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Abstract

The study was carried out to find the effect of freeze drying on the volatile organic components in garlic
(Allium sativum L.). The volatile organic compounds from fresh and freeze dried garlic were extracted by
simultaneous steam distillation and extraction (SDE) method and identified with GC/MS analysis. A total of
42 and 32 compounds were identified in fresh and freeze-dried garlic, respectively. Sulfur containing com-
pounds in the garlic samples were detected as the major compounds, and alcohols, aldehydes and esters were
detected as minor compounds. Diallyl disulfide, diallyl trisulfide, allyl methyl disulfide and allyl methyl
trisulfide were the main sulfur compounds in fresh and freeze dried garlic. The amount of sulfur containing
compounds were decreased freeze-drying but methyl propyl trisulide, 3-allylthiopropionic acid, cyclopentyl
ethyl sulfide etc. were increased. The others, non-sulfur containing compounds such as ethyl acetate, ethanol,
2-propenol, 2-propenal and hexanal were increased in freeze-dried garlic. Consequently, the total amount of
volatile organic compounds in garlic became lower during freeze—drying from 853.42 mg/kg to 802.21 /kg,
and the composition of major components were nearly same in fresh and freeze-dried garlic.
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Fig. 1. GC/MS chromatograms of volatile organic components from fresh (A) and freeze-dried garlic (B).
¥ ethyl acetate, V: diallyl sulfide, < propyl methyl trisulfide.
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Table 1. Comparison of volatile organic components identified in fresh and freeze-dried garlic

7l e
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b 2) 3) o mg/kg
No. RT RI Compound name MF MW Fresh Dried
1 6.371 813 Ethyl formate C3HsO2 74 0.15 3.16
2 6.589 824 Propanethiol CsHgS 76 - 0.14
3 6.762 833 2-Propenal C3H4O 56 0.14 1.77
4 7672 875 Ethyl acetate CsHgO2 88 1.56 16.54
5 7.849 882 1,1-Diethoxyethane CeH1402 118 - 0.43
6 9.187 931 Ethanol CaHsO 46 1.29 8.40
7 9.788 950 Allyl methyl sulfide C4HsS 88 1.13 1.55
8 13.358 1,037 2-Butenal C:HsO 70 - 0.21
9 14.25 1,056 2-Methyl-4-pentenal CeHi100 98 0.12 -
10 15.164 1,072 Dimethyl disulfide CaHeS2 94 0.67 0.47
11 15.668 1,081 Hexanal CeH120 100 1.02 2.80
12 16.936 1,101 2-Ethenyl-3-butenal CeHsO 96 - 217
13 17.011 1,104 2,3,3-Trimethyl-1,4-pentadiene CgHug 110 1.31 -
14 17.182 1,107 (E)-Propenyl propy! sulfide CeHy2S 116 0.16 -
15 17.565 1,114 2-Propenol CsHsO 58 1.13 245
16 19.609 1,148 Diallyl sulfide CeH10S 114 13.42 4.35
17 22.121 1,185 2-Ethoxy propanal CsH1002 102 0.20 -
18 22.677 1,193 Dipropenyl sulfide CsHi0S 114 0.10 -
19 25.148 1,231 2-Pentyl furan CoH140 138 0.83 0.36
20 26.733 1,255 Pentanol CsHi120 88 0.06 -
21 27.045 1,260 2,4-Dimethyl furan CeHsO 96 0.11 -
22 27.336 1,264 1,3-Dithiane CsHsS2 120 0.27 -
23 28.595 1,281 Allyl methy! disulfide CsHsS2 120 32.68 21.19
24 29.048 1,287 Propenyl methyl disulfide CsHsS2 120 0.75 0.50
25 29.662 1,295 3-Methyl pyridine CeH7N 93 2.96 -
26 30.269 1,304 Hexyl vinyl sulfide CaHi6S 144 0.43 0.24
LS. 30.749 1,312 Butylbenzene CioHia 134 - -
27 31.494 1,323 (E)-2-Heptenal C7Hi20 112 0.08 -
28 33.804 1,358 Hexanol CeHi140 102 0.06 -
29 35.339 1,379 Dimethyl trisulfide CsHeS3 126 247 097
30 38.74 1,430 (E)-Propenyl propyl disulfide CeH12S2 148 3.68 2.44
31 39.951 1,443 Acetic acid CzH4O2 60 - 1.03
32 40.334 1,455 Methional CHgOS 104 0.81 -
33 40.867 1,463 Furfural CsH/Ho 96 0.13 -
34 41.163 1,467 2-Vinyl-1,3-dithiane CsH1052 146 6.26 6.56
35 42.682 1,489 Diallyl disulfide CeH10S2 146 321.92 287.37
36 42.828 1,491 3-Allylthiopropionic acid CeHi0S2 146 17.78 20.83
37 45.135 1,528 N, N-Dimethyl-ethanethioamide C4HgNS 103 22.69 2.96
38 45.365 1,531 Methyl propyl trisulfide CsH10S3 154 0.66 29.20
39 49514 1,995 Allyl methyl trisulfide C4HsS3 152 66.27 47.96
40 51.512 1,628 1,2-Dithiacyclopentane CsHsS2 106 0.10 -
41 52.842 1,650 Cyclopentyl ethyl sulfide CHiaS 130 18.77 2291
42 57.832 1,735 (E)-3,5-Diethyl-1,2,4-trithiolane CeH1253 180 4.81 6.20
43 58.075 1,739 3-Thiophene-2-carboxaldehyde CsHeOS 126 0.52 -
44 58.272 1,743 3-Vinyl-4H-1,2-dithiin CeHsS2 144 16.75 6.62
45 61.663 1,804 Diallyl trisulfide CsH 1053 178 298.03 293.44
46 63.824 1,854 2-Vinyl-4H-1,3-dithiin CeHsS2 144 6.27 4.03
47 68.627 1,974 2-Methoxy-5-methylthiophene CsHzOS 128 4.87 2.96
Total 853.42 802.21

YRetention time. “Retention index. *Molecular formula. “Molecular weight.
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Table 2. Relative content of functional groups in identified
volatile organic components from fresh and freeze-dried
garlic

Functional Fresh garlic Freeze-dried garlic
groups No. Area% No. Area%
Alcohols 4 0.30 2 1.35
Aldehydes 6 0.20 4 0.87
Esters 2 0.20 2 2.45
S-Compounds 26 98.69 .21 95.10
Miscellaneous 4 0.61 3 0.23
Total 42 100 32 100
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Fig. 2. Effect of freeze-drying on the volatile organic com-
pounds in garlic

A diallyl disulfide, B: diallyl trisulfide, C: allyl methyl trisulfide,
D: allyl methyl disulfide, E: ethyl acetate, F: ethanol, G: 2-pro-
penol, H: propyl methyl trisulfide.

fr714 % vl 889

sulfide ¥ allyl methyl disulfider 244 % & ¢F 2~35%
74A] 7HA89d 2w methyl propyl trisulfide”} B4 AZ &
A Z7}18}4 32, ethyl acetate, ethanol, hexanal, 2-pro-
penol 5 ester$t, alcohol§ % aldehyde$-9] dgko] Z713F
AL 2 viehydth )

o] F 8 A AR T oM B ke AR E
+= diallyl disulfides= A =H5o A4} 321.92 mg/kg 2.2 E<l=
fov EAAR F 287.37 mg/kg 22 10.7% A = 343814
2., diallyl trisulfides Aets3 FAAFR0bsoA] 42
298.03 mg/kg, 29344 mg/kgE FQHYy FHAAZ ¥
1.5%4 = 73A28tedc} Chung 52 AFdAlE $AAZq}
Eoll A diallyl disulfide?} 48 ~80%7}A] FtAslgiciar B
atg=el(21), Chung 59 AFol = vHe& Al ste 2
24 AER AT B AT E Fobe g AxE A
B2 AR5 7] wEel alliine] ¥alHA] & A= 52
Az Fole i fr13 S $83] AHd AR A7
o}, =3} diallyl trisulfide”} diallyl disulfide®.c} 3@ A=
o ¢t AL E ey o Chung 5(46)8] th& o Fo
A ehEe] A2 ¥ diallyl disulfide 3H8F2] ZH47} & wbad o]
diallyl trisulfide®] gt8ko) vl A ZA3teicty 23
g+ ZA e} d X319}, Allyl methyl disulfide2} trisulfide=
AvkEa $AZ ZvbE oA 242t 32.68 me/kg T} 66.27 mg/
kg, 21.19 mg/kg™} 18.31 mg/kg 2.2 &= glow E24 A%
Fol| 22t 35.2%, 27.6%7F Ztaslgd ol =3 diallyl sulfide,
dimethyl trisulfide, 3-vinyl-4H-1,2-dithiin, 2-vinyl-4H-
1,3-dithiin 5% Avtsd A o} FAAZrbEoA] -2 o
o golFdon, AP FAAx Fo 33 EF
2] gefol ZFAaste AR eyt AutEol A Fel= %
@ 2-methyl-4-pentenal, 2,3,3-trimethyl-1,4-pentadiene,
propenyl propyl sulfide, dipropenyl sulfide, methional %
15%9] sl3tEe] FHAAZR Fo AR Frjgker
TAAZx Y F LA 1A Y EFelle e v
2l edskch. of2idh A RIS g 9 d
o] 2L Ax e o3 Fr| A Bl mho) B
A5 2 A s o3 Az Alagc)

i o], Mulsold 066 mg/kgl 2 Ak FFgw
FAZAFAE A 2920 mg/kg
o 2 40uf] o)A} #71d Aoz &9l E g} Methyl propyl
trisulfides= F3}2] 2 LA F714 22 2 propyl group
5 7F4 sulfidef+= vt A 2 &el= %] derha o8 A
U=HI(36) TH A 2A Bl Ak &Hel= o] alkenyl group
9] alkyl group2 22 E3-E o A}3 4 g) 01} o]q g}
QA7 gled mHE9] sulfoxide R’ ¥ 3‘ % Bl A3 Aot
T ojor & 7l oz At} =3 Kim $U7NS 5474
2 F1/28 7443l ool B ashed Bood 7 sihol Abol sl gl
t}. 2 9] allyl methyl sulfide, 2-vinyl-1,3-dithiane, 3-allyl-
9 #E3gE

methyl propyl trisulfide=

thiopropionic acid, cyclopentyl ethyl sulfide




890 Zads . Aded - xojl -

alcohol§-, aldehyde & % ester#-2] 7ol

AetEst vlwste] & Ao gelsglo
ethanol, 2~propenol, 2-propenal, hexanal, ethyl acetate 5-
2] gtefo] 719 Aol 718l H ) 53], ethyl acetate &3
o) AL ZAAZ g4 1654 mg/kg 22 Fls e Aln}
2] 156 mg/kgell Bl 223}ke] 108 o] At 715 94 I ethanol
£ Anls3 BA A FzebEA 27} 1.29 mg/kg, 8.40 mg/kg
o 2 6ul) o} A F71E A& et ol d AH= As
W) o] Ao AAR T 2 EY T} FokAHA F
B Eel AlRR HI8] w2l A7) “Backflow #4
oz FHAFs 23, i 5o AR F HAUAAE
W shol]l B AFA A9} A X 7HrH47-49).

AgAo g AutEn AN zE] HEA Fr14 2
ZAd= & Aolrl ¢l &H, diallyl disulfide, diallyl tri-

sulfide 5 AL el = 528 331889 S
2 3o)7} Qo) EAAZS} shEE52] vl FFL v
A e Aoz AZEch B ¥ AFARE Azebse)

.]

/\
ol B4 & AHE Aw A7} LFehE Thebe A EE el
o 712 ARE 849 5 e A0 JdEn,

e o
ai |

SDEZZu 5 GC/MSE 24 o 2jsle] At 54
Azebse] A 714 EE vistdeh Avkea 52
ZAzebEol A 27 42%, 3252 s3] glE e, o
H.1o] 335}3]80] 9 I alcoholFF, aldehydeF, esterfF- = &

qlEgict. Diallyl disulfide, diallyl trisulfide, allyl methyl
disulfide, allyl methy! trisulfidet ArtE3 2 A 30
oA #alxd F8 #3tgEoilr} 3-Methyl pyridine, 2-
methyl-4-pentenal, 2,3,3-trimethyl-1,4-pentadiene, meth-
Aupzo A #eld slhE-2 FHAZ A &
Al =] ¢} 31. propanethiol, 2-ethyl-3-butenal, acetic acid 5
EAAzgANA FalF oo, AAH HUAY F714
B9 Zekole J L v]AR] ¢ EIUT} FH AR
o) &ted nhEe) 2 3ukAl {7144 % £ diallyl disulfide, di-
allyl trisulfide, allyl methyl disulfide, allyl methyl tri-
sulfide, dially!| sulfide, 3-vinyl-4H-1,2-dithiin & o} ¥-&2
3}31 318 kol 7143} 2.1 methyl propyl trisulfide, 3-
~allyithiopropionic acid, cyclopentyl ethyl sulfide 5-& Z7}

ional &

3}dct. 1 9] ethyl acetate, ethanol, 2-propenol, 2-propenal,
hexanal 59| 34 #7148 Fe] F7bete= A& &alssiot

LAtel 2

ul
=4

tlo

2003 % A e gead e A

AlALE) -

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Ho
re

. Cavallito C]J, Buck JS, Suter, CM. 1944. Allicin, the anti-

bacterial principle of Allium sqativum, 1. Determination of
the chemical structure. J Am Chem Soc 66: 1952-1954.

. Boleans M, de Valois PJ, Wobben HJ, vander Gen A. 1971.

Volatile flavor compounds from onion. J Agric Food Chem
19: 984-991.

. Sivam GP. 2001. Protection against Helicobactor pylori and

other hacterial infections by garlic. J Nut 131: 1106-1108.

. Tsao SM, Yin MC. 2001. In vitro activity of garlic oil and

four diallyl sulphides against antibiotic-resistant Pseudo-
monas aeruginosa and Klebsiella pneumoniae. J Antimi—
crob Chemother 47: 665-670.

. Avato P, Tursil E, Vitali C, Miccolis V, Candido V. 2000.

Allylsulfide constituents of garlic volatile oil as antimicro-
bial agents. Phytomedicine 7: 239-244.

. Chen GW, Chung JG, Ho HC, Lin JG. 1999. Effects of the

garlic compounds diallyl sulphide and diallyl disulphide on
arylamine N-acetyltransferase activity in Klebsiella pneu-
moniae. | Appl Toxicol 19: 75-81.

. Pinto JF, Rivlin RS. 2001. Antiproliferative effects of allium

derivatives from garlic. J Nutr 131: 1058-1060.

. Chung JG. 1999. Effects of garlic components diallyl sulfide

and diallyl disulfide on arylamine N-acetyltransferase ac-
tivity in human bladder tumor cells. Drug Chem Toxicol
22: 343-358.

. Rahman K. 2001. Historical perspective on garlic and car-

diovascular disease. J Nutr 131: 977-979.

. Rahman K, Billington D. 2000. Dietary supplementation

with aged garlic extract in hibits ADP-induced platelet ag—
gregation in humans. J Nutr 130: 2662-2665.

Chun HJ, Paik JE. 1997. Effect of heat treatment of garilc
added diet on the blood of spontaneously hypertension rat.
J Korean Soc Food Sci Nutr 26: 103-108.

Borek C. 2001. Antioxidant health effects of aged garlic ex—
tract. J Nutr 131: 1010-1015.

Fanelli SL, Castro GD, de Toranzo EG, Castro JA. 1998.
Mechanisms of the preventive properties of some garlic
components in the carbon tetrachloride- promoted oxida-
tive stress. Diallyl sulfide, dially disulfide, allyl mercaptan
and ally methyl sulfide. Res Commun Mo Pathol Phar-
macol 102: 163-174.

Shin DB, Seog HM, Kim JH, Lee YC. 1999. Flavor com-
position of garlic from different area. Koran J Food Sci
Techol 31: 293-300.

Kwon SK. 2003. Organosulfur compounds from Allium sa-
tivum and physiological activities. J Appl Pharmacol 11:
8-32.

Kwon JH. 1983. Effect of irradiation on storeablity of garlic
and its pungent flavor components. PhD Dissertation.
Kyungpook National Univ., Korea.

Chung HD, Lee WS, Lee MS. 1972. Effect of maleic hy-
drazide on sprout inhibition and metabolism of garlic bulbs.
J Korean Soc Hort Sci 12: 23-30.

Chung HD. 1973. Effect of maleic hydrazide on alliinase
activity of garlic bulbs. J Korean Soc Hort Sci 14: 15-21.
Kim BS, Kim DM, Jeang MC, Namgoong B. 1997. Fresh-
ness prolongation of root vegetables by accelerated curing
treatment. Korea food research institute annual report
E1435-0886. p 46.

Cho HO, Kwon JH, Byun MW, Yoon HS. 1984. Batch scale
storage of garlic by irradiation combined with natural low
temperature. Korean J Food Sci Technol 16: 66-70.
Chung SK, Choi JU. 1990. The effects of drying methods




22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

AvkEs §A7AZ RS 3

on the quality of the garlic powder. Korean J Food Sci
Technol 22: 44-49.

Byun MH, Choi M], Lee S, Min SG. 1998. Influence of
freezing rate on the aroma retention in a freeze drying
system. Korean | Food Sci Ani Resour 18. 176-184.
King CJ. 1971. Freeze drying of foods. CRC Press, Cleve-
land, Ohio, USA.

Mellor JD. 1978. Fundamentals of freeze drying. Academic
Press, London, England.

Lee JH, Koh HK. 1996. Drying characteristics of garlic. J
Korean Soc Agric Mach 21: 72-83..

Hong SS. 2000. The drying characteristics of food stuff
(beet). J Ind Soc Tech Institute 14: 49-58.

Rulkens WH, Thijssen HAC. 1972. Retention on volatile
compounds in freeze drying slabs of maltodextrin. J Food
Technol 7: 95-100.

Lee MS, Choi HS. 1995. Volatile flavor components of
Commelina communis L. as influenced by drying methods.
Korean | Food Sci Technol 27: 380-336.

Lee MS, Cho HS. 1996. Volatile flavor components of
Sapsella bursa-pastoris as influenced by drying methods.
Korean J Food Sci Technol 28: 814-821.

Schultz TH, Flath RA, Mon TR, Enggling SB, Teranishi
R. 1977. Isolation of volatile components from a model
system. J Agric Food Chem 25: 446-449.

Nickerson GB, Likens ST. 1966. Gas chromatography evi-
dence for the occurrence of hop oil components in beer. J
Chromatogr 21: 1-5.

Robert PA. 1995. Identification of essential oil components
by gas chromatography/mass spectroscopy. Allured Pub-
lishing Corporation, Chicago, 1L, USA.

Stehagen E, Abbrahansom S, Mclafferty FW. 1974. The
Wiley/NBS registry of mass spectral data. John Wiley and
Sons, New York, NY, USA.

Davies NW. 1990. Gas chromatographic retention indices
of monoterpenes and sesquiterpenes on methyl silicone and
Carbowax 20M phases. J Chromatogr 503: 1-24.

. Sadtler Research Laboratories. 1986. The Sadtler standard

gas chromatography retention index library. Sadtler, Phil-
adelphia, PA, USA.

Block E. 1992. The organosulfur chemistry of the genus
allium/implications for the organic chemistry of sulfur.
Angew Chem Int Ed Engl 31: 1135-1178.

Freeman GG, Whenham R]. 1975, A survey of volatile com-

38.

39.

40.

41.

42.

43.

45.

46.

47.

49.

=3
=

B QY HE

891

ponents of some Allium species in terms of S-alk(en)yl-
leysteine sulphoxides present in flavour precursors. J Sci
Food Agric 26. 1869-1886.

Lee JW, Lee JG, Do JH, Sung HS. 1997. Comparison of
volatile flavor components between fresh and odorless gar-
lic. Agric Chem Biotech 40: 451-454.

Brondnitz MH, Pascale JV, Derslice LV. 1971. Flavor
components of garlic extract. J Agric Food Chem 19: 273~
275.

Park ER, Jo JO, Kim SM, Lee MY, Kim KS. 1998. Volatile
flavor components of leek (Allium tuberosum Rottler). J
Korean Soc Food Sci Nutr 27: 563-567.

Bordia MAT, Mustafa T. 1999. Effect of raw versus boiled
aqueous extract of garlic and onion on platelet aggregation.
Prostaglandins Leukot Essent Fatty Acids 60: 43-47.
Augusti KT, Mathew PT. 1974. Lipid lowering effect on
allicin on long term feeding to normal rats. Experientia 15:
468-470.

Block E. 1985. The chemistry of garlic and onions. Scientific
American 252: 114-119.

. Block E, Naganathan S, Putman D, Zhao SH. 1992. Allium

chemistry: HPLC analysis of thiosulfates from onion, garlic,
wild garlic (ramsoms), leek, scallion, shallot, elephant (great—
heated) garlic, chive, and Chinese chive. Uniquely high allyl
to methyl ratios in some garlic samples. J Agric Food
Chem 40: 2418-2430.

Senhl A, Schliack M, Loser R, Stanislaus F, Wagner H.
1992. Inhibition of cholesterol synthesis in vitro by extracts
and isolated compounds prepared form garlic and wild
garlic. Atherosclerosis 94: 79-85.

Chung SK, Seog HM, Choi JU. 1994. Changes in volatile
sulfur compounds of garlic (Allium sativum L.) under var-
ious drying temperatures. Korean J Food Sci Technol 26:
679-632,

Kim JH, Seo HY, Yang SY, Han BJ, Lee SJ, Seo YS, Kim
KS. 2005. Changes of volatile odor components in onion by
freeze-drying. J Korean Soc Food Sci Nutr 34: 230-235.

. Ko YT, Kang JH. 2002. Changes of volatile odor compo-

nents in Kimchi by freeze-drying. Korean J Food Sci
Technol 34: 559-564.

Shim KH, Choi ]S, Joo OS, Kand KS. 1990. Volatile re-
tention during freeze drying of fruit juices. J Korean Soc
Food Sci Nutr 19: 555-564.

(20051 449 19 A 20056 649 20 A=)



