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SUMMARY

1. Investigation on postharvest disorders of onion bulbs during storage

In this study, patterns of loss and causes of physiological disorders in several varieties of
onion bulbs (Allium cepa) at different storage temperatures were investigated. Quality tests were
also conducted to confirm the relationship between varieties and storage temperatures. Onion
varieties such as 'Daego', '"Turbo', and 'Sunpower' were stored at -1, 0, 20°C for 5 months to
investigate physiological disorders during storage and at O and 20°C for 5 months to evaluate
quality changes in onion bulbs. Sprouted onions were found in onion bulbs stored at 20°C and
freezed ones at —1°C. Diseases, such as soft rot caused by Erwinia, basal rot by Fusarium, neck
rot by Botrytis, and black mold by Aspergilius, were also founded during storage. Soft rot was
the most usual disease in onion bulbs stored at -1 and 0°C and molds were the most
prosperous in onion bulbs stored at 20°C. However, one of physiological disorders, translucent
scale, was not found during storage at any temperature. In quality tests, hardness was
significantly decreased in onion bulbs stored at 20°C than onion bulbs at 0°C and accelerated

disease development.

2. Improvement of postharvest handling in storage of onion bulbs

The effect of heated air vent, storage temperature, and high concentration of CO, gas on onion
bulbs were investigated and pathogen of soft rot was isolated. Forced heated air vent was
conducted on onion bulbs at 30°C for 8 days and 40°C for 4 days under the 60% relative
humidity, and then onion bulbs were stored at 5°C for 6 months. Storage of onion bulbs at 0, 5,
10, 15, and 20°C was also conducted to elucidate the relationship between storability of onion
bulbs and storage temperatures. To confirm the effect of CO. gas on onion bulbs, CA conditions
(10, 20, 40, and 100% CO, gas, and 10, and 20% CO, gas with 6% O, gas) were applied to
onion bulbs stored at 0°C for 4 weeks. Sequencing of 16S rRNA and EF-TEM image analysis

were conducted to elucidated pathogen of soft rot. Forced heated air vent reduced moisture



content of onion skins and percentage of sprouted onion bulbs, and made deeper color. Under
the temperature condition over 5°C, sprouted onion bulbs were found after 5 months of storage
and the most numerous sprouted onion bulbs were found at 10°C after 7 months. None of onion
bulbs exposed to any of the gas condition for 4 weeks showed translucent scale except for
100% CO. gas condition. The pathogen isolated from onion bulbs showing the symptom of soft
rot was Iidentified as Bacillus genus. In conclusion, forced heated air vent at relatively high
temperature is an available method to reduce the moisture content of the outer surface of onion
bulbs and storage of onion bulbs at 0°C needs for long term of storage more than 5 months.
With frequent ventilation and air circulation there are little chance of translucent scale caused
by high concentration of CO, gas and the symptom of disease caused by Bacillus genus 1s quite

similar with the symptom of soft rot.

3. Development of onion postharvest technology and program for onion storage

A sterilization method was developed for onion postharvest technology and a postharvest
program for onion was designed. Chlorine dioxide (CD) gas was applied on onion bulbs (Allium
cepa) to develop onion postharvest technology. CD gas was applied to unpeeled and peeled
onion bulbs, and onion skins inoculated with microorganism at the concentration of 1000, 500,
and 250 ppmv for 1, 05, and 0.25 hour, then samples were stored at 0°C for 7 weeks.
Reduction of the number of microorganism, visual appearance, weight loss, total soluble solids
(TSS), pungency, firmness, total phenolic content, and antioxidant activity (ABTS) were
measured. The postharvest program for onion was designed by adopting result of previous
studies and research data. Application of CD gas reduced the number of microorganism
inoculated on onion skins. No influence was caused by the application of CD gas in unpeeled
onion bulbs, but numerous small sunken regions on the outer surface of onion bulbs, average
more weight loss, and initial reduction of total phenolic content and antioxidant activity were
occurred by the application of CD gas in peeled onion bulbs. As onion bulbs without intact skins
lose their marketability, CD gas is a disinfectant applicable for the storage of onion bulbs
without any deleterious effect on the qualities of onion bulbs, and the postharvest program

designed in this study would help reduce onion losses during storage.



4. Elucidation of the cause of greening in crushed garlic bulbs and synthesis of green pigment

Greening of crushed garlic bulbs occurs when garlic bulbs are stored at low temperature.
Studies on the activities of candidate genes related to greening, g-glutamyl transpeptidase
(GGT) and alliinase, in garlic bulbs stored at different temperatures and the color—forming ability
of different amino acids with thiosulfinates in crushed garlic bulbs were conducted to elucidate
the mechanism of greening in crushed garlic bulbs (Allium sativum). For the analysis of GGT
activity, GGT sequence of garlic was partially cloned using an onion GGT sequence, and the
relationships between garlic greening and related gene expressions depending on storage
condition were investigated by using reverse transcription—polymerase chain reactions (RT-PCR)
for GGT and alliinase of garlics stored at different temperature condition. Thiosulfinates were
extracted from the crushed garlic and onion bulbs, and solution of extracted thiosulfinates and
each one of 22 amino acids were incubated together at 60°C for 3 h to confirm amino acids
related to the greening of crushed garlic bulbs. As a result, the expression of the alliinase was
unaffected by the storage condition, but GGT expression was changed with condition of storage
temperature. As for the experiments on amino acids related to greening in crushed garlic bulbs,
it was elucidated that the greening was created by the combination of yellow and more than
eight blue pigments, and free amino acids forming blue pigments when reacted with
thiosulfinates were glycine, arginine, lysine, serine, alanine, aspartic acid, histidine, asparagine,
glutamine, and tyrosine. These results indicate that the greening in crushed garlic bulbs
develops with increasing GGT expression at low temperature and the amino acids which would
most likely be related with greening in crushed garlic bulbs are arginine, asparagine, and

glutamine in the view of similarity of spectra with naturally—greened garlic extract.

5. The mechanism and suppression of greening in crushed garlic bulbs

The study was conducted to elucidated the mechanism of greening in crushed garlic bulbs and
to develop methods for suppression the greening. The mechanism of greening were investigated
through the model reactions performed with alliinase, glycine, ACSOs at different concentrations.
Changes of storage temperature and application of organic acids were conducted to find

methods to suppress greening in crushed garlic bulbs. In the model reactions, pink pigment was



generated from 1-PeCSO, green pigment was generated with reaction of 1-PeCSO, 2-PeCSO,
allinase and amino acids. Therefore, 1-PeCSO was essential for the greening. Even
non-greening garlic bulbs stored at 20°C turned green by the addition of 2 % 1-PeCSO, thus
1-PeCSO isolated from onion bulbs had the same role with 1-PeCSO in greening of garlic bulbs.
Onion bulbs turned green by the addition of 6% 2-PeCSO. The greening level of crushed garlic
bulbs were different depending on cultivars, but the greening was appeared in all varieties of
garlic at 0°C after 3 months. Garlic greening was suppressed and content of 1-PeCSO were
lowered in garlic bulbs when bulbs were transferred to 25°C and stored for several weeks.
While application of organic acids was also valid in suppressing greening, the greening of
crushed garlic bulbs were not entirely suppressed and emitted sour smell. Therefore, greening
of crushed garlic bulbs occurs due to increase of 1-PeCSO in garlic bulbs under low
temperature and the transferring garlic bulbs to 25°C and stored several weeks is the most

suitable method to suppress garlic greening.

6. Safety evaluation of garlic greening and development in processing of crushed garlic bulb

Safety of garlic greening was evaluated and the optimal method for processing crushed garlic
bulbs was developed. Safety of green crushed garlic bulb was evaluated by using mouse. The
mouse was regularly fed with crushed non-greening garlic bulbs or greening crushed garlic
bulbs for 28 days and damages on liver were estimated by the levels of AST, ALT, ALP, and
GGT in the blood vessels. For the development of optimal method for processing crushed garlic
bulbs, garlic bulbs were crushed after harvest and then stored at —10°C for 5 months. And then,
each crushed garlic bulbs was transferred to -10, 0, and 20°C storage room and stored for a
week. Hunter 'a' value, sulfur compounds, and volatile compounds were measured. Levels of
AST, ALT, ALP, and GGT in blood vessels of control mouse and mouse fed with crushed
non—greening garlic or green garlic showed no difference. The garlic bulbs crushed after
storage at 0°C for 5 months showed greening after a day at room temperature. However,
exposure of the crushed garlic bulbs to 20°C condition made crushed garlic bulb de-greening.
On the other hands, garlic bulbs crushed after harvest and stored at -10°C for 5 months
showed no greening for a week, whatever temperature condition those crushed garlic bulbs

were transferred into, and also showed no greening even after a day at the room temperature,



and the content of diallyl disulfide, one of the most important factors of garlic flavor, was not
significantly affected by the process. In conclusion, crushed garlic bulbs and crushed garlic
bulbs with greening are harmless, and the method crushing garlic bulbs after harvest and storing

-10°C is suitable for the processing of crushed garlic bulbs.
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Fig. 1. Physical injury during harvest and subsequent infection by bacteria and fungi.
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T2 BT A F AYA ez B, Bobg A 5ol LA dukel A g F M
ZA F Ul B3lE wAE] S8 5AHE Alske A49S AdsHh guwtdow gule] A
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AAREH Yehgr] Mgt 57 dAlcle o 10%9] GutolA F8l7F UebdThTig. 2). wakA 5719 o]
4 A7 AS Fuke] HAH A == 0°CE dfof B3 F3lE e & Utk FEHEE AHEY
A°Col A 7HE A Al BRAA 214%2] Fuprt S dol FAll 7HE Fkd FFoE AN
on, e 63% Auele 3% FutolA Fafrh WY thFig. 3).

i)

Fig. 2. Freezing injury in "Turbo’ onion stored at -1°C for 5 months.
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Fig 3. Freezing injury in onion cultivars. Data represent percent of freezing injury investigated after

storing onion bulbs at -1°C for 7 months.
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Fig. 5. Disorder in "Turbo’ onion due to CO, gas.
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Fig. 6. Soft rot in 'Turbo’ onion stored at 0°C for 4 months.
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Fig. 7. Neck rot in ‘Sunpower’ onion stored at 0°C for 5 months.

Fig. 8. Basal rot in ‘Changnyungdaego’ onion stored at 20°C for 2 months,
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Micro System, UK)E A2 5mm flat Probe(P5 ser. 121)¢} 7 AF&3te] £% 5m/sZ 10mme] Zo]2
el S48, A 3 & N 292 vehiglen Z Alg & 33%& S35t FaghS YeRid
o BEe AETE TR Y Mdested gAse & At FEAE SAYEA(P/1210, Atago,
Japan)g o|&3ted AT mhARe R GO pyruvic acide FuE TR F AFHG F29
80mLe] 1.25%2] 2,4-dinitrophenylhydrazin (DNPH)7} E£3¥ 2N HCIE 1.54) 343 &

% 37°C &2 FZo 1087+ T F, IN NaOH €9 8mLS 29| spectrophotometerE ©]€3}¢] 485nm

drMe] FRFEE Tt ST BFEZL sodium pyruvates ©]-8-5F4iTh

Faa, BE, J2a Auke] BF ITAF FFLE AV ARE SHLR e FuE AR
7P 2 4FE TAlE 812 AR R0t e AR(0°0OF A (0°0 A AN Ak,

AEZF, BE, pyruvic acd, #39 THF 5 A T F2 WHIE A8 AT AF FAA G s

Al

Fohrgieh. ABFOR 0°C AL AFE P AF VIAAAE Foh B g BAE S
Fagon SARRE AT BAS) ARSET 20°C Feol A4 duis FFER g9 R
oA dehon 53 A 4AE 9L duks 4% IARE $o7h 2astdch FYns

ot Aol 7 & EAZ A INEFH vehr] AFE] iE Felle AL BE AgTFAAA ot
A Aol el AE4ES 43Utk BEG Ags A UNEEE Held Aol vetgten 5714
T A9 EE AR AEAE 4tk O ol A2 A Jute Fulrh Bo] 2SI, 9
Futzol 23 AE oz A £Mo] wokth Tof W 0°Col A A3 dvle A e AE At
HAEA] kil FAE ¢Fetien e FRE Rt @Asy] AFsidlen, FH kutz o] 23t
Zas Ak Z4zt 2 9o} AAE AMEd ATE HE EZo] Fdtimel Autgd uls) AwkA
o7 E9thfig. 11). 53 7] A gtol 80NZ Egton, AL AFA A% 5709 F 5/NZ 9oiH
ok Addinet Aol 7] ATFe 77 62NT 60N 2 BlHo| Hg] Athzoez dgton), AL
e oguE Agulne A% 1Y F 52N £FL2 FAEoY Avge 38N7A] o v E
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Fig. 11. Change of firmness during 0 (left) and 20°C (right) storage of Changnyungdaego, Turbo, and

Sunpower cultivars.
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Fig. 12. Change of dry matter during O (left) and 20°C (right) storage of Changnyungdaego, Turbo,

and Sunpower cultivars.
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Fig. 13. Change of total soluble solids content of Changnyungdaego, Turbo, and Sunpower cultivars at
0 (left) and 20°C (right) storage rooms
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Fig. 14. Change of pyruvic acid concentration during O (left) and 20°C (right) storage of

Changnyungdaego, Turbo, and Sunpower cultivars.
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= FTHL
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Edh A exd mE Fae] WA AEE Tofsty] st 43 -4°Cel 3¢, -20°Cel| 2417 A%
¥, 5°C A%a0l 397 A¥ael AT AT, Bl AEE AW 2 dvjel 26A AWL
3mm FAZ Ze} Gonzalez(2010)2] wWH4]o uwle} 0.04% neutral red solution (NR)ol A5t 33t &
oA oA Bt Rlsigith AL =& Wik wE FlE mhosty] siA 20°Cell 2417 A sto
5°C Aol 30T AT Pk B ANZ WA AT F, 004% NRel Gaae] BT
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Jalava(1996)2] 165 rRNA Zglo|HE ARR-35% o 0(Table. 1), PCR & M(EX Taq polymerase 0.2mL, EX
buffer 2.5mL, dNTP 2.5mL, 5 pmol primer 0.5mL (each), TDW 18.8mL)e] &S Y3, PCRE 303 wt
B(95°C 30%, 52°C 30%, 72°C 40%) +5Arh. mpAZoz o2 Gel DNA Recovery Kit
(Gymoclean™)2 FZ&3d}9] @71 EL 48tk AA Av)E #2L 9 HYTFE phosphotungstic
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acid (PTA)Z @43t} EF-TEM (LIBRA 120, Carl Zeiss)® 10ksjoll A} 231t

Table 1. PCR primers used in this study

Primer  Sequence (5' to 3') Location Use
fD1 AGAGTTTGATC(TC)TGG(TC)T(TC)AG 8-27

16S PCR
rP2 ACGGCTACCTTGTTACGACTT 1512-1492

o|4kgletA Fho] 2Jdk EolddL 100% CO, A

_YH
é
1o
ol
k
rr

e A gESkeh(Fig. 15). 2
4 100% AFAAME CO; 100% MeFshe 2e] T3 FPAFALo] BASHA ge ez nF
£ @5 mAA), CO8 Tt FHAGAY T o +
Tt FRAAT M FIHOE TtAE Ao 2R o] AgEA iR 13 FRAdFdY
HHAEA] ok Ao g AR

SR a3 HAstE Fhe] e NRe] d4E Fafl Axee] Ry HE 55 gelgoay
I BEE g 4 ok 0°Col Age JukE -20°Co] 2417 AR F, 5°Col AFE A9, F

ofF Fei7t 27 Yrke A& & 4 SUthFig 16). ¥HE, o|HT} £& 2% -4°Co ¥HE 3U7 A

o

o

2500

10% CO2

20% Cco2
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—— 10% CO2 5% 02
—— 20% CO2 5% 02
—— 100% CO2
Control

Black bac kground
W hite bac kground

1500 o

Quantum

1000 o

500 4

Wavelength (nm)
Fig. 15. Reflectance spectrum of onion slices from 530 to 1180 nm. Each onion samples were stored at
10, 20, 40, and 100% CO2, 10% CO. mixed with 5% O, and 20% CO. mixed with 5% O

storage room at 0°C for 4 weeks .
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Fig. 16. Light microscope image of onion tissue. A, sound onion tissue; B, onion tissue exposed at
-20°C for 2 hours, and then transferred to 5°C for 3 days; C, repetition of treatment B; D,

onion tissue exposed at -4°C for 3 days, and then transferred to 5°C for 3 days.

HAF FYoA Bl FEH 2 2o g gAE= dulFig 17)9 HYTe P(RE o83t MY
8% A7} Bacillus spp.o 2 BrHFTE BAE B viAo] & wjFs T A, =T 43 Z
J5tx, wlgFol A&EEA 7P AR FE5E FAJSHTE 165 rRNAS PCRe| AntE
Skbp Alelzo] W=7t A E 1 (Fig. 18), sequencing®] ZI}E=2 G714 E 1454bp7} gkt Table
2). ©]& Ribosomal Database Project(RDP-I)(http://rdp.me.msu.edu/html/)E F3| AF B3| & 2
% Bacillus<-9] Hte|gloteh= Zlo] grsiFivh #dg Wk Y 2xo] 21 4FHE FIVIE T FE
W3k g T4 BiloH, ZRYAdA MEE AF st PTAZ @43 % dAnjgez

1-1.5mm Ate]ze] @y E2ke} 3-4mme] m7} Qle dE e A A2t SEEAT o= Badllus
o] AFH Fejo LA5HATHFig. 19)
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Fig 17. Pathological injury by Bacillus spp. in onion bulbs.
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Fig. 18. The result of 165 rRNA PCR of colonies. The arrow indicates the band of the expected size.
Lane 1 and 2, samples; lane L, 1 kb DNA ladder.

R

L R

Fig. 19. EF-TEM images of Bacillus. Oval shape is spore (L) and rod shape is vegetative cell (R).
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Table 2. 165 rRNA sequencing result.

TCATGCGCTGCTATACGTGCAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATGACGTTAGCGGCG
GACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACTTCGGGAAACCGAAGCTA
ATACCGGATAGGATCTTCTCCTTCATGGGAGATGATTGAAAGATGGTTTCGGCTATCACTTACAGA
TGGGCCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGA
CCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTC
GGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACAAGAGTAACTGCTTGTACCTTGACGGTA
CCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTT
ATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGG
CTCAACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAAGCGGAATTCCA
CGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTTTGGTCTG
TAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCC
GTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCA
CTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGC
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAC
AACTCTAGAGATAGAGCGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCAT
TTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATC
ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACC
GCGAGGTCAAGCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATG
AAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACA
CACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGAGTAACCGTAAGGAGCTAG
CCGCGTAAGTGACAGAGG
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2. el SoE ga 4A sl A

A ATl YT el w2 WAl 20108 A Fr) AFE Fu HES 78 FE
o FYste] d¥ell o] &3tk Fute] Fr] AGE g HF 2=z AL sl 7Y T EY9
& FE Z7] 5°C 74422 020°CY & g AFu 4074 ¥y, v 11d Fo 47 79
of 2 A s 7|17 AT AFTE AR es A A A9 E€F A 71ee A4
A gt= 30°C, 60% RHeJA 8Y, 40°C, 60% RHeA 497 A7 %, 7709 7+ 5°C 1o Ags}
o 2947 F%F 74E, malondialdehyde(MDA), 5§ &%, 3% ¥gE Itz Agte
8UFH g Ze g AEHstA HolHE AT FEEL T A & TR Wolel &

2 &2 #gate] AL, T FLee 27 FHFAA gad
FTHHE Urol ol HEgE REStd Atk MDAE Yiu(2009)9 HHE AFE-EH
spectrophotometer (UV-2401PC, Shimadzu, Japan)ollA 532nm<} 600nme] FH =S SA35IH o MDAS]

Fe 2YF FHEE vh ANl BYstel AEIIT

rum
f

MDA equivalents = [(Asp-As0)*155 000]10°

COrx= 5°C Aol mlg] ¢3lst B 87]d duts ol 2% g &, 1247k H 05mLe] 72 gas
chromatography(M600D, 9#7]7], Korea)dl FYstd COEEE Z=A3t4th. ZHL Porapak q
capillary column (25mm diameter)E AR o™ HZE7|2 TCDE A1&-3t)h olsdoz= dF 7t~
2 AFREYA, £42 03mL min' 2 injector, oven, detector®] E& Zbz} 120, 100, 120°C2 478 5}%]
o BEEEL 1% CO; 7k=E ARSI T8 4 AEE ¢y 71F 1gs S0mle] SRl ¥
a1, 40°Col A 30E7F 250rpm 2.2 water bath shakero] *z]sle] o7}k &AS 0.45mm syringe filtero]]
A7 HPLC (Ultimate 3000, Dionex)2 S35t th & 7] RI detector (RI-101, Shodex)E A3} 1L,
AYL Waters Sugar-pakS AFESIHTE 2 =& 75°C o842 33 SH4E Al f&£8

05mL min'g2 dA34c}.

Bol wAskA] g dute] AFAEL Fuel 24 = M 2HH AT 20). Hx FELS &

3g AFTA 57ide] Ad 11499 #FRen, z7] 15°C 20°Co Agarel| M WA intk 10°Cel A
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Hio FPEL Bon A wpA R 28 e F Ju] JWAG F 375%7F EHFeEA HAE F

Bl A7t =Hdek ¥, 5°ColM e A A 7EA 280 EoiAoF A
T+ 298 MAE E 5 JoleH, 0°CaAXe A FELHMA 29T HAE BFdkA Zo webA
A7 AgE duE Y Foll Fdtsty] AsiAe Hl8A] SHo aede e Byt o, 5°C
o] ex7b A%t AAAH, 2 o) A7) ALE fsiMe 0°Ce] 2=l Agstofortt it
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Fig. 20. Effect of storage temperature on sprouting of onion bulbs. Each of onion bulbs was stored at

0, 5, 10, 15, and 20°C for 7 months.

Told 71eE ALt flsl duks 30°Ca 40°C(60% RH)IA 7] 83} 47t Aelste] 5°C A4
of 704 7 ATk A AF, 30°ColA 8Uzt A Fute]l Aol 176% 9 FEo] sk
T, 40°Coll A 447 M3 oule] AEL IR Y953 =2 286%2] FEo] HASIHtHFig. 21). %y}
ol AAMe Aee & A7 Al & ARG AF 717kl AL FL AL A HIew,
30°Cell A2 AR 40°Cell Aef g AA7E o I Ag 7HAA HJTHAE A A). v, g A
Aol $2 FHe ZasYAT, 40°C 60% RHAA 447 A2 #L ujo] FEELL wlA T Ao
ko) 7} UA| ekkth(Fig. 22).
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Fig. 21. Change of moisture contents in onion skin depending on curing conditions.
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AR AR 40°C for 4 days
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Fig. 22. Change of weight loss during storage. Onion bulbs was cured for 8 days at 30°C (2), 4 days

at 40°C (¥), and non-treated (M), and then transferred to 5°C. Each value is the mean of three

replicate samples + SE.

MDA 27 Z3} 40°CellA 497 Foig A7 &, tE A

Au)

T 26 oabe] MDAZ}F WS Ao2 ]
Fo] Hol 40°Ce el A FlE 2T + e LEE AAZITHFg. 23). stAIF 30°Cell 8Y7F
A AT A E A F& ATl 27] 297 MDAS] $x]7F ZA Aol UA] ke W
™, 40°Ce] GATFAAE MDAS 2|71 Z4dhe ez Kol A2 Qg ~2E#H 27 A% 7]

L

g A%HA FEThe 22 & 4 Atk AF 71 BU MDA A7t ASHeR gaste AL 9
Zsh Wlmstel 5°Col A L% Gol % GFL B W] gEoln AR, ol w37} Rol%
2 ovjgith
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— —& — 307 for 8 days
v 40°C for 4 days
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20 1

Malondialdehyde (nM-g”™")

Month
Fig. 23. Malondialdehyde contents of onion bulbs. Samples were cured for 8 days at 30°C (4), 4 days
at 40°C (¥), and non-cured (M), and then stored at 5°C. Each value is the mean of three

replicate samples + SE.

=

40°CoA 447 AT A F, MDAE A Z71e ¥He, 382 tZ7H} SolychFig. 24). 28 3
A L& ADE A w, 7] 5F0] AaHE AT AR DLAA FolPe Pute] BF
e Z7E Slvke g AT F Qlth duke & 7o g 2
G717 g0l FUtElE FAR Wgshke s ¢ F e, ol 1298 JIFLSRE oute] FH Bt
2AHLE A7 fiEelth
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o
>
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Fig 24. Variation of respiration rates of onion bulbs during storage. Samples were cured for 8 days at
30°C (2), 4 days at 40°C (¥), and non-cured (M), and then stored at 5°C. Each value is the

mean of three replicate samples + S.E.

g 2A A7} glucosest fructose= A 7|17 B¢t A WdtetA &g DASA FASL o= A
717 T Suke] f23 F glucosest} fructosee] o= 2 WL/} @itk Benkeblia(2005)2] -2

Tl ZA HefubA] =tk v, Benekeblia(2005)¢] Aol M= FH EFIRA] sucrosed] ko] T4
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9ol B AR ol A)71¢ sucrose®] ] ZhAt 2¥A FEEA]A] oS iyl
oz}l MEZRS] AMAMA} mf-¢- Aot T FF AFA FET T WeknkE T4 dute] A3
& Fotete sl thd FErt IS A E S AUArk(Fig. 25).
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Fig 25. Change of sugar contents during storage. Samples were cured for 8 days at 30°C(2), 4 days
at 40°C(¥), and non-cured (M), and then stored at 5°C. Each value is the mean of three

replicate samples + SE.
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Folin-Ciocalteau A]2F#} 20% sodium carbonate & Ho] 405 9] & 4-%Fd 3087 vheAFHT} vt
SA1Zl 4L spectrophotometer(UV-2401, Shimadzu, Japan)E Al&3te] 725nmo| A FHEE =4
¥, gallic acidE AHg-sto] Attt Fube] kst 582 ABISS AHS-ate F463l=wl, ABTS &
Aol potassium persulfateE 430]A] ABTS radical2 7HEo] 343t &, ok} F22 80% MeOHel 4

QAR A5dy we-AlA 30°C FFd 1027 HHS-A|A spectrophotometer(UV-2401, Shimadzu,
Japan)E AHE-3te] 734nmollA FREE SGH3Th I4atsl 52 TroloxE AHE-she] A atsith

A

. 23 2 12

A8 A Qe guirt s o, A g ojitstdA Tt2o wE FAVF T T2 FUHFig. 26).
A% Tkt gube) wheale] Al Rtk An o 8RS oBo} AZol §5¢ @A Qluke
AL ongtt, AAe] fFo Wi oligldA vk T HEHEHE AHE Be W, Ao gle A4S

3 27 i Sx7F e wEite e #AE 5 v o, olidEda ThArE AR whestke]
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Fig. 26. Change of the concentration of chlorine dioxide (CD) gas in the empty chamber (@) and
during the treatment of 40 peeled (M) and unpeeled onion bulbs (A). Each data point

represents means of three replications.
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Fig. 27. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on the number of microorganism in the onion skins during storage. Each
symbol represents for application time of CD gas: 1 h, l; 05 h, Il 025 h, A5 Control, @.

Values represent means * SE.
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Fig. 28. Effects of chlorine dioxide gas application on onion bulbs: No phytotoxicity was found in
unpeeled group (A). Small sunken regions (B), bleaching (C), and great deformation (D) in

peeled groups after a week of storage
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Fig. 29. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on the weight loss of onion bulbs in the unpeeled (left) and peeled group
(right) during storage. Each symbol represents for application time of CD gas: 1 h, Il 05 h,
B 025 h, A5 Control, @. Values represent means * SE.
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Fig. 30. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on total soluble solids (TSS) of onion bulbs in the unpeeled (left) and peeled
group (right) during storage. Each symbol represents for application time of CD gas: 1 h, Il
05 h, I 025 h, A; Control, @. Values represent means + SE.
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Fig. 31. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on the pungency of onion bulbs in the unpeeled (left) and peeled (right)
group during storage. Each symbol represents for application time of CD gas: 1 h, Il 05 h, I
0.25 h, A; Control, @. Values represent means + SE.
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Fig. 32. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on the firmness of onion bulbs in the unpeeled (left) and peeled group
(right) during storage. Each symbol represents for application time of CD gas: 1 h, Il 05 h,
B 025 h, A5 Control, @. Values represent means * SE.
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Fig. 33. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on the total phenolic content of onion bulbs in the unpeeled (left) and
peeled group (right) during storage. Each symbol represents for application time of CD gas: 1
h, Il 05 h, I 025 h, A; Control, @. Values represent means * SE.
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Fig. 34. Effect of chlorine dioxide (CD) gas applications at the concentration of 1000 (A), 500 (B), 250
ppmv (C) CD gas on antioxidant activity of unpeeled (left) and peeled onion bulbs (right) in
ABTS assay during storage. Each symbol represents for application time of CD gas: 1 h, l; 0.5
h, Il 025 h, A; Control, @. Values represent means + SE.
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(A) 20°Cell A 37097t A%
(B) 20°Coll A 37047t 443k ntsg 0°C Aoz &7 3/4L7 A%
() 0°CollM 67087 AF3 rhES 20°C 4o $A 3IMET A%

o]

sl FFHE v

%, colorimeter (Minolta CR-200, Osaka, Japan)Z o|-&3}e] I gH& ZHstgch 4

Zyzve] exAA ARE mted A 2d Wt wE WA Fx=E S35
&= Hunter ‘a’
value (redness-greenness)® FAJ5tEE], Hunter ‘a” ko] 29 oz Yold42 WAl Herl Alg
AL Angtt. rls WAL HEE glatal, o] HES ot rhe A AJE Fohf7] ffste] H
Al PRle] TH {-HAE Reverse transcription polymerase chain reaction (RT-PCR) &t} o]& $13)
A mls AZES AHALE Forty whabdd] 248 & RNeasy Plant Mini Kit (Qiagen)E ©]-835}4
RNAE F&3l920, 53 RNA Imgoll PrimeScript ¢cDNA synthesis kit (Takara)g A}8-3t <DNA
= 34511, o2 RT-PCRS £3] ZZ39th RT-PCRE 283 WHE(94°C 30%, 55°C 30%, 72°C 40%)
Fg o, RT-PCR FPA| A}-8-3 primers= T2} ZThHTable. 3).
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Table 3. PCR primers used in this study

Enzyme Primer name Primer sequence

Actin_F ATGAGGCACAATCCAAAAGAGG
Actin

Actin R GGAAAGCACAGCCTGGATAGC
y-glutamy! AcGGT F AAATAATAATCTGCCACCACCTGC
transpeptidase in onion AcGGT R CCTTTCCTTGGATCACTTACAGCC
y-glutamy! AsGGT F CCACTGTCTTCAATGTCACCCAC
transpeptidase in garlic AsGGT R CTCTTTAGCATCATCTGCGCC

Ali F GCTTCCTCAAAGCGAATACTGC

Alliinase in garlic
Ali R GCCGTCTCGGTCTCATCAGTG

. 2

R

g

oA, tA, Fx 7HEE 67197 0, 5, 10, 15, 20°Coll Aget Azt FFo 4#gle] 15°C olahe] &
of 3 ol AFE BE mhselA v Al WMol AL iyt WAle] Are FFTH Afolvt
o] A%} A rlgo] WA HTrt Y= vhsd Hls] A velgth o)t Anz rkEs
Ehtes Wae] FAAE A 2E2A rheg 15°C o3k Ao 3714 o) A Al de] e}

(A) 20°Coll A 37H L7 A7
(B) 20°Coll A 370147t A3 nlES& 0°C Aoz &4 3MET A%
(©) 0°ColM 670 E7t A4 nlsd 20°C 2oz &7 3/L7t A%

rhE& 20°CA LT G As mhso] 15°C ot =&HA ¢ot7] Wi o] #EEXA
gotou, A ex7b Eob A Fiol /MY vl HA ¢kgkon 3709 o|FolE Fro] ElmiE|o] =
ol Algo] WA AEAHL ATk rHES 20°CAlA 3L ARE F 0°C ALer &7 LT
F7F A% B 20°Cel A 3717 ASIAE wis Mol dojubA] ke, o]Fd 0°C AeoR &
A WL AFH Fole A =E7Io] Y o) AT wel xF M) WS AT ried
0°Coll A 67H7E AFE § 20°C 4222 $A 37HL7E F7F A Ce 0°CellA 3/HL T Agstde
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Fig. 35. Garlic greening occurrences during garlic storage depending on storage temperature. The
number over the pictures represent storage period (weeks). Alphabets indicate garlic stored at
20°C for 3 months (A), stored at 20°C for 3 months then transferred to 0°C for 3 months (B),
and stored at 0°C for 3 months then transferred to 200C for 3 months (C).

0_
B W
©
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S 44
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Storage period (weeks)

Fig. 36. Change of Hunter ‘a’ value depending on storage condition. Alphabets indicate garlic stored
at 20°C for 3 months (A), stored at 20°C for 3 months then transferred to 0°C for 3 months

(B), and stored at 0°C for 3 months then transferred to 20°C for 3 months (C).
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o] 22 nhzo] WAL A 229k mf FHE BHo] Jlon, Ao Agste] WAy
A e rleolge Ao Y o]t =EHT WMol dojun, witiE Ao st wAfo] o
T A =4 NE ol A wAlo] dojtA] et AE & 7 U ol 7
E WA #dste 54 T4t e s whest A &= 2 A st wEh Wy A7)
deixls Aoz, ouf #AAs= FAE y-glutamyl transpeptidases} alliinase Fo] d#HA otk
Alliinase= rh=9] F7I4E A Boste WEAHQA F4=2 Blud d77F ol A= 9l
sequence’} B A QA+ y-glutamyl transpeptidase= sequence’} B}& XX ¢Fol <oFulo] y-glutamyl
transpeptidase?] sequenceZ ©| &5t mlE y-glutamyl transpeptidase®] -2 Q7|4 8-S 93 A
AH&-SFTH(Fig. 37). Alliinase$} y-glutamyl transpeptidase2] RNAE FZE3l¢] RT-PCRAIZI 23}
alliinase= #7F o] G WA ghob AT 2% A#gle] PCR W= FA7E LFsHA JepbtAIT,
y-glutamyl transpeptidase= A% ZAd| wal §4 AT W3yl dojytthFig 38). Aot 23
atof WAlo] dojubr] b= AF(A)E A7 Wl B4 FAEETL v wken, AdA A%
sttt Ao 2 &7 AYFB)= Agde AR m¢ Lt A% 713tel kg wet 54 24
Sob Zobith deln ASdM ARST Beow 971 ALTOE AgAE L B} Bt
AlZbel Agell wel B4 ARV 42 AT FELE YolAs A FUAT 5 Sl o] 2=
AA rhed rREEE W ¥ FEdE dAEGlen, Lei F(Q008)0] AR AT ZUdA
spectrophotometerE  ©]-835} y-glutamyl transpeptidase SAHTE A3 Azlole Lx|sit}. 315k

alliinase= A& ZATE A#Qlo] dAS £=FS By nfs WA= Foslr &=
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AcGGT ATCGCTTCATTGAATC ACTCAAACACATGAT GGCTATCAGAATGAATCTTGGCGATCCAG 60

RBGET 0 i i e e o e e
AcGGT ACTTTGTTARTGTTTCACARGTTTTGTCCGARATGC TCTCCCCTARGTTTGCAGRAGATT 120
ABGET = = e i B
AcGGT TGAAGARBAAGATATATGACARCATGACATTTGATC CTAGT TATTATGGCC CARAGTGGA 180
REGHT. = e e e e e e e
AeGGT ATCTGGTGAAT GACCATGGAACAAGC CATCTAAGCATTCTG GACAGTRARAGARATACCG Z40
ASGGT e e e e e e
AcGGT TOTCGATGACAAGCACAGTGAATTCATACTT CGRAGCAGGCATTGCATCACARACCACAG 300
AsGGT
AcGGT GGATAGTGCTC ARATAATCAARTGGAT GATTT CTCTATTCCTTCAAACTCTTCTTCAAATA 360
ABGET === o e e e s e s i i 5 e AATA 4
rEww
AcGGET ATARATCTGCCACCACCTGCTCCTACTAATTTTATAGCGCCATTGAAGAGACCGCTTTCTT 420
AsGGT ATAATCTGCCACCACCTGCTCCTOCTARATTITTATAGCTCCACTCAAGAGACCACTETCTT 64
EXTTTTEATITTINTTATATENAT ITNTATTXTTNTY EINT TEITTIXATIRST XX TERT
AcGGT CAATGT CACCCACAAT TATTC TCAAGGATGE TARMC TGGTAGCTTCACTAGGCGCAAGCG 480
AsGGT CAATGTCACCCACAGTTGTTC TCAAGGATGG CARAC TGGTAGCTTC TCTAGGCGCAAGTG 124
EXXTTTERTTTERT AT FERATTEITAATAT TEXTXNTRNEITAET FATETERRAEANE
AcGGT GAGGAGGAATGATAATTGCTCCAGCCACTCATATATTICTAAAGTTATTICGCTGAAAALC 540
AsGGT GAGGAG GAATGATANT CGCTGCAGCCACTCATATATTTCTGAAGTTATTCGCTGAAAMLC 184
EAAFAAEATRAEANRNS AREAARAAAATANANAAEAAANESN AR ATAANTIAAEAATAAGS
AcGGT TGEATC CTTTATCTTC TGTCCTTAGC CCTCGTTCTTATCAC CAGCTGATCCCTAATGTTG &S00
AsGGT TGEATC CATTAGCTTCAGTCCTCAGC CCTCGTTCATATCACCAGTTGATCCCTAATGTIG 244
EHAAXATE FAN ARET AAEAR AAAATRATANT ARAATRAAEAT A ARATAAEAAEANES
AoGGT TACAATATGAAGATTGCATGACACTC ATAGGAGATC ACTTTCTGETTECTCAARATGACA 660
A=GGT TACAATATGAAGACTGGATGACAGTC ATAGGAGATCATTTITCTGGTTGCTCAAARAGAARA 304
EATXMTENTIATEN EXTANEAATATNATANTNTENTN EATTAATAAANTINNENT WX W
AcGGT GGACAGCTCTAGRARAGAAGGGACAT GTTTTAARAC CACTG GCTGGTGGLACAATATGTC 720
h=GGT GOGCAGCCCTECAARACARGGGACAT GTTTTARAAC CACTGGCTCETEGEACARTATGTC 364
EX OEFIE IF EREENERN RN NN IR AR R IR RN EANERTENAENEEAEIRTENIENERS
AcGGT AGTTTATCATT CAAGGGGAAGATGAT GLTAAAGAGC TTAGC TCAGGAATTGCAAAT GGAG 7580
AsGGT AGTTCATCATT CAAGGCGCAGATGATGCTAAAGAGC TTGGT TTAGG GATTG CARAC GGAG 424
EARE EEAERAERERS & ERAENEARAERATRRENELY & % A% FTHERAERE FEEXN
AeGGT ATCTCATGGCTGTAAGTGATC CAAGGARAGG CGGTATTCCCGCTGGATACTGA 833
AsGGT ATCTCATGGCTATAAGCGACC CAAGGARAGG CGETATTCCCGATGGATACTGA 477

EEATATRATLT FATET FF FARAITATIRATAACATANEIRNT ARTITATNAE

Fig. 37. Alignment of deduced amino acid sequence garlic y-glutamyl transepeptidase (AsGGT).

1 4 7 11 1 4 7 11

Fig. 38. The expression of differentially expressed genes during garlic storage depending on storage
temperature. RT-PCR showing the activity of alliinase (left) and y-glutamyl transpeptidase
(right). The number over the panels represent storage period (weeks). Alphabets indicate garlic
stored at 20°C for 3 months (A), stored at 20°C for 3 months then transferred to 0°C for 3

months (B), and stored at 0°C for 3 months then transferred to 20°C for 3 months (C).
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2007\ A9 AR GErntEy FuE FUs Ao o]gstdth WA, A4 nts FWe] Fa HAQlo]
He 242 #ddste APE 9tk ol 3l ks 200g7} % 100ge A AR 32 EH &
A% B84 A F, Arks 10gS F7t2 41, $FT 300mLe P #Ass 7, dnsie nls
_%_

=

9} diode array detectorZ ©]-435td BT o8 AHez {73 W BT vw
o2 2o Age AYsth WA, W ks 1007 4y 50gel £ 100mLe W wE3AIR &
ethyl acetate 100mL-& ¥ o] thiosulfinateE FZ&3+ 3, olu| =4S A A3 Y3l acetone 100mL-g F7}
2 Yo|F T acetoned} ethyl acetate?] FETE 3 FFF S00mLE 2oFUT) Ethyl acetate &
F3t &, rotary evaporatorE |83} ethyl acetateE A A}, FF4 50mLol| Folgl= thiosulfinate
=X/ SHRFAN Folle thiosulfinated] 22 F/F2] o}v=ake Zh7}h 60°CollA] 3A17E B9 HES-A|A

o AL $5519 ) Thiosulfinates} ¥H&-3F Zbzbe] ofm|w=ALe Table 49} 7t}

il

7@ A0

A
AN

Table 4. List of amino acids used in the reaction with thiosulfinate solution and abbreviations

Order Amino acid Abbreviation Order Amino acid Abbreviation
1 cysteine Cys 13 alanine Ala
2 phenylalanine Phe 14 aspartic acid Asp
3 glycine Gly 15 histidine His
4 methionine Met 16 threonine Thr
5 arginine Arg 17 leucine Leu
6 valine Val 18 asparagine Asn
7 isoleucine Ile 19 glutamine Gln
8 proline Pro 20 cystine Cyt
9 lysine Lys 21 glutamic acid Glu
10 serine Ser 22 tyrosine Tyr
11 tryptophan Trp

12 hydroxyl proline h-Pro

o|%, Thiosulfinates} 22 F/Fo] ofn|izite] whg- A7 A4E AN EFE HPLCE o] &3t B3}

¢
ol

At} Series 200 pump, Series 200 autoinjector, 1|3l Series 200 diode array detector(200-700nm)S
2}k Perkin Elmer(Shelton) HPLCE o|-43l42™, ZH2 Nova-pak Cl8(Waters, 4.6 x 150mm, 4mm)
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L o] &34ttt o]=AL 05% phosphoric acidE ¥ 100% methanol®} & ©]-€35t9TH40 min linear
phosp
gradient 20% to 60% methanol, 3 min 100% methanol).

=

Lo e R T

p

22 F579] olmAky} ethyl acetateE ©]-&-3le] FZ3) thiosulfinateE ¥H-3-A]71 Z¥} HPLCE ©]&-35}
o B35}, diode array detectorE o] &3}e] sepctrume EASH YT} Fig. 39914 HEo] A FHL
1-propenyl cysteine sulfoxide(1-PeCSO) 9} 2-propenyl cysteine sulfoxide(2-PeCSO)7} alliinasedl] 2]} &
o] AAHE thiosulfinate’} Thso] ZAFHs oln| ity HHSEle]l A ETE weld FA Edo] AL
A Q1 1-propenyl cysteine sulfoxideZ} & FulS nied g7 nhafstd A 52 AAjaFo] wolx]y]
ol (Imai 5, 2006) Pl=2 vhf e o duts A Gk

%S,S% _
Il
Q
I S g I
O NH; A Il .
{1-PeCS50) e O Mp Mue pigments
MSJS\J/’\ —
1]
O NH SN S
{2-PeCS0) l!_'l)

thiosulfinates

Fig. 39. Reaction for blue pigment formation in crushed garlic.

HAE nhE9 spectrumg HPLCS} diode array detectorE o]-&3te] £A13 ZAw} 4407 580nmeoil A
Z}7] T2 retention timeg zt= peako] HAEFH AT ZHZ9] retention timeS 440nmof| A= 2.791A4] 5.6
2, 580nmol A= 166914 28350 Et](Fig. 39), H40nmelME =@ M7l AZET 580nmelAHE A
A7t AEEHSUT ol e #MA A HE 2SN HoA T HAARE B4 ML AAEE
o] ol A WAt A AGR FA A4 rhse] JEA 3T PR 808 B
ol ZE Yngith g A M4t HEEE o7l 580nmol A 17§€] peako] AEHE Flo] ofel, 8
Mol peake] AEF ] WAH rhEo] F4 Mae Hox 8k AL :%J%}&it}(ﬁg. 40). 747} peak
9] retention time 166(1), 197(2), 208(3), 217(4), 235(), 251(6), 269(7), T 2838)C.Z,
thiosulfinate”} zt7] Th& opm|=ita) §hEste o8 FR/ HFM AALE wEod o=z FAHh
ESE ofn|ieiks WA S 2TFE 60°ColA A1 Bt HRSAIAE A Mgyt Rt grol obr:



1 S ) 0 .
Minutes |
Fig. 40. Spectrum of blue pigments in natural garlic juice. Garlic bulbs were homogenized and filtered

then the filtrate was incubated at 60°C for 3 h to generate blue pigments.

2ol ofp|iike thiosulfinate &7t 60°CellAl 3AIZF F<¢F ¥hE- & HA A4S e QAR THFig,
41) cysteine, proline, methionine, L& 1 hydroxy—proline% thiosulfinate 847} ¥H3-8 Fox o}F &
AWy dojubx] grol miy mle WA= BAFIRA] e ofn|itez ERIFHAY. H|E cysteine,
proline, methionine, 18] 3 hydroxy-proline& A|¢]% EE ofn|i=4ito] thiosulfinate & 7o] ¥h-g A3}
Mg AASIAAT, HA AL HEFHE 3P 580nmel A= glycine, arginine, lysine, serine,

alanine, aspartic acid, histidine, asparagine, glutamine, ]I tyrosine & 10712 o}r]i=sto]

thiosulfinate & v}o] WH-S-3-S wjwt AZEEJTh

99090 9¢
9090909
Q0 @
Q@999

Fig. 41. Color development by reaction of thiosulfinate with different amino acids. Each number

corresponds to a different amino acid in Table 4.

_68_



580nmo A AZEEo] W #oses FoR FAEE 99 107] oprlit FAXE mhso HH
o Zo] #Asl= TH olu|be ol ] Y3 AWME rlE9] sepetrum3t FEFWH  thiosulfinates}
Zyzyo] olu|izAke] Hk-g-of oF AAE A WA spectrum] retention timeS B3 AT} arginine
< (1), 4, lysine2 (3), (4), (7)H, asparagine2 (), (7), (8™, glutamined (5), (6), (7)H, glycinex}
serine (7)¥, aspartic acide (8)¥ peak¥} retention timeo] UX|et= AL FEYrHE 5). §hA
alanine, histidine, tyrosine 52| o}u|:=AFS thiosulfinates} BHg-ate] FA MAZ A3 AT, AA W
H k=9 spectrumIt= YA 3h= peakr) SPUT §lUTHFig. 42).

AF7HA 9] ¥ model reaction T AeA W §HEo Bt ol eAte 2 glycineo] 7HE B
o] ARE-H 1 YAtk I o]FZE glycine?} thiosulfinate”} ¥-3-5t53S ) HA A47} 71 go] &
A A 2 ¥k 55 7P mEde 23 2L ofE 5 & Utk AA AFAAE glycine A
A A Fgol 7P 2 ofuiAtolglen], O thel = lysine®} asparagine 5] ofw|iitol
thiosulfinates} ®H-g-afo] A A4S o] wHESYth shAw oWl d3 ZAx Al HwE ri=9
spectrum} glycine©] thiosulfinates} ¥-3-ate] AAE HM M4l spectrume BwWEHE o, FQ
peak?] retention timeo] AL YRR 7] glycined FWME o7& FQ ofn|izito] ofd Fo
2 Fdr dAE FHE rhedM HEEE peak F (1), (), () 2 G)H peako] FHel =A
HASIE peaklZA], (V)W peak> HFWHE mlEoA AZEH= peak F wl§- kSl peak F sl
elycined} thiosulfinates}2] ®HS- Azl AAEH H2 M4 ol FQ peakd 249, 272, 281 30884 AZE
Ho] 97 AA AW vlsdAe nEiA HEEHE peaksl ()W peakwro] elycine®} thiosulfinates}o]
e Azt AAE HA AA9] spectrumol| A HEH peakd} U x5} tHTig. 42).

HlH 0| arginine, asparagine, 121l glutamine> HWE nlE2] spectrumd} 7HE AR spectrumg-
VEbATE AA mhse] olral 248 AWET arginine, glutamine, asparagine, 2] 1 glutamic acid
7b vkgddlA 7P Sfel B2 ofmliAteltt. aE]al ofF oAk thiosulfinatest whg-ske] A A4
£ & wsofith At glycine HE thiosulfinates} ¥hg-sted 4 Mies F wEAEE, vhsd
ofu|=At F 7Y Kol AL ofmialt F sfutolH, AR FFAAE otd HEHA &T obvitelth

A

ol Ato] H|Fo|, rtE W BAs= FH ofn]=ike arginine, asparagine, glutamineo]z} ¥ 4
Atk
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Table 5. Comparison of peaks at 580 nm in natural green garlic extract and mixtures of amino acids

and thiosulfinate

Peak no. of green garlic extract at 580 nm
1 2 3 4 5 6 7 8

3. Gly - - - - - - (0] -
5. Arg (0] (0] - - - - - -
9. Lys - - O (@) - -

Amino acid

10. Ser - - - - - -
13. Ala - - - - - - - -
14. Asp - - - - - - - (@)
15. His - - - - - - - -

o

18. Asn - - - -
19. GIn - - - -
22. Tyr - - - -

o
o

Natural?

)

&l Q
2|

W
t
!I

(0]

10.

32
F
-~

!

=
s
L T I B TN sl
-----=
R O =l —
TN o I -

[a—
N
2
95}

18. ASN
19. GLN
22. TYR

—
B8]
[
-
LA
=

1
=]

Fig. 42. Spectrum of blue pigments generated by amino acids. Each number corresponds with a
different amino acid in Table 4.

‘Spectrum of natural green garlic juice.
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npx] et 8ol @A &, arginine, asparagine, glutamine 5 37}4 candidate o}w]=At} thiosulfinate2] HF
Lo o] AAME M Mie AWME vlE2 spectragt 580nmoAe] chromatogramg W] W&}
arginine, asparagine, glutamineo] X olu]=ARRI7HE HF &2l st thFig. 43). Fig. 409 § = (A),
(B), &+ (Ot FWEHE mlsd TR oln| ARl arginine, asparagine, glutaminee Ztzt ©] 3H7}she]
spectrum®} chromatogramE- Bl Zlo|ty. Z27g AHEH JHH mied A4z TR ojniiks 3
7¥eto & thiosulfinated] 7749 R olm|:ibs o] §HEAZ1 (D), (B), (F)+ ®la A, Hx9 F7}
peako] UERA] ¢F1 FWE mhE9| spectrumdt GA|EHon, M MaTt HAEEHE 580nmofA <]

chromatogram=- #9138+ A3} retention timeo] Lx|h= AL AT = AT

control”

] i & F~

chromatogram®

Fig. 43. Spectra and chromatogram at 580 nm of blue pigments generated by major candidate amino
acids; (A) addition of arginine to natural garlic juice; (B) addition of asparagine to natural garlic
juice; (C) addition of glutamine to natural garlic juice; (D) addition of arginine to thiosulfinate
solution; (E) addition of asparagine to thiosulfinate solution; (F) addition of glutamine to
thiosulfinate solution.

“‘Spectrum of natural green garlic juice.
"Chromatogram of each sample; pink line, control; brown line, arginine; blue line asparagine;

green line, glutamine.
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rhs A A 7)1 dotR 7] flelA 2009 o] AR AAbetsE FbgEE F9lete] AFl o
&3tTh AelAe s WA 7129 &1L S8 rheT Fuks bz 0, 20°C| 3713t AT
n59] allinase &4 £ WYL Imai 5(2006) HH-S o439t nts F22 5°ColA 2344 3 &
HClE o] &3l pHE 42 ST dAEL7IE ol8std JHEE €& F 10% glycerol and 20mM
pyridoxal-5-phosphateg- -2 0.05M potassium phosphate buffer (pH 65)dl] thA] Zo] Alga 4Tt v}
S $33E 2o ¥ BHS UM oI gsE shdehd allinse® B848Hska, 2-propenyl
cysteine sulfoxide (2-PeCSO)$} 1-propenyl cysteine sulfoxide (1-PeCSO)E ztzt H'2 Z3}® Dowex
Marathon cation-exchange resin (Midland, MI, USA)& o] &3} ion exchange chromatography w2
2 27)59tHShen 7 Parkin, 2000). £ ¥ 1PeCSOS} 2-PeCSOE Series 200 pump, Series 200
autoinjector, Series 200 UV-Vis detector’} 7&2+% Perkin Elmer HPLCE A}-£-3} preparative Econosil
C-18 column (22 x 250mm, 10mm, Alltech, Deerfield, 1L, USA)2.2 <4 &ttt 442 8mL min’
Horn, o]FAL 05% acetic acid FHdt= 100% EL o]&3te] 220nmollA FHE3HTh Propyl
cysteine sulfoxide(PCSO)<} methyl cysteine sulfoxide (MCSO)= Lancaster9} Kelly(1983)2] #H -2 o] &
sl Base] AHEAAT. 2T 2 43 exd BE sheT ke 4L BHG] 98 o
= 77} 0, 20°C] 3797 AFE T 1-PeCSOst 2-PeCSO 332 HPLCE o838k Yoos} Pike(1998)
2754 EA4aG. HPI00 HPLCE ol $319.om, UV 42718 o834 Sinmol 4 AZai5ith
ZAH-L Supelcosil LC 8 (46 x 150 mm, 5 mm, Supelco, St. Louis, MO, USA)& ©] &35, o544
0.06% (v/v) acetic acids} 0.008% (v/v) triethylamine-& F-F3t= &3 He2S o839 om, 30% o
Bem 0R7 RSt B2 fUdt AURREL Aa) dakd DA BAG A7) 43
#3HE 1-PeCSO, 2-PeCSO, PCSO, MCSOSH 1-PeCSOS} 2-PeCS02] EFE(1 mg mLY)e ZH|sto o7
o alliinasest glycine 412 thg 60°CellA 3027 & & 4 WstE #Ath w3, ntedt dut
wael 4aagEel v T2l Uehd wE Edz gue s 43898 e AR 2%
Walo] SASEslE Qoby) AalA] 20°CoA AT AR sk ) 10g0] 1-PeCSOS) 2-PeCSO
g 22 Aestdth Fxd wE WslE AWREY] ffste] wha mhsed 1mlef 05, 2, 6, 10, 20%<]
1PeCSO &L Az akd 005 02, 06, 1, 2% &(1-PeCSO/garlic fresh weight)o] A THEglom,

o
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oksy okmtel 5, 10, 20, 30, 60%2] 2-PeCSO &8 At 05, 1, 2, 3, 6% &A(2-PeCSO/onion fresh
weight)o] =7l THE3ITH Ztzte] Helge d2oA 24A3F & & A4 wigls #asigith e 4 W
3= AT A|(Minolta CR-200, Osaka, Japan)E ©]-&3l9 Z43192™, Hunter ‘a’ 32 ©]-&3t9 YERH

rhs WA HAY 7)2RE dolr 7] ffsl WAl Hoste {3 HES rhed gutdA 28 B F9E
&t 1-PeCSOE FutollA] Ha]31%.eH, 2-PeCSOE mhsdlA 22|35} 2 (Fig. 44), MCSOs}t PCSO=
AT el #33HE-S glycine, alliinase$} 60°CollA] 3417 ¥HS-A1Z] A3} 1-PeCSOL glycine,
alliinase9} ¥HE-A1Z1 AT 4] B4 HA7E FAE wH 1-PeCSO¢} 2-PeCS09] EFES glycine,
alliinases} ¥HSAZA-S ALde bl AAart FAEQUTHFg 45). A 1-PeCSO §lo] 2-PeCSOE
glycine, alliinases}t ¥H&A171 4= =ty A4 FAFAE, o= 3sdE LA oAA F3E
= pyruvic acidell &g Zolgtn g ub vk SRR =@ ML e e 43 FYUIEE nhs
Haldls J3g wAA ge a2 9] MCSO¢t PCSO9] /b= A ®iglds FFE 7
ghokeh wheba] WA glojx 7 F A% FFSEES 1-PeCSO% 1L, 1 SJdlE WAL 9fsiA glycine
3} 28 obm|iAl, alliinasest e G471 A4 a4 Yol gaF o

Height

Retention time (min)

Fig. 44. HPLC chromatogram of 1-PeCS0 (A) isolated from onion and 2-PeCSO (B) isolated from

garlic respectively.
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1-PeC50  1-PeCS0+2-PeC50  2-PeCS0O PCS50 MC50

Fig. 45. Color formation by the reaction of garlic alliinase with various sulfur compounds.

rhEst fukel W2 747k 543 ZEMoR WS, o= 1-PeCSO9H 2-PeCSOd ofs] dojutm
2, wheT Fe] 1-PeCSOst 2-PeCSOS] g HPLCE ol8ste] EASItHFg 46). 4=
1-PeCSO7} 2 fR3tgEolor 2PeCSO= HEHA T vhe2 2-PeCSO7F 8 #33HE0
Fon FedA Agste] mHlo] BAEA GE A4 1PeCSO7t HEHA dgkot, A4 3744
T Agetel mwol EAskE e 1.PeCSO7t 2% AEHT webd A AT rhsdlA 2}

E sue oo % 1PeCs09] F7bdl olgelda & & Atk olAAAe] A £xel BE HhE
$UART B4 AT ATE AWRW QdHoz §YIVEL AP sl Boidel mel Zvise

Alm

2

, 53] ALoA F7tEe] vy BRuFE T IthKopsell 5 1999, Miar Uddin®} MacTavish, 2003).
3], 1-PeCSOE A2oAM T F383al Hsl ol 2A Frletglen, A dees SAFE 72
9= cydoalline 2 AgtE o] ZrAhdvty 43 A 9luk(chikawa 5, 2006).

_
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Fig. 46. Representative chromatograms of precursors in onion (A) and garlic bulbs stored at 0°C (B)
and 20°C (C) for 3 months. Peak a and b indicate 1-PeCSO and 2-PeCSO, respectively.

Fute 1-PeCSOTH 917] wfEel EFMozol wlo] dAsT, ntsd 42 AT 2-PeCSOT §
oA WMol AR grom, & AFTE 1-PeCSO9}t 2-PeCSO7 EF tf glojA] o] wadaldth
olo} T ofulel mhse] WA J|Fe] zolE By FAF staz, BEEMoz HAEE Yyl
2-PeCSO A2l Al Zwlo] ¥HYst=7HFig. 47)F 1-PeCSO7L QoA wiale] dojubx] b+ e A% nf
=9l 1-PeCSO A2 Al s¥o] BAste 7He g3 EUTHFig. 48). &2 #7443 nhso] 1-PeCSOE
7Fe A 1% wEke] s % A Al "ol dojubA] gFgkont, 1% A Al o] oFatAl WEL, 2%
e Al Zwo| FAstA Uehon], Hunter ‘a'gts 1-PeCS09] FE7t Eobd4E ol thFig. 49).
s A A2 AR St ME AFEES 2PeCSO A A EZAoz WAooy, 6%
2-PeCSO Ae] Al whaf Fupr} Aoz WA=

O
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contirol 0.05%, 0.294

0.6% 1% 2%

Fig. 47. Green pigment formation by the addition of 1-PeCSO at different concentrations in crushed
garlic bulbs stored at 20°C.

control

2% 3%

Fig. 48. Pink and green pigment formation by the addition of 2-PeCSO at different concentrations in

crushed onion bulbs.
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Hunter 'a' walue

Fig. 49. Change of Hunter ‘a” value in crushed garlic bulbs stored at 20°C (left) and onion bulbs
stored at 0°C (right) by the addition of 1-PeCSO and 2-PeCSO at different concentrations.
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201040 53 WA FRHE(EE mhE, A PhE)s @AFREAA BE)e T8 FAAER A}
£39AT). Z7ke] BRse mwo] BAEE 0CAA 3L AP T WL olAsly] Sla 20°Ce} 25°C
2 $ARCH, WF rhste] Zu B4 oJRd 435FE FHL BAHAL 4 25 279 wet nh
So] WAHE Ax2 ] dstd FABFYR 4L AUtk e 4FHFERL 2PeCSO,

1-PeCSO%t ol5 E-9 AFA y-glutamyl 2-propenyl cysteine (GSAC), y-glutamyl 1-propenyl

O

cysteine (GSPC) 5-& photodiode array detector9} cool auto sampler (Waters)”} 428 Waters HPLC
2 Algste] EAMEgon, 248 tden 2o Alg B#E 98] Hypurity Elite C18 column (3mm,
150x3mm, Thermo Hypersil, USA)¥} C18 guard column cartridge (10mm, mBondapak, Wexford,
Ireland)E 38°CollA] ©] &5}, 208nmol A AESYTE F42 04mL/minc|1oH A|S 10mLE ¢
3l th HPLC o] 842 th&d 2tk A, 20mM sodium dihydrogenphosphate + 10mM heptanesulfonic
acid, pH 2.1; B, acetonitrile-20mM sodium dihydrogenphosphate + 10mM heptanesulfonic acid, pH 2.1
(5050, v/v). §33HE BAL 93 HPLC o|%4 =Zaawe thow ok 100%A (Omin), 70%A
(5min), 46%A (25min), 0%A (26min), 0%A (28min), 100%A (30min), 100%A (50min).

HAL oJAlsy] A% 71 A WHoR 0dllAM T AT k=g vk A 2, 4, 6% citric
acid 2 ascorbic acidE 73t & =¥ LA oJRE BA5H T

Aol RE niyntse] A2 AMAA|(Minolta CR-200, Osaka, Japan)E o]-&3te FAsH . Hunter
L, a, b3t ol&ste] yehliglen, Mwsl= Hunter-Scofield ¥y 4g o|8dta] AEgEe® VERAIT
(Francis¢} Clydesdale, 1975).

AE = [(L-Lo)* + (a-a0)” + (b-by)]"

Phe Wae Qolrs] d BARH A fse A ART WA 4RE gasd. 8% o
5o A phs g ol$39T, UAY B dalsh BA Bhsg olgadth E3ER w9 Art
8 mhsol Hwo] Fbg okl Uhghow, A s A4 phse H%akA UeidthFig 50). Hae] AE



UERHE Hunter ‘a'gt= A-2olA AF3 stee -4 AE2 F5d BAgle] =¥o] Yehta] gre v
0°Col A% rhs2 F5E=2 =9 Fx7l 924 Ueht Hunter ‘a'gho] g3l vk A% 37045 -6

Qe Ak} o4 Blse (10717 ol A Th(Fig. 51).

Nambhae Daeseo Seosan

Fig. 50. Greening in crushed garlic bulbs depending on cultivar. Garlic bulbs stored at 0°C for 3

months were crushed and placed at room temperature for 24 h.

Hunter 'a' value

0 1 2 3
Storage period (m)

Fig. 51 Change of Hunter “a” value in crushed garlic bulbs depending on cultivar(top; Daeseo, middle;
Seosan, bottom; Namhae) and storage temperature. Garlic bulbs stored at 20 (@) or 0°C (O) for

3 months were crushed and placed at room temperature for 24 h.
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rhso] WA A 2oA 7R o] AFE mhedA EAVE HEZ rtes FFEE 0°CAlA 37043
}7] 918l citric acid$} ascorbic acidZ 2, 4, 6% FE2 A T WA o
stk 3 20°Ce 25°CRe] We AYE §F HA oA AFE et Citrie acidst
ascorbic acide A 2] WA oA &I7E YSlon, FEI wodsE A3t FUh AR 6% A
A AEAZE e Tl FAHgo] BEFEen sHo] fds] oA HA GUTHAE wAA).

HE W APAl FFEE Aolrh WA ARa ohlzl S g oAEGNen, FEE
A= f71 AgETE ¥WE Art =9 AAE S5 AFAelH AT PYHOE A re
|4 JE== Hunter L, a, b 3t W8S o|&5te] AEgEe 2 YEhhSiT. 0°Coll M 37447 #78 F vhajA)
AEZLE FFHEE 3l vhso] 25 A4 rks2 28, thA] rlee 22 g8f mheol 7B AA Wskil,
A mhgel WstEol b k(g 52). AL Adste] HHlo] WA rled 20°C B5°CE A
A RS wlF ek Ax) 20°Co) HlsiA 25°CR &S w WA oA Eupsl Zoh FEEE B oo,
Hato] 7Y AA Yok @l el WA AE AF 42 AT 7Izte] 7MY FAl A3 =|(Table
6), 5°CE &ZEA 35 ol Wao] JAE o] mpafa] HAjo] AE BAHA ¥k 20°CE 3L

F Aol yehA] gttt 58] 25°CE $3E A¢e W A 7zl g7 el =3
of Aok TF A& T3 2L FA A FAVE AF UeuA gtk FAF mhed AN ke
BCAAME 6771 £ aHfeH, 20°CE &3& A¢e 125 A3 § wdo] AAHIY thA rle2
757F Hlol® =Ho] faiAl BHEYE ko] op

2
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—8— Namhae
—h— Seosan
—— Daeseo

30 +

AE

20 4

10 4

Storage period (w)
Fig. 52. Change of AE in crushed garlic bulbs depending on cultivar. Garlic bulbs stored at 0°C for 3
months were transferred to 25°C for 6 weeks and then crushed and placed at room temperature

for 24 h.
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Table 6. Condition period for inhibition of greening depending on cultivar and condition temperature

Cultivar Condition temperature (°C) Condition period (weeks)
25 3
Namhae
20 6
25 6
Seosan
20 12
25 8
Daeseo
20 -

olu] mhs =W F& 1-PeCS0d] 93) olFoldtty BiE ul, o|¢t e A WeAwd we
PHe fEERE S AR RS 2otk HPLCE ris Ul 4338E 38 248 27, A
202 7MY AR EZlo] dofubs phee 1-PeCSO Fel Egtor, M2 Az 93] 1-PeCSO
ke Hal Fo]EUTHFig. 53). 1-PeCSOE 2-PeCSO9 Hlal AFo]A|uk Ak o g0l WL Ao <3
ol HAFe wel ZHT st on, @l rleat MAb rhse] 1-PeCSO) FF WMEE = A
To HFo] B uf, 51 Fxo} 1-PeCS09] b= DA BAV 9le oz HRltkFg. 54). & &
8, stee EW =& 1-PeCS0] & wl-¢- BH FAVE gtk Ae] AU, We HE 3l
1-PeCSO FF& ZAAA HHE AT 4 glvke 3& I3tk

ujr

o
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35216 0500 B34 pmoaiad by WICEM 1] 3151 uv_wg i
msL! WL R

e .r."jﬁ. F-a1m7

FRREE T S
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§Eapmeme
SOl i

= m
) ) ) 150 o =0 500 " aig
45g 1B DACH S5 [madtun oy MCEN 1] 1238 21 g1
= L 206
T-817
w] F
2004

L ERLE 2]

Fig. 53. Reversed-phase HPLC chromatograms of ‘Seosan’ garlic stored at 0°C for 3 months (A) and
transferred to 25°C for 6 weeks (B). Peak identification: (2) 2-PeCSO, (3) 1-PeCSO.
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40 4

g of DW)

o
5 &

35 A

-

) —8— Namhae
20 4 —h— Seosan

-Pe(*'SO concentraion (m

15 4

0.8 A

1 of DW) 9

04 4

0.0

1-PeCSO concentration (mg g

Storage period (w)

Fig. 54. Effects of storage temperature on the concentrations of 1-PeCSO and 2-PeCSO in garlic bulbs
stored at 0°C for 3 months and transferred to 25°C for 6 weeks.

EEe] 71F miso] o nled T UE nsE o|FoATE HEL Ao, ojAke] AdE F
& 25°Cd|

35t @AEle Frks 7he Al WA oAlER] olye FEE A AT ¢ e A =
Hold dBe ¥ %

T Aew, B 7l JhertsgAd |
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20119 A FErbs g TYste] Aol ALIHATE FUT rhael e W ehapstel S0°C
oA AT, Qe 0°CH Y A} mhapste] FHE R F, S0°C) AFHATHE, 2]
=) e ek mhES ST ) phsolA A9e AFAste] ALgsigith 48e OECDe] AL
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152 B3 g7 BAdoz FFeT 24 A
€ 5eY HE E3inh B Ao o7l 4 s A FHAdA HEL o, AR ¥EE HolA
U, 55 T 9%, B A B FX derhs #3RIs] flste st 43 ol 1/5, 1/10, 1/20
w2 gAe AL 13] 200uly 28% Bt FA|H EHE AMESI FHA AAANATE 4F v= 2F
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obd W vel Ea AL Thes) 2Tk WA, ASTE s el #Agll ris Qe Hal FdA
BFHoR § & £A7h Uehdthlig. ). $A% AT Aole] folA7t $ANAE gkeh. ASTE
AT ol ZAlse 5452 DTS 4L B 49 B3 BEEel 447 Asad He,

At o g ol 7t T &8, A7 HFAT 2L 2ge A HY AV st "ok

i

3 Control
ZZ3 Crushed garlic bulb
Crushed garlic bulb with green pigment

L d

60

40

20

Aspartate aminotransferase (U/L)

Fig 55. Bar diagram shows the effect of 28 days consumption of crushed garlic bulb on level of

aspartate aminotransferase in blood of mouse. Results are represented as mean + SE.

ALP F3% ASTS rpi7bA] 2 =3 o7k BAQle] vl 9L HY FdAM FagH ez A ve
YA, Go)3ks WA R okokthFig. 56). ALPE THAZ Ule] el ZAste T4RA FE2 24F
A ool mE2A Attt F2 G, AW, e A, 1 T &

A7k 4%,

100

[ Control
EZZ1 Crushed garlic bulb
80 H Crushed garlic bulb with green pigment

60 | T

40

Alkaline phosphatase (U/L)
._4

20

Fig 56. Bar diagram shows the effect of 28 days consumption of crushed garlic bulb on level of

alkaline phosphatase in blood of mouse. Results are represented as mean + SE.

LDHe] g2 BE AgfTolA Ao #Ldd $A7F Uebthlig. 57). LDHe f4t @542isaz AT

A 7 A% 3o O FRECYE B4 QWHos FYUY, B, B S Aol B
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3 Control
EZZ1 Crushed garlic bulb
300 H Crushed garlic bulb with green pigment

T [

200

Lactate dehydrogenase (U/L)

100 [

Fig 57. Bar diagram shows the effect of 28 days consumption of crushed garlic bulb on level of

Lactate dehydrogenase in blood of mouse. Results are represented as mean = SE.

;-GTP GA] Faghol Al ozl Aole Bout, fofgh 2fol7t WARA FUtt (Fig. 58). -GTP=
AE, 53] 7l Bol EAlsle E42A 5 IA BAsith -GIP FX& BE 25 3=¢, A%

>3
o, 7t T2 HAFo] AT v Eolxink

2.0 H == Control
CZZ1 Crushed garlic bulb
Crushed garlic bulb with green pigment

15 “'
T

r-Glutamyl transpeptidase (U/L)

0.5

0.0

Fig 58. Bar diagram shows the effect of 28 days consumption of crushed garlic bulb on level of

y-glutamyl transpeptidase in blood of mouse. Results are represented as mean # SE.

o] AST, ALP, LDH, y-GTP9] = $x ZA#E EU= & o, nts 99S Ho|z 2L o ns
Aeg Hl F9 A7t glge Tl vhs Aol Ao F4o] gltke e AT Uvk =Y, 54
a7 e FhET S rhse) Qe 2] Ao BAL u, o Ed Aolrt Aol ke Ae v

=

Foluol =u o Eak i rhsw AR B4l girke 2L 2 43¢ B4 B + 9
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2011 Auje FErksS FYst] A AREsATh FHE mhed dF= 0°Col AFste 574
47 A o vk ¥, Z47] 10, 5, 20°Cel AAste] 1797 BaAsGth UmA] rlee 79 F HE
rhaste -10°Coll 570 h7E A ol 10, 5, 20°Cel| 15Uz A5tk

F4 W3LE Yotry] fgiA WA Aok §33EE, AWHEZDY FEHE AT WY AR
A= A|(CR-200, Minolta, Japan)g o]t 38319 2H, Hunter ‘a’ k2 o]8std JeRITh (3}
FEL A5ty 98 ) nse FHA 22 100°C & x4 587 IANA TAE 2843

70 th -80°C A7garell Rastgith E4vt BE4dst ® AR 10gS 200mL volumetrice] HstH F7
T 200mLE B3 187 & £50 5 § o743 reverse phase(RP) HPLCE ©]&3t &413tAtt.
] EAL Z47bo] nha nlE 2g8 pentane®} diethylether’} 212 4991 29 75mlol Wo] 3]dtbAg
A& F2% ¥ ol HP-5 (Agilent, USA) Zlo] A5 GC (Agilent 6890, Agilent, USA)o| 1ulE
Zolslgrh. Lu A AEoT BP8EL ImlZ2 9o Q8 ST 40°CHA 527 448 & &
9 5°CH 20°C7HA Akl 1087 fAstETh A ARl #8902 GC/MS (Clarus 402/400,
Perkin-Elmer, USA)$} DB-5MS (Agilent, USA) B HE o]&3}H 2, relative similarity7} 90% ©]A+?l
SIEEd st BY EEEAY oS AN M g ER vue WREEFEZY
Hadde 71Fo2 AEH e, UF BF EZ 2= diethyl disulfideS A3 Th

Lo
k3
3

m&

. 2

R

g

0T 570zt A3 Frtee mhf ¥ 3571 A%e Aede §Ao2 Boks | wMo] AshA
okokA|wk Hunter'a’® ZHe 3hol7} 91e-S 318 4= 9 lth(Fig. 59 and 60A). 0Ce 57197 4 En}
& vk & Z7] -10, 5, 20°Ceoll Eastd, 7] ©E o] Hgyt wAlskEd, -10°C2 70 vk rle
2 E@ 5 Ao Wy} glgled, sk rleg 5°Col A Afos B 7|7to] AoA4E Wl
AL AL = AT 0°Coll AFe FreEe rhsty 20°CE $AM 2ad Bfoe B
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0 1 3

Davs after transfer

Fig 59. The effect of storage temperature change on color of crushed garlic bulbs. Garlic bulbs were

stored at 0°C for 5 months and crushed before transferred into each temperature.

8 [ —@— -10°C
—A— 5°C
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Days after transfer

Fig 60. The effect of storage temperature change on Hunter ‘a” values of crushed garlic bulbs. Garlic
bulbs were stored at 0°C for 5 months and crushed (left), or crushed after harvest and stored
at -10°C for 5 months (right) before transferred into each temperature. Each values of crushed
garlics were measured before (top) and after incubation at room temperature for a day

(bottom). Values represent means + SE.
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Ao 54T Agste mfF Frted 2E FIF ukE ekliste] -10°Cel 5717 AgE vl
rhsE 10, 5, 20°Cel| 797bA] B#g 739 Zwo] He wHE R FdrhFig. 60B and 61). -10°Cst 5°C
of E#gk A9ole 79 F<t Hunter ‘a’zke] ®sh7l A9 UehtA ko, 20°Co] A AE B¢
o3l Zwlo] AREWA Hunter ‘a’ gho] Aste 218 AT = S1SItHFig. 60B).

fr

fr

Davs after transfer

Fig 61. The effect of storage temperature change on color of crushed garlic bulbs. Garlic bulbs were

crushed after harvest and stored at -10°C for 5 month before transferred into each temperature.
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Fig 62. The effect of storage temperature on 2-propenyl cysteine sulfoxide (2-PeCSO) of crushed garlic

bulbs. Garlic bulbs were stored at 0°C for 5 months and crushed (A), or crushed after harvest

and stored at -10°C for 5 months (B) before transferred into each temperature (-10, 5, and

20°C). Each value represents percents of 2-PeCSO in the crushed garlic bulbs compared to the

onion bulbs stored at 0°C for 5 months. Values represent means + SE.
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Fig 63. Volatile compounds in crushed garlic bulbs. Each compound was identified by GC-MS.
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Fig 64. Effect of temperature on diallyl disulfide content in crushed garlic bulbs. Garlic bulbs were

stored at 0°C for 5 months and crushed (A), or crushed after harvest and stored at -10°C for 5
months (B) before transferred into each temperature (-10, 5, and 20°C). Each value represents
percents of diallyl disulfide in the crushed garlic bulbs compared to the onion bulbs stored at

0°C for 5 months. Values represent means = SE.
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Fig 65. Effect of temperature on 3-vinyl-1,2-dithiacyclohex-5-ene content in crushed garlic bulbs. Garlic
bulbs were stored at 0°C for 5 months and crushed (A), or crushed after harvest and stored at
-10°C for 5 months (B) before transferred into each temperature (-10, 5, and 20°C). Each value
represents percents of 3-vinyl-1,2-dithiacyclohex-5-ene in the crushed garlic bulbs compared to

the onion bulbs stored at 0°C for 5 months. Values represent means + SE.
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Fig 66. Effect of temperature on 3-vinyl-1,2-dithiacyclohex-4-ene content in crushed garlic bulbs. Garlic
bulbs were stored at 0°C for 5 months and crushed (A), or crushed after harvest and stored at
-10°C for 5 months (B) before transferred into each temperature (-10, 5, and 20°C). Each value
represents percents of 3-vinyl-1,2-dithiacyclohex-4-ene in the crushed garlic bulbs compared to

the onion bulbs stored at 0°C for 5 months. Values represent means + SE.
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