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Barley (Hordeum vulgare L.), of the Poaceae/Gramineae family, is a common grain in the surrounding
area. It has been used in Ancient Egyptian medicine and it has been used worldwide for many years
as food and as an ingredient in beer. Barley has been reported to have anti-inflammatory, anti -carci-
nogenic and anti-diabetic effects. So far, a lot of research has been done on barley but the effects of
fermented barley seeds with lactic acid bacteria have not been studied largely. In this study, we inves-
tigated the effects of ethanol-extracted barley seeds after their fermentation with lactic acid bacteria.
The biological activities of fermented barley seeds with lactic acid bacteria and non-fermented barley
seeds were analyzed for total polyphenol content, total flavonoid content, DPPH radical scavenging,
superoxide dismutase-like activity and tyrosinase inhibition. These results showed that fermented bar-
ley seeds with lactic acid bacteria have more advanced anti-oxidant and whitening properties than
non-fermented barley seeds. Hence, we suggest that fermenting barley seeds with lactic acid bacteria
can be an impressive material in the food and cosmetic industries.
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gt iQ} 5ot #HEA S A EY I 57 A
,AekE 2Ed 2o s Fitshras) 22 ALY
<7 }’\]7]@ gabst a4 BAE a7 deid
Z7HA T3, 16, 19, 26, 31]. FA 247} F71HE W I
57 £ H e o] § A4 RS Bodhes Aol dAg
1TH10]. et o] I A+ tyrosinase} tyrosinase re-
lated protein ¢! TRP-1, TRP-2 5°| $12.H, tyrosinasev ty-
rosineS L-DOPAZ EthA| dopaquinonel 2 A &3t 93
< 3™ TRP-2 &40 93] 5,6-dihydroxyindole-2-carboxylic
acid (DHICA)E W &5 o] npAeo 2 TRP-1 &4 93 in-
dole-5-6-quinone carboxylic acid= =0 HFH o= 2
gdos FAEGT A Ao, 31].
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Aol ¥ @9 2l (pheomelanin)©] UTh =& A9 LEF 2
Fed ded A4S FEko 7)H, F24, AWA, Wy
59 FAA FFHE doths, 9, 13, 16, 34].
: A oolrdte SAE AR ¢
Hale 7HA AL o B4 HdEd
| 7153 detd A4 AAE 743 A
SAFY ALY BaHo F7HE I Yo
1.2 (Hordeum vulgare L) ¥ 3}(Poaceae/Gramineae)o|
&b el o] 222 AA A=A AuE e A %
Eolt}, Belole FetRo]l=9 UFQ quercertin, kaemp-
ferol, catechin® HIE}HIC, HIE}WE, B-carotene 59 738 3
st Ed S o ek ol dud gl Fepopr b
Zo] 7hA 3 9lof 7} 9 BE o] a3 o), Bglucano] 2t
TEA Aoldfr £3 %] BEo SH2HES W0
g 18, s g 5o 49 e &3t
g &EA Sin7, 12, 22, 25].
Ty o3 Bl g o] &g A7 ol o] FAA L YA
Bt HEE 5 AYEA ¥ 5% oo 3% d7e
oo Aol HEE o] &3 VIS AA ] F97 4+
7o hAAES o] &t HAER WAE FEAol o)
3 S uAE ZoE A4 v ATH15]. B,
frabd e ks, 1y 28 gl oo 5o g Aol

2 o =2

¥ =g

ATFozH B S o] &8 EF &A1 E WLl 7|2AR
2 Fgstuz o

8z ¢ AIRe M=

ATolAM AHEE B Aok Grsel A Sk 2R
Aoke Fujstg oy, £ & A& T Sodium carbonate
(NaxCO;), folin-ciocalteu, gallic acid, Tris hydrochloride
(Tris-HCl), pyrogallol (CsHs(OH)s), hydrochloric acid (HCI),
L-ascorbic acid (Vitamin C), acarbose, 4-nitrophenol-a-D-

e 1=

glucopyrnoside (pNPG), sodium phosphate (monobasic, di-
basic), a-glucosidase enzyme, L-34-dihydroxyphenylalanine
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(L-DOPA), tyrosinase enzyme- Sigma Aldrich (USA)°l A
Tyt A83tATh ELISA reader= SpectraMax M2
Microplate Readers (Molecular devices, USA)E A+-8-3t St

Mg 23
oF 209 7hAl o] Ao A &
Hl dastel g 55 Fst
of #Astd 4l dFLE A
B AdToA AEFH AEE
gent, Korea)oll &3t 54 o
cillus brevis BHN-LAB38, Lactobacillus brevis BHN-LAB96,
Lactobacillus paracasei BHN-LAB111, Lactobacillus paracasei
BHN-LAB129 & AH8-8t3ith. 54 dx® 77 MRS #A
of 48417t F2k 37Tl A W 5, AH&stiln.

o

&

%2.7, Rotary evaporator (Eyela, Japan)Z 55 ©]&}o] A
d FES L, T2 AXFY G2 FEES AP AL
a
M

=

Total polyphenol &2 &3

% Z¢9 % %S Folin-Denis W [29]& &&3lo] 23
3t¢lo.m, 96 well plated] Al EE4 10 ul®} Na,COs Al ¢F 200
ul, 50% Folin A% 10 ulE ¥ & & F, foil 2 P&
DA e A 30 B B AR A BREA AT i F
ELISAE ©] &3} 760 nmo A 35S Z435tA 1, o] o
NPEZY £ s FFL galic addE ©] &3t 10, 50,
100, 250, 500, 1,000 ug/ml & F== A4 H & F4& 53t

o £4sid.

Total flavonoid &2 &3

F TRl FFL Jia T[] PHE T4l Y3}
Ao, 96 well plated] A =4 20 ul, S4A 80 ul, 5%
NaNO; 6 ul& ¥ 583 oA §-&d & 10% AlCl:
6H0 12 ulE 42l A 657+ uH-5-A17] 2 IN NaOH 40 ulE

Table 1. Contents of total polyphenol in ethanol extracts from Hordeum vulgare L. fermented with Lactic acid bacteria

Concentration Non-fermented L. brevis L. paracasei
(ppm) Hordeum vulgare L. BHN-LAB38 BHN-LAB% BHN-LAB111 BHN-LAB129
100 10.92+0.14" 8.67+2.50 8.00+1.15 12.58+0.88 12.26+1.97
500 20.42+0.95 35.33+2.31" 28.50+2.78" 35.67+3.40" 26.33+1.01°
1,000 51.25+0.66 58.58+3.01 77.75+1.98" 76.0045.65" 58.33+3.88

UValue are means * standard deviation of triplicate determinations.

Units: ug/100 g * p<0.5, **: p<0.01
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A 07 Lactobacillus spicheri strain LTH 5753

| —— 13 Lactobacillus namurensis strain R-27965

[ 11 Lactobacillus acidifarinae strain R-19065
12 Lactobacillus zymae strain R-18615

14 Lactobacillus paucivorans strain TMW 1.1424

03 Lactobacillus brevis strain ATCC 14869
II 02 Lactobacillus brevis strain ATCC 14869
01 BHM-LAB38

09 Lactobacillus yonginensis strain THK-VE

08 Lactobacillus koreensis strain DCY50

10 Lactobacillus senmaizukei strain L13
05 Lactobacillus senmaizukei strain NBRC 103853

04 Lactobacillus hammesii strain TMW 1.1236

06 Lactobacillus parabrevis strain LMG 11984

15 Lactobacillus oryzae strain SG293

0 0.00864 0.01728 0.02592 0.03456
B e ()9 L actobacillus spicheri strain LTH 5753
1 ——————— 13 Lactobacillus namurensis strain R-27965

[ 11 Lactobacillus acidifarinae strain R-19065
12 Lactobacillus zymae strain R-18615

14 Lactobacillus paucivorans strain TMW 1.1424
03 Lactobacillus brevis strain ATCC 14869
02 Lactobacillus brevis strain ATCC 14869

01 BHM-LAB96

06 Lactobacillus yonginensis strain THK-V8

08 Lactobacillus koreensis strain DCY50

10 Lactobacillus senmaizukei strain L13

05 Lactobacillus senmaizukei strain NBRC 103853
04 Lactobacillus hammesii strain TMW 1.1236

07 Lactobacillus parabrevis strain LMG 11984

15 Lactobacillus oryzae strain SG293

0 0.00864 0.01728 0.02592 0.03456

I I I I I

Fig. 1. Phylogenetic analysis of the isolated BHN-LAB38 (A), 96(B), 111(C), 129(D) and related bacteria of the Lactobacillus group
based on 16 rRNA gene sequence comparisons, The sequences of isolated strains were compared with available from the
GenBank database.
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cC ——— 14 Lactobacillus saniviri strain YIT 12363

15 Lactobacillus camelliae strain MCH3-1

| 10 Lactobacillus rhamnosus strain NBRC 3425

12 Lactobacillus rhamnosus strain JCM 1136

06 Lactobacillus zeae strain RIA482

’— 11 Lactobacillus casei strain BCRCL10697
07 Lactobacillus casei strain NBRC 15883
08 Lactobacillus casei strain ATCC 393

09 Lactobacillus casei strain JCM 1134
— 05 Lactobacillus paracasei strain ATCC 25302

03 Lactobacillus paracasei strain NBRC 15889

01 BHM-LAB111

04 Lactobacillus paracasei subsp. tolerans strain NBRC 15906

02 Lactobacillus paracasei strain R094

13 Lactobacillus brantae strain SL1108

0 001571 0.03142 0.04713 0.06284 0.07855

I I I

D 1 14 Lactobacillus saniviri strain ¥IT 12363

15 Lactobacillus camelliae strain MCH3-1

| 10 Lactobacillus rhamnosus strain NBRC 3425

12 Lactobacillus rhamnosus strain JCM 1136

06 Lactobacillus zeae strain RI1A 482

F 11 Lactobacillus casei strain BCRCL0697
07 Lactobacillus casei strain NBRC 15883

08 Lactobacillus casei strain ATCC 393

09 Lactobacillus casei strain JCM 1134
— 05 Lactobacillus paracasei strain ATCC 25302
03 Lactobacillus paracasei strain NBERC 15889

01 BHM-LAB129

04 Lactobacillus paracasei subsp. tolerans strain NBRC 15906

02 Lactobacillus paracasei strain R094

13 Lactobacillus brantae strain SL1108

0 0.015724 0.031448 0.047172 0.062896 0.07862

I I I I

Fig. 1. Continued.

gof ¥heS AN L A2 A 118 ¢ wES A F of P t3th 96 well platec] 20 ul AE £4, 180 ul DPPH

420 nmol A FREE AT of 1 ALY F &7 € 47k J7hg F 37CAA 3023t ¥h A1 AL 517 nmol A

A FFE ruting o] 43ke] 10, 50, 100, 250, 500, 1,000 ug/ $4EE 2439t DPPH radical 27 €452 A& £

mlo FEE AYE FF A4S Fotol T4 < A7 AFTH AUbekA e T Abole FRE AolE
ki

DPPH (1,1-diphenyl-2-picryl hydrazyl) radical 27 AZ-Fo%5 (%) = [(1-(Sample - Sample blank)/(Control-
s &% Blank)] x100
DPPH radical 427 4-& Blois [4]°] S 5 H¥s} Sample : AlE0°] DPPH €9& A& & #3 A7 3=

ol
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Sample blank : A& &mjAE A2 F WEAZ FE =

SOD ®AERY 53

SOD +AH2HA & Marklund #H[18]9] whet 33k Th.
of W& pyrogallole] MAT 24¢ Fahel sk Sk
(HO)= ) A& wh&& Zuf 3k SOD FAHAY o= Ve
Aot 2 FE9 AR 10 uldl Tris-HCl buffer (50 mM Tris
(hydroxymethyl) aminomethane in 10 mM EDTA, pH 8.5)
130 ug/ml¢t 7.2 mM pyrogallol 10 ulE #7}ate] 25°C o A
10 B2+ w3271 &, 1 N HC 10 ulZ 713t 8k-3-& AR A
Ao vh&d Z Ab3lE pyrogallold %2 UV spectropho-
tometers AH&3t 420 nmolA FHEE FAHI}HOH
SOD FAHEAE A& §9& A7H AdTs A7bshA @+
T Al FRE AolE WMEEE YERSITH
SOD-like activity (%) = [(1-(Sample - Sample blank)/

(Control- Blank)] x100

Sample : 1 N HCI2. &2 #H-g-& A A
1:5], 27_,,],1:
Sample blank : 1 N HCIS. & ¥-3& B4 £, pyrogallol

. o
sy =% 3=

4, pyrogallol #&&

T =

flo
o
h

Tyrosinase Msf &4 24

Tyrosinase A3 &4 Z7% 2 Masamoto [20]¢] ¥ < ¥
st FstAtt. 2t #59 AIE 10 ulel Mushroom ty-
rosinase (110 unit/ml) 20 ul®} L-DOPA 170 ulE 7}s}t]
2 E3s &, 37CoAA 1083 #H-&AIF . L-DOPA €4 9
A& UV spectrophotometerE Ab&-3t4 450 nmol A F3=
£ Z2Asl9 o, FHNZF 2R ascorbic acid, A4 NZF
S & tyrosinase enzyme 4! 50 mM sodium phosphate buf-
fer (pH 6.8)% &% w73l AH&atgith

Tyrosinase A3 €4 (%) = [(1-(Sample - Sample blank)/
(Control-Blank)] x100

Sample : Tyrosinases H7}¢ v F3E

Sample blank: Tyrosinases H7}otA @& 9 F%

5]

ol
b

SAH M
EE AP Ha 33 whEsto] JPsiglon, 4 ANgsf
A A B2 EAAE UBigla, 4 43 23 F
AA FoH AR A7 TFHA &L x4k Hlwsto]
Student’s t-testoll o|ste] HA 3G 7 F gho] 0.05 =+ 0.01
nrd o frej ol vt ddstgit
A 3

Total polyphenol 2! Total flavonoid &&f =&
(-

Benzene 189 4 F 37} hydroxyl

Hzolzt &t 27) o9 sto] =SS 2 9
Zgdgolgta 3t Egixoles EefdE
A7 207 CoC-Ce @ BAS AT A H o
Aolth20]. Ze¥ s SR o EE HEo] A9
%‘— B B353l7] st whE SR P43 28, I,

o 82 FH27)
1o e 2 2 44702 HEE & B # % (Lac-
tobacillus fermented barley seeds; LFB)¥ T & & 3} &2
Hg] A ok (Non-fermented barley seeds; NFB)& &2 # & 9
ZetR ot S 77} gallic acid¥ rutin:% & BX
sto] S45tdth. 1 A3, LFBY NFB 27 ¥ & 9EH 0=
F s 3 ¥ IS xolE FFol 44 s/t &
ZdE FFE 500 ppm 550l NFBE 2042+0.95 ug/
100 gol 21 2™ L. brevis BHN-LAB38, L. brevis BHN-LAB96,
L. paracasei BHN-LAB111, L. paracasei BHN-LAB129+= Z 2z
35.33+2.31 ug/100 g, 28.50+2.78 ug/100 g, 35.67+3.40 ug/100
g, 2633+1.01 ug/100 g&. 2 %& LFBE NFBel #l&) #94
Ade IVHE HPom 1,000 ppm FEAMY NFBe
51.25+0.66 ug/100 g1 2™ L. brevis BHN-LABY6, L. para-
casei BHN-LABI11Z HEE 3 LFBE: 27t 77.75+1.98
ug/100 g, 76.0045.65 ug/100 g©- 2 24 Y& 715 BY
o

% ZgRxol= &2 500 ppmol A 9 NFBE 18.83+1.61
ug/100 golhem L. brevis BHN-LAB38, L. brevis
BHN-LAB96, L. paracasei BHN-LAB111, L. paracasei
BHN-LAB129v= 77 28.004250 ug/100 g 25.50+1.32
ug/100 g, 27.50+0.87 ug/ 100 g, 25.17+0.76 ug/100 g% E&
LFB= NFBell Hl&} #94 A& F7Fs EHAT 1,000 ppm
FEAME BE LFBIA #o4& FA = Xl

2 2 0 o md
oo rlr o md o
=>é‘4 H‘u m{n HU mlo HJIO

e
m>'

ru_
fitl

DPPH (1,1-diphenyl-2-picryl hydrazyl) radical 2

s &3
B ARE SAAE 21 9+ free radicalel 47](-OH)
7t BO1A radical A 2 ¥HES TA AAFE 4s ok

DPPH (a,o’-diphenyl-B-picrylhydrazyl) radical & B2} -&
o1 gl o]Zlo] FASA (AP EH)9 HhSEtE €& =
FAS mA HH, o]d Mo Wl §itslee 2R B}
3= Adurd o]u}[g].

2 AT Be¥d 5294 LFBS NFBS] DPPH radi-
cals 274 E48E& Z4sAh. 1 A3 L. paracasei, L. brevis=
1ags 3 BE LFBQ’ NFB 25 & &3 o7 £
o}, 1,000 ppm & =14 NFBS DPPH radicals®] &7 &4-&
14+0.01% & iﬁiiﬂi L. brevis BHN-LAB3S, L. brevis BHN-
LAB96, L. paracasei BHN-LAB111, L. paracasei BHN-LAB129
Z 23 E 3 LFB+ 32.2620.01%, 25.63+0.01%, 35.83£0.01%,
2889+0.00% % =& LFBYIA NFBe] Hl3l oA Q& 571

o

of
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Table 2. Contents of total flavonoid in ethanol extracts from Hordeum vulgare L. fermented with Lactic acid bacteria
Concentration Non-fermented L. brevis L. paracasei
(ppm) Hordeum vulgare L. BHN-LAB38 BHN-LAB96 BHN-LAB111 BHN-LAB129
100 10.00+1.32" 5.83+1.15 6.67+3.88 12.3343.25 11.17+1.26
500 18.83+1.61 28.00+2.50" 2550+1.32" 27.50+0.87" 25.17+0.76"
1,000 48.67+1.04 56.50£3.28 52.00+2.78 47.83+4.75 44.67+4 51

"Walue are meanststandard deviation of triplicate determinations.

EO]“’% NFBoﬂ H] :‘H fﬂ'/\ §}' %}H 0] 17].?‘54-,% p;'}o 5- _/r: Olfi‘i
o ®uk ohyel A =l 1003 500 ppmol A= FAE A}
g sy

SOD wAEY &3

SOD+= superoxide dismutase®, superoxide® T2 3
Z ut e 8do|th YA 0 2 SODE superoxides #H4Hs)
FaE HFE Qs FAsHA o, o213 superoxide (O2)E
kst ra(HO)E AN 7= i S st
o A Fe WaE SAshs AP olu18].
2 ATdM s B Ao R TaE 3 LFBS NFBY
SOD A+ &4 4 ZA8tdth. 1 A, L paracasei, L. brevis
2 2EE @ LFBY NFB BF & &4 02 Srtshsinh
1,000 ppm F =14 NFBY SOD A &4 £A42 14.90+
0.02%< B L. paracasei BHN-LAB1112 T & E 3 LFB
o A RF 3238+0.04% 2 F ¥l o] 4o A WEE HolH o
A Se 37 BAoH A FE 100, 500 ppmol A = A

A3E gelsgit

pyrogallol

=
as

Units: ug/100 g **: p<0.01
Tyrosinase Msfl &4 &4

EZAE HZAUA o 98 L-DOPA (4-dihydoroxy-phe-
yalalanine)7} M3Hd & E=3F=o0 2 A3tk AF £
=3 "V\Eﬂolol @ﬁﬂf‘f}oﬂ TUA=Z WzEodS A &
Hedetd s 34
ERgEo® A3y 3?* 5145]4 o= fHgdos HEAT
ol Watd AL IR MAFAS oA Hed ol
dAet7] e depd 4 Y F 3 GAE AGFOEHN
A S AT 4 UTH[8-10, 16, 34].

& d7old e g4 fado 2 $ES 3 LFDSH NFD
9] tyrosinase A3 &4 SAsATh. 2 A3, L. paracasei, L
brevis® WA E 3 LFDS} NFD BF &% g &3 o7 =713}
ATt L. paracasei BHN-LABI29Z & E 3 R 100 ppm
ol A RF NFDel| Hl &l o3 oAl &8s EAoY LgkdA
E FoAo] #&HA okth T8 1,000 ppm 5 =14 NFB
9] tyrosinase A3 &4 39.06+0.03% & B H oM L. brevis
BHN-LAB38, L. paracasei BHN-LAB111E W& E 3 Hele
7Y 7} 47.89+0.02%, 57.47+0.01%, tyrosinase A 3] &4 & Ho]
H 7HE w84 A Z4E HYT HIE positive control
o AH&% ascrobic acidoll HlE| A= ©& Ad S-S BHAA

T ooy

** . p<0.01
100 * 1 p<0.05
§ ax X
o~ -
2
= 80
.; *%k
1%}
© I
(o)}
£ 60
(o)}
e
7]
>
8
w 40 Hk
‘—v *k .
2 *k ok Kk *k
o I I % pl
o *k Kk
20 - I I
I **k
o - I
o I
=) 1
0
NFB BHN-LAB38 BHN-LABS6 BHN-LAB111 BHN-LAB129 Ascrobic acid
100ppm 500ppm = 1000ppm

Fig. 2. DPPH radical scavenging activities of Barley fermented by Lactic acid bacteria (Lactobaciilus brevis ; BHN-LAB38, BHN-LAB%

Lactobaciilus paracasei ;

BHN-LABI111, BHN-LAB129). DPPH radical scavenging activities were measured at 525 nm. Results

were expression as % control (non-fermernted Barley seeds) and data means = S.D. of at least triplication.
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]

*: p<0.01
* 1 p<0.05

t*** *f
il 0 | e Il

BHN-LAB38

"3

H N- LABQG

) oF 1.2-154) S7HEH #2F
S 2 Ho} tyrosinase A& &3t

B AFAE AZdA Ed G4 L brevis, L. para-

caseiZ WAE

120
-
X
St
2> 100
2
=
s
o 8
-
o
x
2
E 6
£
Q
©
S 4
‘a
s
=20

Fig. 4. Inhibitory effects of Barley fermented with Lactic acid bacteria (Lactobaciilus brevis ;

g Heg) Aokl EaetA g2 B Aot

BHN-LAB111 BHN-LAB129 Ascrobic acid

100ppm ®500ppm = 1000ppm

BHN-LAB38, BHN-LAB96 Lactobaciilus

BHN-LABI11, BHN-LAB129). Superoxide dismutase-like activities were measured at 420 nm. Results were ex-

pression as % control and data mean t S.D. of at least triplication.

af kst g e 715 EY EHE Fsta ol F T A
3 gl o SpAFaA AL A8 8 S&etr] Hd F4ks
(F ZYd e %, F FE =0t &%, DPPH radicals 4
71 &4, 50D w*} 24 #A4), v (tyrosinase A3 FA &
B)e Ade APk F FHRxolE FF2 RE
LFB7F NFBE 500 ppm A+ A SIAl S71etien & &

g9 = g2 500 ppm FEANAHE EE LFB7} NFBo ]3]
T4 AIA F7FE L 1,000 ppmelAE BHN-LABYS,

** . p<0.01
* 1 p<0.05
*k
*k
*k
*k Kk
*
*
**k :[
I k% k%
I I
NFB BHN-LAB38 BHN-LABS6 BHN-LAB111 BHN-LAB129 Ascorbic acid

100ppm ®500ppm W 1000ppm

BHN-LAB38, BHN-LAB96 Lactobaciilus

paracasei ; BHN-LAB111, BHN-LABI29) on tyrosinase activities. Inhibitory activities of tyrosinase were measured at 450 nm.
Results were expression as % control and data mean * S.D. of at least triplication.
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(Hlolo] X dute] @ AR WEHSLANGA T4, Herhsta AokA e, Tu o] Z )

18] (Hordeum vulgare L.)= Poaceae/Gramineae Z-oll &3} 9o £3] 9l FEo|A T 1t | JE A+
He7b ooFF oz AbgHol ston od ARE B Ut 7lsd 4%, ¥8 2 452 AdHE T8
TEolth Beldf Ascle 39S, I 2 el a3t e AoE deA o dAA Held 23
T A7t AYHA AT fratd HEE o] 3 B U AFE Bo] AP A ey B AFo)A
T fAE S ol gste] BE F e FE7 He| Aoke] asto) st 24 s o] & HEA FATEoE
TEG B Aot daska & Hejof & Ede 9%, ¥ St eolt 9%, DPPH g2 47%, SOD
AR BBl ZAUAL As) B4 E4sin. ARH R fitd o BEY K Adto] BastA o
Hel A Aoz HAn webA e fAd o 2E

uth o &3 A3 w3 L o)y FHL ey
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