER2ad iz
FFT2 AAM Fo| 100ge] HEF FAT ol Sol L Fol EF nEsA
(mixed bed resin TMB-8, Sigma, MO, US.A) 3g& Y3 18CdlA 150 rppme 2 4
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AL TG 2 F ol 2L £Ad FA, AASRYY. olLAaZviEaHNE
A8 45 4-Z membrane filter(pore size 0.2 m)E o33t o]F Table 6.19 &
z39] ojgazuEaZd 10mE FUIAT. 2 I 2 AF L A glucose,
fructose ¥ sucroset Sigma A F-&(MO, USA), 1-kestose, nystose ¥ 1-F-furan-

osynystoses WacoAHOsaka, Japen)Al &£ & A}83 %t}

Table 6.1 Operating conditions for free sugar analysis by ion chromatography.

Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)

Column Carbopac PA 1 (4.0 X 250mm)

Eluant #1 100mM NaOH

Eluant #2 100mM + 1M Sodium acetate

Gradient Eluent #1 from 0 to 6min, ramp to 100%
Eluant #2 at 46min

Flow rate 1.0 ml/min

Chart speed 1.0 ecm/min

Detector PAD (3K)

El 0.1 volts t1 : 2 (300msec)

E2 0.6 volts t2 : 2 (120msec)

E3 0.8 volts t3 : 5 (300msec)

2. frEotoledt

nts%e $3 opvlxAte HPLC(Water system, MA, USA)E o]&3d
AccQ-Tag'Hgol olat BAsdct 3 20 mesh 2712 248 YFolys 1.0ge 4
FeaId Yi ool 75% e 80 miZ 7H3l9 150 pmeg 1A% =¥ & o
& o€ 100 mi2 AE3d AT dd 5 miE s FYABR F 0IN
HCl 5 mlE 7}3te €318 ¥ membrane filter(pore size 02um)E Q3o 5 &
HPLCOl FAat et #a obuxdlt £4& A3 2PL& Nova-Pak Cis(39 X 150mm,
Water, MA, USA)E AH88tdn B39 &5& 33CTE fAAT 27 334
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Z 7| (fluorescence detector, wavelength: Ex. 250nm Em. 395nm)%& o] £33, &uj
A¥ 014 M sodium acetate(pH 5.02), v BE 60% acetonitrileZ AH&3t} . £ of
T gradient system$ ©|&3o E3Y. F HxdE £9 AE 100%, 05 = &
o] AE 98%, 15%dl= &l AE 93%, 19%ol+ £l AE 87% , 33R2= &) AS
68%7F =HA & o, 33EeA 3BEFLS £u) BYE T3, 3BEA 48EAAE
$viAz Z2Y & HPE s
vl 714

sl %9 #714t& gas chromatographg ©|-&3led E43lQct. §714 28
A&l 20 mesh 2712 Z2HE YEuls 40 g€ AL Eg23d FHax ol 75%
©2 100 mi€ ¥o] 150 rpmalA 3A1%F @¥ F AfEg. d3de ¢ FE8Hy
At LS AAF ¥ mixed bed resin (TMD-8, Sigma, US.A)ol 471448 FA A7)
2 100 ml 8ol AT resing AHFADt. FFE /714 6N X EAH(formic
acid)o.2 8&AlA o8 YD 1A FYP LT A& 14% BF; /methanol &
5 ml, WEBEFEZARZ methyl laurateZ} S99} Q= chloroform£& % 2 ml ¥ F4o}8
FUEES 718tz B8 dZA F 80T sand bathAoll M 3083 wHgAA
FE=AZAT. ol 10 mle] AFde] &3 S 4 ml2l £33 ammonium sulfate-
#& 7hste] B F chloroform S FHen 23 T4 ol YEFoz @
389 04 uE flame ionization detector(FID)9} HP-FFAP 2 A @ 23 (crosslinked
FFAP, 30mXx0.32mm ID. PA, USA)o] #Aa¥ GC(Hewlett-Packard 5890, PA,
USA)d F43td E2]3tQ ). Injectors} detector& =& 2zt 250C R 270T= 3%
I LY 2xE T0TAA 1233 FAY F £9 5CH 230C7HA F5AA 230TANA
88 FABFJEE At SWIAE AEFS AL L 2% #45E 1.2mE Qe
™ split ratiox 1 : 602 FA&At F714F EEES EFA2%(Sigma Co. US.A)E
Ab2 & d 3 A4FE Varian Chromatography Data System 402(U.S.A)el o]&] uj&
EEYoz AFAh
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Al 33 A3 2 3%

1. 714 &9 s
vhEe F71QEL 2o ZHHUAM ntE Fo EAsE FNPE AFERH
ol AFEIE BHIE ALY Aol st gHEzz wosiA] gL uERe
28271 % microwaved o83 7td Hal@d ¥ GCE olgstd Ity
& AU GC/MSE &lE Yol date ANz e o)y 7%
=& Hlig Z7} Table 629 Zth. Table 62014 BE u}s} o] nlso gr|4g8
< dEdAY =g A wa Faste Ao yeiwo 60THA 302 o
FAZ7IE o143t NI R Ans(MZT)H FAH o7t gqRou 7
0ColgolA 3083 A3 M2 229 5o wad YRS B28Y
o. 70C, 80T % 90TCoA 3083 X A hzFol vty zkzt 20%, 31%

R 49%7F ZadH o
Aol g o] FrP4EE FHEANE RE ddAY 2EE F7HA)7)
A diallyl disulfide, diallyl sulfide, 3-allylthiopropionic acid, 1,4-dithiane, 2-butanal,

ol

i

dimethyl disulfide, 3-hydroxy-2-butanone, 2-pentanal® 7Z43% ¥HH  2-propene-
1-0l2 73t 2™ 24-dimethylfuran, 5-hexen-2-one, allyl methyl trisulfide 70
T R 80TCAAME F7Hlth7t 0TCAME Zasdtes Aoz Jelwth. 4-mercapto-3-
methyl crotonic acide 80C7HAl€ ZAZFo] Aoy 0TAMNE Zades Aoz
YEb .

Microwaveol A 1027t d Xt ZFfole IFAZ7|M 70T ~80CAA o
A AR A FFE JeEliAC diallyl disulfide, 3-allylthiopropionic acid,
1,4-dithiane, 2-butanal, diallyl sulfide, dimethyl disulfide, 3-hydroxy-2-butanone,
2-pentanal, 2-propene-1-ol #43}9.24 hexanal, cyclopropane carboxylic acid,
cis-propenyl methyl disulfidex %713t 222 Yetyo A3 Jo] @Az 9
3 dFJEY ks A diallyl disulfide’t 70% 3% ZAstdctn dd
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Table 6.2 Changes in volatile compounds in garlic with various preheat treatments
(Unit : Area count/10000)
Air blast dryer’

PN Volatile compounds Control 50T 70T 30T 0T Microwave
1 1-Propene 65.8 453 484 53.7 29.7 383
2 2-Propenal 192.1 1688 1848 1247 697 197.1
3 2-Propene-1-ol 556.8 9184 13106 14773 12756 503.8
4 Cyclopropane carboxylic acid 1659 186.7 117.2 1830 1733 4443
5 Chloroform 1379 1574 1715 1405 ND 120.3
6 2-Butenal 3607 3324 10.1 N.D ND 54.1
7 Allyl methyl sulfide 59.2 56.9 78.2 56.1 49.1 85.2
8 3-Hydroxy-2-butanone 59.5 51.6 N.D N.D N.D 19.6
9 Isothiazole N.D N.D N.D N.D N.D N.D
10 Dimethyl disulfide 578 40.3 259 271.2 98 22.1
11 2,4-Dimethylfurane 43.2 555 124.0 30.1 20.6 57.3
13 5-Hexen-2-one 2058 211.7 2300 2301 554 181.3
14 Hexanal 458 555 68.9 433 34.7 176.8
15 Diallyl sulfide 3150 2274 2994 2630 2582 260.5
16 1-Hexanol 32.7 539 493 418 215 335
17 1,4-Dithiane 9232 9313 6335 3977 3972 730.3
1 1rans-propenyl methyl 192 324 387 188 126 231
19 Cis-propenyl methyl disulfide 1789 2147 1187 1377 99.4 235.1
20 4-Methyl-1,3-oxathiolane 297.4 2576 5037 2667 1352 193.3
21 2-ethoxy-1-propanol " ND ND ND N.D ND N.D
22 Dimethyl trisulfide N.D ND ND ND ND ND
23 Allyi2,3-epoxypropy! sulfide N.D ND N.D N.D N.D N.D
26 Diallyl disulfide 90246 86170 71783 55356 44539 5985.4.
27 4-mercapto-3-methyl 5886 5304 5618 5441 4165 479.0

crotonic acid
28 3-allylthiopropionic acid 41028 38206 20423 21984 12084 34085
30 2-propyl thiophene ND ND N.D N.D N.D ND
32 Allyl methyl trisulfide 90.0 1569 1842 1829 832 89.1
33 3-vinyl-[4H]-1,2-dithiane 54.6 75.1 55.9 58.0 555 55.2
34 2-vinyl-[4H]-1,3-dithiane 24.1 29.2 28.6 254 235 26.1
38 Dially! trisulfide 34.8 31.7 30.7 324 224 233
39 Isobutyl isothiocynate N.D N.D N.D N.D N.D N.D

Total 17636.3 17258.7 14004.7 120685 89104 134426

* Sample was a fresh garlic.
«* Samples were preheated by hot air drier for 30 min. with designated temperature.

s+ Sample was preheated by microwave for 10 sec,
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2. el

AZx7] ¥ microwaveZ dEAYE 3 =T FEF 24L g2 &
32 st Roz Jert ol d W E microwaveZ HYF ASRde EFA
2718 ol8F A% S A EFAZIIE o183 60T~90THAM 3087 A<
X2l & &9 glucose, fructose ¥ fructooligosaccharide® ¢} 1-kestose, nystose,
1-F-fructosyl nystoset 23 Rrt oleig A FFge AdAE &=/t E84F
Zoev =§ fructooligosaccharide Btte @3 F Y glucose$} fructosed] 3§ H%
& Aoz yetdth 28y sucrosed] AT o8 #eBdE HUR2 Fohe Y
€ Yedin. F, dEXAE A ¥ dxFe FS AR 100 gol 7127mgel F
fsol ARt 60C L 70TCA 308L dIEAE HHE FZF 9431mg R
B76mgE F7HIA I 80TAME 0CAEM e TFROIE Fastod 866mgE et
o}

1122
ot

Table 6.3 Changes in free sugar content in garlic with various preheat treatments

(Unit : mg/100g sample)

Air blast dryer”

Free sugars Control’ Microwave”
60T 70°C 80T 90T

Glucose 1754 829 71.2 79.1 576 159.1
Fructose 2237 1143 1025 1076 914 1910
Sucrose 7128 9431 9576 863 8717 876.3
1-Kestose 126.7 114.1 839 71.2 76.5 135.7
Nystose 210.1 1873 18289 1645 1726 1638
1-F-Fructosylnystose 1439 120.1 1110 1006 1215 98.1

Total 1592.63 1561.76 1509.05 1389.40 1391.23 1624.07

= s »+2 . Refer to Table 1.
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Microwave& ©} &3t 1023t JEAF FFolc dF Dol Aoy €
FTIXVIE ol 83t AT B vHyAE FeTd dar WY HL Aoz
yeltdt. & giz2Fd UdolA glucosest fructosed] % 2t A8 100 g B 1754
mgt 2237 mgZt #da o] AU Y MicrowaveE o} €3t 1023 dgdAadd 3
$ol= 2z 159.1 mg9 191.0 mgel gFH UMY £33 1-F-fructosylnystose &
nystoset microwaveX2]E& U 2tz 1638 mg ¥ 981 mgE dZE Tl Hl3o
22% 2 30%B =0t Fade Ao gt Jy 453X ¢ «dFAe
Ao #a% Ao2 Yeldd l-kestoser 7%AE Z 718t Sucrose? A$E
2%Ax F713tq dFAx7IE ol &3 80T~NT AN Ze+ FAs &
ZS YA oleid g W AAQE A AFFARE AHEIst oA ¢
U ddAaol 9sle nls Fol A8t fructooligosaccharide: &5 o] fuctose,
glucose ¥ sucroseZ 5 3 fuctose L glucose $}8ubgo} oldte] B == d& 3}
$E B 2dEHE Aoz A, Fructooligosaccharide?l ¢ £, 54,
A T EAsEH ol AAF Fo 2¥EHE Aoz RuFAr} Saitor AT
49 7Rl 36% =9 fructooligosaccharideol #HHHol Jed o8 5T
2 20CAA 22 1590 AR F BAG AH 18% ¥ 09%H=To] #E3Ah
X 2nddg.

3. ¥eolul =4

olsd d¥AZ 2 microwaveg °l8 % ddAY IAHL H LY FL Kot
uliite] WASE JHIAZtEI YA E 0] 43t FAHE A Table 649 2ok IF
Azx71E °]83d 60CT~0TCAAA ML 3d F Folrlet FFS Iy
o2 Zade ALE Yy ol AL AFE 60CT~NTHHANE Fa3QY
ztol7t ATk FFotvixAt FHEE B glutamic acid, threonine, arginine,
proline, tyrosine, methionine, isoleucine ¥ lysinet ZA3dgon 2 ¥ olm it
& & ¥s7t g}k Microwave2 1023 AddAg 3 AdFe dz279 AF &

ALg frelopu x4t A JERU Aoy o] A $-olx proline, methionine, isoleucine |,
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lysine ¥ phenylalanine® ZadE Rog velwth Microwave2 ddaia s 23 $
Feotulite} 2P Q=2 TFG M FAS ZAS UYEY AL g Alzte] 10
zd E3577] A ReZ Algdn

Table 6.4 Changes in amino acids content in garlic with various preheat treatments

(Unit : mg/100g sample)

Air blast dryer™

Amino acids  Control’ Microwave"*
60C 70C 80°C 90T

Aspartic acid 145 109 14.4 145 22.9 30.1
Glutamic acid  58.3 257 28.1 22.3 32.4 12.0
Serine 214 169 16.8 19.1 25.7 38.2
Glycine 3.0 1.7 18 18 2.7 39
Histidine 19.4 121 12.8 153 189 24.5
Threonine . 195 56 8.3 108 13.7 185
Arginine 503.4 3615 3971 405.8 3714 541.8
Alanine 176 208 14.2 137 15.0 36.6
Proline 675 50.7 489 54.2 67.9 1036
Tyrosine 150.1 1323 1339 139.1 1374 1282
Cysteine 35.1 31.3 41.4 172 189 34.8
Valine 192 12.9 11.6 12.0 15.0 226
Methionine 56 2.3 16 2.0 25 45
Isoleucine 39 19 1.7 14 1.7 118
Leucine 24.4 188 17.2 19.0 233 63.3
Lysine 12.1 44 5.2 5.7 6.7 335
Phenylalanine 16.4 204 10.1. 96 108 82.8
Total 9914 790.1 835.1 8435 87638 1190.7

* *x s . Refer to Table 1.
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4. ¥714

E¥FAZ % microwaveE ©] &3t vt5E GIANYY F ¢ |r)4te wsE
Zbz2agviEagdsz EAE{ A3} Table 659 2t} Table 65914 BE uig} 2o
ALdAeE & 3¢ allcing] EAUEZ 22 pyruvic acidg& A Psine @sist ¢l
e Aoz YEyd, AdIMYE 3R ¥ d=F9 pyruvic acide AR 100g%
1430mgolieyt 80T 2L 90T LIFAZ7|AA 308 AddHgeE &3 #z
1247mg 2 92.1mgZ 74U, microwaveZ 10x3 ddxa)dt F$E= 11592
ZAgA ol A 93t allind] 2889 allicing Y4 P Ao
B39 allinase’t e Axo met FAHUY] GEA Roz Alsdrh

Table 6.5 Changes in organic acids content in garlic with various preheat treatments

(Unit : mg/100g sample)
Air blast dryer™

Organic acids control’ 0C 20T 90T Microwave"™*
Lactic acid 74.4 71.6 729 759 72.6 70.3
Pyrubic acid 1430 137.9 1437 124.7 921 1159
Oxalic acid A 35.2 32.8 486 38.9 31.0 324
Malonic acid 13.7 11.7 120 125 139 9.8
Fumaric acid 6.3 6.7 73 6.5 6.2 54
Levulinic acid 10.8 15.9 84 104 129 13.7
Succinc acid 198 13.8 198 149 156 144
Malic acid 112.2 99.9 108.8 103.2 1099 92.7
Citric acid 356.1 341.1 347.3 3385 3445 361.2
Pyroglutamic acid 11.1 99 116 10.7 119 9.8
Total 7715 7914 838.8 805.5 788.6 715.8

s, »s sss . Refer to Table 1.
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A 4d g

s FrlEAH S -7 H8 HHsA] ¥ slEFHS 60T ~90Te HHAA
10CAe 2 258 ZASUA 3083 dEA2d 39 microwaved]A 10&23t
7HE % vhso o T HstE s

vt VIR EL dEAY =S A @ e Aoz JEgR
60TelM 308 FFIAZVIE ol&sld oEAT AL AvkszF)H F93
Aol 7t YNy 70Tol dellA 3083t dEAE U ddXe 2z o uea ¥
718 ES ZAaRAG 70T, 80C 2L 90TAM 3083 AGANAF FS =T vt
o Z+z} 20%, 31% 2 49%7F A2 Microwaveol Al 103 A @ H$-d
T EFIZ7INA 0C~80CoHA daAxalgd A FASG A% Vel
dadaeal o Ztzte] VP EE FAELE HU dIEFNIYLERE FHANR
diallyl disulfide, diallyl sulfide, 3-allylthiopropionic acid, 1,4-dithiane §1& Z4 ¢
Wt 2-propene- 1-ol& &73bgch

HEFARIE ol 839 60C~NTAA 08T dgdxalE 3t glucose, fructose
2 fructooligosaccharide® %212 1-kestose, nystose, 1-F-fructosy! nystoset® ZA
Bt} ol3lF AA BFL dIdAY 2= 2242 Fov TF fructooligosacc-
haride Bthe @3 HQ glucosedt fructoses] A4 i & Heoez ey, a8y
sucrose?] A$E °E fFYZHAE WdIE Frrete A¥E JeEUAT 3H
Microwave& ol &3t 1023 JENeT Ffoiec dF Jo] Moy EFd
2718 ol 839 AINYY F 9ol v FElDe] ¥t Y HE Aoz
12348

vtso] F8 otlu A9 arginine® FFoll AP AIdAMYA FAFA LY micro-
waveZ A B FaZego]l oy glutamic acid$} tyrosine © ZE A
7oA FARAG GCR /7IAE #4% 2 allicing EHAEZ 23R
pyruvic acide A E7} F/HME4E Zise 4% YA age f714ke
¥t g Reg ey,
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A1 A E

W& 2 (Lilliaceae) F&(Alliium)dl &3+ wHE(Allium sativum L) I3, % ¥
I ool $7tA59 oY AAXEZA FAIE 28 FLo2 AHEHY g

stEe 33L& dAA ste5E FFE Gl L TAXNYAME 8~9¥d, FAA
Phed #FsE ML 94 2 9FF USAME 9~1149d g0, o] 5~744)
Fgs 1 .

HZ I vtso AAES 362,000~481,0008 HToln o]F 416,000 ~ 484,000
Eol 2 gl ‘969 A4 vhs AL 2 AuiPe 74z} 4560008 L 474,000
L2 vtE 139 2¥A 7HE 2 49130l 2y 'qd = A R An g
2z} 3620008 R 419000822 AuA7FA L 8051t olg e vl At
R 2H9] EdFE 2~-398 FUI2 R4S U A4 R 2 AelA gL A
AR &4E F3 Ao BH@A ol NHARELS 0%FE vt Avzs} ¥
2 e AT B AIIAEE Agsd H2E £ AL Hes AsE

lEg ol 8% JIFAFL dxetEED, vleddy], vledAF, sy 3
oleoresin FEH 2 71 Yout A FulME vlEAYF, vlegur 2 Az
st Tol AAHR At vtse dA 8BBAEZ AHuls YHEZ o)gfHI Yz
196~2%R ko] 71 EAF L2 olf5a Utk '9%6d9 A4 61201E%0] JHFUR
2 o] 85U olgt o] s o)&F FFAFY o] ARY o]&L S
HAFgdo= 7193t Joy 227 2FsE vte S 2H2@ Gy nFAY 7}
TAFE AR ZFHE o & 909 gz ¥ £ QU

sl Aoz AL ARY, CA ARY, WA A=Ay, sstekA A
gAY Tl Aoy @A FrldMe F8E vtEd NEsn $Fo] FHE Rof 30~
4094t FAY EE 30CT~40CTe) 9FAZINANM AJNYE o 2 Fo) 64%
ol HES & ¥ AXAF}L Atk AL AFYPoez ASHRHEAIME 0T, 70~
75% RHOIM ARZE A& Fnstzn oy FU vt 3¢ $Z o] -4T~5T
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ol22 -4ToM vtsEHe] 8T 12%F =2 ddstd AFsn dd. ols9 CA
AFE 7h22H S A 24%, olAstE A 53%2 dn AUEE 80~90%, 0TAlA
AR AL s glon ol A maleic hydrazided HXF F AFsie o

€ @ 9 AF3I= AT 22y 2ol A maleic hydrazides] X & A3 A
ddFo] Aol 9 YA AEE SR stn o CANALS JFaFHAANNE F
< Ao AT Yoy AZn dH R FAYIE Bo] a0 AEsiEA 23
I e AAod A vtEe A7 AFUoE ALHIT de AHZUYL AP
67 olFFEE Lol R TFALOR rise FHo AHeHn, 3FEFLY AH2
A3ty FHPFAol LAstn Aok AFEEL 2dold 7] AZY £ Y PPoz e
A dEAEEEe] A& gloy vitsg WE A FHo d3 L AW
oz Yeutsg o8 7HFAFo] ML YA Pt

 dFdAMe 1AdZdd vtEE -18ToldtollA 15493 ARsIAAN EAWSE
dHEgten £ YErlsg dEste AAAM T ¥HE 2AY A7 YEul
EE& o839 & AL ABHIT UE ENAFAEFS MTE F JE M5AHL
& F ANt

GEtM vlse] M2 7HE7E e BF 23 AdxoME vty WEARHE
AE35tst7] A Ydgoz YEFuES o83t mteduly], FAAZAF L vy
2T AFE ML F UE AZFIHL HAESDT AZF A0 U FryRe

B RE FENEE S
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A 24 vtegd7] Az

1. A8 98
2 Ao AHEE nhEe 97dAt A vheE RS FFAE AR T
gatg et FYE vts e 2w F Polyethylene &2 ¥3F3led -20CHE 1 28
stEA Ao A&

2.3%vtEe 5484 2 A58y
7b &4
-20 T2 ¥ %9 vEg 2d2 A SmmA7]e GFA dolrt Ratd &
# 71(SCHARFEN L 82, Maschinenfabrik, Germany)dl ¥ 2 dS4Hz 243t
. 423%F ¥ mcirowaved 9% s%
d2HEL BErted 20T #2d F271994 microwaveg °] &% 3%
2 AAUAJAE o] &3l vteFAdRe 27t 4CH 947 #F&At

3. % % AZ=3
YEHEE o83 e Az AZE AEE polyethylene HEF
200 g¥ol XFWE] 3718 AAY F sealingdt At

3. AZz3R
YEoE S AEE AeHYHNN Axe] Hrd o3td dripsd BEst &
dol s stFEAC] AstEch wA B dFdME WErlEE ol&% e
Gzl AE A JtExd S A3 A3t FAEAETHA ¥ FAALEHA
A Z3Hchopper)E ©ol&3td Zaste WAITHH AT L microwaved] F
st HF3q £ vhsddgriE AxGAHIY 7.13R).
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¥ FehE(-207)

|

Microwave %

YE34 d2H%F

e
F:-)
A

2

S E] P E! F3Aa
3 z 3 %
¥ E (93 9 S EINEE

29 71 ¥EvtEE ol &% viEgur] AFY AxETAR

4. FAUR2A
Zzte) Azgdel olate] Az @ vhy ooyl AEY fE2AL GG 9
sl WE % WP #5339 FAURE AUt YEAFS 18T WER 1

AMYR RJHAT YFAFTL 15983 4T Y33 288 F FAAYE FF3
b L

7k B xe Wg

¥Erts 2 dEsld AP Pl A% ol vhEgdr] AFE /58 7
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FAE 2Asq FAXNGeQez A FL&dn Uk wEAM ZFzie Az
gt Az vteddr] AFY ¥F L AT vis FEYES A3A(Color and
color difference meter, Model 600-UC-1V, YASUDA SEIKI SEIKAKUSHO Co.)&
s 24% A E 71 R E 729 2o}

E71: Azl Be vtegdr] AE] dE5AYF A=A s

| Microwave 3} & A2HF
AZd
L a b L a b L a b
0 763 -22 19.0 65.4 -1.1 21.3 67.9 -14 21.7
15 76.1 -19 21.8 65.9 -1.2 23.8 67.1 -1.3 219
30 73.1 -16 184 65.4 -13 22.7 66.8 -1.1 25.1

E72: AzPEo) B vheoy] AFe YRAEE 4as

IEE4 Microwave 3] ¥ AR E
A3d
L a b L a b L a b
0 76.3 -22 19.0 65.4 -1.1 21.3 679 -14 21.7
1 50.1 -2.0 147 47.7 -15 13.0 492 -20 15.1
3 50.1 -2.3 134 46.0 -23 133 469 -25 13.3
7 474 -55 131 458 -4.7 134 440 -58 13.1
15 484 -35 13.7 450 -53 129 465 -5.2 144

E 7194 BE uig go] #7] g HFzdAM A2 olEgddE
FAEE 23 microwave R A2NA #HFE A viscidyl AF Mo HEH
AE AAA ¥ AP FALHAA Bl Az AFED 2A dS Qs
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A gAY F vteddZ|E 3083 $FAF By FEAHAN 24351 Az
¥ Al ¥r1E el Latel 7312 8 microwave R A2A s Feto A
2% Nz Lae 42z 664 R 6685 JHeb A EAZY B¢ AFZIZA #
E A9 ¥ste vEgA gtd. a2y X 7204 BEe ups) o] WAATE ¥
Aol ¥eAAAE €8 A 19U AFxA} AUl F 2EEs 43
HEe Reg YEytd.

FRHA €2 Auisg AR steddgrlE e FS FEFY 49 ¥
g Hass7] st vlERRl C, cysteineT & H7ME F EGAH2E o8¢ 233
I gk a2y A9 2o WErES MEEA &3 FALAHCAAM FgHste -18T
ol3te] 2xoM Y ;! FE& 3d LAzt o Mo Wsle AV UL AL
2 Atg€rh

U 7188

stEgdzl g Mzl oM HeHE L microwaveZ H5} F A2
ABEFR MFeA @2 FAELHAA EH3q Axd ARE ¥F L FFxAs
4z AR F HEd 19 E L GCE Y 23 B 73 R H74% 2k 73
A B uigl Zo] microwaved s H A2 #HFES & MEE #HFAYL AXA &
2 FAAHCAA E43] Az ANRE IEF AFY FASdE ALY RTA
o)z e Roez et & 42 2 microwave2 # 3 Az Az
o]A cyclopropane carboxylic acid, 2-butenal, 3-hydroxy-2-butanone, dimethyl
disulfide, 14-dithianet ¥Z2 E43d Az Agd Hlaoq Frsdeyd
2-propene -1-ol, 5-hexen-2-one, hexanal, 4-mercapto-3-methyl crotonic acid 2
3-allylthio- propionic acid® Z43%tE Ao veiddg. 28y 4L 2 microwave
2 HEFEF ABddds F3HQA Aol7t e Ao vEx

g8 HE2AE st Ax vtend] AFE 159 ¥ AFE 3
S dAME FERYHZ B3} Az AFd vdd 42 L microwaveZ
T8 AL propenél, 2-propene-1-ol, cyclopropane carboxylic acid, 2,4-dimethyl~
furane, hexanal, 1,4-dithiane, cis-propenyl methyl disulfide, 4-methyl-1,3~oxathio-
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73 : Az e WYF5AY vleddr] MF HLY$rHE A3
(unit : peak area /10000)

PN RT Flavor compound EE 2= g% Microwave 3] ¥
1 5341 ] Propene 374 270 25
2 5497 Unknown 382 95.3 715
3 6221 2Z-Propenal 2399 2208 201.1
4 6.887 2—Prgpene-}_—01 977 364.7 404.1
5 7250 Unknown 2382 3023 304.0
6 7407 Cyclopropane carboxylic acid 206.8 2858 235.1
7 7565 Unknown 1870 224.3 194.1
8 7910 Chloroform 1225 115.1 110.7
9 8560 Unknown 102 99 16.7
11 9938 Unknown 315 10.2 88
12 10376 Allyl methyl sulfide 751 785 9.1
13 11.030 3~Hydroxy~-2-butanone 363 91.2 794
14 12720 Dimethy! disulfide 57.2 - 1474 1328
15 13150 24-Dimethylfurane 50.1 317 55.1
16 14703 5-Hexen-2-one 220.1 55.3 494
17 16330 Hexanal 262.0 180.4 181.3
18 21068 Diallyl sulfide 2116 2177 2757
19 21.817 Unknown 706 9.6 106.6
20 23.609 Unknown 237 205 21.1
21 23940 1-Hexanol 19.7 17.1 285
22 25.188 Unknown 156.0 1266 1340
23 26485 1 4-Dithiane 600.4 7210 7634
24 27768 Trans-propenyl methyl disulfide 174 149 165
25 28702 Cis-propenyl methyl disulfide 4093 364.0 4030
26 30589 4-Methyl-1,3-oxathiolane 2258 1779 209.2
27 31707 Dimethyl trisulfide 34 ND ND
28 35469 Allyl 2,3-epoxypropyl sulfide 215 88 85
29 35945 Unknown ND ND ND
30 39.731 Unknown 220 204 29.3
31 44401 Diallyl disulfide 5446.0 5484.3 5619.6
32 45424 4-mercapto-3-methy! crotonic acid 498.9 3544 359.3
33 46.260 3-Allylthiopropionic acid 21736 1856.1 1751.2
34 49751 Allyl methy! trisulfide 93.1 735 848
35 54525 3-vinyl-{4H]-12-dithiane 106.4 9.5 101.8
36 57030 2-vinyl-{4H]-1,3-dithiane 799 9%6.7 80.1
37 65.749 Dialllyl trisulfide 300 365 30.7
Total 134899 138727 138143
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B74: A9y & YAAF eksddr] AF {LHSNAP4E s
(unit : peak area /10000)

PN RT Flavor compound BEg 428 % Microwaved) &
1 5.341 I—Promne 678 137.1 86.0
2 5497 Unknown 90.0 1465 139.7
3 6221 2-Propenal 4733 4137 380.4
4 6837 2-Propene-1-ol 3441.3 2165.5 25174
5 7250 Unknown 2383 2449 2338
6 7407 Cyclopropane carboxylic acid 3%99 2816 3088
7 7565 Unknown 3538 3404 3326
8 7910 Chloroform 2128 175.1 189.2
9 850 Unknown 51.2 433 433
10 8962 2-Butenal 5000.7 177453 17630.3
11 9938 Unknown 363 110 81
12 10376 Allyl methyl sulfide 4075 3407 4005
13 11030 3-Hydroxy-2-butanone 4978 6717 7429
14 12720 Dimethy! disulfide 406.1 970.3 990.0
15 13150 24-Dimethylfurane 3179 2552 2208
16 14703 5-Hexen-2-one 1576 89.1 785
17 16330 Hexanal 390.2 3457 2319
18 21068 Diallyl sulfide 685.7 5415 6286
19 21817 Unknown 140.0 36.8 65.4
20 23609 Unknown K1N 224 29.4
21 23840 1-Hexanol 785 427 485
22 25188 Unknown 1318 1217 1475
23 26485 14-Dithiane 915.7 8349 802.3
24 21768 Trans-propenyl methyl disulfide 54.0 59.1 85
25 28702 Cis-propenyl methy! disulfide 7763 4727 544.7
26 30589 4-Methyl-1,3-oxathiolane 12365 690.7 9106
27 31707 Dimethyl trisulfide 178 172 137
28 35463 Allyt 2,3~epoxypropy! sulfide 722 295 19.1
29 35945 Unknown 342 344 224
30 39731 Unknown 352 200 26.4
31 44401 Dialiyl disulfide 101453 9788.7 93786
32 45424 4-mercapto-3-methy! crotonic acid 11156 1295.0 12788
33 4260 3- A]]yiﬂﬁgpwpionic acid 29795 31029 29382
34 49751 Allyl methyl trisulfide 451.7 5113 486.9
35 54525  3-vinyl-[4H}-1,2-dithiane 1038 993 1382
36 57030 2-vinyl-{4H]-1,3-dithiane 220 142 301
37 65749 Dialllyl trisulfide 407 50.1 27
Total 316780 427143 421457
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lane, diallyl disulfide™ #4321}, 2-butenal 34, 3-hydroxy-2-butanone< 15
v, dimethyl disulfidet 2¥f Ax= F7hstQith 3 HIAAAH L 7I§o=2¢ AAHY
Y719 8S B WAANRE ¢ 42 U microwave2 HFEHE HLPYAYE FFol
F7tste Aoz debgo
. 82
FE2E EAE 43 FE2HR £ A= AE microwaveR HF
& Az AR E BAY 23 FoFH Zolrt ANy H42 dHFsd ¥YEA
B AEL nystose@Fol YEEAFAY microwaveR HFE AFRT & Ao
2 JeEnt 2 153 33 A3 vbsd Fede A fEgzrAel Zol
7t de Aoz velkdch WAAZ] 3 JYEEAE AR 4 % microwaveR
HE L 3t A2 ANEY sucroseFFo] WS R ReF YERon HIAFR
£ microwaveZ EF Al Fol ] ¥Rt l-kestoesd 7 $ microwavedFEL &
ASolE HUAE FAFYIL nystoses= 42 F microwaveE }FTL A 25%
F7hte A2e2 vt Glucoset FZ2EM¥ A 93ty Azg BAvtsd A
oA 209mg%7t FHHAUA Y microwaveR M Edo] AREFE AR YojME=
401.1 mg%7t =0 AU

875 A2%Ed 4 YEAY vkeddr] AFY FelIeP W
(Unit © mg/100g sample)

Free sugars YE 5y A% Microwave®l| &
Glucose 49.77 53.95 34.05
Fructose 72.85 85.95 80.28
Sucrose 899.56 898.84 901.24
1-Kestose 113.29 117.07 102.62
Nystose 154.28 190.44 161.63
1-F-Fructosy! nystose 131.31 147.18 128.17
Total 1421.06 1493.43 1408.00
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¥76 : Azwge] @& YFAAF vleEddr] AFe] F22TgF ¥
(Unit : mg/100g sample)

Free sugars Y& A28 Microwaved] 5
Glucose 209.49 281.46 401.09
Fructose 571.63 524.25 586.98
Sucrose 712.93 476.59 128.85

1-Kestose 186.06 193.25 102.77
Nystose 121.18 152.21 159.94
1-F-Fructosyl nystose 102.56 103.05 125.66
Total 1903.86 1730.81 1505.28

H77 : Az e WEsHA olsctdr] AEY f2 olvixit FFus)
(Unit : mg/100g sample)

Amino acids RGeS A2 E Microwave 3l &
Aspartic acid 17.8 179 18.8
Glutamic acid 47.3 42.9 37.2
Serine 29.0 30.8 239
Glycine 32 2.8 41
Histidine 30.8 276 26.6
Threonine 20.2 209 16.5
Arginine 795.3 7771 796.2
Alanine 40.8 453 37.8
Proline 715 75.8 59.9
Tyrosine 134.3 151.1 1356
Cysteine 53 59 46
Valine 20.2 225 178
Methionine 1.8 32 26
Isoleucine 53 52 38
Leucine 18.6 237 13.0
Lysine 64 11.7 11.7
Phenylalanine 185 17.7 165
Total 1266.2 1282.1 1226.5
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2. felopr| At
I7RE2 AT stetdz] AF Feolrixits 4% 23 42 9
microwaveZ HE F Ax T vtz F fejotuixt ¥ A 100g7
7z} 1282.1mg 2 12265mgel FHHA AUk EF AFeA G Azstd FFA
2 AEe 12662mgelct. 8 olvixdl FHE RstE BY  glutamic acid
proline @ serine2 microwaveg &%t AxF AR A 7AYot Lysined
A%e AR 42 2 microwaveE BEF Y A$ FUkste Aoz Yehygr

B78: AlZWYd 0 WA otsddgr] AFe #a ofvxit 3
(Unit © mg/100g sample)

Amino acids R RR e AL s Microwave 3%
Aspartic acid 17.0 230 16.2
Glutamic acid 68.4 86.1 585
Serine 284 29.2 20.2
Glycine - 31 4.0 34
Histidine 258 22.0 28.6
Threonine 214 214 16.1
Arginine 754.4 7135 774.8
Alanine 38.1 441 36.0
Proline 66.3 75.8 50.8
Tyrosine 165.3 169.9 140.0
Cysteine 44 50 57
Valine 176 18.2 129+
Methionine 33 2.1 3.0
Isoleucine 82 5.2 5.0
Leucine 259 37.0 19.8
Lysine 75 136 10.6
Phenylalanine 188 14.8 169
Total 12739 1285.8 12185

¥ 7804 R upeh o] YARHR 17T AR A8 A= HAFUY
< 2 e FHYotvixie] foA Aol UJT FE opuixt FHE W

318 X9 glutamic acid, serine, tyrosine, ¥ leucine® microwave® #HF& 3l A
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2% YAvksddrid F$ 2S99 1493 Y5AY A8 3 15T ¥FA
e A8E vzd IFAZe S glutamic acid, tyrosine, leucine® Fo] ozt
71t 2%e Jde
shf 714t

BEvtse 42 £E microwaved o834 #HEF cleddrig WEAH
2 Z4F Az vtsddr|g ¥F £ YFAZEA {714 238 23 ¥79
2 E 7103 2o vks Fol &3 F8& K7IAY citric acid, malic acid ¥
lactic acid®] @&l dAAME oA Aol Yo pyruvic acids AFZH at
gt &ol7t e HeZ et 4L % microwaveZ #EF ¥ 1Y Y5AA
¥ uvbEddiZ] 9 pyruvic acide Al® 100g% &2 1833mg ¥ 166.0mgold oyt ¥
FEAT AEE 1470mgo8 A2 ¥ microwaveZ 3|5 E A5l B8t 20~35mg
Ax7t & Rez YEw

#79 : MEWRC @E YFAF vhsvdr] AF {714 dFAs

(Unit: mg/100g sample )

Organic acid PR A28 F Microwave 3%
Lactic acid 719 ' 82.3 78.1
Pyrubic acid 147.0 183.3 166.0
Oxalic acid 298 31.7 356
Malonic acid 93 85 . 11.0
Fumaric acid 57 53 6.2
Levulinic acid 10.7 13.1 10.1
Succinc acid 135 157 174
Malic acid 98.3 1015 98.6
Citric acid 345.0 354.1 368.1
)Pyroglutamic acid 188 21.0 125
Total 750.0 816.5 803.6
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YEuted YA £33t Az tddiy] AF vistd 42 L microwave
2 %8 F AXE A B allicing HAER ddF pyruvic acid7t F7hste
L2 YRAZEA JAAME Frtsdch YEEAT 33 clsddr] A8 100g
2 1615mgelAd pyruvic acide 22 ¥ microwaveZ NEF A g ojdE 2z
Z} 189.0mg 2 171.3mg7F #§H 5o Ax Aoz Yepytr}.

710 : AP H B YZAF vpsddr] AFQ #7114 Az
(Unit: mg/100g sample )

Organic acids R AL % Microwave®} &
Lactic acid 77.0 83.9 83.8
Pyrubic acid 161.5 189.0 171.3
Oxalic acid 29.2 34.8 30.4
Malonic acid 9.8 10.2 10.1
Fumaric acid 4.5 6.5 4.6
Levulinic acid 12.2 12.2 8.4
Succinc acid 16.2 16.9 16.7
Malic acid 98.1 99.5 101.0
Citric acid 329.7 344.9 334.3
Pyroglutamic acid 15.3 19.0 15.2
Total 753.5 816.8 775.8

5 utsgdr] AFe H3 sz

BEts & ol 83td viteddy] AFE 7tEEe WEE FESAUG olF 9
3 42 % microwaveE °]4F HFEF FAGHAAN EMHA ¥F L Yz
dAe ERME, LY FEE, KT, FrEotuled R frlate WaE 23
A vtendz] AFd UM 7t BAZE S Qe 2Estel o Mo Wye
WEARe] e A3t dAded BRAZY Ao AR 19 ol AsA L4
AU HEPR7IZEA AAME YFAF] BEAF vl 2u) o] Fstst
Aoy BFEAZFANE HEzdel wet Bt 2SR ¢ v YHFzAqA

- 183 -



€ vE9 dEAHA IFMAHEQ diallyl disulfides 743y 8HA 2-butenal,
3-hydroxy- 2-butanone, dimethyl disulfides 28] o] 7158t #7148 £4%
23 Y5 2 YAxAA dAM EF allicing FHAEZ <2 pyruvic acide 3
TF AZXY B eoe YA Az A8 vl 10%014 F7Hsst

olde] AR FTHAN £ W YFvisE o€y viEtddr|E Ax {E7I
A e FZZEHAA 2d2 23 E o]l8std 2HF IAF 4 XTFsl9 Y5FTF
€ 3}E oteEddr] AFY FE5F LA FAUSRE ALEEA 1908 #F
o] 75 Zo2 AE€Y.
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Al 38 WEHXAF

L A8 88
T @7 AHEE phE e 97dAl A plEE Mg e FFAE AZdM T
Yd3tAd. FUE vk B4 FHF Polyethylene B0 2 ¥33ste -20CY S 1o 23
BAA Aol AHEEA

2. Y= YEEA 2 A58
7t A
-20 T2 ¥39 9s5€ 2dE A& SmmA719 T34 dolzt R3d B4
7](SCHARFEN L 82, Maschinenfabrik, Germany)oll ¥ 3 WS4 82 243}
U AL38% 2 mcirowavedl 2|3 3%
A2HFS ¥EuEE 20C2 FAY F27)49H microwaveE ©] 8§ %
< AAHAAE o) &3t vlEFAR 2571 4TH W73 s FsHct.

3. ¥d3xxy
¥ 23& W24 4 R VM99 252 77 Odtorr £ 40TE 3§
L ANBFL 3002dS A3 H3td 204 Azs( IF AZR7)(FDS512, IL
SHIN, Korea)= ¥4¥ Hdu 12kge] & 312 + don AZHLE A5 A
Aoz WE 9% Z7lT 500mm® X520mm Loli AREYo)e EXZUo|XxFAE
ZtZt 300mm X400mmx4mm¢) RE& AHEsAth. WEAZEvIELS AF IZYE
200 g9l TR URT 3718 AAF F sealingdte] B@aHEAM AL gt Q).

3. AZZ
AFo) FEHNE PhEAZATES FAZPYOl Ao B2Y vhso] FFE of
231 Qo vhEg AFARR vy Fol AN DU st £EL 10%

olSZ FAE7] ol ¢u A= stdAze o ZEEs) AP =H PR
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¥&rh=(-20T)

A% Microwave 3%
W33
L | L
FZFAa T2 ZFIN=2
5 2 F #
dE5dzx WEAZ YEAZ
2 9 33 FA L ¥y 209 %3

29 72 ¥EuhEe o18% WEAZ vhsel AZIAYE
9 &40 W$ 2 Aoz YA Utk WA 2FY HEAZAZTE Ay

AR e Az 4ol w71 FAT FrGES WE Fa8¥ 5 YT FEUFS
4%°13t2 | F A& FAAZYY ol &H2 Ut
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A PAH T Je PEAZRvE LS YA AN HZE vt L), 4
H}ao 2~3mm AEZ MAAF F o]§ -20Told9 XN FAse FHAZY)
AN Bz o YFLZAM AZE st ARF vkE AL dHA
doprt dF APHT Aejtgol st FAAYo] B2 HA AE FFo
Aatd + Aok 2y FAAZ vks Az WEosE AHSEE WAARF E
AAGE BAY & YL ¥ B ot} chopperd o83 FAAE A o
T U2 JFAZE dnzA HEAAHNM 2 FAEAS Ha3 ¥+ AU
et YA ZetE S ol 8 Ax¥ £ A= MY F AFFY Ut ¥
FAZ vhEolg Ardd. o] A3  dFodME ¥EuES ogdd HexA
Z 524 =g AEAF S AXNA G2 FHF F FA PYEIAZXE AEH AL
% microwave® °l &3l HEF FAHY YEAXY AF Pr|YRE MEE F
A A3 FRFANIY 72 F=2).

4. F3az
YEulse dExd e 2Ystd 449 Azyyd wat AzE YS5AZ us
o FF¥E AT A dg 2o
7h ¥E3x vk 3ty dwzy
YEuhss HEHA A FANHAAN EHF F YFAZE A8 AL
R microwave2 3 Fdo EHF YFAZ 449 Y5AzxvEe §8, 2o,
ZAW R 2L 24 AF 8L 30.~33%, 2EYAL 199~20.3%, A4
€ 04~054%, =3EL 36~39%A 7 /Y Reg et 1000M 8, =
gl 2A 4 =L wo] AUF @53 EL 723~T27%0IUTh. E 7.10914
BE et 22 Az @ Uit ol Ze EYeayd HgEe
Ro2AM Ayt FAAHA Aol AU 2#, ZF, 3, 9 R UEF $IF& ICP
(Inductive Coupled Plasma Atomic Emission Spectrophotometer)® 2% A3 z}t
Zte] FAAZuEdE ZELS 162~177 mg%, ZEFLS 6662~690.2 mg%, AL
19~22 mg%, U< 183.1~1869 mg%, BYEE L 73~102 mg%2 23§ 713 o
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Al 2L WAl Xelrt de Aoz yEuy. HERl A v B R HE
U CE &dAI2utEndIZ FP 23 vl A9 HEY B ZFE A0
ol 1, HERl CE AZxvhs 100g F 06~08mgel &F5ol AJUH.

E710 : Az¥Hd 4 YFJIZX vt 33y vz y

PR AL 5 Microwavesl]

Moisture (%) 3.2 30 33
Crude protein (%) 20.1 20.3 199
Crude fat (%) 0.5 04 05
Crude ash (%) 39 36 38
Carbohydrate (%) 72.3 727 725
Ca 177 16.8 16.2

K 0.2 1.1 .
Minerals 69 68 666.2
(me%) Fe 2.2 1.2 19
g-e P 186.9 184.2 183.1
Na 80 7.3 10.2

A — - -

Vitamins B _ _ _

9%
(mg%) 08 07 06
Y. g%

WEots g AR E AXNA ¥ WFERZXE AFFH 42 L microwaves
o] &3t HEFF YWEFAXT vt FrIH L] ¥EE GC2 S 2 ®7.11%
2o E 711604 B upgt o] WEE HedA E2iEd YEAzd AFS 42
microwave®2 53t YEAZF AF 2o sniffing testZ T vhse] AATE YA
oz 2423 diallyl disulfide ¥ 3-allyl methyl trisulfide & Ro g2 Yeyto.
a2y} 2-propene-1-ol, 2-butanal, isothiazole, dimethyl disulfide, 2,4-dimethylfurane,

2-ethoxy-1-propanol, 4-mercapto-3-methyl crotonic acid ¥ allyl methy! trisulfide
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¥ 711 AR wg YEAZX vl JBAANE W

(unit : area /10000)

PN Compound YE5a4 ALHE  Microwaved &
1 1-Propene 156.6 156.2 185.1
2 2-Propenal 401.8 4075 4445
3 2-Propene-1-ol 839.5 1021.8 9185
4 Cyclopropane carboxylic acid 250.2 3016 4719
5 Chloroform 146.4 99.2 1014
6 2-Butenal 580.3 8774 709.1
7 Allyl methyl sulfide 116.0 1185 127.2
8 3-Hydroxy-2-butanone 16.1 27.1 19.2
9 Isothiazole 52.3 82.8 1108
10 Dimethyl disulfide 118.2 2023 174.1
11 2,4-Dimethylfurane 176.4 286.5 399.2
13 5-Hexen-2-one 251.0 1235 120.5
14 Hexanal 236.7 333.0 169.6
15 Diallyl sulfide 3455 3104 349.1
16 1-Hexanol 471 46.4 50.8
17 1,4-Dithiane 1131.0 910.6 1134.1
18 Trans-propenyl methyl disulfide 379 28.3 38.7
19 Cis-propeny! methy! disulfide 195.5 100.3 111.2
20 4-Methyl-1,3-oxathiolane 542.2 4727 524.0
21 2-ethoxy-1-propanol 598 119.0 155.1
22 Dimethyl trisulfide 305 29.0 435
23 Allyl2,3-epoxypropyl sulfide 38.8 16.8 30.1
26 Diallyl disulfide 7709.9 7165.6 7280.1
27 4-mercapto-3-methyl crotonic acid 645.4 7123 780.3
28 3-allylthiopropionic acid 27414 1702.4 15448
32 Allyl methyl trisulfide 410.6 529.1 702.8
33 3-vinyl-[4H]-1,2-dithiane 38.1 479 34.1
34 2-vinyl-[4H]-1,3-dithiane . 94 109 6.7
38 Diallyl trisulfide 299 34.0 36.1

Total 17354.5 16273.1 16772.3
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< 42 % microwave2 H|FE F 97 YEFHZ EY5q Az A8 ¥ B2
Aoz Jeiyt. 38 2235 microwaveE ST FF YETAZFH AEE v 2d
d d2#F9 %% 2-butenal, dimethyl disulfide ¥ 5-hexen-2-oned AL HFF
Az AE7F =%ov, 1-propene, cycropropane carboxylic acid, isothizole,
2,4-dimethylfurane, 2-ethoxy-1-propanol % allyl methyl trisulfide™ microwave&
HEF Az YFAX vl & Hoz Yey.

vbE9] 714 E 2 alliin°] allinased] 9 &4 ¥3|€ allicin®] diallyl thiosul-
finate®} diallyl disulfide2 ®#HEH 3 o]Eo] vis Fol A= 239 methyl ¥
propylZl €3 2% {3t o BAY AFES YA Re=z A U
%% aldehyde#, alcoholi ¥R ketone® <+ thiosulfinateZ2 58 A4 HE Hoz2 B
Hol Aok WEAHdA T vtz JFARF A8 YA vhse AAYF YRR
o2 <23 diallyl disulfide ¥ 3-allyl methyl trisulfide @3 aldehyde ¥ alcohol®
7t A& ez Hol #HflFHRA] 939 thiosulfinate 5422 Ball7l HA HAsn
BAULEEY 234 A v He Roezg Alg@ch

= _
Z36] @& YFEIZX vl FEd 2HE Goliy] Ao YEouise

TRAHZ g Az Y EARvES ASHF EE microwaveZ HEFT F
YEAZY vty FYUBRAE cl2aznEadgnz BNG A ¥ 7117 o
BErtEd AFeA ¥ 4§32 AEY glucose, fructose ¥ sucrosed Fe
Z} 370 mg%, 629 mg% L 8332mg %olRoy HAFS § F YSIZY ALd=
glucosex 40.9 mg%~ 46.6mg%, fructose:= 76.6 mg% ~73.3 mg%, sucrose: 863.1
mg%~8823mg%E FT7E AT EF YEAEHZ PAF FHARAB 1479 meg%
o = Nystosed 39 A2 HFF YFAZW 2113 mg%E BBAE F
7tet 28 microwave & A fole 8%AE F/ME 16019 mg%E JehuAc}
a8y 1-kestose ¥ 1-F-fructosyl nystose: @ ¥3l7l 91 Ro 2 yehygo,
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B 712 A2y @& Jsdx vt {eIEeH
{Unit : mg/100g sample)

Sugars R AL F Microwave 3} ¥
Glucose 37.0 40.9 46.6
Fructose 62.9 76.6 73.3
Sucrose 833.2 863.1 882.3
1-Kestose 97.8 100.8 105.6
Nystose 147.9 211.3 160.2
1-F-Fructosyl nystose 124.7 130.1 136.8
Total 1303.5 1422.8 1404.8

B 713 A2y g YEIAX vt F obvixi) ¥F
(Unit : mg/100g sample)

Amino acids B35 54 A&HF Microwave s} &
Aspartic acid 20.2 26.0 222
Glutamic acid 59.7 68.0 4.7
Serine 22.2 373 16.8
Glycine 26 55 2.0
Histidine 20.8 28.1 286
Threonine 208 287 226
Arginine 755.5 776.3 7779
Alanine 316 42.3 407
Proline 68.6 717 69.8
Tyrosine 160.1 161.3 1578
Cysteine 59 50 44
Valine 15.2 180 215
Methionine : 38 38 8.2
Isoleucine 32 11.3 4.2
Leucine 215 254 227
Lysine 74 ' 182 4.1
Phenylalanine 134 12.7 15.2
Total 12325 1345.6 1263.4
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2. fraobo| x4t
Weolse s fT 2 Aol ©E WEIAE viso 7 otujxihdz

g HPLCZ ¥4 Z3 ¥ 7.13% 2d. 42 % microwave2 HF¢ ¥ Az o
S3Z vtEe F FotnxAte Ztzt Al7 100g B 13456mg ¥ 1263.4mgeol A 2oH
HEAAE AXNA Fx A2 AFT LS 12125mgol At Microwaved o} &3t
BES YsAx AFE9 F$ glutamic acid® ¥FES MTmg%oldoy HesHF
2 WS E4F dxd AFd AS dF 597 mg% L 680 mg% oAU
AL E Y52 AT Z¢ 42dF € YsdHdA B4F 328 AF
¥] 3t serine$} lysine?t 713t t}. Serine, glutamic acid ¥ valine®} & ojv]x
AL vt %9 allyl-L-cysteine sulfoxide®} methyl-L-cysteine sulfoxide®] A& Al
#3lv]  glutamic acid, isoleucine, cysteine ¥ glycine¥ 7T -glutamylisolecine®t
glutathione F°l &4l o3td FH=A AAPHE ez Lusu dg. 42 R
microwave® &g WEBZE A& 79 glutamic acid R serine °] F71¢ A2
HEFAAANA 5333 R AL L 95 BaE Aoz Algdd.

vt {714

Wertse #HERF 2 sy @& WFAx viso {14 §#F& GC
2 2N A3 ¥ 7149 29 242 E microwaveR #EE F A2 WsAx vt
59 & f714re 4 A8 100g B 7674 mg ¥ 791.7 mgel FRHHA AR HF
FAHE ANA @3 YFAZF AFL 7713 mgol #FFH AU ¥FAR vks
%9 citric acid, malic acid, lactic acid & € #sFF & AEudol ma wsst
R ey pyruvic acide zol7t Qe Aoz Jewd AL 2 microwaveZ 3iE &
WEAZF vls9 pyruvic acide %S 47 A8 100gF 1962 mg ¥ 187.7 mg
ooy #HFaA m PEEHsA AxT AEE 1718 mgrt FHHA A}
Pyruvic acide 2%A9] alline 2% ¥ 2%2}l9] pyruvic acid?} 23=He Re2 ¢4
A QY. @A pyruvic acid FFol Eude AS AFAH oz vis R vEIHEF
o FARI BAINASE Yt Aol
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® 714 AzYYe B Y Az vt f7) 3
(Unit : mg/100g sample)

Organic acids o R B A2 E Microwavesl 5
Lactic acid 79.5 74.8 713
Pyrubic acid 1718 196.2 187.7
Oxalic acid 374 35.3 342
Malonic acid 95 86 10.2
Fumaric acid 5.7 54 59
Levulinic acid 15.1 142 17.1
Succinc acid 17.7 14.2 18.7
Malic acid 1044 976 105.1
Citric acid 313.0 3094 320.2
Pyroglutamic acid 17.2 11.7 154
Total 771.3 767.4 791.7

5. ¥45d=x vt=AFY AA 7=

BEohs S o83t YEAx meAES ME¥se WYPe HEHAL oB
Al AEAFE AR F3 YFAHAM 2H0E o] 83l BT WEAzsE @
o 42 R microwaved ©] 43 HFFE YEAZGE Yol mE Fgujyr v
32 PG HFEAFE AXNRA F& A% v FL YrAHEA diallyl
disulfide R 3-allylthiopropionic acid & #°] 42 2 microwaveZ 5 A$ B}
e faF 2 Feolrxity HE gl Ro2 uveldth E3 nise Fg
F237t QA pyruvic acid@dF S EA AAE FFAHAA AHsd YEaAx
€ 3te Wol /M 4% Aoz Yehg

oldel AAE FH BW -18Toldd A 1d ol Z7] HAE s g o4
st WEZHAA ad2 E48o FA FHAZXE &Y nEA YFIR ne g
AAE F Ug Aoz Alrdd,

- 193 -



A 438 vlsw A3 g =(spread)

1 A8 9=

vt 2ZH=E Az st uks, gz, 4EA4CIRAMAERE, B
) 9 Y(2clE, FHFFAE AHESAT AHEE uts 2 B2 e 97dat B
dot 4A ohE2 ZHLE FHAE AFAM FUHS ALAUTG. ke wnE
lkg9 N2 Polyethylene¥ ol XA3t -20CYF o RHSHEA Aol ALY
th o vhsw 2ZY=g AR A FEES WAAA 08T LAF 7]
(cooking cutter, GFF-700B, 34)2 15%3 Zola dAF%FH Yo AFAHra 3
A

—

2. vl A2 Yo Wiy B3
vt AZH=E A7) A vbE, vl R spA2 e wigeE 2RI
3t N EARA(RSM : Response Surface Methodology)Z 2 1Y & A}-&3t%th.
o7t 3 vhsol HobRS 445 X 65 X 1.2em)F w7k & 0.6g, 1.8g, 3.0g] d
s 2zt mb5 & 03g, 06g R 09g +Eo2 F7Ec olW 4 FHxgE uir}
Aol 08%E 7Hstgdch.

3. 453971

vt 2ol & FdYol Ae VTIAY 188 U HAREL vts
g, BEHE R AMAHA 7|5 dst Frisdd BHHE 94 HEY(A=SE=2
g aA R, === uvEHHG)ES A8 en Age d¥d 9 A
8ol 9std 57k & AAlSAG. AEE 24 wW@gule we vpotd, vts R o
A g2e(ul7tAe] 08%)E EHY spread€ 2ol ulE F 220C9 2BAM 78
3 79 AAHAG BA 4L 7MY F JAEE vt B #4 Svsiden 4
of g xtolE 7helr] fstd olFE BWIY =9 FfeA HALE AAHAG. dF
AAZFE BAEAYEA At gFAARAHE A A
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4. A vjf=d9 4

ot AZH=AZA AN JHE Fod AF HAPH HAAHE A BE
HAL 23 E 7159 o ¥ 71500 YeEbd upeh go] A Fzhe] utud, BEHY Y
AAHA 715% o o4 2F FoAHQ 2ol7t de Aoz Jepgoh HEEAY
& Fotd B olx FAAXL E 7163 2on o] IHYEG |3 de
EAEE O¥ 73% o 2Y 7394 R uis}t go] nirtda uise RE
o A olaAARAE YEMAAUS. BAHE o] &3 AdE vldigtes 2H
HAuFu S AR Z7 wprld  PFoks - O s22e 2 772%, 222% %
06 %2 Este Aol viFAY Aoz Yeiwoh olde] AAHIIER, vty ¥
B E gl e 7A@ 24 661, 6.70 R 6.76°1 A0t

e

Jm
o oo

¥ 715 vts 2ZHEE Y vk BSHA A

Experimental . . Overall Garlic Butter
Garlic(g) Margarine o

No deseirability flavor flavor
1 0.3 0.6 38 3.1® 36™
2 0.6 0.6 4.0% 4.9 41°
3 09 0.6 2.2° 2.7¢ 3.3™
4 0.3 18 4.9% 5.1 6.1*
5 0.6 1.8 6.3*° 6.6%° 7.0°*
6 0.6 18 6.7° 6.12° 6.3"
7 0.9 18 5.1%¢ 5.4 59°
8 0.3 3.0 39% 388 3.7™
9 0.6 30 5.2% 6.8° 40°
10 0.9 3.0 2.3° 4.4* 2.8°

1) Means of nine replicates : means within columns followed by the same letter are not significantly

different(p<0.05, Duncan's multiple range test
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E 716 vlsAZHdEg HE v

wel BxzAtel

. QOverall Garlic Butter
Coefficients L

deseirability flavor flavor

Bo - 3.050 - 2.793 - 2076

B 5.000" 2.738" 7.107°"

P 17542° 21.450™ 8.7666"
Bn - 1.389" - 0818 -1.939™"
B2 0.347 1.319 -0.139°

B -16.667" -19.762" ~7.698

DY =80+ B1Xi+B2% +BuXP+ BuXXe + Bn X?
Xi, X:: Margarine & garlic respectively

*ORK KRR KRR N

5. ufsm Axgco HA ARzA

2 ¥EAx vkE, vt d(garlic oil), PtEsE 45 S vE
Reolh 2y vtsst e AF
E AFLE 2vAZRE BTN MY HEEI F& AF
e vtEw ATYSAZE AT HY wFRAE HAE)
: RSM)Z223 & AMg3t] HAFE Ao s}

o AFxg

(Response Surface Methodology

o WEHAE AN T BARA

ATYE ARE

2 93 3+
A% J3 wign e
222% R 06 %2 EF3te Aol
g Zldige e 661, 6.70 B 6763 AR

WA @ Eehs
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A 54 89

2 dF7oAME stso YESAAYES A&7 AS oz YEolEg ol &3

o stsdl7], $2JZAFE % vts% 2T AFS WL F e AZITRE
AEs A A

BEtsE o83y duZlAFE 7HFEHr] HEdd WEeleEs de 2
microwaveE ©°| &3 AFYUA} FFLHAA HAF S A ¥ s Yg 2 9
TAZNEA FAARE SAHNAYG. vteddr] AT QoM sHF A Ha
Qe 2yt o Mo WUHE WEAZ] A dEst Aoy IAANYY A5
T A% 149 olFFE AdA LAHAC ALY FIIHY R dAE FFAF) Y
TAF vlste 28] o) FrhEAoY WFAFTFAMNE HFxBol wit W}
SR @2 WA YAzAAME viE dEAQ] JANAGEQ diallyl disulfide:
Z43Y 9d 2-butenal, 3-hydroxy- 2-butanone, dimethyl disulfides 2v) ol =
ZHtdch #2713 A A dE 2 dARAA JddA EF allicing 2AE
2 ¢ pyruvic acide MEF AxT Fede ALY AT A8 v
o 10%°]2 F7Hetd . oleigt AA#E FEH ¥ of YEvrsS o435 gy
1€ Ax FE837 AMME FHALHUAN ad2 2RE o83t EHAF AR
4 s YERFEL A vhsddy] AFY $5F LAse EFANEE Has
A 14 ol #F0l 7ts¥ ez Algdd

BEARZ vtsAFE 71887 A8t dF2dd BE ¥F dxAEFY FAW
BE 53T Z3 AFAYE AXNA &L F$ visd F8 P4 EY diallyl
disulfide ¥ 3-allylthiopropionic acid & %°] A& ¥ microwaveZ 3|F§ A$ ¥}
w%o9 fad ¥ fEolrixite] MExE Qe Ao Yewt ¢ vtse F8
FAY7E AAQ pyruvic acid@FE FAE AR P AHAM FYst WFA=Z
€ < Yol M $58 Aoz e ola@ ARE T Y -18To)s
M 1d ol F7 AZE vsg ol&3d YeAHdM 2dE BYsd FA F
AAZE Y nFA YFAZ vtES ALY F AU
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Response Surface Methodology(RSM)Z 231 S o] &3t nlEsW AT =2
£387] Astd BeAAE AANHAG. 1 A vy Azds AZE Y HA
Mgl v D WEeks - o g28s AR 77.2%, 222% R 06 %2 EFs)
© Rojes oMo MAHZEL, vt L wEHF dg s)dge 2z 661,

L.

6.70 R 6.76& YEbRto).
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A1EAE

W3 7} (Lilliaceae) 34r(Alliium)ol £38be vhs(Allium sativum L)& 5% vl
E402 Ao AEFFAoME d2RE FUER ASEHAKT HIde viedy
g4, dAZAAEDN € FHUAARTol AdHeg FHH we} olF o] &7 7
SAAEY 22 ALEH T Ut

el vkE Gk QS-S 3620008 ~481,0008 28 olF 1%~2%To] 71T USR
2 AHEE T gtk ‘9699 A 45600080 AAHYEH ©F 6120180 HFUR
2 AMEEAT o)k Zo] mteg o|8F HFAEL HALH] AZRY olfE viE
U8E & FAEFS Azsted Y858FF EUE JdRoY vt e g
T OYe IEAEFSE gstA B dE 2 ¥909] ok

Aoz QAHE vy NHFEL sleS AGE 3V Fasd AzxY Az
stEAEF 8ol o] 88t FUIPE S F5 e ¢ g AFA 55
AE Fol Uk dxviEL F2 2u|g o9 &84l glol A&yl oz,
U &0l 05%0lst2A A A AUk vtEE FFEA MFFE A
FS PR B oy S8 2 e AFAEF 59 A=A AEE #
Ao} by FFAL AR 5 U WG ATWHe) AYEad Yo v A
2 FR%EL /0¥ & A Rz lddd. 28y ok e FAAF ¥
3te] SR EFo] X3 v AT HAo] Fol ARHOR HFHIJ oA A Fo
o whebA 13 Aol vhEextracte] FE&THAHAA EFRAWSE HasEUA FES
€& sty £ e 2 AU AFIFAHE ML

vhEextracts P EHF] Ex FFAHol o hE HAF| vBtd o= HT
HgAdel ey riy Folv HAedA 4dA EdsHE Yol Ay =3 HE
AALA eSS Uy FFe Yol v extractFH oM E vls nfe FulEH
¥ ool HYUBAYY HIHSER oS 2 Ao AT AU}
vhgextract®] AZAE FAAIINZ] st A2 §AFFH7], 944 wg3e7],
TEF7] §& o838ty ¥Fdte WIS 24 gloy ulE extractes HAol
I vk Fo dasHo Ue SFEEC Hudol B9 FEHFPAM wEs 2H

tlo

)

Hir
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9 FASAE B4sts FAH U
Gty & AT E 12 AFA ALd T ofst] AAdE vlE extractd]
AE R FE T FREHE AT BV BEY F s PP 2482 g
. oS A3 vbE extractd] FAWUEHE H23Y & Y& I2ITHA sz
Y # Azul o] HFaY AB7HA] vhsextractd] ELIHE s Lol oA
FAzYYA 93t vhE extractE ARE Helo RUAFoz sFsd FuE
4e v i FAUIE AU,

rlr
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A 248 Qs € By

1. t=5&99 Ax

vtg F2dE Axdr] A5t ALEE vls e '97dA A ntE g g S
FETAE AFAAM FAsE B F kg Y2 polyethylene WS o] ¥45o -18C
o] YEId RAFAN Ao ALY

tEFede 12 A7 AR 4R daE Jasisay AE54e 2y
g8 + 3t #FF2YA g Az 3 YSuls e 2y 243 Yzt
o 1A2 HF3}n G2 AFWAb] 012%9] A2 AZ 7hste QORI 4R AY &
ASE 24 A5 12 AFAg s Az =P LS ol &3 Y9t
22 vt=AEds vasy) st YEolse WEHY F AAES Az Y@
T HE A5 4E dix2T2 AL H(Fig 81 #F2).

2. v}E extract9 %3}
7 ¥Edx =23
YEdE: 20 Jz4 4Y 2 stgRe 258 77 Odtorr R 40CE
AT ANE8FE 3002HE 3] Hatd 2042 AZ}AYG. WS A2 (FD5512,
IL SHIN, Korea)= €Y Hul 12kgo €& S3AZ & don AzAL A5y
Atd ez WE 9% A7]E 500mm® X520mm Lol £7]9] Ex Qo xFAE 2zt
2} 300mm X 400mm X 4mm®] t}.
U 2Fdzza
e #Ee EF32E =% £53¥Q mini spray dryer (BUCHI 190, Swi-
tzerland )& AH&3tAT. EFUXA inlet ¥ outlet?] 25+ 7zt 160+5C 2 105
5C2 3gch

rr

3. Aawy

ORI

rlo

B
T

156C Az, 2H B AL kjeldahld, 2AYL ABE AZAN =
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Garlic clover

‘ Peeling

I

Crushing by chopper

[
Pulping by pulper

[

l Garlic pulp 1
|
——' Filter press I-_

First garlic juice . Residue

Addition of enzyme
( 0.12g enzyme/ 100g garlic pulp)

Hydrolysis

Filter pressing

Second garlic juice

Mixing

Control Garlic juices (Enzyme T)

Fig. 8.1 Schematic diagram for preparation of garlic juices.
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Soxhlet¥, 3£ < 550C 232y & ol 8&3td AR, &F3EL 100904 T8,
zoWa =A% 2 S W gog AAsAG
Y FII8E
) #7138 23 2 B4

714 %9 T3 L dynamic headspace ol W2} Purge and Trap system$!
Tekmar LSC 3000 (Tekmer Co. USA)E A1 £33t Al8E olsRT S o] 714
AAYE 35 ° Brix7t HEE FUF AFY 10go] HEEF 22L& Bmge A&
B (S5mm O.D.X120mm)l 3t HFAZ PurgingdtBA FNHEL F289 3, o
W mount, bottom, valve ¥ line $¢ 2%& Ztz} 100C2 A3AR stand-by
temperatureE 30TCol3l2 &%t} Purge gast AAE A3 purgingS 30psi
o FAAE ¥ 60mE=R 308 HASY 60~8meshd tenax GC(poly of
2,6-diphenyl-p-phenyl oxide)7} 38 FF&(12“X1/8" stainless steel)ol] 3714 %
< FHANAY. F2E FUN4E S 2N Hetd FFBE 0CE qustdstn
180CAM 387 712 83& AASAh Purge’t $8 € ¥ trap il dol &
Bl &2 23E& AAsY] Hstd 250ToANA 3083 conditioning Al A th E& Fwy

HEEY BF M54 BAH] A% A8 298 A9 29 AF F 120
T AZ7NM 24 AE AxAA T Br14R) §ee BEHOD AP %

Argat ot

Dynamic headspace® 2.2 F 28 vtz e P EL zA5Hoe &
Al flame ionization detector(FID)$} DB-5column(fused silica capillary coloumn, 60m
xX0.31mmlD., J&W Scientific, CA, USA)°l #2358 GC(Hewlett -Packard 5890, PA,
USA)el Fstdt. old FA3+ % A&7 25+ &7 230C ¢ 250CE 9z
oven2 =& Z7] 35CoAM 380 FAGAUI} £9F 15T 220T7R A2 £
220ColA 10833 FASAT TR/ 2E ES A48l £3 12ml €58 4
8120 split ratioe 1 : 2022 dAch vls FFAY I7IHE vlae 4 AJg9
HIAAHE HF EEE2F Hadyoz dF3A S g9 AU goz Y
BN D. WEBEFEPZE diethyl disulfide (Waco chemical, japan) 25mg2 £ 200
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meol] B RS AlLEAY. AFHEY 2RZAL zero =5, attenuation = 7,
chart speed = 05 cm/min, area rejection = 50,000, threshold=5, peak width=0.04%2
.
2) F71BEY T4
GCell 9dtd #ed F7|H &9 FAHL gas chromatograph-mass spectro-
meter (GC/MS : Hewlett-Packard 5972 system, PA, USA)E ol &3¢t 714 %
o 2 2 FYUL Ay GCPYEA FdaA A AREY S AT interface &
X+ 2007, ionization voltagex= 70 eV, resolution 1000, mass range: 30-~300
m/eE ston avtel AL ¥r4EY EeE A% GCxAN 2o GCHE=2
A3 FIDAIM 29| Z chromatogram®] 3} 329 MSeA 2o} total ion chromato-
gram (TIC)9 33 #<A & n-alkaned A2 3 %t F n-alkane® GCol Fsty o
o]Z &= chromatogram© 2 %¥¥ ZZt9] n-alkane? ®2& AL Filn o=
GC-MSZ % ¥ ¥z TICZ #¥ ZtZt9 n-akane? WP E Ale F3 vlwsto
Z 1489 ZdAH] HFE Alrelative retention time)E T3P BT E A
ol @2t GC MS chromatogram 4ol F714¥ H3 & 2z pEsA 74
9 T4 EEEH Uve AL BEEFE MSH FUsY oA spectrum
FE& AE M2 virsd gAsigon, FFEdo] ge AL Wiley libraryl
spectrum} Bl & I3t
= A s
tsF9 23 £42 ion chromatographg ©]|&3td EAa4u. njeo
#Feld FE2E A vtEEY 05gE AT 23 Fan FHFFE A Fol 100
gol =& At oo Fol ¢ Yol EFX 4R (mixed bed resin TMB-8,
Sigma, MO, US.A) 3 g2 ¥ 18ColA 150 rpme2 4A1¢ H¢ 2k & ¥ o] 2
4 24 FAd &F&, AANAY. olea2viEaYHE Al A5 AL membrane
filter(pore size 0.2um)2 o #3tq ©o]& Table 513 L& P9 oj2aZrntE s
Zol 10mE FA3H 2 AY £ AFE A8 glucose, fructose F sucroses

Sigma A &&(MO, USA), 1-kestose, nystose ¥ 1-fructofuranosynystoset WacoA}
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(Osaka, Japen)AlF-& A&},

Table 81 Operating conditions for free sugar analysis by ion chromatography.

Instrument Dionex Bio LC (Dionex, Sunnyvale, CA 94086)

Column Carbopac PA 1 (4.0 X 250mn)

Eluant #1 100mM NaOH

Eluant #2 100mM + IM Sodium acetate

Gradient Eluent #1 from 0 to 6min, ramp to 100%
Eluant #2 at 46min

Flow rate 1.0 ml/min

Chart speed 1.0 em/min

Detector PAD (3K)

El 0.1 volts tl1 : 2 (300msec)

E2 0.6 volts t2 : 2 (120msec)

E3 0.8 volts t3 : 5 (300msec)

g, Felotrl =it

vtEF 9 falobu]eit& HPLC(Water system, MA, USA)E o839 AccQ
~Tag¥el o3t 243t & olsfT 05gUH8A4nYE 35 ° Brix 718)¢
Azrxetrad Wi oo} 75%0l g 80mlE 7Hste] 150 rpmoE 1A 2y )
& ol 100mi2 AE&3tdq AFA}AY. d#Hf 5mlE FHsto #YF T F 01N HCl
5mlE 718t £33 ¥ membrane filter(pore size 02 m)E 338ty 54 E HPLC
o Fdadd. Fa oty FAHE AW ZTHEL Nova-Pak Cis(39 X 150mm,
Water, MA, USA)S AHE3I 29 %€ 33C2 ARG, A&7 §34
27)(fluorescence detector, wavelength: Ex. 250nm Em. 395nm)& ol &3tQ L &
€ 0.14 M sodium acetate(pH 5.02), 9] BE 60% acetonitrile® A& Q. & ol
£ gradient systemZ o83l ER. = HxoE fv AE 100%, 052 &
i AE 98%, 158l= £o]l AE 93%, 198 &l AS 87% , 338 &} AZ
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68%7F SlA &R oo, BEAN BEXL &0 BHS 1, 3BEAA LEAAE
SojAz Z¥ S HEFssAdd.
ut. 7143

o5 ZF 9 f714Fe gas chromatograph® o] &3t 2434t #7214 58
A vtEET 10gUt8AAREE 35 ° Brix Z1E)E AgEFH23d FHsn o]
75% ol&-g 100mlE ¥l 150 rpmol A 3AI1F 2wt § ARt 04 AgtF
Z3to A ELL AAF F mixed bed resin (TMD-8, Sigma, US.A)d F7]14&
F2A7132 100ml €0l AAFE resing AHsAct F3HE /714L 6N T4
(formic acid)22 {EAA °lg ZAYJ 13T AYA T A8 14% BF3
/methanol® < 5ml, WEEFE 22 methyl laurate’} £°] A= chloroform$£ <% 2ml
L PR AYEFE Jtetn WA S AZAIY F 80T sand bath’dell A 30&3
WEAIA FAsEtdT o]& 10mie Al@ T &3 YF 4mle] T3 ammonium
sulfate® H4& 713le} A& & chloroform %8 st 239 F4 o3it YE
Fo2 9439 04uE flame ionization detector(FID)9} HP-FFAP R A& Z{
(crosslinked FFAP, 30mx032mm 1D., PA, USA)e] #A&d GC (Hewlett-Packard
5890, PA, USA)dl FUslo] 23t Injectore} detector2xv & 250C ¥
210C2 3R 28 25+& 70CAAM 183 /AT F £9 5CTH 230C7A 54l
7 230ColA 883 FAFEE Yt EW7AE d§S A8 £7F 45&
1.2ml2 39 2e9 split ratiox 1 : 602 FA3AG. /714 EEFL 534 %(Sigma
Co. US.A)E AFE3t9 3L AAFS Varian Chromatography Data System 402(U.S.A.)
o o# Wy FEYoZ FFA

vl FEAME 9 2Hs

EH Y E = Az A (Model 600-UC-1V, Yasuda, Japen)E& & A 3}
R 2™ Hunter Scaled 9& L(FE) a(+:34, —:54) b(+:34,
— Aoz YUY, o A{Yd EFB Labite &F 892,
0.921 ¢ 0.78°] A o}.
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AUEE 10%9 vtEd2 98 A28 °]F membrane filter (pore size 0.2(m) 2
Ag ¥ 420molM FFEE FH A
Al B
usRge $IiE APS vt 10g€ 24T FHFF 100 E 7153 =
B2 29 30003 -dez 90 mustd A& AFE AAFAG. olE TA
1023 282082 2 AL ¥ 50mE w30 T 94T A& 3000xge] &=
2 gAY F JAFE 73o o]E AR A AT
of. #5347t
B FAA g3t w2 AN 2 FFHEFAN A A
AHE AAEAY. 35 3A9Y ARE Hsd 94 AFAAAYEez v
ERTY A 9 JAjo dlF xolAE HHo L5 89 149 L A
St T A 2 JdAe FFHAE 9H FAYA o FTEH FRL 9
W1z Hs gl gsta YA 5 HACl ALEE BAEE Table
99} Z . B HA AFde FAEHYA d3td KA S HASFAL
H AEYg Aozt de A

¥ & Fisher's LSD(least significant
difference)d ol o3t T Fun g A,
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A 34 A3 R 1

1. vlEextract AP U] ol383 FTHAEAH
olE extract(old} vlE AFHolAM)E WF T BEAZT 22 YR,
714, =85 4% A3 Table 829 2t

Table 82 Effects of enzyme treatment and dehydration methods on physico-

chemical properties of garlic juice powders

Freeze dry Spray dry
Control” Emzyme T Control” EnzymeT™

Moisture(%) 30 30 38 38
Crude protein (%) 19.7 196 184 18.9
Carbohydrate (%) 734 735 74.0 734
Crude fat (%) 05 05 05 05
Crude ash (%) 34 35 33 34
Mineral (mg%)

Ca 154 150 154 159

Fe 676.4 686.6 660.8 653.1

K 08 08 21 1.3

Na 1973 1952 2020 2003

P 99 127 7.1 14.1
Solubility ™ (ml) 0.7 07 09 1.0

» Control is a powder prepared with the juice extracted from a fresh garlic pulp.
»s Enzyme T is a powder prepared with the mixture of juice extracted from garlic pulp

residue with enzyme A for 60min. and from fresh garlic pulp.

»s* Solubility is the result of sedimental test.

TEHFE dzF % AL AT AUl RF YFI2T RS 3.0%0lUn
EFAE AL 38%AT. AAM T S YF £ 22A2A Z4Z 196%
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R 189%Re dx7 £ A L FFolUtt BFHE 9 &L HiAFIRF
F 2 AUy dAflel 44 3% H 34%F =g IR AN #E, BF,
A, HEE 59 F7122 ST A} A8 100gd ZEo| 6531 mg~686.6 mgol &
FH ANes AL 1952 mg~2020 mge] FFso AR wtEEL AMES &3
T 3 A3 JFUE AFol BFTZ AFRG % 7 Aoz Jewh

2. vlEextract AZXE 29 QY W3}

LAY FF 4 20y 4E vt AFY AZEY AFY FHE ¥
g Yoli7] Astd GCE ol 83td #4438 A Table 837 ok F93a WS
7N1Ee2 & B¢ AaAdEg £7d 0 FUAEY FAdHA Aol Aoy AE
A HEAH P ETdE FAFH Aolst e Rez YERTh

oty HZHe FFAAZREY 2A$ diallyl disulfide, 3-allylthiopropionic acid =
diallyl sulfide®] #22 =277t 42 A4el7 B ¥gkey 2-propenal, 2-propene-
1-ol, cyclopropene carboxylc acid, 2-butanal, allyl methyl sulfide, isothiazole,
hexanl, 1,4-dithiane ¥ allyl mrthyl trisulfide®] ¥%& FA X F7F R b3}
o Fo. olgig Aole VxFAAA TG RAo] ofet AFHUANAM ol HA
3 Zoltd(table 53 @) EFARY 7% diallyl disulfide®} 3-allylthiopropionic
acide YEAZXFAAMYG ol LA E A &S d2F o FRoy 23t
BAEY Aol WEARTSY Zol A7t gle ReZ JEid. o ol
EFAZTAA Ao)7t Qe AL EFIAZI QA7 AW 120Toj4e] &%
M AzHE=2 HUAo] 7§ aldehyde’t HLHADL EFARA 57l &7 5
7] olAoll mpzAtF Aol 2A1% A H2AM BRHDZ FFAAHNAM LA}E G
718E atol7t AAEUY] HEJ Ao g Atgdrh

THEAZY EFAzE ¥n¥ BS FEAAxTI 25Dz F vled HeA
F718 8 #FFZol 2 Aoz ey miEY Fo FIIAHEQA diallyl disulfide
diallyl sulfide, 1,4-dithianex & cis-propenyl methyl disulfide, dimethyl] trisulfide,
allyl methy! trisulfide 3% ¥5J3Z77 o & Ro 2 yehyh
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Table 8.3 Effects of enzyme treatment and dehydration methods on flavor
compounds of garlic juice powders
(Area count/10000)

Freeze dry Spray dry
PN  Compounds - — - -
Control” Emzyme T Control”  EnzymeT

1 1-Propene 3217 2357 2248 2039
2 2-Propenal 386.2 4905 301.8 219.2
3 2-Propene-1-ol 23973 282838 23353 32478
4  Cyclopropane carboxylic acid 590.2 671.6 369.2 358.4
5 Chloroform 82.3 83.7 63.9 405
6 2-Butenal 531.3 6144 558.2 4055
7  Allyl methy! sulfide 2338 270.4 1558 1855
8 3-Hydroxy-2-butanone 275 519 816 240
9 Isothiazole 216.2 2715 55.7 819
10 Dimethyl disulfide 130.2 169.2 121.1 120.6
11 2,4-Dimethylfurane 860.1 893.8 581.5 509.3
13 5-Hexen-2-one - 401 16.0 16.4 339
14 Hexanal 655 175.2 282 459
15 Diallyl sulfide 7109 603.5 476.6 504.9
16 1-Hexanol 96.6 1127 85.4 338
17 1,4-Dithiane 1783.7 1925.4 1014.8 1053.7
18 Trans-propenyl methyl disulfide 109.3 899 39.8 527
19 Cis-propenyl methyl! disulfide 147.4 1164 66.7 76.2
20 4-Methyi-1,3-oxathiolane 701.1 734.1 616.7 645.7
21 2-ethoxy-1-propanol 255.6 2947 2529 203.3
22 Dimethyl trisulfide 93.3 1155 49.1 94.8
23  Allyi2,3-epoxypropyl sulfide 364 377 427 394
26 Diallyl disulfide 8814.8 77305 6429.3 5444.2
27 4-mercapto-3-methylcrotonic acid 1032.2 8437 6705 651.0
28  3-allylthiopropionic acid 1356.0 12193 958.8 830.3
32 Allyl methyl trisulfide 1193.8 12879 10734 1260.7
33 3-vinyl-[4H]-1,2-dithiane 77.4 81.2 1039 136.4
34 2-vinyl-[4H}-1,3-dithiane 144 121 133 14.7
38 Diallyl trisulfide 56.4 46.1 452 549
Total 22361.7 22023.3 16832.6 165643.1

*, *+ refer to Table 8.1
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ol AFZAAE AF7A ¢ AFAAYgT F Uxsn Uch F Ho
AFZAHo] ostd YFHXE LA vl Po] AFHXAFA v& vtE9 dE
A g1 EQ diallyl disulfide7t 2v) Ax F71¢ Aoz Jveldd =3 1+ 4
SAEL=A WE FrIAPEY WUHE AT AR AxexUt FHEFE diallyl
trisulfides F7tstd oy 21 w9l diallyl disulfide, dipropyl disulfide, ally]l methyl
sulfide, allyl propyl sulfide, diallyl sulfides 16%¢ 3L ZAsactn 3ot
TAPRZE R WX Y AFY YRS SN w5 AF A o3
ez £%d doAe 22719 71 EES REo Aoyt EFAZE AFAA
T 1349 ZNA4ENE 2 F ddAdx Baso

3. vhEextract A2 L2 2T &F9 As

AEFES A7 AT HA AF2Hd st F 3 vlsextractd AL
A g A FL vlEextract F WRTE ¥F € EFdxYYol 9o B
AFS feF FFE oj2azvieadds B Z3} Table 848 2rth Table
849X B vpe} o] ztzhe] Azxubfe wel g2 AAHE Fo Jo KD
g3 oA 5‘}0171 A Rez2 Yerth Glucose, fructose ¥ sucrosets W5
2% 270 ddMe A= 100gT 42 340.8mg, 433.7mg R 2350.0mge] &=l
ANy ghAFY Feode 22} 6582mg, 770.2mg ¥ 18323mge] #H-=Hol AN
o}, =3k 1-kestose, nystose, 1-F-fructosyl nystoser= WEAZE 239 3¢
Z} 528.0mg, 3380mg R 299.4mgo}l ¥HHO ANy AAHFAAE ZHz}; 8408
mg, 38l4mg 2 343.1mge] FHFHo] AN WFAERTF YA ol @ Atole g
718 ENM e stk 2 YEH AN BaAE st Frighdl 2 ¥l A
2 E F 3o (Table 55 #x). 22y 25029 B4HM2E A 4 Q279
WEAZRE d2FE g u EFAZFAAM glucose, fructose, sucrose, nystose
2 1-F- fructosyl nystoset Z7}% WA ]-ksetoser ZAastdo. ¥ FA X9
B AAAME BRHBZE W YEHR ¥Elo glucose, fuctose R 1-kestose

T #2389 29 sucrose} 1-F-fructosyl nystose® %7t 713 Aoz ey,
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WEdze 27324 did 4R Az dzxT7o Fg FZol FoF
atel7k e Aoz Yetwed ot @A d7ZIARE dI¥Y £ Yoy viE
Fol EAqstc @THERA AL 333 vEFd 9o B = £FHE A
Alg @t} Abraham $2 vhE9 ©438& F 2 sucrosed fructose’t 2¥E FHi
9] fructooligosaccharide2 T %o Q3 vls Fol+= polyfructosidase ¥ invertase
o 223 SAE Aoz Budd g 26 vl HFAES 1AL o) B
A& 7A$ vk Fol A48 £ polyfructosidase ¥ invertaseoll 9ldted felgo]l A4
T 2FHE Ao AZdo

Table 8.4 Effects of enzyme treatment and dehydration methods on free sugar
contents of garlic juice powders

(Unit : mg/100g sample)

Sugars -Freeze dry _ .Spray dry _
Control Emzyme T Control EnzymeT
Glucose 340.8 658.2 4771 534.6
Fructose 433.7 770.2 666.5 6629
Sucrose 2350.0 1832.3 25325 1904.3
1-Kestose 528.0 840.8 421.1 7354
Nystose 388.0 3814 439.7 398.6
1-F-Fructosyl nystose 2994 343.1 387.7 387.1
Total 43399 4826.0 49245 46229

» »* refer to Table 8.1

4. vlEextract AX L LY F32 opv x4t §FFe] A3
EaAHeol ostd FE¢ vhsextractdt HEZTE §2 € 27328 A Felof
U x4tE BAE Table 85914 B uigt ) Table 8594 B uvtgt o] &4
Ml F7F HZ 7ol gt YF R BFUE AR QoA aspartic acid, glutamic
acid, arginine ¥ leucine°l ¥ A& AxFHAd ¢ Wge}r] Hoe BihAP
uts AHEF Yol R Fo vl3te ¥7] BFojch(Table 577Z). £F3Z A& o]

- 218 -



A glutamic acid®} leucine& W HZRA|FE| vldtd #A3sY 2™ phenylalanines
Z7hste Roez Jepyth

Table 85 Effects of enzyme treatment and dehydration methods on free amino
acid contents of garlic juice powders
(Unit © mg/100g sample)

. . Freeze dry Spray dry
Amino acids - - - -
Control Emzyme T Control EnzymeT

Aspartic acid 214 28.6 16.0 269
Glutamic acid 109.1 120.6 . 846 949
Serine 42.0 40.6 3.1 429
Glycine 6.0 54 7.4 6.0
Histidine 46.6 42.3 43.1 56.3
Threonine 26.9 346 217 374
Arginine 21149 2219.7 2251.7 22771.7
Alanine 22.6 19.1 246 ’ 19.4
Proline 140.0 1229 113.1 1194
Tyrosine 406.9 378.9 406.9 4829
Cysteine 174 169 117 12.3
Valine 474 46.9 42.0 374
Methionine 129 12.3 86 9.1
Isoleucine 11.1 13.1 80 11.7
Leucine 1340 166.0 954 1354
Lysine 25.4 44.0 177 - 325
Phenylalanine 774 59.4 1054 80.6

Total 3262 3371.3 3298 34828

=, »» refer to Table 8.1

5. vlEextract 32829 #7141 33 W
EaAgd g3t F£% vivextractst WERTE B2 L BFARA §7]
AHg B % FA3 Table 863 2t} Table86olA B ule} o] vty #Zoe] A
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20y @ FoFy Hole gt Aoz e, vtEAFA Aoy A
€ A ¥ dEF 2AFAY pyruvic acide A1E100gF 1415mgolioyd 523 2
TFUZXE 39Y 270~290 mgAE F7H3tQdh. =7 A4AM pyruvic acide] o]
g SRS ¥F L BTAZSE AN 718 Aoz Algdd

Table 86 Effects of enzyme treatment and dehydration methods on organic acid
contents of garlic juice powders

(Unit: mg/100g)

Freeze dry Spray dry

Organic acids " "~ " ~

Control Emzyme T Control Emzyme T
Lactic acid 71.9 72.2 70.4 73.0
Pyrubic acid 283.9 289.6 2715 293.7
Oxalic acid 314 349 36.4 39.2
Malonic acid 9.0 83 9.2 94
Fumaric acid 6.7 6.4 7.8 6.7
Levulinic acid 9.8 9.2 85 104
Succine acid 13.6 128 174 185
Malic acid 113.8 975 1089 107.2
Citric acid 275.8 296.9 303.1 314.9
Pyroglutamic acid 13.8 139 14.7 15.8
Total 829.6 841.7 853.9 888.7

*, == refer to Table 8.1

6.XANE 2 Zdux
HEol QA e &, ot L JIHED G2 3 49 HHE YEUE F
% FASHoz 2uA7L BES Foisted YA L o gaA s
AALE B22 EHs A2 AEAL ARSAS o AZWYo| B s Do
EQME f ZUES AT 2 A9 BRAZRAEC Wsdx ALY o g
€ AE gn ZWs HA 24P Re 2 velg JEAZE 27 52H7
7o Lgt(#7])S 8602 % 85900101 BFAZE AL 9308 2 9323014t} bty
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AL YEdaxy gzt 2 A2xAHTE 2096 R 2174, 2FAxE & AL

%

3.
R 1343 74 JdehidcH(Table 8.7). ©l2d A= ZEE APMx 2L AL
2 vetdt & E9AEe Algd gVl osiA 4FS 7] dEc ol )
Ast7) AEtd 10% visE28HYE e 20molM FAEE AT A P53
2% ZaxzlF R dERFE Z7 0313 ¥ 03420l ev ¥FA2E AL 74
0232 ¥ 0.228°]Ut}.

Table 8.7 Effects of enzyme treatment and dehydration methods on surface color

values of garlic juice powders

Freeze dry Spray dry
Colors N ” " ”
Control Emzyme T Control Emzyme T
L 86.02 85.90 93.08 93.23
a -1.02 -1.13 ~241 -2.32
b 20.96 21.74 13.88 13.42

*, »x refer to Table 8.1.

Pruthig &4 F1 2, AFEITAE, Y2 PPTe Az o vz
23 4 E FFAZYY Tl vlsf 2
2 Aok E¥ A = ¥F5Ax Boe @¥A2V 6 2RES
Aon dFAX X7t ¥€TE g b2 FUHEMoY Lt Fadddxn B3
A vhEel WAL v AAH ZASEAL 3t dojun] ol 25TeIFAA
T ARAL met 2x &l s 2 ez d3A Ud. EFAX AFe]l W
FAZ AFEYG © Z¥e] ¥ A& FFIAXA 50ToledM FAT =557
HEY Aoz AzZdd. 2 434 sloM ¥FAE AFol BFIAZ: AF 2o d
£ Z2YsE e EFURE 2 oldd Axrt ¢43d9 ¥E Y¥FAXE H0CTE 77
€ platedoll M FA} AxEE2H 2] (L APP Ao Atz
BE T Z2E3E BR8] AdME vt5ES d2e7] dd 03% 4283849 9
E3E AAY F 0TAHAZANAN SF323Y ZAsE F43¥ & A}z 3ok
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=g A% 2 /E 3o ol WARI ANNE AF srPBL 73%0le7} HES
Adzse] Aoz fAsn diel $HE AVY + UES EYsool duT &
.

735359

¥E R 2FAx2E vt WA, A g AAXQ JExd ddo 5
ALE AAE A3 Table 887 2o FY AZWYS olfdld =7 L 24T
2 12T Frde dA, A 2 FHE 7ERd YA 5% FAFFAME FAFH
AZpolzt fle Rez vEEng. a2y dz2T % 5447 E §2 ¢ ERAzy
BEolE 5% FroAFFaAA Aozt e Aoz Yegn, F, I 2 FY 7ze
doAs WEAXTI O F& Aoz Yegn 4L RRARI o £ ez 4y
Bttt ERAxA #7148 &4 Bgsitd ARG 79 S5 oisiE
T2HE A2 F A& Aoz Azdo.
Table 88 Effects of enzyme treatment and dehydration methods on the sensory

quality of garlic juice powders

Dry methods Samples Oder” Color” Overall®
Control" 7.29% 5.86% 6.86°

Freeze dry " ; ;
Enzyme T 7.14° 6.07 6.64°

S ary Control’ 5.93% 7.36% 6.28%
pray . . .
Enzyme T 6.07% 7.29% 6.07°

=, == refer to Table 8.1.

a), b) and c¢), significantly different at p=0.05 and 0.001, respectively.

Means with the same letter are not significantly different.
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A 44 & o

shEEES 122 2AEsn E& Ao R2 AE 012%71Ed RS F 242
g3t 13 #FNH 23 AFY e EFHY AEFEE 13%AE FFA71EA vl
254 YudRe vsE Hag ¥ 5 JdUS 2 vtsAFY U2 A
71 2 ¥l oY og neFHFAL FLYgEuA s olF AN B A
FAMe YEdz € £FA2Y st 2T3ste FAHAMY FulPgE wE
& A3stg.

st Eds 2T ZA3 YEdzd 2oy 2 a3 ¥ ¥ 47
30%, 196% R 356% AL oA =AU} B@rES 44 05% L 735%°1Ath
E2AZAFA AAME FE, @9 2 3 FFS 27 38%, 189% H 0.5%°l
R BFstE € 2AAY FFL FAJZRTY 2L FFoIUG

nts7bEAFAd M B Fod FASAHQAL AFETY FEEES GCR ¥
A dn FHAIZRTF7 BEFAZF vt diallyl disulfide, diallyl sulfide,
14-dithiane §°] o B Aoz Jedd YEFAZXE 3 glucose, fructose ¥
1-kestose #FAZXA Bt Frbstg ov 1-F-fructosyl nystoses Z4AdAc. 2
By frejotuxdt #F {713 e dojAE E Aot ge Aoz dEHEd E
HATE RRAZAF FAAZRAF 2o o #e 4% oy AL HAE @
AL ZA4XYS A ¥ AFELHY F9F Aole gl R UEHN
9. BWAES) Aot WUEE Wohuy] Aste] 20meld FFEE 3 A%
T gt AR vtsEAEE R WA, 42 2 AMAHI 715z dEty @53
AHE AN A3 e AzYUE HEsdE BAXNIFY dE2TF Alojd] {4
ol7t Qo WEARATFY EFAZAFDANE FAHQ 2ol7t AU

ol ZANE FF ¥ o vlEIIT Al E2 AE 012% 7HEtd W0EA=
TEH F AEFE 3B vtsy PR AgE JA AN FE&E F 13% F
d F AVG. E2F vt=FE54E P % 2 AZEI] A¥ YR PEUz
E

2RAZYY) JANE FuSHo $4% AF TAANES 2E F AN
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A 12 A E

W3t (Lilliaceae) &(Alliium)ol &3t= vhE(Allium sativum L)& FAE o] 9]
Ax A4, dAE 4FAAES 2 TR A WYAAEY, ZA2HE
AMatE I Fol e Ror dAA Ut

vtsol FEHL AT, AR R FFold dilA EF $4F Aoz wiuEo Q)
t}. Cavallito®} Bailey® Q7 Z2de] ©2¥ vis9 gFAL allicindl 7193z 3
Atk Alicin® F4¢ 8324 10CHH o) 25%8E §#5 ™ alcohol, benzene
X ethert: E}E ot Penicillin®] gram FAFol FZFAo] ed waly allicin
gram ¥4Z ¥ oY FAEF dHME g7 Hol Ak ) Dewit &

B3 m7)d vts ARFE H7VsbE Clostridium botulinum® 54 AL A

flo

flo

g 4 Jdv B3t Fietcher 2 vl 84 F£E2E mlF 14mgE 2o
H Staphylococcus aureuse A5°] A HUL, 56mgE WoB A{o] A3 A3
dodx 9o =3 Yoshidas2 vt59 ajoneneol 73k 3 a£8 XYz otz
B3l d. Smalls# Bogin Tl 23¥ sls9 olaid AFALL alling B3
A% A€ allicin® thiosulfonate”] 7} SH7I19} 78A ¥H&3td AXAIS A
O3 3Att Saleem T vl }FEHL MM E Lo 2dHdYy ®ag
Art.

vhE2 £¥ FYaFH} de A2 ¢8A Urh Euler$}t Lindemane benzo-
pyrenecl] 93l LAZ FHeo] FUdo] Img~3mg2 alling ZEFAE A FYo)
UAAAY 2717 BAEE D 39T Moused) allicin®] diethyl =& 5% 2
# AgE dAsAde Bax: o stEFY scordinin® WY dAFEAI e
Ao RIHI Yed ot FiY BLAZE AN g 2AARS] 3
olAAAY WAL JAsto wdEFAQ nitrosoamines] AL Add= T
T Aoz deAx Ut e vty WEE FEEAM 2P 222X E BY
2% o8 U FAY SAS Fol FoAF A, 2AEAY A5 AR YE R
o2 ¢ex glutathione-S-transferase?] #4& Z7HAZ 29, glutathione® non-
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protein-SHS} ¥ = F7IAAYG 2 2 3ttt Weisberger® Penskyoll 93td FT4A
X E JAse vtE9 7|52 disulfoxide?] Aol 71U Reg vadn Yo

Alliinase® 9l3to] alline2 ¥ ¥ allicin 32AE trans- ¥ cis- e
ajoneneS ZZt 144 HAsed o8 FTAol AE A2 Rad oo
g$HH Ago] e Aoz A Y vs9 F¥A FAEL agjonenel Yol =
diallyl trisulfide ¥ vinyldithiino] @3l Ao 2 BuEHo gl

ot = w5 ¥t 7L, AL, ketosteroidel WA FZZ &3, A
2 Xgad, A7ldy € Folgx FAFAE ZA7E Ye Ao BaHy Qi

o] e AT ZAFAE T B vlso ABHL viEo] FYHAN FEL
2 5teA zge st YAHE stFE 71U, vlEe ALY S vl
AL gdzd € 7tdAes AFe 73 F A e A AYS ¢ F AN
o}

CFHZ 2HAEL vhsY] A4 B2 FAHE UEI oy, o]F oj&d
71548 AFol 4% AR Ao 2y vteo AeEAPL ALy 2 gazxd
o wet WA old A dAFE v Aol F3I] AFNFF A8 @9
T 93t 7t E vtEvtEAEFY A AT B A9 Qo

et B AFodME vt YFE vtsg olg3ld AxG wteddy], &4
€ o83y F&£9 vty AFALE WE L 2FAZI AT Wl viso F9
deggdoz g ¥4, GAE AFGdAES E M APAAERE FH2
2+ st
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A 24 AR R AR

7} vlE
PhE '97d A4 vt g tEE BFAE AR FYs wnF 2y
(Aol Z, #=)2 YAA7|7F 2004 A=A EHF polyepropylene® C-lion
2 Z2¥std A2 YEo lkg U2 TA3Y -20Ce WS o BostdEs Ay
of A&t
U 484 53E AW atsrkFAE Az
ots R 739 uErtEEE NS 223 otsddy) 3%, &5 2 azdy
2 22T veHEFET 4F) didtd FFEA, FAHAXT AFAAER} L AN
A4A E3 FAAH ALY E AF A5 AzxzAL ¥ 817 2o

E81 AV AP AT N8 2 AsHIxA

Al =3 Az
Al 81 |[¥BEHF ACAN 1:T3AA
vl thd}7) A 82 |AHAFTF Y 4TAA 1F0AF

A 83  |Microwavedll g ¥ E5d 4TAA 1530 A%
¥edzx  |vhsdUZE gadd dd A5 A8 $AAZG
HET A&

PtEEEE AFAA 1A HEFYS FEn G
WEAZ WAt AA AS vhEHZ 012%F 78t 45T
B2AYT A 90ET JtEEHE F AFS 23 RFAH

e . THe PlEASAe WENZE AR
FEASAXAT HEAz  [leuze 9n 9o o4 450 98 BRAED
Sy A&

HEUIE AFeA 1A FFAE FEon 2L

Az Rt EA A RHEBE 012%E Fhad 45C
EEREAT M 0B AEEAT £ AFT 28 A5
EYE hsRFAe RRVEY A,
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opsgdl7l AzA A2 F S 20T #2714 sF}HU 2™, microwaves
AZAH AR (R, #F)5 ol &5t dFstd

vteatEde Yedzxe 4 Hu 12kego 2 322 5 & d5aRV
(FD5512, IL SHIN, Korea)$ o] &3t W& A=A ¢4 € 719w 2: & &4
Z} O4torr 2 40CE &PY: AEFL 3002WL A3 Halo 2043 AxsH
BREAZIE 2 258 mini spray dryer (BUCHI 190, Switzerland )& A}£3}
At BEFAZA inlet L outletd] &= ZHzF 160£5C 2 105£5T =2 3dd.

. vltso AYgd FHL A4 F58 Az

upso] AN S YEllE 23S dol 27 Y5t 37k W oo F
Z2ES Az F vs¥ZE FHY AP it #HEFH FFIA, 0%
ethanol# %% 2 ether¥ &g AZated ALEIATH. 50% ethanol FE A vhe
= 100g3 50% ethanol 300mlE 42t flaskol ¥ 18Ce] shaking incubatorel A
150rpm .2 4A12F wukgl ¥ o3 ( No. 41, Whatman Co.)2 o3&t 50CaAA 2
AEZ3Ad. Ether3 82 vlsIZ 100g $7F 100mlE £d4Fo ¥ &
o] Eg% F olo) 23ol FA 150mlY etherE 7tstd 3083 AB3 EEF WA s
o ether®g 2§ttt 2L ethers vigreux columng 3 &3l 43ColA etherE A
AR F HFHozE FLVIFE ol &3 FE etherE AAFHA.

2 ohErlEEe] A8y F4E A% AFA Az

Aegd F3L2 Astd stsgdr] AFLS YA g AFF J$ o) %
3t Ztztel 2 M3t Azstgon, wteAF JA2E L FHFE dxA
AEde nPEFFY B5%2 FAY F olE 1008t Fe 2 YAz
ALgE R #8H AEE AT etherFE 8L T viEtulr] 100gE FFHT
100mls} &A EdAFo Y1 E5o EFTF F old 23 ZAF 150mle| etherE
7tete] 30&3t AE3| EEF WX A etherd & 2o BE ethert vigreux
columng ¥eto 43CAM etherd AAR F AFHeRE A27IFE ol g3
ZFE ethergE AASGIY. vlsAFELL FHFEZ d2H FF5A 1ySF3Y

B%2 ALY 100mlE FF5 100migt &H EAdAdFo Y1 ddi7] AF F&44
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% FAdEA FE3A9 A A
2. 32EPYNY
7h At F 2 iR
Fa48 ANPE A AHEE FFE Gram FATF 3Z([Baccillus subtilis(tKCCM
11733), Staphylococcus aureus(KCCM 11764), Streptococcus mutans(KCTC 3289)],
gram$ /3@ 4%F[Eschericha coli (KCCM 11750), Eschericha coli O157: H7(ATCC
35150), Klebsiella pneumonia(KCCM 11391), Salmonella typhimurium (KCCM
40253)], & X 2%F[ Saccharomyces cerevisiae(KCCM 11666), Candida utilis (KCCM
11660)] R &%ol 4%F[Penicillium citrium(KCCM 11663), Aspergillus niger(KCCM
11478), Aspergillus flavus(KCCM 60130), Aspergillus parasiticus(tKCCM 12699)]-&
TTHIIZNH Fgol A&
A md FEFHY £HS A8 AMFE LB broth(Luria-Bertani broth, ¢
2 Bacto tryptone 10g, Bacto yeast extract 5g, sodium chloride 10g), A5 YM
broth(Bacto yeast extract 3g, Bacto malt extract 3g, Bacto peptone 5g, Bacto
dextrose 10g), &8 °]= PD broth(potato dextrose broth, ¢ % potato 200g, Bacto
dextrose 20g)2 Difco3|AH(PIZ)9] R& A& AT
W oohs3Ede FE8AY 54
ntE A Ed, 50% ethanold2€ Y 2L ether F& Mo FFYAL paper disc
method & ©}&3ld SA&HAL F FTAG £A87] Y8t AFL 37CAAN 244
%, AEE 26TolA 482 FA &7 33 AduFste BYAN FFE AL L3}
Aeo FFole EAAHYS dol o]F HFA10'~10° CFU/m, CFU : colony
forming unit)©.2 AL83stch. B3y Alg FAuAE= Fzte YJuRE AFed
petri disholl 15m4 #F3& o F1AF|2, old] 0.85% soft agars 23z}t 5med &3
F 2o 4T Fa8A masid. Ru® zbzte] wizlo]  spectrophotometer
(HP 8453 UV-visible spectrophotometer, Hewlett Packard3]A})& o]&3}a optical
density(OD)7} 0.27} H =& 3 5 widAg HHujx]o) 2 F 37C vj R o)A
308 T <H wFs

- 233 -



Paper disc methodZ #¥F84E& X317 93t ALLE nt=HFA% 50%
ethanolF &8 & FTHFE 20%(FEH vtsF 7l dA dAstq A&z
ether3& 42 % ET7F HESE X3 o A& A (1% dimethyl sulfoxideE °©) &
st 33, e Fx2 MY vtEFE YL membrane filter (pore size 0.2/m)
2 ol&3td A% F 0uE Fa A7 E paper disc{(®8mm, Toyo Co. Japan)ol
FA4A F vl oy uigd FBuR o] Fol YAXZAY. AFL 37C M 244
F, ARE 27CAAM 48A% wiFe A, FFole 271TCAA 724 wig F wix]d
el clear zone(mn)9 2718 S AT

vtsttdi7] AEY IS 449 AExdd wet AxF vtsddrIE &
Ao ozt FAFF A FHTE 20%7F HEE Y3 AR, vheAEA
ZAFE FHFZ AW FFYY DYTHIA B%E VLY ¥ o8 1022 B
3 Azt FHRTFE 20%7t H=F3d AR

2 oteFe H2AHFEE R AN 2A

# A A 8 % S (minimum inhibitory concentration, MIC)E <} &} vl %] 8] 4 ¥ (double
dilution method)ell 2l3led F& %t F, 100ml 4ZdFetxzo] wgdd 20mE B2
olol FFuidd Imlst Z&e rlEAFAE /et AFHY HF F=71 01%~
10%8 97 122 z4stQth AF 37Tl 24A17 wigeHa, aRE 27CAA
4827 s ¥R o, FBole 27CAAM 722 wigslgo AF R AR Hi A
3|5 =+ spectrophotometer® ©] &3 FFE(660 nm)EFAH}FAT. FBole 7241
e RL glass microfibre filter(®47mm, Whatman international Ltd. in
England)& 2 3te] 105CoM Az Ao AxEFE Fad 3= £ &
ANF EAA 729 FAo YeUA g TEE AL AHils:= stdn. £ o
gol EYFE FAE HPuiAd =2 Fol AFEA e FEE HA AAE:
(minimum lethal concentration, MLC)Z 334,

3. dME JAEH FH
7 AMR dAEF F s g
ot55EY 2 JFAFY GAE JARFHE A7) Add AEH ANIXE
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At o] A E HepG(hepatocellular carcinoma, human), 4% SUN-1(Stomach
carcinoma, human), W3¢ E WiDr(Colon adenocarcinoma, human) 2 HAMHE
NIH/3T3E #FAEF 2P0 RH RYol AR AEE 1000 units/mi2
penicillin ¥ streptomycin® 10% fetal bovine serum(FBS)c] &-&¥ RPMI 1640 (
GIBCO Co., USA)& Al&3ldd 37T, COs =7l 5%HEE 249 CQz“H°J7](Froma
scienticfic Inc. USA)oll A wiat gt wiFMEE 2~3do 8 4 AujFsig e
o, 733 X dF Dol 2~3¥ refeedingdtqth. WY 7~8Y Fo) PBS(phos-
phate buffered saline)2 A& 3t3 0.05% trypsin-0.02% EDTA(GIBCO Co., USA)Z
AT AEE 23l Y22 TF F HAXE RBol wjd Y1 IARe HNES 1
F BASA ZF E#3H 75 ml cell culture flasks] YL Fo Ahu) gstHEA
AH&-3 gl ot
U dHE A dAEE 53

GHAE BBAAEFE MTT asseayd ©l83td ZF3Ah F 2zt AXEL
96 well plates] 1x10° cell/wello] 1A 180u¥ £F3x 9d $=7 HEE A2
st Ed 2 32 20mE H7HE 37C, COs =7 S%HNEE 2HE COME7)
oA 96A1t MigEt AT, WiFYol QI AAES4RE Smg/mle] FEZ AZF MTT
[3-(4,5-dimethylthiazol-2-y1)-2 5-diphenyltetrazolium bromide] & 200E 713}
A e wFzAoM 4A41 wigs k. o] & 2,000rpmol A 1083 YA E el s
NS AAHSDT ZF welldl dimethylsulfoxide 20048 713l HAE formazonE
&3 F 2~3% &5 550nmZ P E ELASA reader(Molecular device Co.)&
FZ=E 5A3A ofdl Aol JA cytotoxicity(%)E T3l

Cytotoxicity(%) = (279 FZx- A8Xd7Y FH4T)/WEZTFEEE X 100

o AYAE Y AAET 23
PhE3EEY FYAE diF ABAA AAE 2R87] Y5 24 well plate
ol 20,000 cell/ml9] ¥ X2 seedingdts] 12X13F viRst gt M X7} plated] & ¥ 3E
AE o wjFdE Helxn 10%9 FBS7H 48 RPMI 1640 wiAlo] Y4ASE2 A=
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& AR 20uE H7I3tA 2¢ vtk vl E ZAHHA 6UT WA 6Y wWFF
0.05% trypsin-0.022% EDTA(GIBCO Co., USA)E R &3 AHXE R2dd 4 HXE
hemocytometer2 A5 3t o},
4. 3B Y JdAAT A
7t AR AlF R 7
43S H HAAE Ad 838 Ak Dade Diagnostics of PRAHUS.AL)
A &€ thrombin fibrinogene SigmaAHUS.A)AFE FY3te A&t A4
A & &3E blood coagulation analyzer(BC 2210, ()2 = A Y338, Japen)E A}
43t FAH3A
Y. gEHE &3
ols9] Y HGA L activated partial thromboplastin time(aPTT)E T3t =
A & Y ImlT vts FEFDY, 50%5F5 4, ether+2 A4S 242t 250 pg, 500
ug R 1000 pgol HEE H7HFE A 100 wol aPTTAGA S} 100 ws EF ¥ 3
7ColA 383 43 o5 37ColA vlg] 4dd 20 mM CaCl, 100 (£ & 7t& ¥
blood coagulation analyzer2 &17F € w 7129 A& 7123 g=2FE= &5

B 100 @& ol g8t FuARE FAHAC

- 236 -



A 33 Ax % uF

1. 3784
7bowkse] g3 A
1) F24d 4 ntse 74
oheel 7S dotry] sl vtsHTZ2REH GAYA sl FEH &
&, 50%ethanol5F& ) L ether% Y& paper disc methoddl] olste =A% Az}
¥ 829 2t}

E82 vt EWUyd wE g g
(Unit : Clear zone® mm)

o5 2l&d S50%ethanold 2 FEtherd:29

Microoganism

(20%)° (20%) (50%)"
Baccillus subtilistKCCM 11733) 30 20 26
Gram positivee
bactrial(3) Staphylococcus aureus(KCCM 11764) 18 8 11
Streptococcus  mutants(KCTC 3289) 29 13 17
Eschericha coli (KCCM 11750) 19 11 13
Gram negativ Eschericha coli O157: HT(ATCC 35150} 18 10 10
bactrial® 4 bsiella preumonia(KCCM 11391) 2% 12 18
Salmonella typhimurium(KCCM 40253) 25 10 14
Saccharomyces cerevisiae(KCCM 11666) 31 10 28
Yeast(2)
Candida utilis (KCCM 11660) 38 23 23
Penicillium citrium(KCCM 11663) 46 31 20
] { 42 38
Mold(@) Aspergillus niger(KCCM 11478) 23
Aspergillus flavus(KCCM 60130) 32 24 16
Aspergillus parasiticustKCCM 12699) 33 22 20

* ()0 2E AFH HE ot AHAFE 71T sld NP Fx9.
E829H Bi vhet 2ol nhE32 9 FFAL vhxe AP st 2

£% H390) 50% ethanol X ether2 £&% 2 Bt} HAY AZ, &2 ¥ FHo)
of Watd 2@ oz vt oe@ ¥FYL AZnTE FBol R AR Y
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3t & & Aoz YWY, F%0l9 B $ Penicillium citrium 2 Aspergillus
niger?} Aspergillus flavus R Aspergillus parasiticusol Hl8td A& AHEHJE ¢
W= Hdoz Yeigd. 829 Z 9% Candida utilis?} Saccharomyces cerevisiae®.
oo A% AARAE Ldd AT B 2¥ ¥ EA Staphylococcus aureusSt
a3y 24T Eschericha coli R Eschericha coli 0157: H71x vhs & Ao 3o
BE& A3 E WX Baccillus subtilis, Streptococcus mutans, Klebsiella pneumonia
2 Salmonella typhimuriumd) 8l3te] AF Mgz 22 FUch
vlso] AFAHE allicindl 719%ttn Cavallito®}t Baileys B 13929, Small
57 Bogin Tl 93ld vl FFAHL vtEF9 allino]l £a=o} AAE allicin?
thiosulfonate”] 7} -SH719} Z3tAl W&t plAE9] AXALES AHested 7|QF
Roz Bt EE YoshidasE vH=9 ajoneneol 23 FF&E£E AYn gl
o1 Bty
2) PtEEEAY HAAHTE @ AR

nEFEN F volEAEFY, 50 % ethanolFE AR L etheri & A9 FFFAHS
ZA% AF vpsHAF Aol 50 % ethanol5FEd L etherFE Ao vlsle] 7ol
Aoz Ygy vtsHFdd de H2AHFEEE Tt F 2 2F 9 A=A
of 3% wtsHFAE sistd FAAAEHNE A A 19 81~ 839
rigieny

29 81 1% 82 ¥ 19 839 HE vl o] Gram ¥4 T Baccillus
subtilis, Staphylo coccus aureus ¥ Streptococcus utans$t gram24 ¢ Eschericha
coli, Klebsiella pneumonia ¥ Salmonella typhimurium® A AsE T 05%°U
oy HZ ZAZ H1 Je AFE FQA Eschericha coli 0157: H7S 1.0%22 ©¢&
gram 47 vl&od =t &R Saccharomyces cerevisiae R Candida utilis
o} &322 Penicillium citrium, Aspergillus niger R Aspergillus parasiticus® 34
AsE e 05%0lA oy BAEd WA T Aspergillus flavuse 1.0%2 Rez
123~ = 3
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OD at 660nm

4] 0.1 0.2 0.3 0.4 0.5
concentration of garlic juice{%)

—e&—Escherichia coli —@~Klabsiella pneumoniae —0— Salmonelia ty phimuriu

00D at 660nm

concentration of garlic juice(%)

—e— Bacillus subtilis —®— Steptococcus mutants —&— Escherichia coli 0157:H7 |

0D at 660nm

concentration of garlic juice(%)

' —e—Staphylococcus aureus |

a2Y 81 vheREde ATd dE 54 A

- 239 -



OD at 660nm

concentration of garlic juice(%)

! —e&— Saccharomyces cerevisiaﬂ

4.5

OD at 660nm
N
w

0 0.1 0.2 0.3 0.4 0.5
concentration of garlic juice(%)

—
| —®— Candida utilis

a9y 82 vhsAEFdY] AR o A&JA AR

weight(mg)

concentration of garlic juice(%)

—&— Aspergillus niger ~—&— Aspeigillus flavus
—6— Aspergillus patasiticus —¥— Penicillium citrinum

39 83 vteAF A FFold iy ASAA &7
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8 Z4zte] FEEE wigo] Bd 7L HAuRd =Tl HAAFE
7% A= Eschericha coli, Klebsiella pneumonia 2 Salmonella typhimuriumsms
HAAAbs =9 22 05%°1A 2y Eschericha coli 01570 H7& 2.0 %°lth. Gram
ST <A Baccillus subtilis, Staphylococcus aureus 2 Streptococcus mutans®] HA
Arkere H2AMNEsE B 74z 2%, 10% 2 2% Ao JEiwt g29)
Saccharomyces cerevisiae R Candida utilis®] HAXNAEEE 25 05% oYt
Aspergillus niger ¥ Aspergillus flavus® HAXNA s E= 212 20 % L 5%°|Y L
¥, Penicillium citrium®} Aspergillus parasiticus= 1.0 %0121‘4.'

Fietcher %<& Staphylococcus aureustdl] vi=2 £84 3289 H4r BSH
FES HE AEAANFEE T 2F ASASFEE mID 14mg, H2AAEEE
mli@ 56mgeletn B ud gt

ol de A}E Fa E o vlsAFYUdol 50 % ethanol FEE P X &4
=2 ether72 2 B 74 2 2oz vl 37EL BFAY 2o 98y
o]FoAAE Ao Algdr)

Y. w57t g EY 37
D vbsddiry 74
BEAZES o848y rleddy] AEL AZXY FS HA5z2AL v
Fu 54 B oYt FAAHAE ¥ F Ao Ay "t YFouis S s
ot 1 £t Az AEHL 5SS 42 2L microwave2 7zt | F 3}
o Az AF FFEALS 3T 2= ¥ 837 Zo.

#3839 A= AT 2Estd Az vlsdidy] 20%5& R0 AP &
Z 382 paper disc methodell 9J&te EA3F Aot} AF2AL G AL AF
' Baccillus subtilis, 221 Candida utilise ¥%vclsS #5sA ¢&3n 2439
Az Nart dEF A2 A5 2o gFdZol & Aoy yelgtoy 1 9o o
e oM E F4FHA Aol gle Aoz eyt

et Aljuidel ot FAsE AT, AT L 2BoE AL A8 Hg
& i Xe] AFa oo A w9 vlEdr] HFAL st WG E Y S
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H83 siFxdol wE vtsddiy] AF FFEA

Unit : Clear zone size {(mm)

Microoganism Al 1 Alg 2 Alg 3
Gram Baccillus subtilistKCCM 11733) 37 34 32
positivee Staphylococcus aureus(KCCM 11764) 18 18 17
bactrial Streptococcus _mutants(KCTC 3289) 24 22 22
Eschericha coli (KCCM 11750) 20 21 19
Gram Eschericha coli O157: HI(ATCC 35150) 19 18 17
negativ
bactrial Klebsiella pneumonia(KCCM 11391) 22 22 20
Saimonella typhimurium(KCCM 40253) 19 18 17
Yeast Saccharomyces cerevisiae(tKCCM 11666} 33 28 34
Candida utilis (KCCM 11660) 45 39 37
Penicillium citrium(KCCM 11663) 32 28 31
Mold Aspergillus niger({tKCCM 11478} 40 43 38
Aspergillus flavus(KCCM 60130) 25 24 24
Aspergillus parasiticus(KCCM 12689) 20 20 22
o AlE 1: W¥Evsg MEsA Gn BYsld 4ToA 150 AP Mg
o Al 2: ¥EvHe & 20TAA AE F EAstd 4T 17T A A&
o Alg 3: WEehs & AAHIAZ HEF 2Asidd 4TAM 17T ARG A8
o YFPUAFEEAE AR FEL 20%2 st SHF A

FASLE 2Ree] H2 4% NAFEE F¥ A3 7Y 84~19Y 819904 BE u
S 2ol YR E ARTE KA Folst & Aoz vehgoh

MS/HEXEX A E

35 [ ey
3 —-—NRHS
—a— MRS

0.0 at 660nm
)
(94

05 ¢

concentration of garlic juice(%)

%Y 84 siso W& vizoidr] Al E9 Bacillus subtilisd] g A& 5w
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Hd2/HXAX AT
7
6
£ 5
S 4
o
@ ——YEEH
a 2 —a— YR E
o . —tr— MXIXIHE
0
” U e 3
concentration of garlic juice(%)

a9 85 s F WE mpsvir] AF 9 Staphylococcus aureusll W B&AA 5

HE/HREX] AE

4]

0.D at 660nm

[ 0.2 0.4 0.6 08 1
concentration of garlic juice(%)

1Y 86 sFd W& vtstdlr] Al E 9} Streptococcus mutantsl Wi A A&7

HR/UNAX HE

——YsEMd
- NUERHE
—a— MR XS

0.D at 660nm

concentration of garlic juice(%)

a9y 87 dFo w visvidly] MEQ Eschericha colidl] dd A&AAE =
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H2/HXEN HS

——dSEH
- Y2HE
25 - - : —o— XIS

0.D at 660nm

concentration of garlic juice(%)

2% 88 #so] wE ulschdir] AE el Eschericha coli O157:H79 gt A8 A & 7}
C ME/HXUX HE

—o— XX &

0.D at 660nm

0 0.2 0.4 0.6 0.8 1
concentration of garlic juice(%)

28 89 %4 W& wlsddi7l A E 2 Klebsiella pneumonia®] 3§ A8 A& 1

AE2/VXEX] HE

—— ey
—a—yess
—o— MR XIS

0.D at 660nm

3
concentration of garlic juice(%)

a9y 810 3 FEd wE vpsddir] AE-2 Salmonella typhimuriumd] W3 A3 A &7
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HE/HXUX HE

——YESEH
N2 S
—o— MARAMX 8 F

0.D at 660nm
hounda3IRB8REES

concentration of garlic juice(%)

a9 811 sl W& etsthd7] AF 9 Candida utilis®) W Y-S A &3

MB/UXUX] M E

3B Tr—— . , ——Y3SE

0 —&— A2 E
2 L o * —o— M XX E

0.D at 660nm

concentration of garlic juice(%)

a9 812 Eol @& vksvd7] AFE S Saccharomyces cerevisiaeol HE S A A}

HE/HXUR HE

——4EEH
- yeHs

=)
g

—o— YA E

weight(g)

o o
8 8

0.01

0 0.2 0.4 0.6 0.8 1
concentration ot garlic juice{%)

a9 813 s Fo) @& vksth7] AFY Peniclinm citrinum] W Y& A A
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H2/HXRPX AS

0.03
0.025
—— USEH
_ o b o = ueHs
Z ‘ —a— MR E
£ o015 e
®
2 om
0.005
0
4] 0.2 0.4 0.6 08 1

concentration of garlic juice{%)

Y 814 #%d ©iZ vty A F e Aspergilius flavusd] A ASAA &

HE/HARAX HE
0.07

—o— XX E

—

weight(g)

0 02 0.4 0.6 0.8 1
concentration of garlic juice(%)

g 815 s} @& visthiy] AEQ Aspergillus parasiticusd e A& AE =

HEB/HXAX HE

0.06

0.06 < :
) —e— Y EE

0.04 ~- Y2 E

—a— Y XX 64 &

weight(g)
Q
]

0 0.2 0.4 0.6 08 1
concentration of garlic juice(%)

1Y 816 AFd we vixchdlr] A E2Q Aspergillus nigerdl] tld ASAA &
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a4 84 19 81694 X uie} #o] gram ¥ T ) Baccillus subtilis$t
Streptococcus mutans®] H2Z AKAH FEE 02%~05%°1A 2™ Staphylococcus
aureust AL3FH AMEL 08%, microwave ¥ #HF-& A X1 AT REE
1.0% Aoz Yeytr GgramesAddd 7§ Eschericha coli, Eschericha coli
0157: H7 ¥ Klebsiella pneumonia®l 2 AS5Ad s & 1.0%°lA Y Salmone-
lla typhimurium's 2%~5%2 T& gram ATl vlstel A4 ASANFEI B
t}. & RQl Saccharomyces cerevisiae$} Candida utilis® 4 AKAHNFE=E 02%
~05%2 HEEAME olg ARE A& AaE @we Aoz Yo, F%ol9
7% Penicillium tcitrium, Aspergillus niger 2 Aspergillus parasiticus= vHs o)
71 AF A 57} 02%~05%9 sEANA AFo] AMHALY Aspergillus flavus
05%~1%E AN HB&ol Adsle Aoz Jetwrh =3 4SS $A3] AFEA
NE 52U H2AA5EE 73 A7 ¥ 84 2 19817~1¥9820% 2t

H84 sFxAd w& visrr] AFe HLXAEE

Unit : %
Microoganism Alg 1 AR 2 A7 3
Gram Baccillus subtilistKCCM 11733) 05 05 0.5
positivee Staphylococcus aureus(KCCM 11764) 5.0 5.0 5.0
bactnial(3)  Streptococcus mutants(KCTC 3289) 50 5.0 5.0
Eschericha coli (KCCM 11750) 2.0 2.0 2.0
G
rem Eschericha coli O157: HT(ATCC 35150) 5.0 50 5.0
negativ
bactrial(4) Klebsiella pneumonia(KCCM 11391) 1.0 1.0 1.0
Salmonella typhimurium(KCCM 40253) 50 5.0 50
YVeast(2) Saccharomyces cerevisiae(KCCM 11666) 1.0 1.0 2.0
Candida utilis (KCCM 11660) 1.0 1.0 1.0
Penicillium tcitrium(KCCM 11663) 05 0.5 05
Mold(4) Aspergillus niger(KCCM 11478) 05 05 1.0
Aspergillus flavus(KCCM 60130) 1.0 1.0 1.0
Aspergillus parasiticus(KCCM 12699) 05 0.5 0.5

+ NEL: WEOHES AT AT EAF 18TAMN AN AW A=
o B2 WESHES 0TAN A5 ¥ 2Asle] 4TAM 1372 A2e A8
een NE3: WEOIES AAAVANZ AFF BAs 4TAN 152 A3 AR
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219 817 v AF A Eschericha coli 0157: H79) ti§ MIC A 843}

29 818 ¥E A vhsddl719] Eschericha coli O157: H79 i ¥ MIC A9 7

< 2B



a9y 817 vt &AFHY Eschericha coli O157: H7dl W& MIC A¥4 3

1Y 818 WEEAF vttt 7)9] Eschericha coli O157: H79l ti3k MIC A3 A=
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a9 819 -ﬁﬂ[%—‘?} ﬂ]-‘-ﬂ-d]?l-‘!l Eschericha coli 0157 : H79l di& MIC A2

% 820 AAHQAR #E5E vhsviol7|e] Escherica coli O157 - H7ell dj@ MIC A#Z23%
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a9 819 Ae2&l53 szl el Eschericha coli 0157 : H79l dis MIC A& A=

ad 820 AARJQAR sF S vlstil7| 9] Eschericha coli 0157 : Hioll digt MIC A2
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dExde 2@ nsddizl AFe LA ETEE dF TE A A5AH
T ¥ o ¥& o2 Jgwth F 4 ASAA st o 05%~1%°1Ad
Staphylococcus aureus, Eschericha coli 01570 H7 2 Streptococcus mutans 9] 7
T+ HAXAEFEE 50% Aoz YErg
2) vis3E BoAFY 374
AET e Atz gudEe HEE HAsEr] 9sleqd A4 E o] &3t
= P2 AF2A29 AH2ESE A7 939
BE % EFAx 3t Az A YFBEe 8 ERURAEE Y$UIEA

Unit : Clear zone size (mm)

IFAx o
Microoganism
WEF Zi2HE 2P Zih e
Gram Baccillus subtilis{tKCCM 11733} 37 36 33 31
positivee  Staphylococcus aureus(KCCM 11764) 19 18 18 15
bactrial Streptococcus mutants(KCTC 3289) 24 24 22 21
Eschericha coli (KCCM 11750) 18 17 17 17
Gram g chericha coli O157: HI(ATCC 35150) 16 17 16 14
2:5::1 Klebsiella pneumonia(KCCM 11391) 19 21, 18 W7
Salmonella typhimurium(KCCM 40253) 17 16 16 14
Yeast Saccharomyces cerevisiae(KCCM 11666) 29 2’5’ 30 25
Candida utilis (KCCM 11660} 41 " 43 41 37
Penicillium citrium(KCCM 11663) 32 33 30 29
Mold Aspergillus niger(KCCM 11478) 42 41 32 34
Aspergillus flavus(KCCM 60130) 32 26 25 24
Aspergillus parasiticus{KCCM 12699) 30 28 22 23

o HERT : wEUZE Gl oIt AFE F Az AF

o EaXT  vhUEE Yl st REF HUX FFA)H G TA A2AR s EEHF
FET 48 12 AFYT EYE F 228 AT

o MYgAIE EAFLETE FTHFE d2d FEAe] YEYFAY B%E LT F ol 10022
BX A FHFFE 0%7 22 A8E ol&sto £AHE A4
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4% Aoz et ubE JMFAEFL |54 oldddx AFA, GAE Y
A ETS 2 ¥Y BAAAETHI} Jong 2 HEES FEEAY NEe ¥
el AlEFE ML ZFede ol AgAde ¥E £3Y ool AUk

et F2AM2E A ¢ AP st FE3 vhE AFAY 2 4
M HEE 54 FEAYPA 93t LFE vty AFAS 4 WEF L Y
st FFEAHL 2A3A ). Paper disc methodoll st 2Fww £ Axzxd
gEldte Az oteAdF AT FFEHRTFE 3T 2 B 859 2

#EB5A B utsl ol rluEd g ¥E R BEFUREYE ALAH &7
o BAYC] EF FEBAHo] e Aoz Jek AR wE FFAHYL 3
FAZYYo] 2Fd2YEET 58 Aoz Jeiwd. a8y ¥4 xRy S
e AL A2HY AFE ST IS Fx gk

BE 2 EFREE AFAE] BF #7EAH] U ez JE FZe
vjAge g F2E YKAEE AT A 1Y 821~129 846 o gon o8
TAZ Ago] JAHE H2AHEESE 7 A3 E 867 2rh

W=

—~—-EFUx Yz
- SyUx BN

0.D at 660nm
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1.8
1.6

m
-
ES

1.2

08
0.6
0.4
0.2

0.D at 660n

3
concentration of garlic juice{%)

Y 822 RRRBZF viEaE 229 Bacillus subtilis® i S A& 3

sdd=x

e
LR ES

- FPUx a2

0.D at 660nm

3
concentration of garlic juice(%)

Y 823 WEAZF nts&AE 2o Staphylococcus aureusol gt A& A &3}

0.0 at 660nm

concentration of garlic juice(%)

Y 824 BEAZF v=aFE 29 Staphylococcus aureusdl i3 B&A &7
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0.D at 660nm

0.D at 660nm

RNW AR 00 N

0.D at 660nm

concentration of garlic juice{%)

a9 827 ¥EAXx%

e

V=25 B2 Escherichia colidl g A& &
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g£2d=
8
7
[3)
E g
2
8 4
T 3
a
o 2
1
0
- . L m
concentration of garlic juice(%)

%Y 828 BEEAZE vls3EF B2 Escherichia colidl tid AN EH

U=

0.D at 660nm

0.5
concentration of garlic juice{%)

Y 829 WS AR¥ vtsHF Bw9 Escherichia coli O157:H79] thdt A& A &>}

BERd=

—— ERUX YT

& 2RAUx Haxa|

0.D at 660nm

concetration of garlic juice(%}

Y 830 BERURF vtsHF B2 Escherichia coli O157:H7) didt A4 53
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0.D at 660nm

0 02 0.4 0.6 0.8 1
concentration of garlic juice(%)

a8 831 WEAZRE vis3EF B2 Klebsiella pneumoniae®] W A& AA &7}

= - RRUx ﬁxia

S e RSy

0.D at 660nm

0 1 2 3 4 5
concentration of garlic juice(%)

Y 832 BRAZY vt F B9o] Klebsiella pneumoniaed] 8 B &7

FdU=

- ESPUxE YxP

0.D at 660nm

—S-SHAHx BL el

0 1 2 3 4 5
concentration of garlic juice{%)

¥ 833 WEARS vtsAE 229 Salmonella typhimuriumel] W@ A &3
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0.D at 660nm
N W e O N

o

concentration of garlic juice(%)

3 834 BFAZF vle3AE 229 Salmonella typhimuriumo) W@ B&AA) 57

0.D at 660nm
dbonwdaB3RE8RE &

i)
wir
‘L)‘IJ
N
M
)
1o
&
=

3
G .
K3
2
&
o
Ho
12
X
ml
_';g,

39 835 YEAXF

0.D at 660nm

1) 0.1 0.2 0.3 0.4 05
concentration of garlic ivice{%}

a9 836 RRAXY vlsaE B2 Condida wilisl dEd ASAA &}
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0.D at 660nm

concentration of garlic juice(%)

a9 837 WEAZRE utsFF 2wl Saccharomyces cerevisiaed] 3 AL & 7}

$Rux

0.D at 660nm

concentration of parlic juice{%)

Oy 838 ERAZE vlsAE Bue Saccharomyces cerevisiaed] W§ A& &=}

EdU=

0.04

2

HEYES

weight{g}

Dxial

g 82

e Al 02 o3 ¢ 08 LR 0.7 CH) 69 1

concenteation of gartic jutcetd)

Y 839 WEAZE vt FEF B2 Penicillium citrinumd] W@ A4 &3
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weight(g)

0 0.2 0.4 0.6 0.8 1
concentration of garlic juice(%)

Y 840 BRAZE vl E 229 Penicillium citrinumo] W& A{AA &7}

SdU=

0.035
0.038
0.025 e
- EHUT Y=
0.02

~W—- EANX M
0.015

weight(g)

0.01

0

0 0.2 0.4 0.6 0.8 1
concentration of garlic juice(%)

1Y 841 WEAZRY vl=&EF Buol Aspergillus flavusd) 3 B8 A &}

ERU=

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

weight{g)

0 0.2 0.4 0.6 0.8 1
concentration of garlic juice(%)

Y 842 ¥FAZT vtsaEF 29 Aspergillus flavusol W B9 A) &7
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0.07
0.06
0.05
0.04
0.03

weight(g)

0.02
0.01

-0.01

concentration of garlic juice(%)

%Y 843 WEAZRY vi=AF B2 Aspergillus parasiticus®ll ¥ Y& A&

0.05
0.045
0.04
0.035
0.03

weight(g)
o
§

0 02 0.4 0.6 08 1
concentration of garlic juice(%)

Y 844 BEFAXF v E B2 Aspergillus parasiticusol] i A& A Az

SEH=E

—~— SAHx Uz

~m— EWUx 8xe|

weight(g)

0 0.2 0.4 0.6 0.8 1
concentration of garlic juice{%)

a9y 845 WEAZY nfs&E 2w Aspergillus nigerd] W@ 48 A AT
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weight(g)

concentration of garlic juice(%)

1Y 846 EFUZE vlEAEF $29 Aspergillus nigerd] did ASFA &

B86 AF 2 Axwyd 1E vsAFELY H: YSAAFE

Unit : %
Microoganism dsd= ERd=

dz7 EhAE dzxzv asxe
Gram Baccillus subtilis(tKCCM 11733) 0.3 03 10 1.0
positivee  Staphylococcus aureus(KCCM 11764) 10 20 20 20
bactrial  Spreprococcus  mutants(KCTC 3289) 20 20 - -
Eschericha coli (KCCM 11750) 05 15 20 20
Sé:::iv Eschericha coli O157: HI(ATCC 35150) 1.0 10 10 2.0
bactrial Klebsiella pneumonia(KCCM 11391) 1.0 1.0 50 5.0
Salmonella typhimurium(KCCM 40253) 30 50 - -
Yeast Saccharomyces cerevisiae{ KCCM 11666) 02 0.3 04 05
Candida utilis (KCCM 11660) 0.3 03 04 05
Penicillium citrium(KCCM 11663) 03 0.4 1.0 1.0
Mold Aspergillus niger(KCCM 11478) 0.3 0.3 05 1.0
Aspergillus flavus(KCCM 60130) 05 05 05 1.0
Aspergillus parasiticus(tKCCM 12699) 03 1 05 05 05

o WzT : olsHIE Y oj3td AP ¥ d=F AF

o RANYT : sEYEE Aol gsld AFE QA FFY)H G & Pale] BAAZ ViR HF
5 4L 13 AFA} EGE F dzx@ AF

o NgZJE rlEHEELE FFHTE d2W 454 DYEYARY BBE FUE ¥ olF 10022
e Arte x4
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B 8694 B ulg} ol MAHY FFF Staphylococcus aureus, Eschericha
coli R Salmonella typhimurium$& AYsnE vty FFAL Y52 3% &
Mg #FFo wd vAEY 4 WKAAFTEAE FA4H Aolzt AU BFAZ
g Aol AAME dETS TAHY TR ¥ Foll AAME WERFI} % 3
TgAol & Rz ey I % e 1.0%olW o B3t 3FAzAFE
o E2FAZAEFS VLY B Ao dodMe A2 AEY FFAHel o E A

o

o2 Yetgd, Fx 9AdQ Streptococcus mutants® A EF 5 U3 Salmonella
typhimurium 9 A% YE5FAZAEL 242 2% 2 5%0l oo} RREAxRAZT L

87 AF R Axyel ©& vsAFELY FAAAFE
Unit : %
, yEAz it o i
Microoganism
HZEzT A 2T 5i2He
Gram Baccillus subtilistKCCM 11733) 2.0 2.0 5.0 5.0
positivee  Staphylococcus aureus(KCCM 11764) 5.0 5.0 100 10.0
bactrial®)  gyreprococcus  mutants(KCTC 3289) 50 50 100 100
Eschericha coli (KCCM 11750) 5.0 - 50 50 5.0
S;a:;iv Eschericha coli O157: HI(ATCC 351500 50 5.0 50 50
bactrial(4) Klebsiella pneumonia(KCCM 11391) 1.0 1.0 50 50
Salmonella typhimurium(KCCM 40253) 50 50 10.0 10.0
Veast(2) Saccharomyces cerevisiae(KCCM 11666) 05 05 05 05
Candida utilis (KCCM 11660) 05 05 0.5 05
Penicillium citrium(KCCM 11663) 05 05 1.0 1.0
Mold(4) Aspergillus niger{fKCCM 11478) 1.0 1.0 1.0 1.0
Aspergillus flavus(KCCM 60130) 05 05 1.0 10
Aspergillus parasiticus(tKCCM 12699) 05 1.0 1.0 10

o AT ShEUZE ¢AYel ot AFE F A2 AE

o E2HUT : HrUIE Gyl A5t AFE AUR AFDI G M) A2AZ ASEHT
43¢ 42 12 4340 £ ¥ Az¢ AR

o NYZIHE b AF PUS FH42 VAA 434 DYS YA BRZ JY ¥ o] F 10002
un 37he ¥E9.
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25 5%ME A&AA AHE JEL WA Lk Klebsiella pneumonia & %<
BEdx 229 AZgAsEE dxT € E4MYUT 2F 10%olReyd EFd2
T Zeols 5%0ldth AR AY ¥FIETY ASGATEE 02%~0.3%°lA
ou ERAZT YoIME 04%~05%°IRt. Penicillium citrium, Aspergillus
niger R Aspergillus flavus® BS54 Y5A2Y a448F9 3% 03%~
05%°lA oy ERUETFE 1.0%IAt.

T AP vYBo] A/ Rt AtEste H:AAFEE T3 FH
¥ 8.7% 2t}

¥ 879 A8 uviel 2] Staphylococcus aureus, Streptococcus mutants R
Salmonella typhimurium 9 3% 45323 FFE D HAAAEEE 50%0IU
U BERAZETLE 100%°1Ah. 28\ Eschericha coli, Eschericha coli O157: H7,
Aspergillus niger 3% 32 SlojM e HE5dR € EFIAZT BEF 2L H§4 34}
FEE YENAY REEE HAAXNFEEE #UAEY] o FF dME uFg
o] B¢ YL HuuiAe =i Fo WSS HAATHIH847T~1Y8H4
Z&z).

2. AME ZJRAA 55
7b. she ) QHE APAA 5w

tso] dAE FAdA ARE golrr] sy ot EF A, 50% ethanol 3
29 % ether & Ao dizted sz FAX] AFAHH E%E MTT asseayd
of o3t ZHY A3 F 887 2ot

# 884 B uteh go] vl FFAATY 50% ethanol F& Yol ether F
2 2o A, dAY * 3G AEEA dsq 4F g4 5@t ¢+ Aoz
ettt GAX AAAAERE FE2d9 ¥E2 AEE 2 vis FEFY ¢
50%ehtranol & A& 10%°l Wl A 347t §d9 $T & F74ggdd g F
7HtR oy 10%0149 sxoAE vty FEE FHAIHC we JAERE FotE
A @t FAXA i 10% stEAFY] YAIAES ST FF AGAE, o
BLAE @ LA X st G2 91%, 4% R 92%E el 50%ethanol F
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29 R 47 WEARY AN AFEYY Staphylococcus aureus©l] ¥ MIC A8}

29 8 8 EFAR AN AFEUe] Swphylococcus aureusdl] diE MIC A8 723
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Y 8 49 WYEAZXF i AFELS] Escerida colidl tig MIC A1843%

a9 8 50 F7Axg BrAe AFELe] Escheridu oolid] g MIC 1823
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a9 8 51 WEAEE EAAe AFE LS| Escherica coli O157:H79) @ MIC Al823%

9 8 52 ¥FAEY A4 AFELe| Eschericu coli O157:H79) tig MIC N82%

- 265 -



a9 8 53 WEARE aaH AFRLe Salmonella typhimuriumel] @ MIC 21823

a9 8 54 WE AZ% vhs AEED Samonella typhimuriumell tid MIC A@23%
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¥88. FZ&vicl W& vl dMEJAEFH

Carcinomas F&9Y FE(%) o A & (%)
Stomach carcinoma (human) o} 5 &2} 2 of 5 80
10 91
15 90
20 89
509 & & 532 5 7
10 92
15 91
20 91
Ether3%& 9 S 71
10 71
15 79
20 82
Colon adenocarcinoma (human) v}% 32 o} 5 72
10 94
15 93
20 84
50960l &5 & o o 72
10 95
15 94
20 95
5 61
= = 10 69
Ether&& 9 15 75
20 87
Hepatocellular carcinoma o} 5 3} Z ol 5 78
10 92
(human) 15 92
20 90
5090l & &% % % 5 68
10 92
15 92
20 92
Ether32 9 S 62
10 68
15 74
20 78

o ¥EE sheREd R 2399 FE2 VAL BW/WY.

o A& cytotoxicity(%) 2 tIERE F£319.
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FZ&9 10%892 37t 92%, 5% EL 92%S UEedo] 10%s = vtsaFdd R
50% ethanol F#&Eeole FAAA Aol YA EtherFZEEdME F=F 20%
72 G we Frtste F@3E YA Ether72 8 20%-8 2 sl 9
SAE, dAGAL L IAAE] AE FFAA B3 44 82%, 87% R 78% ol
.
oldel A2 R o HF vis AF GHEJAEFAE FH e
Azl ot vpsdY TE FFFE o) R3d FETFE A8t Ro] uigE @
Aoz At dH.
U vhsrtEES GAIE AAAA A
D stEddizle dAE d29A &3
WEAZES o] &3to sy AFE AxT B¢ AexP B &
AE Q394 a3g 53¢ 23 & 89% 2o

rir
rir

E89 sl x2do W& vlsvtdiy] AEFY dAEAA AT
Unit : Inhibition ratio(%)

Carcinomas Al 1 A8 2 Alg 3
Stomach carcinoma (human) 91 91 90
Colon adenocarcinoma (human) 93 92 92
Hepatocellular carcinoma (human) 93 92 91
NIH3T3 (normal cell, human) 0 8 3

AME 1 ¥Ecte g dEsA ¥ BAstE 4Te0AM 1533 AR A=

ME 2 YEtES 20TAA BT & 435t 4TaA 1573 AR A&
AR 3: YErteg AAAJAAZ HEF E45o 4T 15T AR A=
G HIANYEIAE AR FEE 10%2 st A AY.

o 0 0 O

E 8994 Bx st o] WEulsS #HEA dn EAY A= sten
7] MER 42 4 microwaveR sET F AZE AFTY GAZALA AL
3 Aol Atk F AGAE, gAY AE L IGAE dEo visodr] F
Fd 10%3 Y& 91%0]de] AFAAENE et 2y FFA X A
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2) shEAE ERAFY GHAE 4F4 2
FEUY % Az PR @2 viEAE RUAEY GHAE HPYA adE
FA3¢ 23 ¥ 8108 2o
E 8.1091M HE uish o] AFUY F ns g gAYl ity 259
FAG £&E P77 AEtd AFPAb) BAa Al &, Az FE5Y
o U AxPYS ALY Fooe FA4AHA Aojst AUk 2 Ay
Hedzs 2Fd2 Agdde Aot Ae AR Yewd dFAxL @ #
ASES A, dBL R TAAE st 90%~92%9 A AAANEFE Uede
Y 2Rd2d AFAEL 86%~89%2 AFAHMARE YA 23y ZYAE
o daise 47 A9 delx gt

NS R

o

F310 #F 2 d2wYo) wE o5 HER L JMAEIAHEY
Unit : Inhibition ratio(%)

) WAz 2ERAx
Carcinomas
WE2F ALAHY d=2F B2HF
Stomach carcinoma (human) 90 90 88 86
Colon adenocarcinoma (human) 92 91 89 88
Hepatocellular carcinoma (human) 91 90 88 87
NIH3T3 (normal cell, human) 6 2 3 7

o WzT : shUEE AYel et HFH F AZY AE

o AMYAT : ohEBLE ¢afo] st HFY AR BFA)T e VAl BLAZ SHEEHE
43¢ A% 14 AFA% ERG ¥ 2T AE

o ANYABE chERFPUL FHFL V2W AFA9) TYLUBY B UYL ¥ @ 10002
sl 10%2 H4E $A9 &,

2. 444 JAEH
7hoebsel WY A &3
shsel WYY AHNEHE Dol 27) N5t sk 2E e, 50% ethanol F2E
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2 ether 2] A3ty =¥ HYAL JAEAE 3T 23 ¥ 8113 2o
E 81194 H& ule} o] vl59 etherFE 2o AYAL AA&HI} H
ofd Aoz Yetgoy vtsaEFY 9L 50% ethanol FEEANME EHAY JAEH
7t etz 4%t vt59 etherF2 & 8% ImlB 250 pg, 500 zg R 1000 gg ©l
252 713l blood coagulation analyzerZ ¥ o] AAE 7] Alzste AIRE =
A A7 ether+2ES F7I8HA &L A2 F & 3252 o Mol AAFH7] A3}
cd 8% Iml? ether2 & 250 pg, 500 pg R 1000 pge H7HE ASE 4%
51.8%, 595& R 685x%d o] AAFHUG. 2y mtsFEFd ¢ 50% ethanol
FE2E89 At F2EL ¥ 1mlT 1000 1gE H7MslA T 2+ 346 ¢ 3672
o o] AA4H AL A AF}ST A o

E 811 FE8vd W& vtz IBY A Az

Extraction method Concentration{zg/ml) Clotting time(sec)
250 326
Garlic Juice(single fold) 500 34.0
1000 346
250 339
Garli t by 50%
:: 1C ]extrac y 0 500 346
ethano 1000 367
250 51.8
Garlic extract by ether 500 59.5
1000 68.5

o Control time was 325 sec

Y. whert3E) WHAA A 59
EUHES o8t AFZAL Bs Az wHeouvls A3ey 2
AzZPEL Ys ohy AFAE AZY 299 YHAAY JAENE 2 2D
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¥ 812¢% 2t}

¥ 81291 BE uie} o] WEulsg #FHA ¥ AR utsodiziet
A& 9 microwaveZ F3H Az stEtd7] etherFEES B ImlT 250
2 HUbste ¥d AAANTE ST A YEusE dAEdA @3 Az v
7l o 42%7F A28 5AR, A2 ¥ microwaveZ #AEFsl AZF vlzddgris
oF 49x7F A28HAh £ viEg A sl & AFAYL Yedzx Z
PRAZE A7 Y5H2TE & 0%, 27U2TE 4 3% £28HUR, E4AE
of ojate 2AFF ARG YAz ¥ EFAZH ALE B NEE 48x 9 927t
A85E o2 Yey

E 811 vhs7taAEFS] 34N oA A%

Garlic products Clotting time(sec)

A4 n}-‘é‘— 518

FHAEH 423
=3¢ 04 A2 F 496

Az A A 3 5 490

1 B e 50.1
FAAZX vhEextract

BEaAgT 48.0

= 528
BEAZ vlEs extract

LA F 49.2

a) Each sample was assayed at a concentration of 250ug/ml for the antocoagulant activities.
b) Control time was 32.5sec.

oj4z e ZAFE Avts ether F2E9 FAYAY AAAF 522 ving
W & Aozt P Aoz velgd @k B2 E o839 REF ¥F R EFZ
ZE SAY FEFAL dxP LR HFSAY dErteES o835 shegdr)
AL Axsed AAA dd AL FaMe FA7 9E Ao Aado
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utse A, GAE 494 2 R 83 44GA AR 5 A4l ¢
d Roz BIaFHD oy o AL HEFNETFT WHHEd waA & A7
ME vtEH} ¥FE vteg dFUUE 2 Az vsddr], xAE ol &
3] &% vl AFALE Y E 2RAZT AT distd s F8 AEA
o2 P23 74, GHAE A4 A L RYAE dAEZHE wFsna HA
123

vtse FFEAHE dolrr] Y3t gram ¥ T 3F, gram 4T 4F, EE 2
% 3 Z%o) 4% & MA3Y paper disc methodol 93l FFYP L =AF A v}
E3Ed0] 50% ethanol FEE ¥ etherF2E B 7o ¢ 43 Roz Y
ehtch vk ZAEY Y HAPE 2579 ASAHATER] 42 HAFEE 7+ 2
3 HZ EAZ Hx Qe Eschericha coli 0157 : H73 L¢EAE YAss
Aspergillus flavuse 10 %°ley 1 %o vl¥EL 05%iU. ¥Eohss AF
238 28ddq Az visddr] AF didtdq FFHE FH A PEutsS
AEstA B EHstd Az Alg, 42 2L micorowaved ol &3t HEF Az
& ANE BF g8l ¢FtAen Aoise FFHF Blud o Fo3 o]zt
e Reg YeWh B dFzdd o otsudr] AFe ugEd o Ha
AAEEE F3 A Eschericha coli 0157 @ H73 Strepotococcus mutants 2
Staphylococcus aureus®] HAANALFTE 50%°lRed I %o nAEL 2.0%°] 3}
Ao, FEFTFE YA Al BaAHE F ootss AFF AL YF R EFdxT
A% aaAgd dside FdAdol UsetA @gton Az wXe dF
Z %ol E732EY Bk gF Yol 4t A Ao2 YEg

Mg vtE7tEAFY GARE AZAA EFHE FA37] At AR ARA
Z, g3GAE L BGAEE HAHA] XY JFAA EAE EHE 2 vtsR
F43 50% ethanol+Z£ &2 10% F =AM 90%°149 4FAALAE UYehld oy
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etherF& 5 20%F=0lA ¢ 80% A= AAEFAE Yl #5221 98
el Azxd F§ AHE GHAZA dM dARRE A vhsd kAR 90%0l
29 JdAEAE Jeblido. £ ZLE o]R3d FAEFY vty AFHE IF ¥
-E—-'?'ﬂ&??l A dsME FAXE 4F94 £73E SAT B BAANHUE A
¥ GERRA o3t FEE vtEFHF AN FaHENY F&E FAAD RFYT
od Y4 3x WS AL FoAF Aoirl e Ao et a8y Az
Holl @E FHAE AFAAEIRE FHS A YA 22U AFAA ide
90 %~92% Aoy EFAZRE R 7% ~89%AHE QA oz e

tEe] AL AAEE Y A vtERFY 2 50% ethanol FEEL A
A JAFe] Ao Jelta ggtoy etherFE 2 AYAH dAHol $58 A
o2 Jelygr vk etherF32 8 S 8% ml 3 250 ug¥od W AAo] 51.8% gvle
HAHNLY etherFEE S WA &2 Ffole 3252 o Hdol YAHAUT. ol
21 FHAAE dARde AU E 2esd ARG veFE MR +5E A
o2 vent & 4L 2 micorowave® s Fstd Mz vtsodir] e ether 5
B2 of 4927 Aol YAHAOUY WFAeM st AeAALE AXNA @
3 AEE 473% %0 Aol HAHJY. E AL AY sl AEF A& WF 2
EF3zsE 747 480 R 492%Td Aol YAHJ R, BAAHE A @2 ¢
AYo] ot HEF YF R EFAXAEFL 2 501% R 528zl dHdo| A
AEA.

ol 2& AF7ZAE FTHH £ o vis9 FFAH L AT AF A&
g ol &3ty F2T AR AFAYAM e on, @F2dd e o
T ddey #FEde dxzded g E Aozt e R JEych HYA
AHEHAE etherFE&BolA Yelon Yevtsg e A4 #AFstA e A
g &5 AFY dzAFA dAMe Ay # Axzdd =2 FoF
2ol 7t ARk

=)
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