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Abstract

Garlic (Allium sativum L.) has been used as a spicy and folk medicine in many Asian countries. Although it is
known to possess various beneficial functions in biological system, there are some limitations in food industries
since its pungent flavor derived from sulfur containing-volatile components such as allyl methyl sulfide, allyl sulfide,
and diallyl disulfide. Here, we prepared both fermented garlic (FG) with Lactobacillus plantarum and FG with heat
processing at 100 for 2 h (FG-H). We analyzed the contents of allyl methyl sulfide, allyl sulfide, and diallyl disul-
fide in dried garlic (G), FG and FG-H. We also demonstrated the scavenging activities of G, FG, and FG-H against
peroxyl and hydroxyl radical as judged by ORAC (oxygen radical absorbance capacity). The scavenging activities
of G FG and FG-H against peroxyl and hydroxyl radicals were 2.96, 1.46, 2.28 and 0.18, 1.36, 3.43 TE (Trolox
equivalents), respectively. We elucidated that the scavenging activities of FG and FG-H against hydroxyl radicals are
mediated by their reduction capacities and metal chelating activities. Taken together, these results indicated that fer-
mentation with Lactobacillus plantarum and heat processing could contribute to the alleviation of pungent flavor in
garlic and its anti-oxidant activity. These results provide the scientific evidences for the development of functional
foods using garlic which has anti-oxidant function.
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SHoH(Sohn et al., 1996; Jo & Choi, 2002). Fl=olA &4
= A f7IARE T 42 o)y 1 = 25 o] 3 3}
FEE BIAHAY 53] o]E 25 T2 WA 718 Ee
98.7%% AAIste] ko] H531 WAlel ghe] d<le] =
= AEolH, ¥ S =Z allyl methyl sulfide, allyl sulfide,
28] diallyl disulfideE & 4 $ATHKim et al,, 2005; Jeon
et al, 2012). PF=9] 553 WAje} Bte] HRle] =& Y
3 & st Aol sl Aadnha BAaEHAT S,
e vl Avlsel HEke] diallyl disulfide 18.29%,
diallyl sulfide> 0.65%, allyl methyl sulfide 0.54%, methyl
allyl ether 4.85%, trisulfide methyl 2-propenyl 1.2% % 2-
vinyl-1,3-dithiin 1.72% 8= S YepHon, & nt
52 47 26.22%, 0.50%, 0.87%, 2.89%, 1.52% % 1.97%
9] Stk B, ARHAAZE 71E S 73 -2 25.03%,
1.32%, 0.73%, 3.26%, 2.55% % 238% HE°| TFS H
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A Al FAY wheR A7E HdolAM FAsATh
Dextrin(Max-1000)-> k= w22 (F+)(Seongnam, Korea)l]
A FYste] ARE-3FSATE Fluorescein 2! trolox, cupric
sulfate, hydrogen peroxide, potassium phosphate, neocuproine
2 Sigma-Aldrich(St. Louis, MO, USA)AFZ ¥, acetic acid
2 acetone, sodium hydroxide Junsei Chemical(Tokyo,
Japan A F2FE T Y3FH S 2,2-Azobis (2-amidinopropane)
dihydrochloride(AAPH)-> Wako Pure Chemical(Osaka,
Japan)ZHE FYst] ARSI £ a2 24 3
kel Alg" FAbd v X (Difco™ Lactobacilli MRS
broth)= Becton Dickinson(BD, Franklin Lakes, NJ, USA)
ZHE] Fodste] ARSI £4717]2= Agilent 6890
GC system % gas chromatography(GC) HP-5890, mass
spectroscopy(MS) HP-5973, APK 2100 Thermal Desorber
+ Donam Instruments Inc.(Seongnam, Korea), Thermal
Desorption Unit< Supelco Analytical Co.(Bellefonte, PA,
USA), Enzyme-linked immunosorbent assay(ELISA) reader

2 fluorescence reader= Tecan(Salzburg, Austria)2] 7]7]&

AHg-ST.

U5 s HE 9 71 HalE
Gag Ea mEs Ao e A A
AR Lactobacillus plantarum KCTC 3104
PR T eI AEARAE A28 (Korean
Collection for Type Cultures, KCTC)ZHF-E #<F wro} A}
Sttt mle] EHlE w7E e gE A oA 17
Z2YUE F3l 121°Ce0A 20-:%7& ¥ MRS brothll
F8kaL 37°CollA 24 A|ZE &9F A v ste] St wl gy
S At olFA dL T Hﬂoo NG 3%ww)t H=E
Dt v gFdol] JF & T =7 shollA st
starters AP WRE viAo] Mg A8S] HES
ulE 10%(w/w), dextrin 5%(w/w), &8 FEE 0.5%(W/Ww),
a3 AAS 84, 5%(W/W)°jr4' AZE A 9hg nps
£ 100°ColA 2 A1 A Sinh fAkd 2R vhe Xﬂ
Z 9 gx2 HFL Fig. 19] =23} s da 2

Al e ARNA 2 sAUx “}":’\]E# ‘é‘iﬂr;‘é
< 7R A EE FG 2aAddS 713 FGE 100°CoA
2 A7 Al 7 vEA RS FG—HE o] % ﬁ7] SFATH.

5F7] AE-S APK 2100 Thermal Desorber
nitrogen pure and trap
,G ¥ FG FG-H A&& 7
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Figure 1. Flow diagram of prepared FG and FG-H.

Table 1. Purge and trap conditions for analysis of volatile
components.

External standard Air sample (200 mL)
Desorb time 5 min
Desorb flow 20 mL/min

Trap temperature -20°C

Trap desorb temperature 330°C
Trap desorb time 5 min
Valve temperature 200°C
TR line temperature 200°C

Z} 20ml strip vialoll 232 40°CollA 1087F o 5_ <
< Edle] AAE 220mL/ming] £E2 AF £07 5

Byt ARZRE wA U2 S 4ES 200mg4
Tenax-TA(KnR Co., Ltd., Seongnam, Korea)Z |7 2]
FE(150x4 mm)E 40°Co| A 387F THA1A A,
T Tenax FHO #5718 AAs7] flste] FEE
70°C= 237+ 7FE 3T Tenax FHE.=
Unitol] SIAAA EHEAE e ES
I 20 mL/min &%
g Aol A
Ha9lon

R

Thermal Desorption

250°Coll A 22FA7]
o] dF 7t} A 2000CE wlE] 7t
A8 Fate] GColl A FYste] &
Z71& Table 29} 74t}

2~E]

B A=z
A

ORAC =MEE olsst
(ORACq00.)

usAlE G ¥ FG 18]3L FG-He] peroxyl radical 4~7]
’d& ORAC W& o]§3ted B7sll e, Kurihara &
RS A A1y sle] ARSI tH(Kurihara et al., 2004).
S FHasketr] 918kl 96-well black

peroxyl radical Z~7{EN

A - Al - A

Table 2. Analysis condition of GC/MS for volatile components.

Instrument GC : HP 5890 MS : HP 5973
Column HP-5, 60 mx0.25 mm(1.D.), 0.25 um
Transfer line 250°C
temperature
Injector 250°C
temperature
Flow rate Helium 5 mL/min
Programmed from 35°C to 240°C, 10°C/mL
Column 240°C to 300°C, 20°C/mL
temperature Initially hold up at 35°C for 5 min
Finally hold up at 300°C for 4 min
Ionization EI(70 eV)

microplate(flat bottom type)E AH&-3F% T 75 mM potassium
phosphate buffer(pH 7.4)° =<1 100 uL] 40nM fluorescein

S platedl] €& F 78 pufferol]l 591 zHzbe] Alg G
FG, 283 FG-HZ 50 uyLA¥ plated] ¥th 2 5 nf=2

peroxyl radical2 A/ 3F= 50 uLe] 20 mM AAPHE ¥

S8l 73U AAPHSO} 202 ARSH 878 HIEH]
E F=A42 trolox= "l AFoA A2 vhEo] AMS-3F T
3 F5A 7| (Tecan)= =4 A reaction mixture”t 271 96-
well plateE 10 & &< shaking 3+ & 5% §<F s}
e Atk AlRE F 200 2 ¢ FES S5k
= HAA =22 H, fluoresceine excitation wavelength 485 nm,
emission wavelength 535nmollA FA 3t HF Adde=
S8 ¥4 Zub% blank®] @F3k 7] Wo] xfol= A

AR oM RE A= trolox FHH(TE, Trolox Equivalents,
pM)E &0}04 LER T

ORAC EM¥HZ 0|&8t hydroxyl radical ~7{&N
(ORAC,..)

A8 G ¥ FG 22]3 FG-HE] hydroxyl radical 4
AL Cao T WS 45 WP ste] ARE-SHATHCao
et al, 1997). 75mM potassium phosphate buffer(pH 7.4)
=91 50uLe] 80nM fluoresceine plated] ¥ FH 72
bufferol] =<1 Z+2+9] A5 G ¥ FG 8|3 FG-HE 50 uL
A plate] EATE 2 F B}FE hydroxyl radical 100 pl<]
Cu?*-H,0,(CuSO,, 5 pM H,0, 0.75%)8 Yol 33 F
oh 1 9] FFEA7] AAH HF A ALPE-S peroxyl
radical 22A A EAH I SLg o R SA AT
&2l (Reduction capacity)

A5 gL Cu”2HEH 7T A8

Cu''o]|&s =A3tomHn HA }oﬂﬁr Z 10mM
phosphate buffer(pH 7.4)°] &3|A1Z1 100 uM CuClz%‘?%J
20 uLot FL 3 buffero] &3 A2 250 uM neocuproine-&-
ol 80 uLE T3 v AR 40 uLs H7skal Ao
Al 1 AIZE §EEATZ] AL ihg-el 200 uLE

1oH 4=

pu

L

96 well microplate=-
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Table 3. Sulfur containing-volatile contents in garlic samples.

Peak area
Compounds G ) T
Allyl methyl sulfide 162,983 137,635 18,237
Allyl sulfide 1,841,891 1,453,073 276,441
Diallyl disulfide 10,655,672 1,077,794 291,767
Total 12,660,546 2,668,502 568,208

G: Freeze dried garlic
PFG: Fermented garlic with Lactobacillus plantarum KCTC 3104
9FG-H: FG with heat processing at 100°C for 2 h

&7 454nm| A ELISAZ §3%EE =743ttt Sample
blank=ZE CuCl, &< thAlo] 10mM phosphateE AH-3}1%12
H, A5 82 Cu'/neocuproine®] extinction coefficient
(79510’ M'em™ & AH&-3tY] FEE2HEH ALHE Cu'é
SEEA AT

Metal chelating £

"HEAIE G 9 FG FG-HE| metal chelating €42 2 7}
ol 2 AME 2 47 calcein ©]-8-3to] Argirova &
A X HEslo] ARE-3F9 tH(Argirova et al., 2003).
pLell 0.4 uM CuSO, &9} 0.2 uM calceine %+
SHek &9 100 uLeok FHIE AIE 100 L 2 4
-well black platedl] 232 &FEA 7104 calcein®]
excitation wavelength 485 nm, emission wavelength
535 nmoll A =319tk CuSO,Z A7FsHA] & S control
2 3} fluorescence intensity(% of control)E A4} Th.
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e
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(o)

oft @ rob 2 o ol
of rok

o AN b

Ow
b
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SAHEA

BE HolH e R UAE 5o, SAIAE
+ Statistical Package for Social Science(SPSS, Chicago,
USA)E ol&-3ste] EA8Hdth Alg]+F p<0.05914] <t
wE e FoE Ao 7 52 ddujA] &
2HE4 (one-way ANOVA) stz zF #7+e] §-214 zbol=
ttestZ S TH*< 0.05, **<0.01, ZLE] 2L **¥*<0.001).

RNt

Sl gplae

Allyl methyl sulfide, allyl sulfide, 28] 3 diallyl disulfide=
=] tEA A=57 FudEer 2 dHA ArhKim
et al., 2005; Jeon et al., 2012). k& Al52] 34 3 3%
2S5 B4 A3= Table 33 20| L plantarum 22 -3F
LEAZ FGOl 735 FAE S vk A& Gell Hlske] allyl
methyl sulfide 3 allyl sulfide, diallyl disulfide’} Z}2t
15.6%, 21.1%, 89.9%% 327 & stgteo] skt
FGE 100°CellA 2 A7+ 53t EA 23 FG-HO 79 GAl

£ dl¥] allyl methyl sulfide ¥ allyl sulfide, 22|37 diallyl
disulfide”} Z+2} 100.0%, 85.0%, 97.3%% A&t} o]
A= it B8 E FalA vkl A7 s A
g T dvke AS vEpie, daet dxeE] S e
& A 3 B SRR A AFH Fuje gEE &

dHE FIAA -

ORACS 0|E8t &5t &4 24
theo 2 nlso §akt a2 gAErt kst &4
2 o A

of ol gt FEFS WA =A] LotR A} ATt B
A0l ol kst A4S EA st ohFe W Ee] B
JEje] 9lom I F oxygen radical absorbance capacity
(ORAC) ¥4I & Ghiselli¢} Glazer A&l 2ls % A
T H3A, AAe] ORAC A2 Cao A-Ho] XA
2l BEAHol de] o] &%l ATH(Prior et al, 2005).
ORAC T4 23S B8 tUs A=aA, A&

Z] gl dol7tA] £40] 7hsdt] 87 AW,
J EFSA, European Food Safety Authority)Z} V]
USDA(United States Department of Agriculture)l]
#4291 ksl X 24 ORAC valueE AAISHAL Ut
AAl AAPHE peroxyl radical generatorZ A}-&-3le] ahab

ste] ksl 48 3= ORAC,, el 7HE de
ARE-E1 3L 91t} Peroxyl radical®] A4S E3] AW 4HetE
ZZ151= reactive oxygen species(ROS)Z 2 L&A glom,
o] A Aut B44HE Aol ATt Hydroxyl radical A
ATkl A8 &Ll 7P weAdol 2 ROSE <A 9l
on, 53] EAH S DNAS &3AZ F e Zo& B
3= 5 Qo] BRkS HRS oFe] AR W sh AEo]
A Aoz Az TH(Valko et al., 2006).

T O

Peroxyl radical ~7{&A

FAAZ vHs GE 50 ug/mLo] EA o] Al&Ejon,
dax vt Al FGF FGOl €4 8]E ¢ FG-H Al5e
50 72232 100 pg/mLe] =7t SHAks) wAdof ARE-= At
I o]t FGS} FG-H Al&ol X3td ¢&F sz
FG¢ FG-H F %] 50%°]7] w&ol 100 pg/mLe] FG2F
FG-Hol| Z3te visgd#e G 50 ug/mLe} 727 wjio]
. G ¥ FG 283 FG-HQ| peroxyl radical &~
=A% A3 Fig. 29} 2t) 50 pg/mL s=olA 2k 2.96,
1.46, Z12]3 2.28 TE2| peroxyl radical 22A4E42 e
o, 100 pgmLe] FG9} FG-HE zHzb 259 18] 4.44
TE®] peroxyl radical 274&/43& YEAY. FG2F FG-H=
50 Z12] 3L 100 pg/mLe] F=oA AAPHO| tidl] = <&
A2l peroxyl radical 2AEAE YEFR ST, G A 59} H
2] 50pg/mLe] FEe FGE FoZHOF peroxyl
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Fig. 2. Anti-oxidant activities of G, FG, and FG-H against
peroxyl radicals. The results represent the mean with standard
deviation (n=9) obtained from three individual experiments.
Different letters above bar indicate significant differences G vs FG
or FG-H by t-test (*<0.05, **<0.01). G: Freeze dried garlic, FG:
Fermented garlic with Lactobacillus plantarum KCTC 3104, FG-H:
FG with heat processing at 100°C for 2 h.

radical 22AE/go] Wk om, FGoll €& ¢ FG-HAI=
= GAIES} Zfol7} it 28y 22 risdES 7zl
100 pg/mLe] FG-HE G A9} Hlasle] fodoz =&
peroxyl radical &~AEAS HA2H, 100 ug/mLe] FG}
50 pg/mLe] G A& 7F o] Zpol= gl Th ORAC .
HAHE A 59 Faol HoldAd 7|Hks & #AH L
2 AAPHO 9J&f A E peroxyl radical ROO-2 HASIA|
(AH)®] 2ol Holo o) <3t "ri(st: ROO-
+AH — ROOH+A:, 2nd: ROO+A:- — ROOA). W}A &
A7} oujshs vhe BE AP LS nisd] a0l Hojg
el A FEFE HAA XA HE T - = vhs
o] FarolR HolgA S FIATTE Ae & F UYL
o, S71E Aol Ho|&S peroxyl raidcal &AL
S S/MNE Aeg AE

Hydroxyl radical 2~7{&H

A& G FG 18] FG-H®| hydroxyl radical 2AE<S
=33 A3} Fig. 33 7+o] 50 ug/mL Fx=olA 242t 0.18,
1.36, 2] 3.43 TE9] hydroxl radical &~4EdS Ve
°m, 100 pgmLe] FG9} FG-HE 7zHzt 294 18] 837
TE®] hydroxyl radical 224248 YERITh FGF FG-HE=
50 2] 3L 100 ug/mLe] F=oA Cu*-H,000 2ls) A=
hydroxyl radicale] thale] F% o]&40 AAEYS YE
Wk 3k 50 282 100 pg/mL F=o1A4¢] FGSF FG-H
= B G AlE9 Hlaste] fro]Ho® =& hydroxyl
radical 224 E/4-S Ve Y. Hydroxyl radical 224849l 7]
oJehe F23F 2 71A] QIAREA A Aol - (electron donating
activity)Z} metal chelating gd°] & 424 )t} Hydroxyl

A,

LR

[

A - Al - A
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FekRk
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£ H100 pg/mL
9
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=
=
=
g
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g
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=
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Fig. 3. Anti-oxidant activities of G, FG, and FG-H against
hydroxyl radicals. The results represent the mean with standard
deviation (n=9) obtained from three individual experiments.
Different letters above bar indicate significant differences G vs FG
or FG-H by #test (*<0.05, **<0.01, and ***<0.001). G: Freeze
dried garlic, FG: Fermented garlic with Lactobacillus plantarum
KCTC 3104, FG-H: FG with heat processing at 100°C for 2 h.

gloo F R 050 pg/mL
S
g 2100 pg/mL
S 80 dededk
B
:g 60 |- sk
E
g *
-9!
3 40
%
Sl I
0 . .
Control Cu G FG FG-H

Fig. 4. Reduction capacities of G, FG, and FG-H. The results
represent the mean with standard deviation (n=9) obtained from
three individual experiments. Different letters above bar indicate
significant differences by #-test (*<0.05, **<0.01, and ***<0.001).
G: Freeze dried garlic, FG: Fermented garlic with Lactobacillus
plantarum KCTC 3104, FG-H: FG with heat processing at 100°C
for 2 h.

radical Fenton reaction(2 7} & o]&<4+H,0,~ HO")<
3 APEE Ao deA det AATATS A
HO-o 25 F0] HO-E HgA7I=d 7198 4 Sl
™, metal chelating &2 27} HolF<¢] H,0,9F ¥
gt A AT e AAAHSEZN HO- S FAIA
Z 4 Sk weEkA vks A189 hydroxyl ridical &~A g
of ot A7t 7] sh=A] dobr ] flske] fhdH It
metal chelating €4S 24313t}

oo o i of



Lactobacillus plantarums ©1-

OS50 pg/mL
E100 pg/mL
g b
2 .
£
E *
2
*
€
2
g1
Q
I
I
0 L L
G FG FG-H

Fig. 5. Metal chelating activities of G, FG, and FG-H. The results
represent the mean with standard deviation (n=9) obtained from
three individual experiments. Different letters above bar indicate
significant differences by #test (*<0.05, **<0.01, and ***<0.001).
G: Freeze dried garlic, FG: Fermented garlic with Lactobacillus
plantarum KCTC 3104, FG-H: FG with heat processing at 100°C
for 2 h.
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stk 50 ugmLel G 2aAE 3 FGoF 249

ggie] Aol YeplA RRAT, wasl AAelE T
AT FG-HE Gol Mlsle] Folaow fago] F7hadl
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HojEoh T3 50 ugmLe] G Algol Hlste] 72 wis
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FG-He| 3918 ZA3= AE9 hydroxyl radical 224843 =}
frAFeE S E S Ve
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o] 7} A1E7F H,0,242] Fenton reactions A e 2pheh
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Metal chelating®ll #ost= GAEZS HT'}i@r axg
BE Fall AR e 4=

©] hydroxyl radical &~7&/de] L&} me tal chelating
o] B¢ o7 zrgate] 7|oste o R FSET

vkl T

o el @
L ALY T eSS

O
-0l
0::1
_VE
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Xﬂ?&@ o] L%E]'. L ?i:rLoﬂ"i‘:\: EAQl A

i}o] Lactobacillus plantarum KCTC 31045 ©]-8-3}¢]
< A danT| o, e vk oA AR 222 T
A gro =M YaAgH A7t ks A &
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