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Abstract This study aimed to investigate quality characteristics and antioxidant
activity of garlic fermented by lactic acid bacteria (LAB). Four LAB strains
(Lactobacillus plantarum KCTC3108, Lactobacillus plantarum B8, Lactobacillus
plantarum BR4 and Leuconostoc mesenteroides SY3) were selected for analysis
based on their fermentation ability (pH and total acidity) from eight LAB strains
isolated from fermented foods. Quality characteristics and antioxidant activity were
measured during four days of fermentation. S-allyl-L-cysteine, total thiosulfinate
content, total flavonoid content and ferric reducing antioxidant power of
ﬁ OPEN ACCESS fermented garlic extract increased as fermentation progressed. After fermentation,
the S-allyl-L-cysteine contents of garlic samples fermented with L. plantarum
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fermentation to develop a functional food.
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T3 S A=A @A 2 gt &2 allicin, dially
trisulfide(DATS), dallyl disulfide(DADS), diallyl sulfide
(DAS), S-allyl-L-cysteine(SAC) 53 Z2 IoIHES ot
F okl Qe 22 4#A ItHHong 5, 2000). ©]
23t FoREE2 AlWol S0i7F 34 o] o] Folea
E HHo], of7 7HA] 2% 71s= HElE 8 9% EEY
o] T ¥l UtHBenavides 5, 2007; Moore &,
2003). stAIRE Ak FFES o R6HL 3=l
T Eofolal, ujgto] Zpolal A2 ojojA o]E HFok=

AL AT Eto?} Kimura, 2002; Tamaki®t Sonoki,

1999). E3h =9 BYEy 242 & 3 29 Hl
A A= EA5t], AW F4&0] Wil o= o
A 77154 SHolA Al 5= ot7] ot
(Baumgartner 5, 2000).

AHAY] A EE #o]7] s Tt rRe7kE0] Al
51 B2 Slo, WAl YU et/
°]‘ 7Fsoks B AAE rRsl 8
L7} wt}, Solsg AR AL
g 220 kE57] o] ik 9}

g2 A5otAgt U}"éo TS IS Ui &4
go] F AlFol= A dof UA ¥oH, 7k 1Y F

3 A2 A7 Al AdlollA ST
3 9 HEEIES ABIAEH A W
AFHEE 57 }*]71—1— L3E FEoke ACE dHFlH
(Clarke 5, 2016). "F=9] SAC 59 4% &7]Iet 1ot
o A7 9 =48 £ defo] 3 A Zrksttty HE 9]
tHlee 5, 2016). oJsk o] tol TRElo] Y Fskat
=52 7R JFE T ﬁ—i 0*811% ULt

nj S ].9.0}- g
|51 lon, AFo o] 9 HEY 6o“o]', 5&/&3@} a5,
FH 1Y ;57?_] ot YA 715 Folske A
oz d#HA UkJung 5, 2011). °ol=
Suks} Hlwsto] 2w ‘*ﬂ 4 B8
A AR HEGIAIES TaAAS 402 TldE
2T A+ Ao dEW YaAES AHTE 45 AU v
AE O 37T 2 & 95 52 MAAT= 2oz |
IE YK Wastyk 5, 2021).

webs GoltaES ohd eRotHA AW &5 9 o8&

t
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S Z7MA7)= npskE QA7|&o] dQsitt 3slshEo]
o 39H ths 7MEEo Az 7|1&eS FYd 49 v)2
72T APESIE HA ABREE AESH 4 Qe nls
713Ee] Aol 7hs A0 e, olof met i o
FoME UEE Ed) npsAEL A Role] ZHEAS

QUok7, A7V 5AE Aol B8 154 ZAS

2. Mz A UHY

2.1. 4sE
2 ATOIA ARG vHsS AYRE oA Ao
Psuheg A8 RS Flel FYSIGom, 7Y 3

A 2C @A A EastHA ARESEIT HRvRE

FoE 9 ARAYE BAS A BEAIY S-allyl-L-

cysteine(LKT Laboratories Inc., St. Paul, MN, USA),

L-cystein, garlic acid, quercetin ¥ trolox+ Sigma

Chemical Co. Ltd.(St. Louis, MO, USA)IA 45t

ot 71 89 A9k analytical Y HPLC 55 ARES}o]
ATt

22 EEhls HZE

T2 A7 UA 25 Ald & &715 AAS 2
HIE ARGSHRITE darkss Alxsh| Yste] vz 100 g
of %4 200 mLE 2E87]o] Y€1, Hand blender
(HHM-640, Hanilelec., Seoul, Korea)= w<35HA &4
% Autoclave(Max. 60Lit, Daihan Scientific, Wonju,
Korea)E o]&sto] 121ToA 1581 BAIXl & A9l
ARE-SFATE.

AEALAE (Korean Collection for Type Cultures,
KCTONA B it 4F(Lactiplantibacillus
plantarum KCTC3108, Limosilactobacillus fermentum
KCTC3112, Pediococcus pentosaceus KCTC13100,
Leuconostoc mesenteroides KCTC13374)3 73/ thst
nZ2RY Bt ANt 43 (Lactiplantibacillus
plantarum B8, Lactiplantibacillus plantarum BR4,
Leuconostoc paramesenteroides B4, Leuconostoc
mesenteroides SY3) St M¥HE vhs BHFH) 6 mL
HET T 37CAA 447 FAEigsiginh g &
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2 HSEoMA &2 th=H(non-fermented garlic extract,
NFGE)& &4 EA vl1E Yt 2702 ARSI

2.3 0/|3/5t% £4 & Yx+ FEH

pH+= pH meter(Orion star A211, Thermo Fisher
Scientific, Waltham, MA, USA)E AR&slo] &5,
A= 10812 3)4% A& 10 mLo) phenolphthalein
A 2-3%2 Ho=d thZ 0.1 N NaOHZ m|&A
o] yetd w7t F3t A & AH|EH &HY P
lactic acid(Al<®, 0.009)& Fhatsto] %= LRIt

Ad5(viable cell counts)= A& 0.1 mLof| B =
FrE 9AZOR 4% &, MRS agar iAo 100 xL
£ TS F 37CoA 48A17F viFet & A HEE
3t 3 log CFU/mLE YeERf AT

-,

24 F 283 5%

dankso] d U8 Wong 5(2006)2] HHS ol&
sto] Skt & AE F Ao 250 mM acetate buffer
(pH 3.6), 10 mM TPTZ, 20 mM FeCls - 6H,0 &8
H[10:1:1 (v/v)] 1 mLe} TR 55 A& 30 plE &
gkstod 50TAA 4827 §HSAIZ] &, 593 nmolA 8%
£ SHol1, ¥R vk FEE9  FYEL trolox AT

Foz ghifsto et

2.5 EZ3HFL0/E ¥ 55

Zhishen 5(1999)9] W] wet S-S5t ol F
2 A& o) id EELol=7} aluminumol ]3]
chelating®|o] &2 & A7} Al SHEZ Yef= v
HE o]gsto] SAstAt &, A& 250 ploll 3% 7
1 mLe 5% NaNO, 75 pLE ¥al 42004 587t §HEA|
71 &, 1-g-g90] 10 mM AlCl; - 6H,0 150 plLE &%t
Sl 6 F9F thA] HRSAJAT 283 1 N NaOH 500
pLE A7Fsto] 1183 ¥hgA1Z1 & 510 nmollA S 8=E
Z4otAtt. YL 9 #2 querceting EFEAE AR
o AFTAS 19 EetEkolE o R YERfIH

i

2.6. Zthiosulfinate &g'sf =&

Schwimmer?} Weston(1961)2] ol uz} &ans
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< 0.1 mLo]l 0.2 mM cystein®] 7% 50 mM HEPES
(pH 7.5) 0.5 mLE 7Fsto] E9ket th2, o] &) & 5
mL7} =%% 50 mM HEPESE 7I5t9itt. &3 882 27C
oA 102 &< ¥HAIX o2, ¥ 1.0 mLoll 0.4 mM
5,5'-dithiobis-2-nitrobenzoic acid(DTNB)7} 3-&-%
50 mM HEPES 1 mLE #7Istal, 27CoA 107t HF
AlA 412 nmolA FBEE A #2E &
cysteine(linear range 0.03-0.5 mM)9] AHFZA-E o]
5to] nH=9] Zthiosulfinate ¥4 FoFAth

¢

(]

l

oo o o

[¢]

2.7. SAC &g =&

Bae 5(2012)9] ®¥ol we} SAC B £AES i Al
2% HausE 0.45 m membrane filter2 o]T}3t ot
<, HPLC(Agilent 1260 Infinity, Agilent Technologies,
Santa Clara, CA, USA)?} C18 column(Accucore™ XL
C18 column, 4.6x150 mm, 4 pgm, Thermo Fisher
Scientific, Waltham, MA, USA)& A&k HA5199c)
HPLC #4x4& ol%4 & A0 mmol/L sodium
dihydrogenphosphate and 10 mmol/L heptanesulfonic
acid, pH 2.3)2} B(acetonitrile mixing with eluent A,
pH 2.3 ratio 1:1, v/v)& ARt oH, A:B 27] Hl&S
100:02.2 AJ&Fsto] 580] 68:32, 15%0] 60:40, 18%9]
0:100, 204 100:0, 3042 100:0 27| &1 £Ho=
5lo] 3087 G-ASH= H]&-9] gradient system= A&}
tt. A&7]= UV detector(208 nm)E AREston, 52
0.8 mL/min, ZY 2=+ 38CE FAotAA B2 10
pLE FYsto] EAott SAC 3 42 S-allyl-L-
cysteiness BEEHAE ARSI AFFAe AHAdste] +

s

2.8. A2

nE AY2 33 drEctY o, Aoz AL Ayt
£ EA mZ=z273382 SpSS(version 20.0, SPSS Inc.,
Cgucagi, IL, USA)E ©o]-&sto] B3t ZEA2 ey
At 2= A3ko] Aok 7F Alol= one-way ANOVAS} At
S 74X (Duncan’s multiple-range test)= AA|5}%0H,

ojff #A4 Al §4E2 p<0.058 HAsto] AT #
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3. Zu ¢

3.1. Eeif=2 o/2fety £4

FAME 8507 A X

Bk

3 M AnksS WashEE olskt

A5t A3}= Table 13+

2t} pH ¥ AT wrg 09 oA SAkE A7t

17-5.50, 0.02992H, ¥g FFU(EY Ao=

21, 0.07-0.132.& E'—._hﬂ AP ot pHe
A= S7k6loith E5] Ha 19 AojAf & H

[e)
KHeow /. plantarum KCTC3108, L. p]antarum

N9
\D
&
qu

Table 1. pH, total acidity and viable cell count of garlic extracts fermented by lactic acid bacteria

Physico_chemical Strains Fermentation period (days)

properties 0 1 9 3 4

pH NFGE" 5.85:0.01% 5.860.00° 5.770.06° 5.83+0.04° 5.930.13
A 5.50+0.00° 3.8240.01° 3.6740.02° 3.64£0.02° 3.63£0.03°
B 5.33+0.15%° 3.85£0.02°° 3.6740.01° 3.61£0.00° 3.5940.01°
C 5.23+0.12% 3.8840.02° 3.71#0.01° 3.66£0.01° 3.6240.01°
D 5.30£0.00° 5.1120.04° 4.74+0.01° 4.31£0.10 4.2140.03°
E 5.17+0.06™ 4.84£0.02° 4.8340.03° 4.5040.35° 3.9840.05
F 5.40£0.0% 5.0620.06° 4.96+0.09° 4.22+0.30 4.07+0.29°
G 5.17+0.21° 4.84£0.07° 4.86£0.08° 4414018 3.9840.02°
H 5.37+0.06% 3.85£0.01% 3.7240.02° 3.65£0.02° 3.6540.02°

Total acidity (%) NFGE 0.0240.00° 0.0240.00° 0.010.00° 0.02+0.00° 0.0240.00°
A 0.01£0.00° 0.09£0.00° 0.110.00° 0.1240.00° 0.120.00°
B 0.020.00° 0.09£0.00° 0.110.00% 0.13£0.00° 0.13£0.00°
C 0.020.00° 0.09£0.01° 0.1120.01% 0.1240.00° 0.1340.00°
D 0.020.00° 0.03£0.01° 0.050.00° 0.0740.00° 0.0740.00°
E 0.020.00° 0.03£0.01° 0.04£0.00° 0.06£0.01% 0.0740.01°
F 0.02:0.00° 0.03:0.01° 0.04£0.00° 0.09:0.01° 0.09:0.01°
G 0.020.00° 0.04£0.00° 0.04£0.00° 0.05¢0.01° 0.09£0.00°
H 0.0240.00° 0.09£0.00° 0.1240.00° 0.1240.00° 0.1240.00°

Viable cell counts NFGE ND? ND ND ND ND

(log CFU/mL) A 7.0740.06° 8.33£0,04 10.2840.04° 9.20£0.08° ND
B 7.04£0.12° 8.3940.16° 9.1840.16° 5.4140.02° ND
C 6.14£0.19° 8.0940.12° 9.21£0.12° 5.30£0.18° ND
D 6.7240.08° 6.83£0.07° 9.10£0.07° 8.90+0.03° ND
E 7.130.06° 8.13:0.15> 8.7240.15" 9.5340.01¢ ND
F 7.11£0.02° 8.3740.06% 9.0740.10° 9.86£0.03° ND
G 6.86£0.03° 8.36£0.01° 7.05£0.00° 9.2740.01° ND
H 7.36:0.00° 8.3210.01% 8.44+0.00° 9.1410.04° ND

UNFGE, non-fermented garlic extract. A, Lactiplantibacillus plantarum KCTC3108; B, Lactjplantibacillus plantarum B8; C, Lactiplantibacillus plantarum
BR4, D, Limosilactobacillus fermentum KCTC3112; E, Pediococcus pentosaceus KCTC13100; F, Leuconostoc paramesenteroides B4, G,
Leuconostoc mesenteroides KCTC13374; H, Leuconostoc mesenteroides SY3.

Nalues are meantSD (n=3). Different small letters (%) within the same column differ significantly (p<0.05).

IND, not detected.

https://www.ekosfop.or.kr
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B8, L. plantarum BR4, Leu. mesenteroides SY3 45
£ A71et danksoA foulet ZolE Enh fhkt
FA7REY] B8 8 Ay 9] Aol HolA| ATt &
Ate s TaAEe o 9 9y #HE $8% ARGE
% oshu=, dart Agdd et fAkto] BAste 771
Ato g Qls W3kt vehdth Adta= E 09 AolA
SANE 77} 6.72-7.36 log CFU/mL, & 1Y #}of
£ 6.83-8.39 log CFU/mL, && 2¢ Aoll& 7.05-10.28
log CFU/mL, ¥& 3% Aoll= 5.30-9.86, 'FA 4 2}
© Be A=A fAFe] BEEA gUdth Jung 5
(2013)°] WHEH 659 AR YRS AR 2
¥}, 3o et F4 9 A9 A7 UEgeH, L
plantarum?t AH 02 SAgt 23S YeRHIT) o=
2 AN L. plantarum®] 7Y et FAGHL
o, & AFoIAE fihetol Wt o|atsha] E/do] gt
A AL ZUstt. webA Hanks Ao 58 o
= pH, A= 9 A4S efste] Hasol FHojd
L. plantarum KCTC3108, L. plantarum B8, L.
plantarum BR4, Leu. mesenteroides SY3 4% ©oh
o, AP A 4502 A2 ks 2259 7|54
7S skl

3.2, B'80l59 Sthiosulfinate % SAC 3'&f
Thiosulfinatet= "hs 572 A=2 WA 9 vjegte] 344
Hog Ao cystathionine B-cynthase, cystathionine
y-synthase 5oI 2Jsf tiAtE|o] it AGH o=
FEW(Al-Magableh 5, 2015), tHiH 43 (Kumard
Sandhir, 2018) ¥ &=stojH ot & 7jM G3HXuan
<. 2012)7} Ql&o] HaE wl gtk SACE Avksol &4
SHA] 401, mhsZ A 2 7Hgks IHYollA y-glutamyl
trans-peptidase(y-GTP)°l 2J& y-glutamyl-S-allyl-
cysteine(GSAC) S 2K E A== G35I8HE(Gonzalez &,
2012)2 FLa3HHo 5, 2018), @475 7J4(Saravanan
¥ Ponmurugan, 2010), ¥ A7 AX B35 GIHAtif,
2009; Kumar®} Sandhir, 2018) 52 &7 = AL
& BuEY gtk AFH fARF 4508 A& darks
9] SAC ¥ Fthiosulfinate %2 Fig. 1 % Fig. 29 &
ot HHu=9] F thiosulfinate ¥ SAC =2 Ha7}
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Il NFGE

Lactiplantibacillus plantarum KCTC3108
XN Lactiplantibacillus plantarum B8

500 [ [ Lactiplantibacillus plantarum BR4

B Leuconostoc mesenteroides SY3

400 -

300 -

200 - 4

S-allyl-L-cysteine (ug/mL)

100

A I I T T H TRy
RN

AARRMIITIIIIIIIIIIIIITITT TR
AQ NI

AN

Fermentation period (day)

Fig. 1. S-Allyl-L-cysteine (SAC) contents of garlic extracts
during fermentation by the selected lactic acid bacteria. NFGE,
non-fermented garlic extract. Values are meantSD (n=3).
Different small letters (*"°) within the same fermentation time
differ significantly (p(0.05).

180
— EEE NFGE
= 160 | Lactiplantibacillus plantarum KCTC3108
5 =N Lactiplantibacillus plantarum B8
- [ Lactiplantibacillus plantarum BR4 .
% 140 - EEE Leuconostoc mesenteroides SY3 g
2 o
c v o
120 % A %
8 ? ? .
% % %
g 1o A Y NE
© % / 7 o
< ’ ’ 7 ’
= 8of / 7 o /
% % % %
£ 1miRln
S % / ¢ ¢
D 60l % % % ¢
o v 7 a 7
2 % % / /
s % % % %
3 / o O 7
v 200 Iy o / o /
o % % % % %
= e ? % /
% % % % %

0 1 2 3 4

Fermentation period (day)

Fig. 2. Total thiosulfinate contents of garlic extracts during
fermentation by the selected lactic acid bacteria. NFGE,
non-fermented garlic extract. Values are meantSD (n=3).
Different small letters (*"°) within the same fermentation time
differ significantly (p¢0.05).

g dof wet F7bote AT Blon, 2E 8 Al 2
7] &t vt SAC 2 Leu mesenteroides
SY3 #H7H7F 2.63HH, total thiosulfinate TF L.
plantarum BR4 A7F7F 14.42¥2 71 wWol AAsk=
Ao & Uit ol vzl ok FIRMEEC] A
I8 5 HolEo] oxidized disulfides, e-disulfoxide®,
sulfinyl sulfones® ¥ e-disulfonete 502 A%t U A
AE7] gEoz dtdc)
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3.3 4abi59 & 283

d 33 (ferric reducing antioxidant power, FRAP)
2 ferric tripyridyltriazine(Fe**-TPTZ) E&A47} 4t
SHEgo] Zh= g 98] Fe*'-TPTZZ FU=E Y
£ ol-&sto] AR FisksZ S5k Wielth. A4H
AN 4F 02 AR Harkso] F SYgE 245 24
T= Fig. 33 2t} @a 0-49 Ao|A L. plantarum
KCTC3108 #7H-= 242+ 13.26, 17.00, 16.71, 17.51,
17.39 mg/mlL, L. plantarum B8 H7}= 242 12.06,
16.82, 18.43, 20.36, 18.46 mg/ml, L. plantarum
BR4 H7HE= 247t 14.21, 20.10, 22.41, 23.64, 21.94
mg/mL, leu mesenteroides SY3 A7M-= 14.83,
21.04, 19.03, 17.88, 17.62 mg/mLZ tiH-E2 &H 1-3
A A F7 ok A BoloH, ¥R 49 AolA=
oA Tasks FAS Bt E39| L. plantarum BR4 3
7HreIA f9H 02 7P E=UTHp<0.05). o= ¥R B
ol A ARt DS ZH= SAC ¥ EStELo|ER9 F7to|
A 71918 Ao 2 AFgHtHKim, 2009; Shirzad, 2011).

3.4 Elg0fs9o =Z2HHEL0/E &12F
NZo] S Sepuio|tl uE oA Wez
s, BE 39 % 980 o3t ApRgoR

aglycone FEHIZ Mty d2A it} flrygez F

30

Il NFGE

Lactiplantibacillus plantarum KCTC3108
NN Lactiplantibacillus plantarum B8

25 - [ Lactiplantibacillus plantarum BR4

BB Leuconostoc mesenteroides SY3

20 -
2
15

10 -

FRAP (mg/mL)

AN
AQAMIIIIIIIINININININNINNINNNY
AR
NN

ARMIMININIINININININY

0 1 2 3 4

Fermentation period (day)

Fig. 3. Ferric reducing antioxidant power (FRAP) of garlic
extracts during fermentation by the selected lactic acid
bacteria. NFGE, non-fermented garlic extract. Values are
meaniSD (n=3). Different small letters (°°) within the same
fermentation time differ significantly (p<0.05).
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of T olaEEY AF 71se UEdHL S A
YA, hEE wiFA FEE EAst] ol w37t =
ofof Aol 57t Htt. AAMEH fAht 4F0E AR T
A9 FEE olE AFE Fig. 49 Lo HE Al
oA Ea 1-3Y A F7hh= ddFe EioH, ¥a
39 &9 [. plantarum KCTC3108, L. plantarum B8,
L. plantarum BR4, Leu. mesenteroides SY3 7=
Z¥7k 121.23, 96.64, 144.65, 107.14 mg/mLY2H, L
plantarum BR4 7FFO1A 7P &2 S e

FobE oFdE vl RASISITE pH, $4te 2 A&
Z4sto] Haso| Hold 4359 fANt L. plantarum
KCTC3108, I. plantarum B8, I. plantarum BRA4,
Leu. mesenteroides SY3S AWHsI 7|5A H7IE 519
t}. SAC ¥ Fthiosulfinate T2 EA&7}F ZIYHo]| =zt
7tk AdE Bolon, ¥a 7] Bls| SAC= 44
2.34, 2.30, 1.96, 2.628] &7t 1, Fthiosulfinate:=
Z¥7F 5.55, 6.06, 14.41, 7.564 S7totglct. E g
g 4 XA L. plantarum KCTC3108(17.39 mg/mL),

160

Il NFGE
Lactiplantibacillus plantarum KCTC3108
140 | BN Lactiplantibacillus plantarum B8
[ Lactiplantibacillus plantarum BR4
L R Leuconostoc mesenteroides SY3

Total flavonoid content (mg/mL)
[=]

AITRh.a.S_
A RN
A I i Tl
Y
ARARM T TNt

0 1 2 3 4

Fermentation period (day)

Fig. 4. Total flavonoid content (TFC) of garlic extracts during
fermentation by the selected lactic acid bacteria. NFGE,
non-fermented garlic extract. Values are meantSD (n=3).
Different small letters (*°) within the same fermentation time
differ significantly (p¢0.05).
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L. plantarum B8(18.46 mg/ml), L. plantarum BR4
(21.94 mg/mL), Leu. mesenteroides SY3(17.62 mg/mL)
2 AR [ plantarum BR4 7M7Y frolA o2
= YR TH(p0.05). SEE ot 2 UE 3Y
AT F7Vohe A% Holow, da Ao Hls| 2tz
2.50, 1.79, 2.14, 1.54 F713Ae. oo 2o=7H
L. plantarum BR4 w5E ©]&sto] Tavks A% Al &
sk o, A &4, SEEE ot e S
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