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Isolation and Characterization of Green
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SUMMARY

Characterization of Green Pigment and Prevention of Green
Discoloration in Crushed Garlic (Allium sativum L.)

1. Characterization of Green Pigments Isolated from Crushed Garlic (Allium

sativum L.)

Unknown green pigments, responsible for greening in crushed garlic, were purified
using a series of column chromatography and identified wusing liquid
chromatography-electrospray ionization (LC-ESI), matrix assisted laser desorption/
ionization time-of-tight (MALDI-TOF) mass spectrometry (MS), and magnetic
nuclear resonance (NMR) spectroscopy (C* DEPTI135, COSY' TOCSY, HMBC,
HMQC).

Green pigments extracted from crushed garlic showed two maxima of absorbance
at 440 and 590 nm. LC-ESI and MALDI-TOF MS suggested that molecular weight
(MW) of green pigment. Molecular ion having a peak at m/z 412 was found to be
a compound that results in greening and its MW was 411. However, the structure
of isolated compound was not elucidated perfectly. The complete isolation of MW
411 compound for proper structure elucidation was not achieved under the
chromatographic conditions examined. It consisted of one sulfur atom and one or
three nitrogen atoms, and 25 to 30 carbon atoms. MW 411 was finally concluded to
be water soluble compound that contains sulfur and nitrogen atoms, which is
significantly different from all the green pigments previously reported in plant.

The presence of methylene and methyl and carbonyl group, alcoholic carbons, and
an aromatic ring in MW 411 could be obtained from ch? spectrum of NMR
spectroscopy. The observed values for an aromatic ring were 137.6, 130.0, 126.2, and
128.2 ppm, which indicate that these substituents are related to aromatic ring in

meta position. In DEPT 135 spectrum, methane and methyl carbons give rise to



positive peaks, while methylene carbons appear as inverse peaks. The methylene
carbons produce the inverted peaks: carbon 3 appears at 39.1 ppm and carbon 5
appears at 59.1 ppm. The carbonyl carbon does not appear in the DEPT135

spectrum since it has no attached hydrogen atoms.

2. Prevention of Greening in Crushed Garlic (Allium sativum L.) by

Treatments

The storage quality of crushed garlic with organic acids, antioxidant, salts,
cysteines, and thermal treatments was investigated. Quality attributes of processed
garlic were evaluated in terms of color, pH, flavor, pyruvic acid, sugar content,
microbial examination. Overall, the treatments with ascorbic acid (6%) or cysteine
(1.25%) showed the best storage stability in crushed garlic. Thermal treatments
were achieved at 40 or 50°C for 24 h and combined with ascorbic acid (2%) or
cysteine (0.5%). While thermal treatments were effective in preventing discoloration,
some browning showed in high temperature treatment over 50°C, especially in the
combination treatment with ascorbic acid.

Pyruvic acid content, a degradation product of alliin, was decreased as the heating
temperature was raised. Pyruvic acid content displayed a positive correlation
between the amount of pyruvic acid and greening in crushed garlic. Free sugars,
such as fructose, and sucrose were not affected by heat treatment, but fructan was
decreased by thermal treatments. Volatile compounds of garlic were decreased by
thermal treatment, and increased by cysteine, respectively. However, there was no
significant difference in component of materials; only composition of materials was
different between treatments. In microbial examination, microbial inactivation was
observed when ascorbic acid or cysteine was added in crushed garlic, due to the
lower pH. However, the total viable cells were increased in thermal treatments,

slightly.



CONTENTS

L INETOAUCTION ottt ettt bbbttt bbb s e b be s s b bese e s enens 12
1. ODBJECTIVES .ottt ettt et ettt et et ettt et e et e st et e e eae e e st e saeeaeeane s 12
2. GOALS AN SCODE ettt et et e et e et e e e et eeaeeeseseeeseeeeesaeeeeeseenneenes 12

2.1 Greening development by cultivar, storage
temperature, and StOrage PETIOA .......cocociviiviieieiieeeeeee et 13
2.2 Effect of transfer and deep freezing in color development ...........cccoccoeene.n.. 14

2.3 Isolation and structure identification of green pigment

1N CrusShed GarliC CIOVES ... et 14

2.4 Antifungal activity test of greening garliC .......ccooovioiiviiiiiiiieeeeeeeeee e 14

2.5 Post-harvest treatment for inhibition of greening ............oeveveveenenn. 15

II. Current Development of Relates Technology .....ccoiiiiiiiiiiciceceeeceeeee e 16
1. Current development of relates technology in Korea .........cccovvvivvicicvcceinnn. 16
2. Current development of relates technology in foreign country ... 16

III. Research Data:
approaches, results, and AISCUSSION ....c.ooiiouiiiioe oottt 18
1. Greening development by cultivar, storage
temperature, and StOrage PETIOA .......cooeooi oottt 18
2. Effect of transfer and deep freezing in color development ........cccooevevvvveeenen. 23

3. Isolation and structure identification of green pigment

N Crushed QarliC CIOVES ...ooiiiiiiiciiee ettt ettt et eae e 26

4. Antifungal activity test of greening garliC ..o 44
5. Post-harvest treatment to inhibition of Greening ..........c.iiiiiiiieieieeien, 47
IV. Achievement EvalUatiOn .........cccccooiiiiiiiiiicieiceeeeeeeee ettt ene s 66



V. Practical Application of the Results ......ccoovvvieennen.

VI. Scientific Information Collected through the Project

VII. Literature Cited ..ot



12
.12
. 13
. 13
.14
.14
. 14
. 15

A A 7p el wA]

=

A 14 A+
2. ML

AT DTN TFRDL] T8 oo
A 24 AR

o
W
e
=]
o0

J

T
HAr

. 16
.. 16
. 16
. 18
. 18
. 23
.. 26
. 44
AT

A 148 = 7]

A 28 =] 7]
A 3 AT FARE D A

A 2% =el 7

wmo

—_—

ol

—_—

.. 66
.. 66

HOFO O 7] O Io

70

=

s

el

s

Al 2

.71
75

7]
- 10 -

3}
<1

1 <] 7}

o

A 6% AFNEAAAN R



76

Al 7

11



HAZ A770E A2 JH

=W (greening) 842 vhdvts 5 2 vl A YElUE d4 F U EA &H|A

2 ST vk o]8% JWeA EL AL A vhE ATFOR Ax A F=
agsted GPstHe wel At BA A gout AZd Suea Zun 3 B
Ao YEHD ok B AT BelAE vk v wwel ha AT SRl

1
o A% 1 PAL THFEA YFAA HW Ade 38 o NN AL AFE
ol A et Ae @Y it e @ge) sz 4gH A2 it dx o
5o A, §5 FUE Avnw 5680 £} o Fal £ WA g7 A
ez, A e vkl 80% ool A F E3E7] MR 37 A% AHA
Ao Age Brss Agolth

whebd] ol A Bul uhrolA U %4288 ¢4 Bese] FHFow
A uha e =W EAS 2Egow ddsti, § telrt Hue o 4 &

FE &S AMasted ol gstudt Ak £d Hw AN PA /&S AR

A 71g A vk s WS wAstE Vel dEAT 2 3 HUMAE ol &
dto] pHE ZAstE HEs dozx WAEz ke AUz A AFsta o 1
fu 2y 334 Ay o3 pHE Zdate 71ed dsiAs A43e] o2 AN
AZF b A, Aol ofs stk 7|7 MAE 5 du =19 dA= del 93
EZo] &AL g LA Ely ot =) WAl oA 7b o]Fb ) o] o}
7b olE 3 pHE =-3sh= 3hsh4 ALy & d 7
wd AAE FEEke Vs =5
Al A F Ao /T F vk EE 59 owbseA FEd x4 4

0

oA ezl A AAQl YELSHE FolF B vk vhze] HAEW ¥



ol Aot

1=
[}

o Axz olejd 7}

2. AA, 443

——
o T om O O o BB ]
°
of

—~ =
<~ W o9l A T ]
Mo D R
= ol xm A w fis
Sowow @ oo He I
X°  m = oM
B - — Jn o T
B Py T s v o
— 7A ﬁo ~ _ —
= & ey XX ) =1 0
A woa E A Ho o
E ~ *° Wﬂ_wr Ca = ~ w
0 N . -
o o = "B . T
e BB T A i
~ ~ © FR T —
~+ A pﬂe . F }w 0
) ‘.ml pu—
N A b =
Mm oy T o il M‘_ _ﬂ% o w.,_
XIS 0SB .
o 7!
IS ERE : o5 3z @ .
,_MA.UH ,mﬂ = =~ o % — ,M ,_lwﬂ ‘WU HE " i
A N G I T , i 5
BT g o B T o F s " o ol
grreE iz - .
£EH G P E T Tooow 20003 i
R - S PR i %o 3
B e N Pl iy = 53 M
—~ _ = < K S e
N oo M N om T wo ~ , ”
B T S = % o o = M i
S T T < W =~ o e i
O o T B o R il i3 < =
o o o e ) N o= T = R X X
) \ul _ X ‘ﬂu_l il N =
PTzdcgerl Tz B i
R __3n ‘Z|ﬁ ™ o W £ ,_ME o T X dl.._ ‘A.v*r»..u_ W Mo
o X T @ oK o By = X B Mo % a MR
oome < AT LT 3 Hr o Heoor
‘mﬂ = . o %E XE "o _.—MJI X ﬁe \Iv_ﬂ mﬂ ,mﬂ
Hr < o o wﬁ = m X N &o, [ " M- wﬁ
ol OB T T W o WQ HE — Hin il wﬁ op ;e
[a2] ,._m_u .ﬂm . =8 0 —~
1 _~— hal .o
N o ‘ul

- 13 -

2) A4e%: 0, 5 10, 15, 20°C

3) A7z 6714



=
-

L

=

bof w2 A}

°

¥
O -70°Cel A A §

T

R

i3

<

Bl 7 X

=

=

AL A7t
q2]: 0°Cel A 178 A

S

=

=i
A7 W9

LR
D ¥

Y.

2.

=
s
S
B

"o = &
= A Il AM
; Wy
T Ll Q
L T @
XO

WO w - M
O A >
= X T <
Ar M o Mﬁ m
o eli]
o S o 2
oy &l £
ﬂAro T iﬁ m
* T =
= P = T o7 J
=7 4 T g
o = - i E
() o on B o M
2 e FE
o r o)
5 P mo in >
‘_nfw KO = gl B
O o N = M_OW B H‘W
X o P s do o N
P o= R K T % -

—_ — [}
=~ ~ oy i ™
T X > N I
T = T e £ = g
= O O g 2 <
O O 6 - " Xy 5 9 =
7S ohy s 3 Q
RO = b= E M
™ m £ 3 ..
R oW F F T
o) Jn o S - = "
T =y _._I s o _._I A=
N a .7 S .3

o3 ~ Z, T e

_14_

3

S
UER =7

p

o)

=
s

4. s¥ivts ¥4 49
= a1

L



U, a7 H9
Aspergillus =30l F+ T2 224& For7= U

niger, A. flavus, A. fumigatus 5 Al FFY A ES 9]

el nAAER Aspergillus

J_\i_
&3] gL HrERYT

5. ohAEkE W gAYE

E Y
=0 g 99 9 JE BRL Fohel mwe B4 & Ax £RF Ae &2

sg,

g, 47 89

1) 3FstA] *2]: citric acid, malic acid, acetic acid, ascorbic acid, cysteine
2) IAe: 40 T 50°Coll A 24217 A g
3) &3 39 A 05 1, 1.5, 2, 25% A &
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¥ color developer”} glycine®} 2 free amino acid®} Z3}s}e] pigment precursor
£ A8k dAlolw, 39l pigment precursor®t carbonylse] A§ste] HFA o=
g FAgthe 7Hdeo]ti(Banbyopadhyay 5, 1973; Joslyn & 1956; Joslyn &,
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U A% =24
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FEEdHe dx A vauste] 22-26% A= AASATE AFA A vEdHe] 4L
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Z o] 7} 5mm <ol Atk
O Az &3

Zrzkol  2molA AFE wes EFEE vl & A2 HW O ARE
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value (redness-greenness)® X A|SFTh Hunter ‘a’ #o] 29 #HoZ YoldSFE =

AR A AL o
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Table 1. Plant materials and storage temperature.

Cultivar Field type Storage temperature (°C)
paddy

‘Euisung’ 0, 5, 10, 15, 20, 25
upland
paddy

‘Daeseo’ 0, 5, 10, 15, 20, 25
upland
paddy

‘Namhae’ 0, 5, 10, 15, 20, 25
upland
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Fig. 1. Change of color development in crushed garlic stored for 6 months depending

on storage temperature.
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Fig. 2. Change of Hunter ‘a’ value depending on storage period and temperature.

_22_



A2d H2 " 2AL AYrt 584 vA= IF

1. A8 € 3y

0°C3} 25°CollA] A 717k A A=

(-70°C) Mol Bho] Hwlwba § . B2 Bashgch

=
>
4
e
o
o
op

she] ofdlst el WE L 2AL

(A) 0°C, 648 AFE vhse vhaf 4F 242 YEDAA Y5 RE F 50 04y

B) 0°C, 342 A48 msg 25°C2 $7 A 397 A% F whalste] 2Ae
FaelA WE uy FoEw By § - FE

s 2
(C) 25°C, 3709 AR rhse CE &7 oAl 383 A4d F whaste] 242

(D) 25°C, 3744 AZd viss vl

E1ON IR =< R BN

F 242 YEReA WE B F xu

1l

2. 97 2%

A
S
a
2
)
i
ok
4
J
rE
e
o
Ho
Hr g
i
r o
(it
ol
ol
32
=
2]
Q
@
o
a
o))
=
(o
of
o
2
ol
it

vhES v AF 70°Col A 244 %F FAE F LA sl sz A (Fig. 3a), 3714
T 0°CAl A Adle] 25°CE &A thAl 3712 ol AFe & wia e vE2(Fig. 3b) =
Wol yERyth gk 25°C, 39 S AFE nheS 0°CE
ALAF-E ol PEEAHFig. 3c). AW 25°C, 3L A%
g F 2o A dlEd vl ol YEhA 2 kth(Fig. 3d).
olde] A F8 F =WS FulelE SE(E AT E 15°C o]stg)el UA7
HM2(0°C T 25°C) 2 2AL AY-70°0)5 3
o] Ald UElES & & Atk ol AWMY R o] AAE mHw furE Ao

AHA Gx agE REFHY7] g HoeZ ro o} md 25°Co] A FHo 9dd



Treatment A

Treatment B Treatment C Treatment T
Stomge at §°C Storage at (PC Storage at 25°C Storage at 2570
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‘ : } |
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Fig. 3. Development of green pigment in crushed garlic by storage
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XAD-163} Sephadex LH-20 resine Sigma(MO, USA)$} Amersham Pharmacia
Biotech.(Uppsala, Sweden) 2. 2% Z+z} +9]3th. HPLC 48 S39 dE o
B8 trifluoroacetic acid(TFA), petroleum ether, FZZ¥E, NaOH, =g /ﬂ]%

oAl

pud

ofo
off
o>

tetrahydrofuran(THF), I8]3 cyano-4-hydrocynamic acid %< SigmaAl=5FE
methanol-d;&= Merck(NJ, USAAIZRE TPttt 28 Ado = 3% {571 A}
&= A

. vls AR
20043 5-E 20051 -2yt A AujE ] 2 FAE vhs(Allium sativum L)<

TR F OCAM oF 59 1 AFAAA vha) A Hulo] wAHH gl ol §3he

o 5424 34

HvkES olEHEe FE F oFd e AdTHFIE F oEe Jod=s
citrate-phosphate buffer(pH 5.6)° =] glycined ¥o] mAML AAE HER
o = drAle] formaldehydes H7FRE § ol WAISHAAM HA=E HAHS
wEsIIY. FAE mANLY] FHEE SAs] vhEolA FEE ML [FARE
=dde gl

g S4E5d 28 U9

°F 4Kgol mhaint=S 100% "lE-&(L)S o]-&sto] 33]o ZA 5ME54dS FE3
FEE MeES HCAA TgsF Azl T F2 o F(eF 300mL)ol| 4°Cell Rk
27 8 o 'F2(eF 50-100mL)S #H7bste] v 59 hydrocolloids A &S 331AF

AAT F ol npath o8 UA FAEET F cruded AH Y HATAL A
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t}. Amberlite XAD-16 resins®Z %% H open column chromatography(500%20mm
id)ol $JollA A& crudedt 5MEAS 0-100%(ZH2 500mL) "l &2 37 gradient
waow SHBEWY o 0-90% wWEsR Ao B ELS AAS I 100% wE-s

FET FE 3 ZUdEE A7 o]E thA] Sephadex LH-20 resine® &3 &

M

open column chromatography(700x1.5mm id., Pharmacia, Sweden)Z ©]-&3}] 100%
Meew End F AFA0R dre wARW A5de] Baw U TR
3t A 82 o]&3}(Fig. 4). Sephadex LH-20 open column chromatography €] <&

=ANEAo £E= HPLCE o] 83le] st}

up. A FE A (Mass spectrometry: MS)

AFS EAs7] 98l FEE SAE4S 100% wekso] =l = 1-2uLE MS
probe°l] =9kt FAB/MS(JMS-AX505WA Jeol, Japan)E glycerol matrix® ©]-&3}
St MALDI-TOF/MS(Voyager-DE STR Biospectrometry Workstation spectrophoto
-meter, Applied Biosystem Inc.)+= positive ion mode®l| 4] accelerating voltage= 20kV
2, extractor voltage of 9kVZ A FT 50x10°Torre] o=z =AHE49
Cyano-4-hydrocynamic acidE matrix® AF838} 2™, calibration mixture I(Applied
Biosystems Inc., CA, USA)E Z=&E2 = A&33th. LC-ESI/MS(Hewlett Packar,
HP1100, USA)+= Quattro LC triple-quadrupole MS=A] positive®} negative ion mode

A Bt HREY BAES B5T

vt 327 ¥ (Nuclear magnetic resonance)

Bay =24 3mgS 500uLe] methanol-doll =oIA] PC(Avance 500, Bruker,
Germany), 'H, DEPT135 %¢ 1D spectrum¥ COSY, TOCSY, HMQC, 1@ i
HMBC(Avance 600, Bruker, Germany) < 2D spectrum 55 °]&3sle] EZ9 Fx

= 5439} Reference peak® ™ &8-S o] £33t}
Ab. A £33 A(FT-1IR)

FT-IR(Nicolet Magna 550 series II, Midac, USA)S o] &3}o] Ex4txe 287

solsha, chol el el B ol &3] fAHRAS WAL
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Methanol exiract

4

Femoval of hvdrocolloids and proteins by cold ethanaol

+

Amberlite XAD-16 CC (0 — 100% methanol in water)

|

Sephadex LH=-20 CC { 100% methanol )

Yellomw

\ Cireen

l

Gireen laver Mracton

b

HPLC, M5, NMR

4

Structure identification

Fig. 4. Purification and identification procedures for green pigment extracted from

crushed garlic cloves.
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oh. 1 & QA3 2nED# 3 (HPLC)

Ao A AFE-3F HPLC(Hewlett Packar, HP1100, USA) #4242 v
A, Alltima Cig(250x4.6mm id., bum); Al5 T4, 10uL; ZH 2%, 20°C; °]57%,
0.1% acetic acid/water : acetonitrile (60:40, v/v); <, 1.0mL/min; UV-VIS #HZ7],
210, 240, 280, 440, and 595nm.

oo
ot mi
v

Spectrophotometer(Shimazu, Japan)& ©]&3to] ZAEZD9 F4 ~HAEHS 213
%t
2. 9+ FH

ZHdntE 2R ZAEZS By YA B, acetic acid, Mg, olg2 3y 7

|
2 S 8vE o] &3k 7kttt Bl 8wl ethyl ether, diethyl ether, 22X &,
st A EHo] A molype x| grol o F-A ettt
ol FW whEe] FZAEALE w9 SA49 AdS Zdeve S vt mebA =
AME2AS Byl 918 BE ArmvtEady 7w A&l dolA &uje] AdeEo] v
T F83ith 2 AFelA o8& vgs ARnEIHT Ve F dEARvE Y
(thin-layer chromatography)t= =HEZS E3t7] s &340 WHol HX X3

931, open column chromatography ¢} HPLCE o] €3 Wio] &332 o]t}

o

dichloromethan & ©]

7t 5AEA 9 A

- wlE9o oHE FEES glycine, formaldehyde®t A3 ZAyt= 20004 ol A
2003744 =g dpAle] Aot ZA vghrh 590nmell A HAFEEE UEHoH,
ojuf A& mwwizeo]l HAEAN Ao FAsldth Color developer®t glycine® ¥H§-

&) 2 H Q3 color developer® X 3&ala glom, HlEW nfEe o=

E
. A E pigment precursori A HZ, dAtI 7L H|FA Lo & F A

H
| & &
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3l formaldehyded F%+ wl-$ oW pigment precursor?} formaldehyde® #F-3-2

500nm &30l 7 2H-sE AHEYS wEol

to

%4 0% Sephadex LH-20014 Hel@ %484 5328 HPLCE ol &ato] «&
2 548 sy vHFlg 5). HPLC £2247 HA488e 97% ol 49 & ¢5E Y
o A%

o] H%o
590nmel A FFEE YElY AEdH EFo] =¥HE gt
Peak 2% 590nmolA] &FFEE Ho|x| ¢t w|x9 EZo|t} Prep-HPLCEHH <

Fig. 59 A9 F~d"Ee”y o

o AFENS ol & SAEFDY EAY F9 F HIH EBFA(FT-IR)
Fig. 4o sl@dste vhgs AznEaga2 iy FeE A4 AT A7 &
AHEA 7] (FAB, MALDI-TOF, LC-ESI/MS)Z o] &3lo] 21ttt mE 29
ANM m/z 412 [M+H]' ol sjZ3st= EAFo]&0] 100%= e ©o] &4 5
ol BatEke 4119% #eldd S+ UAHFig. 7, 8, 9). FABS o] &3 AgrAe A3
m/z 104, 320, 4960l 3@ st ol 5ol HEtHEH ol °Fte EEER el A
(Fig. 7). A& 43 sa5d9 BAgMI 411010eH, oju [M+2]dl sidsts

o) FFE 45% AEOlNE olF TAR SNELL 1A FO)F LI B
)

o
mlo

RS

(m
o

QA B4R A= Fig. 108 2ol FT-IRERE dojx AHE glo]lH g
AAs Ay nxe ZAEAL FIAY FEFE2  coconut oil diethanolamide
(NH(CH:CH20H),, At 105.14) &#F9F fASE 28715 2hal Qle Aoz 2AHH S
=3
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Fig. 5. HPLC chromatogram of lower-layer green fraction on Sephadex LH-20 CC.
Peak 1 was determined to be the green pigment of interest, according to the
absorption spectrum inserted in chromatogram (a). Only Peak 1 was collected

using a fraction collector repeatedly, and re-injected into HPLC to confirm

separation (b)
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Fig. 6. Absorption spectrum of green pigment (dissolved in 100% methanol) purified

from crushed garlic cloves.
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Fig. 7. FAB MS spectrum of green pigment isolated from crushed garlic cloves.
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Spec #I[BP = 4127, ST0E]
o 4122045 [+ H]* §ar
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Fig. 8. MALDI-TOF MS spectrum of green pigment isolated from crushed garlic

cloves.
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Fig. 9. LC-ESI MS spectrum of green pigment isolated from crushed garlic cloves.
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Fig. 10. FT-IR spectrum of green pigment in crushed garlic cloves.
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Table 2. Possible molecular formula of the green pigment isolated from crushed

garlic cloves.

CosHi17N 10351
CasH21N30151
CosHs3N3015:
CosHaoN 1015
CosH21N10254
CosHziN101S4
CorHasN101S1
CosHisN10154
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% 947 FHE o8 HNBQ 2ATE 34
RAG dgE s 2AAE AGEH %S olgse] FAH ¥
13

HFHor ZJAEFA Exeo 3xPHe FRE V] YA AAUFHI]EC

>
%

FA0 e oy go] don Bz Fxo] A fragmentstt F<lo] 7Fs A
kA o 2 NMR spectrumeoll A ¥3+8 24 94+ high field(8-60ppm)oll A EFL}H
=49 spectrumol Al AHEW o3 2ok R-CHy(©, @), R-CH-R(Q), @, ®).
F3te g4 A tg FE40-70ppm) Bl = Mo m 40 AR vEh
A R-CHo-O(®)°] vetdtt Ex3te el (@), alkene)$t aromatic ring B4 92(®)
©] chemical shift= 100-150ppmell 4] WERdth mpAe o2 744 low fieldol Al WEFY
+ carbonyl group(®)-2 155-220ppmol Al YEldt} weba] s4E54d2 719 5(C=0),
W3k (aromatic ring) B4 S 2o S EJF F AT ESE aromatic ring2
1376, 130.0, 126.2, L] 3L 128.2ppmelA YElYi=d o] H o8 E <A ZE benzene ring
o] 2871 meta positiono] Stk A& AT 4 Avh(Fig. 11). DEPTI135914 =
methiin, methyl, 22|31 methyleneS ¢ 4= 2ATth Methiinn®} methyl< positive peak
o] YelY 9= £oldal, methylene2 AFE HAIAA YeEdy mAEA=R
DEPT1352 #-& ZA3¥ 3)(25.1ppm), @(30.1ppm), ®(33.4ppm) &4+ methylend S 3
A1+ Al Carbonyl g2l O 28 FskA @71 wEel DEPT135904 =
UERFA U tHFig. 12). Fa-F4 P A¥H Fh-wA 3 ARSs g1 9
A¥= Fig. 133 2t}
ojde] e AXNE AR FAEHY FE4 '©A FXE Fig. 149 Zo] F43d
e AT

rr

ok SHutEdA £Ed M2 49T BATE TEOl AHR o)F
=HubEe] KA ABAda tE EAs e AL 4GS 2 (chlorophyll) 9}

s
oA e RS BAR B A7 Byl Wl oled ANe B A o
A oo RAEE BRA BATE 7Y SAR Ao

ZAd¢l  Food Chemistryel H&o=zm 2006d AAZE FALAT. ZAE7 )

o
o

>
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Fig. 11. C"® NMR spectrum of green pigment isolated from crushed garlic cloves.
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Fig. 12. C"® NMR spectrum of green pigment isolated from crushed garlic cloves.
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Fig. 13. Two-dimensional NMR spectra of green pigment isolated from crushed

garlic cloves. A, COSY; B, TOCSY; C; HMQC; D, HMBC.
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Fig. 14. Fragments of green pigment based on NMR spectra.
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Al 44 wWvts F49 49

1. A8 € 3y

o HAE W F

Al 279 v AE Aspergillus niger, A. flavus, A. fumigatus< ZHzb o] 833t} 1
A &S Sabouraud dextrose agar(Difco, Detroit, MI)oll A 37°C, 72A1%
spore TAES YA 1% Tween 20 10ml H7Fsde. 72 & A

Al
&to] conidia® HEE F Al o] &8sty A7bA] 4£Co] Btstsit

AEFol (A7 6mm)oll 40uLe] mtEFEAS A2l & 99 PAES v HEFsh
TH| 8k sabouraud dextrose agar BIX|9lo &8 F2 & 25°CollA] 48A]7F &<F vl st
Ak v T AFFo] T2 A HE A A (nhibition zone, mm)E FA 3] T H

2 mwsglth AAY ZAe AgFole A7 Asdsha el

2. A" 2%

Aspergillus =F°lF+ B2 545 FijA7]& dadd vAE=R 434 o &
3k A. flavusi= oFEetE 2l (aflatoxins) ol B 54AE WHEojUo] o] HAES] 7P H &
S AHE ARl Y TEOA AWAR &S sty E gt} g, e vAE



1 3 (antifungal, antivirus)

&

1

ks
“

%

w g o

!

A vk w2 AT

Fol trEbi itk (Table 3).

S
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3} Hv
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Table 3. Inhibitory zone against Aspergillus spp. in greening or non—greening garlic

extract.
A. niger A. flavus, A. fumigatus

initial 34+2.3 42+2.4 32+2.3

non-greening
5 h later 23+1.2 1825 14£1.2
initial 35+2.5 45+2.1 29+1.5

greening

5 h later 25+1.6 21+2.3 17£1.9
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Al 54 miints ¥ LA T

1. A 9 9%y

7}.

OH

Al AE
AAEEZ Ao A 2004 AME SZFEvlsES 0°ColA 9L A3 & AL83519

o,

L}, 384 2 94X g
nlnlsel] g FH/ f7]4k(citric acid, acetic acid, malic acid), ascorbic acid,

cysteine 59| 3}etAIe} A, H3AE TS Table 4, 59F o] AAsATY.

o Az 2 pH $3
npdnbE ] AL AAA(Minolta CR-200, Osaka, Japan)E ©]-&3fo] =A3}At}.
Hunter L, a, b#tS ©]8&3t9] Yetloem, AR s= Hunter-Scofield W74 2& o] &3}
o] AEZEe 2 e tH(Francis and Clydesdale, 1975).

AE = [(L-Lo)* + (a~ap)® + (b-bg)’1"*

Lo, ap, box %71%< 9u|stn pHZFS pH meterE o] 83t =439 tHOrion 720,
MA, USA).

3. %3 G40 A
oA S8l Fubmel B2 AzA %5 H9U 05 1, 15 2 25%F

e LR LY
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Table 4. Chemicals and their concentrations used for the effects on color changes in

crushed garlic.

Additives Concn Additives Concn
Organic acids Salts
citric acid(CA) 0.5-2% sodium ascorbate(SA) 1-2.5%
acetic acid(ACA) 0.5-2% sodium phosphate(SP) 0.1-0.2%
malic acid(MA) 0.5-2% sodium chloride(SC) 0.5-2%
Antioxidant Cysteines
ascorbic acid(AA) 2-6% L—cysteine(CY) 0.5-1.25%

N-acetyl-L-cysteine(ACY) 0.5-1.25%

Table 5. Heat and chemical treatments used for the effects on color changes in

crushed garlic.

Heat temp Chemical treatment Heat temp Chemical treatment
none none
40°C for 24h 50°C for 24h
ascorbic acid 1% ascorbic acid 1%
(H40) (H50)
cysteine 0.5% cysteine 0.5%
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yFHA FAHES 95t vdrts Zg% # 3ol 5mLe 10% TCAC(trichloroacetic
acid) &9 Y1 ML o 1A A3 § 200mLe] SHRTE FolFTHA o skt
o Fpol Iml, 0.0125% 2,4-dinitrophenylhydrazin®] ¥3t%¥ 2N HCl 1mL, 21831 S/FF
ImLE 87 HoAFArt 37°Cell A 1023 HX$ % 5mLe 06N NaOHS ¥ o5
spectrophotometerE  ©]-83}¢] 420nmolA ¢ SIS =
pyruvates ©]-&3stAth(a] e} o], 1990).

Sucrose, fructose, fructan 59 3 SHS $35F9] Pontis(1990) WHE o]& At
Sucrose®t fructose ¢ F8F wAE AA| ARmEIHREZE o] &sto] EASHTH
nhEe freld FES A vl vhe 1ge A EEkaAed FHeel SR 50mLe
P F 200rpme 2 40°Cell A 3047F wdkek ohg o kgt of S Sep-pak C18
cartridge(Waters, Part No. WAT020515) S 3A171 & HPLCel| F+<¢3&F3ith

Fructan $4& flair s Feld 45 98 F53 AZo] 05mLe 04N H.SO.&
¥o] SmLE A& s 1027 Ak #<9l F 05mLe] 04N NaOHE ¥ o] T 3}A]
7131 membrane filter(pore size 0.45uL)= o] 23 o} 10uLE F 3kl HPLCA T &
t g 248 93 HPLC %278 Table 59 2t}

% Fructan®] A4FS thS-3 2t} Total fructan = total fructose + 1/2 sucrose

o

At EEEHL sodium

Table 6. Operating conditions for sugar analysis by high performance liquid

chromatography

Instrument YoungLin KR HPLC (Model 9300, Anyang, Korea)
Column Waters Sugar-Pack column (300mm x 6.5mm)
Mobile phase  Pure water 100%

Flow rate 0.5mL/min

Detector Refractometer detector (YoungLin TRIATHLON, Anyang, Korea)
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i I8 E 28 € 4
7142 dynamic headspace® ol el purge and trap concentrator(Tekmar LSC
2000, OH, USA)S Ak&3sto] ettt Alss vhdg vk 5% S/ 10mLS Al
ol FAste]l 30wt purgingstHA  FEd. FVIAEES AFHOE flame
ionization detector(FID)¢} DB-5Z ¥ (fused silica capillary column, 60x0.32mm 1.D.,
0.25uL  film thickness, J&W Scientific, CA, USA)¢] &2# GC(Hewlett-Packard
5890, CA, USA)d FUHo] gttt Injectoret detector &%+ Z+zF 120°C 4
300°CE stH i 28 &5+ 35°ColA 3&3F A% & 9 154 220°C7HA] F5A1A
220°Col A 1023 FAet=s sttt 28k Al dFES AMgell &9 7S
12mL& 3}ith

S| E ] 4L gas chromatograph—mass spectrometer(GC/MS: Hewlett-Packard
5972 system, CA, USA)E o|&3ltt AlEEYS 93 ionization voltage= 70eV,
resolution< 1000, mass range: 35-300m/e® 3} om = ¥l AL Fr|ARo B
g5 9% GC =13 2rh xF:=240] e B9e ZeedY BAEAE o] &3td

A, 1 WY BAe GC/MSel WAH Wiley library$t Hlasle] 54 31]

o

AL A E A Y
nhdnbs 1gS HSY THF 100mLel 8|4 gl wiX] & plate count agar(PCA,

Difco Laboratories, MI, USA)E AF-&3F% o1, 35°Col Al 24A17F viF & F d+E5 Al
Ak Zt A= 3WEste] $A Agstdlon, Pk e A

2. 97 2%

7t 33tAl 2 EA

vk whsol ofel ZhA FEkAl 9 dAEE AAlste] 24A13F o ARistE #Ed
A¥= Fig. 158 2oh 509 Axe 384 $7, o5& % A2 Zx wg g2
A dEbsd. At BE g8kAl 5 ascorbic  acid(AA)  4-6%, N-acetyl-1-
cysteine(ACY) 1-1.25%, L-cysteine(CY) % sodium ascorbate(SA) 1-1.25%° 4 717
BH7E Fovh W 71 B4 AASH SAS] oAlE Y= obA v A A &gkon,
CY®l 74+ allinase®] 444 AsjAlz 2&ste] 5WlS JAsh= Aoz HaHv
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=

ACY 1.15% i I o e,

1 ACY LM i EdA 10%
] Ay £ i B& 1 5%
4 HalsCY L5 M Maal%
& Al 5 & CYDS%
L Y 110% ] MA DTS
7 Al T e - e
2 Ha0 = 3cC 1%
L Halad A 1 0% = S0
L} d2A1.5% o 3C 1.0%
11 HARCY 0.5% 3l CA 105
1z Hi n ACY 0L3%
13 3AM A ACH 1.5%
14 HisAA 1M M ATAZMG
L5 SA 1% 5 CADS%
5 CYiw 6 ACA 0L
LT a2A1.5% Er ATh 1. 0%
1B ACY0.75% B OCAIM
e CYori B CAZ%
o G0 ) ool

Fig. 15. Color formation in crushed garlic depending on chemical and thermal
treatments after storage at 4°C for 24 h; AA, ascorbic acid; CY, cysteine;
ACY, acetyl cysteine; H40, heat 40°C for 24 h; H50, heat 50°C for 24 h; SA,
sodium ascorbate; SC, sodium chloride; MA, malic acid; CA, citric acid; ACA,
acetic acid; SP, sodium phosphate.
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(Jansen &, 1989). =W vlE9 #F333ES 1-PeCSO2 &4 alliinased &4 HHS
omA dAYE AAGASE W A= B detwa Ao 4§ 50°Cell A A
ggk A5 opghe] Aol yEehuA AWzt 40°C A Al 9 F:A dEisen CY
05%<F E3F Mg Al &¥@7F o EATh AACe] 53 Mg Al AwWlo] AdA= gddS
oW Ay 2E9 wEF 5e5E, 2 ﬂEﬂ AeHA vEbskth o] d A
gatslelo] w& uwl ZAMe melanoidinsg FAEHA UERGE wEESd
reaction® & ®.o]H(Manzocco 5, 2001), maillard reactione £3] X8 %7 w1
Alzrol AoAGFE whgo] i AA HwWoe] AstA YEhdta Raw wp Qdtk
(Anses &, 1999; Nicoli &, 1999).

nhubzel A WMAS $A317] 918 Hunter-Scofield WA 4& o] &34 AE #o =
LERH 9152, Hunter-Scofield 87842 =43 Ade agh ¥ W oy} 1, a, bk 55
7} #el® WAz =W W oul olyg mpnlse] I e RA A ZAWAAE
glg = gtk AE 2 A WstE yetEE vk A5 27)g> 022 AlzhE
o AE & AA(4-6%), ACY(1-1.25%), HA0+CY(0.5%)1M 74 Al HeEREen,

CY 1.25%<F AA 2%7F 1 thg o2 et (Table 7). 714t acetic acid, malic
acid, citric acid)®} < (sodium chloride, sodium phosphate) &< =Wo| 72 J 37}
itk ACA9 4% =W AAlol= Z7E Aoy, o4 AFH7b==A 37
A ke AHol7] wiEd AlgL EVFE3E 3fskAo]r] W&ol pyruvic acid, sugar,
flavor 59 #4 7} Al wiA st

olAte] AyE =W Ao 71 a3AQ 3}shA|E= ascorbic acid®t cysteine©] L
1 sodium ascorbatet™ ©l= Ax T AN, AEstetrldl= &7 vl
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Table 7. Rate of color change (AE) chemical and thermal treatments; CA, citric acid;

MA, malic acid; ACA, acetic acid; AA, ascorbic acid; CY, cysteine; ACY,

acetyl cysteine;

phosphate; H40, heat 40°C for 24 h; H50, heat 50°C for 24 h

SA,

sodium ascorbate; SC,

sodium chloride; SP, sodium

AE
chemical concn 12 h 24 h
Control 209 a 286 a
CA 0.5% 225 a 24.8 ¢
2.0% 187 b 26.6 b
MA 0.5% 9.5 gh 179 ef
2.0% 11.1 efg 173 f
ACA 0.5% 185 b 25.7 be
2.0% 11.7 def 219 d
AA 2.0% 51 jk 461
4.0% 3.3 kl 3.2 mn
6.0% 2.7 Im 26 n
CY 0.5% 124 de 175 ef
1.0% 2.5 Im 121 h
1.25% 4.4 Kkl 4.0 Im
ACY 0.5% 114 ef 188 e
1.0% 2.8 Im 25 n
1.25% 2.6 Im 23 n
SA 1.0% 6.5 ij 79 ]
2.5% 8.0 hi 8.8 ij
SC 0.5% 14.3 ¢ 18.2 ef
2.0% 135 cd 18.1 ef
SP 0.1% 11.1 efg 158 g
0.2% 125 cde 159 ¢
H40 45 ki 58 k
H40 + AA 1.0% 3.7 kl 6.2 k
H40 + CY 0.5% 1.3 m 2.6 n
H50 94 gh 8.7 1j
H50 + AA 1.0% 9.9 fgh 99 i
H50 + CY 0.5% 79 hi 8.0 ]
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Flaven praguizos Enywe
Sealoleniyl evatne sulfoxide  +  allissse ———  S-elkiEpy] eafenic ackl ammomia  + pynwac acid

B (=00 CH CHEHH R UL H k-20H CHOOCO0H
E=CH, (mknd) J' LF symihase
CH, CH=CH- (1 -propemyd)
fﬂfﬁ_,_,d- thiopropamal S-oxide —— propmal + 5
ol : {JHL, CHTH=S -0 CH T THD
E-5-S=00-F
‘-‘-""‘--._‘_‘_‘*mnwumt = dlisulfide + m!
B.-5-E. R.-GB
*
disafide + thinsulfimate '
E-5-3F  E-S=l-Sf=ChE momnsfide +  risddide de.
E-5E E-E.ZEE

Fig. 16. Reaction pathway of ACSOs and alliinase in Allium spp.
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1-PeCS0 + allunase
i

sulfemc acid

LF synthase | i
thiopropanal-S-oxide  losulfinate

¥

green pigment

Fig. 17. Formation of lachrymatory factor (propanthiol-S-oxide) in onion.
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treatment initial contulb 05% 3 5% % 258
Hunger -2.06 708 558 ~5.13 -3.56 518 5,12
g valus

" oy sparef galic
"nored for 10 reomks

Fig. 18. Color formation in crushed garlic by onion powder treatment after storage

at 4°C for 24 h
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Table 8. Change of pyruvic acid concentration by thermal treatments.

Treatment temp.

Pyruvic acid concn

Hunter 'a’ value

(°C) (mM) (24 h later)
initial® 737b 210 b
no heat” 103.6 a -6.33 ¢
40¢ 40.1d -197b
50¢ 33.1 de 0.04 a

“non stored garlic

6 months stored garlic without any treatment

‘thermal treatment at 40°C for 24 h

dthermal treatment at 50°C for 24 h
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600

HE initial
) control
5007 pm 140
H50
400 1

300 ~ T

200 ~

Sugar Content (mg/g dry matter)

100 A

fructose sucrose fructan

Fig. 19. Changes of free fructose, sucrose, and fructan contents by thermal treated

garlic cloves.
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Table 9. Effects of chemical and thermal treatments in volatile composition in

crushed garlic.

(i pepk aread 10,0003

oG siorge 10 months storage
Mo maieiial miiial ciirgl HS* oyt
e area aren arex
1 dialby -monoaalfide 711 ] 1209 1135
2 ru.!l:].'l ﬂ]}d-tﬁ.'ulﬁdr L5135 17E4 1M 101
3 trame propeny] methy-deasliide et x| 128 TEsd
| chally -dizulfide: 113549 SRR 13356 Ml 5RG
5 -].'|1]1I|:I- crofomic el 551 4004 468 H297
A= sl o -2l
i e covtomic wcid 4BEE 12531 o Lt LR
7 methyd albyl-risubdide a7 200 E35
5 3, 4-ddivwddro-3-vimyl-1,2-dithin 104 &7 -
u E-winy-4-H-1. % -dithin KiN | 185
1] d.l.l.ll:.ﬂ-l:l'l:l.ll‘l& 2237 1882 1531 1401
1-propemd trisalfide diallyl
11 i ifid 195 Ll 2035 2l
Taotal P SR 21189 a3

L Hea e dlesd il of HAC 38 b
¥ Oimine 1250
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control ascorbicacid 6%  cysteine 1.25% 40°Cfor 24 h

control AA 6% CY 1.25% H40
pH 5.5 3.9 4.1 5.8

Fig. 20. The total viable cells and pH values of ascorbic acid, cysteine and thermal

treatment.
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Treatment

Fig. 21. Total viable microbial cells in crushed garlic with 6% ascorbic acid,

1.25% cysteine, and thermal treatment at 40°C for 24h
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H 5% A7l Zuto| &2H %
B ATE ¥ AT ASES et go] e A Utk

1. 53(2006d 5€¥ 11¥ &9)
LT mkse) W o4l i W ] Wbl ofd Alzd o7l vhs
CRUSHED GARLIC THEREBY

g0k B age sAAAAE AdAAL AAAGRA 21 ks AN % FS

FAFAA T v o] SAS oASE B % 7] WHel s Axd o vk

)

1) Food Chemistry A&7 (20063)
A= Green Pigment in Crushed Garlic (Allium sativum L.) Cloves: Purification and

Partial Characterization
2) sharlofsks] Al o A (200613)

A| & Effect of Storage Temperature and S-Alk(en)yl-L-Cysteine Sulfoxide on Green

Pigment Formation in Crushed Garlic (Allium sativum L.) Cloves

3) Food Science and Biotechnology Al =} <7 (20063)

A& Predicted Reaction Involved in Green Pigment Formation ('Greening’) of
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Crushed Garlic (Allium sativum L.) Cloves

1) 2004 F=AQdlsts] LxE E
A A e 9 FFo] vhdnts SRl v = JF
4 exvb v wbg Wl WX e JEg vxo mAEAS @5
ATE FAsEATE 20040l A, @al, o Aol Zbzk Aw) =3
A A (RelE, =
5, 10, 15, 25°Cell FHA ¥ HAS it 1 A 25°C o] 99 BE AF T
=

A A% ok 29 FRE mwol BATOH, Lr} Gl d5E, AYrlTte] BojAs
sy owg 4EE 4sat 59 28 4% 2AskelA oA vhEe Hunter ‘a

2) 2005 =AY E2E Wy

A& Stz 2RE 229 nAo 5454 244743 54

fok mHutEoA Yehte wX e S4EHAS e Bl BATERE 487
et 2 AFE TS 20040 A, el o Aol Az Al EH
A, e, % vtsS 0°CAlA 371E AZS & vyt vEid s4E5RS
Amberlite XAD-163} Sephadex LH-20< o] &3 Ay 2 A I2vEazyE o]&
dto] = B AEHoew B® xA24L 92739 (P°C, 'H, DEPTI35,
TOCSY, COSY, HMQC, HMBC), FT-IR, ZAZFEA(EL LC-ESI, FAB
MALDI-TOF/MS) 59 WS o]&ste] EAFS st AT x2E F4ATH

FT-IREFE Qo7 uE eholnele PMF At vAe] 54Bde w54

%91 coconut oil diethanolamide(NH(CH,CH-OH)», #2}2F 105.14) #=}o} f-AFstH
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3) 20050 FA D3] 2 H WR

A& Control of Greening by Chemical and Thermal Treatments in Crushed Garlic
(Allitum sativum L.) Cloves

Q9 A study was conducted to control greening in crushed garlic. The storage
quality of crushed garlic with organic acids, antioxidant, salts, cysteines, and
thermal treatments was investigated. Quality attributes of processed garlic were
evaluated in terms of color, pH, flavor, pyruvic acid, and sugar content. Overall, the
treatments with ascorbic acid (6%) or cysteine (1.25%) showed the best storage
stability in crushed garlic. Thermal treatments were achieved at 40 or 50°C for 24 h
and combined with ascorbic acid (2%) and cysteine (0.5%). While thermal
treatments were effective in preventing discoloration, some browning showed in high
temperature treatment over 50°C, especially in the combination treatment with
ascorbic acid. Heat treatment reduced pyruvic acid content. Pyruvic acid content
displayed a positive correlation between the amount of pyruvic acid and greening in
crushed garlic. Garlic flavor was enhanced by cysteine treatment, but reduced by

thermal treatments, respectively.

4) 2006\ = Al oS3 L e g oA

A& Isolation and Characterization of Green Pigment in Crushed Garlic (Allium
sativum L.)

Q¢ Unknown green pigments, responsible for greening in crushed garlic, were
purified using a series of column chromatography and identified using liquid
chromatography—electrospray ionization (LC-ESD, matrix assisted laser
desorption/ionization time-of-tight (MALDI-TOF) mass spectrometry (MS), and
magnetic nuclear resonance (NMR) spectroscopy (C¥, H!, DEPT 135, COSY,
TOCSY, HMBC, HMQC). Green pigment extracted from crushed garlic showed two
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maxima of absorbance at 440 and 590 nm. LC-ESI and MALDI-TOF MS suggested
that molecular weight (MW) of green pigment. Molecular ion having a peak at m/z
412 was the compound that resulted in greening. The complete isolation of
compound for proper structure elucidation was not achieved under the
chromatographic conditions examined. It consisted of one sulfur atom and one or
three nitrogen atoms, and 25 to 30 carbon atoms. The presence of methyl and
carbonyl group, alcoholic carbons, and an aromatic ring in the chemical could be
obtained from C" spectrum of NMR spectroscopy. The observed values for an
aromatic ring were 137.6, 130.0, 126.2, and 128.2 ppm, which indicate that these
substituents are related to aromatic ring in meta position. The carbonyl carbon does

not appear in the DEPT135 spectrum since it has no attached hydrogen atoms.

5) 20061 = Al elets] EAE i

Al Z: Why Greening in Garlic and Pinking in Onion?

Q°F Allium discoloration, greening in garlic (Allium sativum L.) and pinking in
onion (Allium cepa L.) during processing, has been studied. These discolorations are
originated from reactions with alliinase and ACSOs (alk(en)y cysteine sulfoxide),
especially 1-propenyl cysteine sulfoxide (1-PeCSO, isoalliin). Despite the formations
of both pigments are very similar in nature, generated pigments are green in garlic
and pink in onion. To obtain differences inthe mechanism of color formation, model
solution was made mixing heated onion extracts and crude garlic enzyme (alliinase)
with different ratio. As crude garlic enzyme concentration was high, colored pigment
was green, and as concentration of heated onion extracts was high, pink pigment
was formed. Color variation was caused by different enzyme concentration against
same amount of cooked onion extracts. While trace of 1-PeCSO and high amounts
of allilnase were present in garlic, high amounts of 1-PeCSO and low amount of

alliinase were in onion.
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