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Change of Flavor Compounds of Pickled Garlic with Different Pickling Treatments

Hyeun-A Jung'

Dept. of Food & Nutrition, Bucheon College, Bucheon 420-735, Korea

Abstract

Raw whole garlic was pickled in two different ways, in soy sauce and in brine, to test the change of flavor compounds
with aging period. The changes of pH, acidity, hardness and flavors were measured, accompanied with sersory evaluation.
The pH of whole garlic in soy sauce and in brine was decreased as the aging period increased. The acidity was increased
as pH decreased. Hardness tended to decrease as the aging time increased. For whole garlic in soy sauce and in brine,
trans propenyl methyl disulfide, allyl methyl trisulfide, diallyl trisulfide, dimethyl trisulfide, allyl- 2,3-epoxypropyl sulfide,
and 2-methyl-1,3-dithiane were increased as the aging proceeded but allyl methyl disulfide and diallyl disulfide tended
to decrease. Hardness through the sensory evaluation decreased as the aging time increased. When the overall quality was
compared between whole garlic in soy sauce and in brine after 60 days, the latter could be better estimated. Pickled garlic
increased the flavor compounds such as trans propenyl methyl disulfide, allyl methyl trisulfide, diallyl triculfide, dimethyl
trisulfide, allyl-2,3-epoxypropyl sulfide, and 2-methyl-1,3-dithiane as the aging proceeded. Therefore, the above flavor
compounds are considered as the major ingredients of the characterized flavor of pickled garlic.
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finate} diallyldisulfide 2 A& sulfideF-<! cystine, homo-
cysteing2] & olmn2} Vit-C, Vit-B 5oz E3Hc)
(Stoll & Seebeck 1951).

vhse] 3] dEElstE 3 diallyl disulfide, diallyl trisul-
fide 52 3h(Tsao & Yin 2001), diallyl disulfide, diallyl sul-
fide s 3F2H(Chen et al 1998, Nagabhushan M 1992, Wy ef
al 2004) 52 &7} vt w3 diallyl disulfide= ¢ A2t
B3 F3KKim & Mo 1995) 31-3-], diallyl trisulfide, 2-vinyl
-1,3-dithiane, 2-vinyl-4H-1,3-dithiane, allyl methyl trisulfide,
allyl-1,5-hexadienyltrisulfid 52 323, dA7 23 oA
Z+-8{(Ariga et al 1981)5°] &= A E BuETh o 7}
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Ao 4 5 97 o) FYE S EHKim & Mo 1995)
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HEH, Arks 952 o] F0]%] 1(Shin er al 1999, Whitaker
JR 1976, Brodnitz et al 1971, Saghir et al 1964, Yu & Wu
1989, Lawson & Hughes 1990), 2|3l vl AJuliro] o st
vl A7(Chun & Pack 1997, Bae & Chun 2002), Y3 vl
7+ A28 A(Koo e al 1994)9} olH EALY A3k o}
= ol AP (Joung AR 1993, Soung MJ 1989)7 R ¥ 1
otk Phs 3] AES BA% whEL A9 B, Koo e al
(1994)+= evaporating methodZ ©]-&-8 nls9] Fu| &2 GC
2 23 A3} diallyl trisulfide(35.76%), diallyl disulfide(23.38
%), allyl trisulfide(9.80%)& A3} 1 & diallyl disul-
fide<} diallyl trisulfides} 60% ©]43-S 24x]3 Aoz B3}
Atk Jo et al(1990)2 vlE HHES F7) fulo] {3t &
GC-MSDZ #X3 23} diallyl trisulfide, diallyl disulfide,
allyl methyl sulfide S°] vl 3-F59 F23 I0gd A&
olgtx Endlsit}. Shin ef al(1999)L- garlic powerellA] head
space’ ol wel 417He] 7] HEe BAsld Hasigm,
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4 £271(VS-5500, Vision Scientific Co, Ltd, Korea)E
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mLZ %83 ¥ pH meter(pH/ion meter 150, Coring, USA)
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Table 1. Operating conditions for analysis by GC

1. Instrument HP 5890 series I plus
DB-5 fused silica capillary column

2. Column (0.32 mm L.dx50m, 0.25 um film thick-
ness)

3. Oven temp 40C(held 3min)---——- 2207C (held 10min)

4. Injector temp 200C

5. Detector temp 250C

6. Detector Flame ionization detector(FID)

7. Carrier gas He, 1.2 mL/min

8. Split ratio 1:20

9. Make up gas He, 25 mL/min

Holrle] 7] el Wt 301

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

1. Instrument HP 5972 Mass selective detector(MSD)
2. Electron voltage 70eV
3. Scan range 30~359 m/e

4. Library Wileynbs(National burean of Standard,

Washington D.C)
5. GC condition

1) Column DB 5 fused silica capiliary column
(0.32 mm Ldx50 m, 0.25 um film thick-
ness)
2) Oven temp 40C(held 3min)-------- 220C(held 10min)
2C/min
3) Injector temp  200T
4) Detector temp  280C

5) Carrier gas He, 1.2 mL/min

6) Split ratio 1:20
T A4S A% B 29oR HF FT gl
1298 A% F A s 97 8-S 53 BAEE
= 1993) 0.2 Hred Tt
5. &7 Xzl

&5 FAFE SAS package(JUi7 1994)F o] 83 A4t &

137} Duncan's multiple range testol] ]3] #413}5ict.
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A5} pHL B3 ol A28 pHr 2R B o)
Fol 4ol HHA o Fo U Abo] nls o AE3)
o] pH W2tE 3¢l Rog Ardth Awe WEE pHr}
stolglel me} AEst Bold e & 4 ATk
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Fig. 1. Change of pH and acidity in whole garlic in soy-
sauce and in brine.

Table 3. Change in the hardness of various pickled garlic
during aging

Hardness
Sample
Raw 15days 30days 60days
AP 222 125 8.1 6.1
B? 222 119 7.6 45

D A : Whole garlic in soysauce, > B : Whole garlic in brine.
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Fig. 2. Gas chromatogram of flavor compounds in raw
garlic.
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allyl sulfide, diallyl sulfide 52} monosulfidex= nl& olA
(2% ol HEAl Dyatel 20108l ezl ARl A%
713kel SVl whet Hab ZAthE Kim & Mo(1995)9]
ATERSE Aol B BYT

3) Mopsz}
H|m

ago] A nhs Fop e ] JEES 4 |
32 Au B Table 59} 2} &4do] 2la@gel w} Trans
propenyl methyl disulfide, allyl methyl trisulfide, diallyl trisul-

250l M2|gt ots ZobH 2
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fide, dimethyl trisulfide, allyl-2,3-epoxypropyl sulfide, 2-me-
thyl-1,3-dithine o] Avukse] 7] & v} F71E
o+ 4= 2103, allyl methy! disulfide, diallyl disulfid& &/ o]
&gl whet 7HA8t.e™ 2-vinyl-4H-1.3-dithiine -2
24 1599 H2AE UBIIckFig. 3).
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Table 4. Identification of volatile compounds in whole garlic in soysauce

Aging period(days)

No Flavor compound

Raw Area% 1 Area% 15 Area% 30 Area% 60 Area%
1 3,3-thiobis-1-propene 5027162" 1.3 10455104 42 8625380 30 49592064 120 84433040 35.0
2 Ally methyl disulfide 50775776 110 15170744 6.1 11686192 4.1 9503034 23 17085152 32
3 E:tr}llsylpgi’fsﬁ.ﬂe 358995 0.1 202804 0.1 398980 0.1 1277480 03 1735020 0.3
4 Benzealdehyde 279309 0.1 760370 03 1061550 04 1111107 03 2773037 0.5
5 Dimethyl trisulfide 0 0 0 0 0 0 1090524 03 1384870 0.3
6 gclﬁ;ﬁ);)yl wlfide 0 0 0 0 756837 03 1359093 0.3 492607 0.1
7 2-methyl-1,3-dithiane 0 0 0 0 20247 0.1 1484472 04 1109288 0.2
8 Diallyl disulfide 385033440 83.5 200479120 812 181697120 63.5 213930080 51.8 138816880 26.3
9 3-allythio propionic acid 5664125 12 2893338 12 8247011 29 149666320 3.6 18862960 3.6
10 Allyl methyl trisulfide 1010106 02 1010355 04 5432458 19 28331312 69 44741728 85
jp HA-dibydro-3-vinyl- 1038211 02 1454699 0.6 5021984 1.8 536416 0.1 537326 0.1

1,2-dithiane

12 2-vinyl-4H-1,3-dithiine 3773242 08 5427562 22 16854160 59 1683297 04 1424883 0.3
13 Diallyl trisulfide 6255757 1.4 6906355 2.8 45503040 159 87621568 212 113315560 21.5
14 Furan 175484 0.0 131468 0.1 273802 0.1 778323 02 753696 0.1

Y Value mean area count.
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Table 5. Identification of volatile compounds in whole garlic in brine

Aging period(days)

No Flavor compound
Raw Area% 1 Area% 15 Area% 30 Area% 60 Area%
1 3,3-thiobis-1-propene 59271621) 13 15267504 48 1437762 0.7 21876848 102 123726920 26.5
2 Ally methyl disulfide 50775776 110 42356416 134 7087712 35 5014531 23 13417744 29
3 Trans propenyl 358995 0.1 281138 0.1 177881 0.1 201403 0.1 2333218 0.5
methyl disulfide
4 Benzealdehyde 279309 0.1 0 00 366780 02 166432 0.1 2561950 0.5
5 Dimethyl trisulfide 0 0 0 00 0 0 133432 0.1 1140476 02
6 gif;’i;)yl wlfide 0 0 0 00 213175 0.1 370527 02 273227 0.1
7 2-methyl-1,3-dithiane 0 0 0 00 757624 04 1508087 0.7 4525146 1.0
$ Diallyl disulfide 385033440 835 240329360 763 150861680 752 118124840 552 118162040 25.3
9 3.allythio propionic acid 5664125 12 3279504 10 6267130 3.1 4049077 19 31367008 6.7
10 Allyl methyl trisulfide 1010106 02 1743404 0.6 2428669 12 5472941 2.6 4120009 8.8
jp Sid-dihydro-3-vinyl- 1038211 0.2 682633 02 2179262 1.1 621657 0.3 889131 02
1,2-dithiane
12 2-vinyl-4H-1,3-dithiine 3773242 08 2667557 08 6765978 34 2084655 1.0 2214853 0.5
13 Diallyl trisulfide 6255757 14 7154640 23 21764288 109 53755296 25.1 124248840 26.6
14 Furan 175484 0.0 132603 0.0 231045 0.1 566562 0.3 357802 0.0

Y Value mean area count,

@
Retention Lumetmin)

Fig. 3. Gas chromatogram of flavor compounds in whole
garlic in brine 15 days.

G7] QR WMEE Z7ksHe AT Padhs 2FE O
Moz QAHGoLt A Aol Aol 73 AL Allyl-

methyl trisulfide, 3,3-thiobis-1-propene ] A& Wal= 713l
Aelg vz GolR 7t gl A e 7‘}01'7‘1] B A
Ao g wol] JEMETH Dimethyl trisulfide, allyl-2,3-epoxypro-
pyl sulfide®] 7Z-$ A% 154702 H3krt Aokl A4 30
AR FE Wbyt Ve, 23] A2] g vk ol vt &

Zo]| X3 vls Ao Ko} AR o2 wWo| Zyete &
<= 9191t} Diallyl disulfide, allyl methyl disulfide®] 2§ <
o] W] ek ALY 23 A v Hop
R 7} 2Fl x]g] gk D]—»“—‘- Zolw) &y ARBo) AgiAdoz
o] 244498 & 4 AUtk Trans propenyl methyl disulfide,
3-allylthio propionic acid, diallyl trisulfide®] 2% A3 304
A& el A3t vks Aozt gl Xeld nks A
obF ] &7] HAEERT JA R #A JeuA T A%
0L AN = gl Mgt vha Fotw e 7] JEE0]
3] A3 @] AEEEY ¥ 24 YERST Dimethyl
disulfidet} methyl allyl trisulfidet= pickle like odor® H.3l

(Nishimura et al 1988)% u} vl Folx Efe] & ol&
di- = tisulfideEol] 7]R1%rhe A7HKim & Mo 1995)¢}

dAjshe Aol il

Eopm o] s W}

A2 ks GAAD)YG ATl AR vhs
HolH(BE)2] B ZAF 2= Table 60 Lk} ik Aol
slo1M AT Bl ATt §97 Aol7l gglon), A
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Table 6. Sensory evaluation of whole garlic in soysauce
and in brine during aging

Storage day AV B?
1 33+1.34°" 2.7+1.16"
15 9 .541.18% 3 1£1.37*
Color b
30 ) 6+1.43° *1.9+1.29°
60 1.8+0.92° ) 541,08
1 3.121.20® ®2 241.03°
15 ) 5£0.97° ©3240.92°
Flavor b
30 *3.5+1.08° 3,240.42°
60 *3.940.57" °3,6+0.84"
1 %4 4+0.84° b4 4+1.07*
15 4 6+0.52° °4.540.97°
Hardness | b .
30 314099 3.5+0.53
60 .740.67° °3 0+1.05°
1 91.6+0.84° 9. 1+1.21°
15 .6+1.26° 241,14
Taste b
30 3 6£0.97° 3 041.41°
60 ).5+1.18° %3 .7+0.82°
1 71.120.32° 31.8+1.14°
15 *1 440.52° 94117
Saltness b
30 13.140.99" 1 8+0.92°
60 % 04£0.94° 13.840.92°
1 *1.240.63° 1.6£1.07°
15 1.540.97° *1.740.95%
Sourness
30 3 54097 ) 241.40°
60 3.3+1.06" 3.1+0.99°
1 2.1x1.29 .0+0.82°
Overall 15 2.341.25% *2.0+0.82°
quality 30 33+1.16° ) 741.06°
60 23 .140.88% 3 6+1.07"
1 °1.6:0.71° 1 5+0.97°
After 15 *1.80.63" *1.9£0.74"
swallow 30 3 740.32° "3 1+0.88"
60 3 140.99* 33 6+1.07°

DA garlic in soysauce, D B : garlic in brine.

% All values are mean+Std.
Means with different letters at right side within a column are
significantly different at «=0.05.
Means with different letters at left side within a row are

significantly different at «=0.05.
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o] A% Nz s 22 T 19 AT 60 Aol
ztol & VeI THp<0.05). &71e] lojA e Ad A7 6040]
7 Eohm HrkEden "ubEo s &Aool P
upgl o] FolFE & § AU AT BFE ol {94
21e] 7} AATHp<0.05). Ttet ol AT A 60d0o] 7t
2 2 Zleg HrEAL, $4o] g ne} gkt
Ay Ao Awa BiE 2ol §-403 Aol it
(p<0.05). Bkl QM= BT AF 604 Erhi F7EH A
3 AT Bt oA Aol glith A&t 3114 B
= A 604 o] goto] 71 Zsivta 7 -HAw ol &
dol P upet 3ol Avlo] nhs £08 AR Ao
2 AEEY A7 T =AM E AT AR 30€0] 7Y
Erha Yo At glojA AT A% 60 o] 4lnt
o] Z3slAl H7 AT HRAQ] HIte A Axgell A mt
Eo 4 604°] 7MY Frha HIEE A

2 AFe = A
Ho R Xeste 60Uzt &
W32 headspace W2 A}8-3led GC-MS=E EAJstqic)h &Y
nhgollA 11709] ] JEEo] BMEHY L 4] F8d
of whet 3709 g7] AR-Eo] F7FE EAE o]
AEEES 4 wet Al 2 dstE duE A s
Zoll A2 e vkz FopsolAl H4o] ARl et Aul
=9l gky] AJE-of H]3] trans propenyl metayl disulfide, allyl
methyl trisulfide, diallyl trisulfide 5] &7-8F8 < 4+ U
3L, 53] o] F diallyl tisulfider} T2 S3EE Hlg) 4
HEog FegAA F7HEE & 4 STk o &
niEgolx| of Age g vt Aol 2ke] d] AR
she bk AT Hadte 43S nAdeR dA
o1} allyl-methyl trisulfide, 3,3-thiobis- -propene2] A3
Wshe W40l A2 @ vl AolRel @] QREol 23
A2l vk AolAel W] ARRT AdH oD gol Ul
T} Trans propenyl methyl disulfide, dial’yl trisulfide2] 4
B Wl Agd Meld vk ot A7 60d Ao IHel
Aelg vhg o Bt ¥ A4 e e, Akl ge
Bt A7 gl A= vhs Aol ATy 60dA It 7HY
Fotan HrHEUT oo BE AE T E W, viE
ol Az Al AR g AEel Gl 7t vis A
ol# &2 flavord) di- F¥& trisulfideo] g3HS ol A%
604 A vl Fobx|e] Fu|7t 7MY Frhe A& 2 F 2
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