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Changes of Component on Green Discolored Garlic

Jin-Bong Hwang*, Jae-Ho Ha, Wan-Soo Park, and Young-Chun Lee'

Korea Dood Research Institute
'Department of Food Science and Technology, Chung-Ang University

Effects of temperature, discoloration, and conditioning on garlic compositions before and after storage were
examined. Proximate composition, soluble solids, pH, organic acids, and total sugars of all samples were not
significantly different. Sugar contents were sucrose > fructose > glucose, and included such fructooligosaccharide
as 1-kestose, 1-nystose, and 1-F-fructosyl nystose. Allicin contents in control, green discolored, and conditioned
garlics were 647.9, 613.8, and 648.0 mg%, respectively. Thirty-two flavor compounds were identified by GC/MSD,
including 11 sulfide compounds, 5 acids, and 3 aldehydes. Contents of sulfur compounds, including disulfide(di-
propenyl), 2-thiophene methanethiol, thiophene, 3,4 dihydro-3-vinyl-1,2-dithiin, and 2-vinyl-4H-1,3-dithin, and
water-soluble pectins in low temperature-stored garlic were higher than those in control, and decreased by
conditioning or inducing green discoloration. These results show sulfur compounds and water-soluble pectins
accumulated in low temperature stored-garlic, and are then converted into green pigments by alliinase in

disintegrated garlic tissues.
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HE AHER Cavalio (16} "HEEREH allicin® 2235}
o P2E A7 A3}, 2 F27) diallyl thiosulfinate) & 3
1% vl Jom, Stoll §(17,18)2 methanolE ©]&, Pls3aE
AN ARl opiedkel (+)-S-allyl-L-cysteine sulfoxideE &
283l o1& alliino]lzt A 0H, oA kgl FHEE Fio)
©J3) allicin, pyruvic acid 28] ammoniaZ A4 shciy vt s}
Atk B3 Brodniz $(19) vh=2] F84E20 allicin® mono,
di, trisulfide®} sulfur dioxideZ H|Ertz R 3 n} glon,
Saghir §(2002 vh=o] wj@ut HE-& diallyl disulfide, allyl
methyl disulfide, allyl monosulfide ¥ disulfideg}y. B8} ch
ol o] mise] olglelA HRuWsy} FHE o2y e
T e rkse] JEHSE Kim SQIe] 2HE ey
 vhzdl FHE 714 B H2HA 9 L2 olnwat =
oFE7|Y, At F FEElah ¥ ElEANe o] waiEkR=
rhso] AXE vhee HE F& e JERthy 2ask 3
o] Frdat =wE vlme] BEP olsksty AR wsld o
e d7e v mRE deeld. makd B Ajeae
control, 124743t whs, = vl 9 conditioningdt PHs9)
A% AF 8 W f T YRS uw M3l Zwo) 3
déle EHES galslaal sk

Mz W A

AE AR AEE 20004 69 FHEE Tk A4 ©
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FrEAIEGNA T8 gt v FAIEE YA
o] wj Alg3 EFEELS fructose, glucose, sucrose, carbazole,
galacturonic acid monohydrate, 1-kestose, 1-nystose 2 1-F-fruc-
tosy nystose({t 4, Japan), allicin®NOPEX, Great Britainys A}
831900, 119] 71EF Aok 15 o] AlekS AME-3IS]T).

sHoHe R¥ X2l =

nrES UAE 2EY] & 3kg¥ Wil ©]F 4°C H2AF
I E ARSI 6 Eolg] Avk170X170cm, FAANH
o 1Y Ft B AAFHoE Ao ARSI A
g 7rE2AME A2 A vls(Control, garlic stored at room
temp.), 4°Cll A8+ vlE(LTG, garlic stored at 4°C), #4734
T e vkdEt] A2eA 4A17F WAt SwHo] fdtE
Ths(GDG, ¥ Uvhs, green discolored garlic) ® A2#% 3
conditioningx 2] ¥ FUAd AFEAE £3AZ) vHE(CDG,
conditioned garlic, 4°C #2414 3097 Ag3ted st
A =HE vks oF 20kgE 35°Co] ¥Wo] 79 E< conditioning
g ulE)E TR AP A&t

AxXAlzel =X

Control, A2 &ulE, =Huls 2 conditioning3dt vlE2
15F7I1R v ¥ olg AFEAE o], FY¥AI v
deep freezer(Gudero, DF8517, ISE, Korea)olX W&EAIZ ¥
freeze dryer(Bondiro, 1-8k, ISE, Korea)& AR&-3le] 48417+ 4
EAxE § B8l Ag2 ARSI

o (2,

i

AR f7IA A B $Y 248 ACACH(22)2.E &
dom vks ZHFAe FHAFEAH (Abbe markll, USAYE AME:
gl 7MA ZPES FIEI, pHE e vRiskd de
o| F8-S pH meter(Hanna pH213, Italy)E =351t}

HEIN

AFE-84 THE(alcohol insoluble solids: AIS)e] A (23):
SFEEA FTYHE ZAle WEAZXS vlE oF 50g8 500
mL F2Eg236] B3 7)o 80% ethanol 200 mLE ¥
Z A F 85CollM EFW AXE FFHAA K7 7R,
23 e A AFsl) Jatele] e AAHE ThA
80% ethanol 200 mLE A7l 60°ColA 1417 WAL o
Hake 2L 4-53] HHESN ogodola o] HEERA] BE
7R A& AlEed G ZAlo £ ethanold} acetone®
2 geRig st oJRAE 40°C FFARA ARAIA AIS
£ Azslgrt

7H84 H|le] B8 (24): 7184 HEle] E8L Fig 13 7
o] AIS 02g% &7 100mLE 718t 30°ColM 147} &
3§ e Fsia ZAEE Al 100mLe] SR dE &
et FTARANA & & AHsted 84 = F(water
soluble pectin, WSPYS A1t}

7184 HElo| Mz

7HeAl HElel A B8 carbazole-sulfuric acidy(25)¢] k)
520 nmollM FFEE A AEIen, ol AFHL
galacturonic acid monohydrateE 10-60ug 5% W2 sk 2t
k=

71

H714-& Cristina $(26)2] WEd] we} Axelst & Ha 5
@2nel el sl GCE B3N &, YEAXE vhke
20gS 300 mL AZrEekadd)] 3kl 7)o 80% ethanol 100
mLE 715 & A2oM 8 (Jeio Tech, SK-760M, Korea)E
ol&, 150pmolA 3A1HELt F7IAE FEIAT. FEAE
o3t A FET T A7) FHRFE /B 100mLE A
234} ol ARG o o] A 50mLE TP Al
8ol 14% BF/methanol &% 5mL, WEEFEZIZ methyl
laurate’t E9] S+ chioroform &9 2mL ¥ FFol3hlE
LS 2% 718 WS 924121 3 80°CS sand bath’dol]
A 3087 HESAIA FEA8E FATh ol 10mLe] Al
&7 U8 4mlY ¥3} ammonium sulfate8-H-L 7}Ele] A&
3k & chloroform &5+ 3L &L F ol hEFO.
2 243le 10uLE flame ionization detector(FID)$} HP-
FFAP B3 Z¥(crosslinked FFAP, 30 mX0.32mm LD., PA,
USA)°] 38 GC(Hewlett-Packard 5890, PA, USA)ol 3}
o] E2]3t}. Injectors} detector%+ zZHzh 250°C 2 270°C
2 393 8 2xv 70°CeM 1B fAI% F B 5°CH
230°CTHA] AsAlA 230°CollA] 8E-7F SAIEEE 3Ty ot
7AE EEE AEEEAE B #5458 12mLE 3o H plit
ratiow 1:6022 FABIATE f714 BEEES 5349k (Sigma
Co. USA)S AHE-3I6 3. AAFS Varian Chromatography Data
System 402(USA)°) 28] W& ZEHPo = Gk

RE|2H28)

WEAZS vz oF 208 300mL AZEak~=e) FH3 o}
& o710l 50% ethanol 0 mLE PI 80-85°Ce] LEIM 40
7 FEdE 2 F AYESAIA ethanols AAT t&
100mLE A& - 337 Whatman No. 12 A38t). o1&
AR F AL Halo] o] 2w E4X](mixed bed resin
MB-3, Sigma, USA) 3g& ¥ ALoA 417k F¢F A3
TE0] Fof o] EFE FAA FHANAT o1& 7,000Xg
oA 1087 FAEEE thg A AE #31] membrane filter
(pore size 02 pm)E AZsla FEld BY AlE2 ARLEI
oj7)A]  fructose, glucose, sucrosex= HPLC(PU-980, Jasco,
Japan)E EA4890™, columne Carbohydrate(4.60X 250 mm,
Waters, USA), Z%7]& RIRI-1530, Jasco, Japan), &w&
acetonitrile : H,O(75 : 25)°]t}. ¥3F 1-kestose, 1-nystose & 1-
F-fructosyl nystose®] ¥ 4]-2 Dionex Bio LC(Dionex, Sunny-
vale, CA 94086)2 #2413} 3L, columne carbopac PA 1(4.0
X250 mm), & 7] PADGK), &= 100 mM NaOH®} 100
mM + | M sodium acetateZ- gradient2 3le] A&t c)

Allicin

Allicin 2732 Mochizuki(29)2] HPHLo2 S8t & 50
mL YA WEAET vk oF 10gS Wi A7)
F 10mLE W ice-bathdollA] sEE< #FsA AL 74
3}4d A8l 001M phosphate $F8H(pH 2.5) 50mLE H&
3 O 4°CA 108 59 5000pmeE LRI 4
YL membrane filter(pore size 0.2 pm)E A7A1Zl 3 HPLC
(PU-980, Jasco, Japan)E ©]8-3}d column® Luna(250X 4.60 mm,
Phenomenex, USA), ZZ&7]& UV(254nm, UV-975 UV/VIS,
Jasco, Japan), 8-v+= MeOH : H,O40: 60)2 ¥} ct.
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Table 1. Operating conditions of GC for flavor analysis

Instrument GC (Hewlett-Packard 6890, PA, USA)
Column DB-5 fused silica capillary cplurpn
(60 mX0.32 mm, ] & W Scientific, USA)
Oven temp. 35°C (3 min) 280°C (10 min)
1.5°C/min

Injector temp.  250°C
Detector temp.  300°C

Detector FID
Carrier gas He, 1.2 mL/min
Split ratio 1:20

Table 2. Operating conditions of mass spectrometer for the
identification of flavor compounds

HP 5972 mass selective detector

1. Instrument (Hewlett-Packard 6890, PA, USA)

2. Setup source
1) Electron voltage: 70 eV

2) Resolution: 0.05 amu
3. Setup scan
1) Mass range: 50-300 m/e
2) Scan speed: 1 second per decade

4. Data handling system
1) Opreating system: HPG 1034 C MS Chemistation

Wileynbs 273

2) Library: (National Bureau of Standard, USA)

MR =i B2 ¥ 83

3 vk 503 FHST 100mLE 7ist) ERE & o
71ell 33]ell ZAA 100mLe] etherE 7l 1587 AHs) &
€ U WX etherd: g ZUTE 22 ether® g vigreux
columng ©[85}d 40°CoA] etherS 1x}3 0.8 AAdw HE
o2 Hd gasE o83l 300uLE F=3lo] Y|P B
4 AIRE ARSI 5E vis ether 29 1.0uLE FID
7t #3E GCell FYstd B3I, GCo ¥AZ2UE Table
13 2} F7IFEL] 4l Mslae GC HE72 AMEE
FID®] response(area count)® A5 2 & 7)(HP3396A, Hewlett-
Packard, PA, USA)Z 343 HIHA S F3masidy. A%
Ao 2227E zero=S5, attenuation=7, chart speed = 0.5
c¢m/min, area rejection =50,000, threshold=35, peak width=

0042 stk GCol fjst] F2jd F1HE 8L Gas
Chromatograph-Mass Spectrometric Detecto( GC/MSD)YE ©]-8-3}
Atk AEEYL 3% interface L 280°C, ionization volt-
age™ 70eV, resolution2 1000, mass ranges= 30-300 m/eE &}
Qom 2 wte] 2L PR g 9% 6Co TYE
Z7o2 AN, BAHEAL Table 29 )

@ g
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Control, #2478} vl 2 conditioning3t nhzol] éle 4
2, 2, 245, 238, 7MY Z38E 2 pHE =248
A= Table 33 7} Control, A28t nls 2 condition-
inggt vh=e] PEFFS 247} 617, 624% 2 61.5%°|93, &
B, A, 3R, AR, 7RI E 223 pH 7] 2 A}
o7} gle ALZ Jeith &, oL 186-19.8%, AW
02-03%, 382 394.1%0|0c}). 7MH-A4 ZEES control, A
22174% vke ¥ conditioningdt vH=e) 39 2zt 407, 395
4 41.6BxE VEREOH, f714t AFEE 09-1.0% FF0)9T
pHE 6.0-6.101%0t} vl AEFFL 5, Auizd 2 A
B2 Tl wet gEAT AEGE B HC09} Shin®Po] B
g vlEe) £E, e, 22, Z3E 5 gukgR By
Avet £ AF dxE viws] B o fAE £33 o5
39 sk Zb7) 213, 227, 20.5%©] A

7F2MHEle| & I TAH|

AAE §d9 EAL R A . o A wet
FeEm ol HeEldo] AEAZI T Asle] 23 74
3t7] ofZelth, &, #Heizde] A . g AAE viE JAE
9] Az} 7 FAA T 9tk Table 45 mHE LA AA]
ZAWslel WHI #AA7E s WSPY gkt AISo Wisk 2}
7H&dH Rl rAduiE vebd Aotk WSP/AISS control®)
739 3489%°1R o A2 A% niEoME o 67.87%0.8
A F7Hstth7t s¥eks 22]2 conditioningdr whHsol)
o2 zHz}; 2922, 26.75%E Padte AL waFEo) £
WSPE= control, A48 vlE, S¥nks 2 conditioningdh
ulsS Zhz} 2898, 27.36, 2891 2 26.77%EA AX EE =
wog Hut¥go g ZIasiHth o|Atw 7o) niEg 4°CHlA]
AeA g ZA4H tARge] JAFEAN vhe 27 3

Table 3. Proximate compeosition of stored under different conditions (dry basis)
Control" LTG? CDG?
Moisture (%)" 61.7£1.11 62.41t1.30 61.5+1.09
Crude protein (%) 18.6+0.24 18.61£0.20 19.8£0.47
Crude fat (%) 0.3+0.09 02+0.08 0.2+0.08
Crude ash (%) 3.9+0.10 3.9+0.21 4.1%.017
Crude fiber (%) 2.0+0.07 22+0.09 2.31+0.07
°Brix 40.7+1.45 395+1.29 41.6+1.17
Total acidity (%) 1.0£0.06 0.9+0.08 1.0£0.06
Total sugar (%) 21.3+0.97 22.7+0.88 20.5+1.01
pH 6.1+0.02 6.1+0.03 6.01+0.02

YGarlic stored at room temp..
YGarlic stored at 4°C.
*Conditioned garlic.

“Wet basis.
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Table 4. Changes in pectic substances and alcohol insoluble solid (AIS) content of differently treated garlic

(/100 g, dry basis)

WSPY AlS (%) WSP/AIS X 100 (%)
Control® 10.11x0.74 2898+ 1.44 34.89+1.67
LTG” 18.57+1.03 2736 £1.19 67.871£2.12
GDG* 845+0.17 28911+1.04 29.22+1.13
CDG” 7.16+£0.23 26.75+0.98 26,77+ 1.00
"Water soluble pectin.
YGarlic stored at room temp..
YGarlic stored at 4°C.
“Green discolored garlic.
“Conditioned garlic.
Table 5. Changes in organic acids of differently treated garlic (Unit: mg/100 g)
Control” GDG” CDG*
Pyruvic acid 137.7£3.01 155.8£4.21 149.1 £4.03 160.6 £ 2.11
Levulinic acid 188.3%=5.10 134.0+3.10 128.6£6.12 159.2+2.74
Malic acid 14.1+091 2341074 21.81£0.50 249+0.38
Citric acid 4631146 3521088 3861046 435094
Pyroglutamic acid 301.5+£7.70 369.5+3.01 355.7+4.99 345.5+3.20
Total 687.9 693.8 733.7

"Garlic stored at room temp..
YGarlic stored at 4°C.
YGreen discolored garlic.
YConditioned garlic.

>

JAdE-o] EajElo] WSPY Fo] 80%°ld F7tste HIEA
el Wy} WAEE AL FEE e Ao, A%
% conditioning #3L AXH WSP o] control FF ©13
2 Zashs A% $8% MR ART F vk EFE AA
A8 vhsg vhsle] wuo) WA EE & WSP7} condi-
tioningdt vhs &3} vlsElA Akt of# pectinZ e §
2 Wske WSP/AIS oAM= shlshl ekt skl 53
ANpERZ 883 8733 E(allin 3 +H2)7} unsaturated
carbonyl compound”} TR Imai(14)0l] oahH o]2F H3
Hel} EZEo] nhE2 green pigment AJ/doll carbonyl com-
poundZ #S #L 7heAe] Arke FAE AN F U
MZHET) Pectin®d 3 £3] WSPe] & Wzl FEah= o
= green pigment 7F AFUolA AEHH B8RS
24 Al9] carbonyl compoundZt ¥H&oll #elstr] gold A
o8 FAH7] "otk

R[4t

220l Wr2)3} control, 4°C AAvlE, HvlE 3 condition-
ingst whsol thste] alliin®] E&|AHEQ pyruvic acid7t of=
AE PAES 2 yre] GrlakEe] ofBA WsteheTHE Yot
B7] 9sto] GCE o)&-31 HAgh Aak= Table 59 #th vt
%9 #714k9 24 = pyruvic, levulinic, malic, citric, pyro-
glutamic acids”} EA8hs A2 E4H3ATH Conwol?] &
714 e 100 g9 687.9 mgelAth. #714H%F  pyroglutamic
acid7} 3015 mge 2 AA §714F 5 oF 43.8% HEE xHA|S
A3, levulinic acid”} 1883 mg. pyruvic acid”} 137.76 mg©]
gHrslo] 2UATh Citric acid ¥ malic acide 247 463, 14.1
mge] 5ol st &, =drkE 9 conditioning WHECl
A9 controlo] Ha] E-8-7]4k0] oF 59458 mgo] Z7HBISH=
o] pyruwvic acid® pyroglutamic acidZt Z+7F 114229 mg,

68.0-440 mge] Z7sH 7 & €le] e er F5H
th. &9, ol F2) pyruvic acids alliin®] alliinase®l] <3t
allylsulfinnic acid ¥ aminoacrylic acid® ¥-3}%37 aminoacrylic
acidy B 1EAE wXIHA A sfgion, ojFA A4
= pymvic acide 21Ol 2J8le] thA] carbonyl HEHEE ¥
Aole Aoz dEiA ok3233) B A7dddM s 28
3 eS B 4 gtk 183 pyroglutamic acide P
Zo| &A= y-glutamyl-S-propylcysteine®} y-glutamyl-S-allyl-
cysteine7} y-glutamyltransspeptiase] 2|3l propenyl cysteine sul-
foxide, glutamic acid % v-glutamyl-ieoleucine 2.2 3=} 2t
Aol X AAEE Aoz AluETh34). T Park T35 T
oFsl zAA o7t = wl=9] pyruvic acidg ZARE F3}
LTt SRS Hdhdte FAE B 3 v oy 2
ATAFANM = ARG vhse] A Al WAg =53
v=3} conditioning®: "l VI3l pyruvic acid= 2F7F FoF
E AT B o5 ARt tha Aot S-S & &
At 283l Lee H(12)3) Shin T(36 WEsAHFe =
ZAME 5 714 wEkE FHd 43 40C 2 -18Coll
A 15z ARl s {715 ko] Hake gl AeE W
38 vk ok 3 Shin 537y AHAE kel F450A
MARE abgat B E gy YA vheTke) RIS
ZARE A3k 1009 22 1583, 167.0, 171.3 mgo} THFSlo]
e Zor Bysrh Kim §QNe FHrkee] f71akg
HPLCEZ ¥243%+ A3 lactic, pyruvic, oxalic, succinic, citric
acids?} P)Ee] fumaric acid7} FEFH AW, ©]F lactic, citric
acids} pymwvic acid’t 2 F714klA, ©] & A2 7zt
560.2, 375.8, 162.6 mge] F-HEHATH W ub vt I
Kim 5(21), Shin 5(37)2] 23 ZAzje} & Apdzel g 3
ol2 HAEH ol AlEet AEHAME B M| Aolgt
o 7191 Zlo= AlsHT)

nr 3o ok ¢



Table 6. Changes in free sugars of differently treated garlic

A W3} 5

(unit: mg/100 g)

Control” LTG? GDG” CDG*
Fructose 343.0%10.11 47821£5.28 4599 1+3.77 345.1+6.14
Glucose 331.3+£3.54 355.6+4.86 374.1£291 3349+8.17
Sucrose 19589+ 13.17 2027.9+£9.89 2160.1 £ 14.67 3159.8+24.13
1-Kestose 58.1+0.84 105.7+£1.02 ND? 157.0+2.64
1-Nystose 125.0+£0.79 19391217 ND 224.0%1.95
1-F-Fructosyl nystose 110.7£1.97 131.7£098 ND 137.2+0.77
Total sugars 2,927.06 3,293.21 2,999.16 4,358.19

"Garlic stored at room temp..
PGarlic stored at 4°C.
YGreen discolored garlic.
“Conditioned garlic.

“Not detected.

elg

42A% vE2l conol, LA AT rlE, HHuls ¥
conditioning¥t wHsoll thale] TAE Aw1R7]) ¢s] HPLC
9 oleazvEasE o843l E43 A= Table 63
2t} nlEFoll= sucrose, fructose & glucose 330}l E o
2 A7t HEHEULH olF #2137l 95k maltooligosac-
charide(G2-G7), 1-kestose, l-nystose = 1-F-fructosyl nystose
T BEFY o|2ARnEIYE AlRe] AZrtEIY) vl
& A3} 1-kestose, 1-nystose 2 1-F-fructosyl nystose= FA) 3}
RO 8 ERITE 1-kestose, I-nystose 2 1-F-fructosyl nys-
tose®} 7HS fructooligo-saccharide™ 993, %5}, ofAmta}rbA,
nhE, B9 5o AT EAEIY 7lsATIEeR
A 2UTh(38-42). =T Table 601 VrERY B} 7o) control,
2448 viE, sHloks 2 conditioningdt FHEel & £
G e AvHo g Frlshs AL HAFT e o
+ fractan 59 AFEH] 7l o) AR fF
£ AN wFole) AztEY, 7o}l e AEAE AR
e A dirH o dojue doz duA th42). 3
H Park 5-43)2 vlEe] A2 N A7NA glucose
7} 0.84%, fructose”t 2.33%, sucrose’} 0.51% 3FH5o] Stk
oo, Shin T WEALF vlee AF2719] 2%
T vlE 1002 glucose, fructose, sucrose’} ZHzd 2229,
638.7, 589.7 mg2l WhHd| —40°ColA 167097 A S wlse)
Me feee Wile A9 HsEx oksht R v glE
bl o]E9] Buet & AFAAe} thh Zo|7t e AL ks
o] F&9 A=A F9 Aol 98 Aoz Algwr}. Shin
TENS WAL R YA fEd sl BY A
ok oflgt gAY 183 YA vlsdl wel fald
< 28 Hx Apolrt Aok & wvf ok

¢

fir

Allicin

HHE vhs F9] alliin®] alliinased] 2]3le] allicind} pyruvic
acid® F3N= 3L allicin®] oA diallyl thiosulfinate$} diallyl dis-
ulfide2 E3]5]0] o]E°] pyruvic acid®t XM E ZL3ld AF
F33E 2 carbonyl FFES AATO 2N Y= Ao
A J=v(16-18), conwol, AAHE W, HwWrks o
conditioninggt vlEel il allicine controle] 7H ol wf
T 100g% 6479 mgelA o™ HWrlEd| = 6138 mg, 281
conditioning®t PHE2 648.0mgo 2 AR tha allicin®]
Haths Ao A=A gt oz vhsdl g9 allicin

= WEZ 06-07% THEe AoE g qol4445) &
T F AU oY allicine] ¥ FAsl= =
A + YA

gl
%

| dEe| Hs}

PIEe T2 % T8 WER] B4 oM g4
T FEE WS 383 Aot IR PR IniFo)
2 AEA BREolER 2 Tl A4, ¥ 2 W § &
730l ejste] wig- A FRsin Wslelr) wjioln). dAl &
BEe FEyiese A/ SRA o by, Suld 9%
i

&

nhse] 7|1 EE B st S5 2 8] &y o
slod AESH A Likens-Nickerson A& o] 83t dA&zs &
9l M ARHA Wyelgt 3tk 22y} Likens-
Nickerson Z3|& ©]&8 FEFHL 100°CAA 1A]7 o4} F&
oM A3 skl 9l 2313w wRA Fr|AHR
o] A" = e B wEd A2 s1hel o5t &)
Aol &4 Te W g risAe] ¥ v AE B3
A FIE 58 B4 u dynamic headspace concentra-
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Table 7. Flavor compounds of garlic treated with different methods

(Unit: peak area/10,000)

Retention time Name Control"” LTG” GDGY CDG"

1 7.33 Benezenamine, 3-fluoro, furan 217 356 351 118
2 8.85 Benzonitrile, ethanethioamide 1732 1012 981 749
3 10.23 1H-Imidazole 149 226 299 113
4 11.87 Benzene 120 195 205 98
5 12.55 Disulfide, methyl 2-propenyl 646 612 587 443
6 12.97 Disulfide, 2-propenyl propyl 181 260 210 155
7 13.17 Disulfide di-propenyl 540 1306 997 718
8 14.29 Trisulfide, methyl 2-propenyl hydrazine 76 74 59 46
9 16.01 3,4-Dihydro-3-vinyl-1,2-dithiin 3436 4291 3894 3237
10 16.21 Hydrazinecarbodithioic acid 361 263 201 172
11 16.58 2-Vinyl-4H-1,3-dithiin 808 1034 889 724
12 17.12 Ethoxycycolhexane 77 133 84 41
13 17.19 Acetaldehyde, 60 40 26
14 18.92 Diallyl trisulfide 44 58 40 27
15 19.48 Thiophene, benzenethiol 494 806 777 579
16 19.87 2-(2-thienyl)Propanal 572 816 705 629
17 20.71 Propanoic acid 330 282 198 120
18 212 1,2,5-Selenadiazole 132 96 88 70
19 22,77 Benzaldehyde 49 72 56 35
20 232 1-Phenyl-2-propanol 26 36 51 60
21 24.42 BHT, phenol 472 531 489 79
22 24.79 2-Methyl-5-methyl thiophene 45 31 28 21
23 27.48 Propanic acid 76 35 50 40
24 28.03 Trimethylsilane ethane 58 76 50 31
25 28.33 Pyrimidine 79 84 61 38
26 30.16 3-Thiophenecarboxylic acid 52 81 65 59
27 30.79 2-Thiophenecarboxylic acid 140 185 149 106
28 31.39 Thiophene 79 148 94 53
29 3151 2-Thiophene methanethiol 29 S8 45 25
30 33.54 Ethyl isovanillylmandelate, benzothiazole 105 76 85 89
31 33.77 Thianthrene, 5,7-dimethyl-2-methylthio- 1-azacyc 203 217 226 248
32 34.07 Thianthrene, 2-(1-thia-2-cyclohexe-6-nyl)-1,3-D 1262 2055 1597 1414
12643 15498 13651 10364

UGarlic stored at room temp..
IGarlic stored at 4°C.
IGreen discolored garlic.
“Conditioned garlic.
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Water soluble pectin (WSP) Residue

Fig. 1. Fractionation of various soluble pectins from alcohol
insoluble solids of garlic.
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