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The Antioxidant and Antimicrobial Activities of Extracts of Selected
Barley and Wheat Inhabited in Korean Peninsula
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Dept. of Food and Nutrition, Hannam University, Daejeon 305-811, Korea

ABSTRACT In this study, the antibacterial activities of selected barleys (UB, unhulled barley; PB, pearl barley;
and NB, naked barley) and wheat (WG, wheat with germ and endosperm) extracts were evaluated against the food-borne
pathogens Staphylococcus aureus KCTC 1927, Escherichia coli KCTC 2593, Salmonella Typhimurium KCTC 2054,
and Bacillus cereus KCTC 1014. The amount of the antibacterial biomarker, 2,6-dimethoxy-1,4-benzoquinone (DMBQ),
present in selected barleys and wheat, was measured by HPLC. Furthermore, antioxidant activity of samples was de-
termined using the oxygen radical absorbance capacity (ORAC) assay. WG (22.35+0.04 mm) was found to be highly
inhibitory to Staphylococcus aureus followed by UB (17.91+0.10 mm), PB (16.87+£0.05 mm), and NB (15.69+0.20
mm). The antibacterial activity of the selected grains was correlated with antioxidant activities and the amount of
DMBQ (Pearson's correlation coefficient, 0.7831). The antioxidant activity of the selected grains was also correlated
with the total phenolic content (Pearson's correlation coefficient, 0.9934). WG extract showed significantly higher
antibacterial activity, compared with barley extracts such as UB, PB, and NB. The results of this study suggest that
barley has a potential in the development of natural antimicrobials and food preservatives for controlling food-borne

pathogens.
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2 &2E 2A AFEE ] SITHE). o] T HEle gHe] &
5o 2802 ALgshE 2R 2 (naked barley)9} B2
P A GolA] AR ARl HEE (unhulled bar-
ley)= Uiz g Jom, AHE= A ofd 229} ofd =4
glo] shake] upela 21 2 (glutinous barley, waxy bar-
ley)¢} Wl R 2](non waxy barley)® Y], ZH & v
HEut ofd 2 A" 9 Fhako] 2 548 7ML doH,
AW B4 AZHE R AnjabEe] A8 oR FRE o
&3kaL JTH(7,8).

e AAMA oF 22F0] A=l AA REA D(Triticum
aestivum) ™ 194 4, 284 ¥, g2 u] A U2 vieoh
HEA d& AA Aw] A4 9] 90%E AR ek o™ gk

ol A Aujst= Wi BF o] Fo &girh A3 wao 2
WR = AMEY S T8 2ol A7 v o] Q)
o] Aol G0 Fad FUoT o] &8 2= 9} 84 A
o] AfE AU T ZFd2HES AA7IE a9t e
W WFH B-glucane FHl2HE Astay 5 229
e 24, 4w 523 5 YA Ve wel E8A 9l
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HIZE ol FoiAa gl Wi B AR ChE Fulak nels)
Mol 2B ERE G, FAE DY GAFL o)) ue

B Ao AV ¥ 55 Staphylococcus aureus KCTC
1927(S. aureus), Bacillus cereus KCTC 1014(B. cer-
eus), Escherichia coli KCTC 2593(E. col)® Salmonelia
Typhimurium KCTC 2054(S. Typhimurium)® &+
AL AH ()l A e mrol ARE-sEgl o, v g A] =
nutrient broth(0.03% beef extract, 0.05% peptone)E A}
2311, Ao AFgE P2 ZU(WG, wheat with germ
and endosperm)® (F)FF& ()0l A A& wekar, B
2= 99 wiol wifrE £33 F R e(UB, unhulled bar-
ley), o}l vi-fwhs 233k 12 (PB, pearl barley),
ull ks Z§sk 21 2](NB, naked barley)® = ¢ &3}
StA(F D)A<Y Wol ARE-stSlTt.

NELEES

7} AlE% 10 g9 250 mL SHTE ¥ £33 $ 100
mL2] 100% chloroform(CHCly)& Wit thA] £33l th
o] &8t centrifuge(Hanil Industrial Co., Ltd., Seoul,
Korea)Z ©]&3}e] 6,000Xg, 30 min, 4°Coll A &2
3}aL, chloroform &R 34~ ¥ Whatman No.5 ZHE A}
£3le] DE 3 t}e rotary vacuum evaporator(EYELA,
Tokyo, Japan)& Al-§-3lo] &ul& 443 AA £ freeze
dryer(Ilshin lab Co. Ltd., Yangju, Korea)® T2 A1* 3}
o A-&3Fit.

dasn 23
AF5S Faste Aol dis Frads well dif-
fusion WP o2 AAFRATH11). 24 55 nutrient me—

7]
diumE AF&3F] 16A17HE. colis 8A17F Hl%) 37°C(B.
cereust 30°C Hl)ol Al g & AL 7 H5 5
0.5 mL& 40°C, 150 mL9] nutrient agar®} &3} agar
plate(23x23 cm)E A %3} T} Well dlfo.SlO 2 sl A}
¥ AEE 150 ul9 Cchoﬂ =l & dyd HEUE
o] &3te] 8 mme] & W F 150 pLo] A EE )3t
37°Coll A vl 3 well =91l WA E inhibition zone]
AAE S48ty Fdda9E Adstaich

o OM

2

Oxygen radical absorbance capacity(ORAC)

ORAC assay+ ¥ olu 259 total antioxidant ca—
pacity = oyx o7 %xg 5}01 sL/\}ﬁ} g A]s 3 7}0}7] 23k
e g4y &85 MO R free radicaldl 98 =Y

= SO REE AR o3t BT 58S 5743 ORAC
WS o] &3k 3aksl A FA L peroxyl radical scaveng—

ing capacity(ORACgoo) assayS A3 tH12). ORACroo
assay°l= 40 nM fluorescein®} 5 mM 2,2'-azobis
(2-amidinopropane) dihydrochloride(AAPH)E A}-&-3}<]
fluorescence plate reader(Tecan, Salzburg, Austria) =
excitation wavelength 485 nm, emission wavelength
535 nmol A F& FA3 . ORACroo2] 2 3= vita-
min E FE8AFE=A4<2 trolox(6-hydroxy-2, 5,7,8-tet—
ramethylchroman-2-carboxylic acid) 1 uMel ]3] H&
H curve area$} H|nLslo] w2 YER]

HPLC 24

2 Ao Ag¥E AR5 9] 2,6-dimethoxy-1,4-benz-
oquinone(DMBQ) ¥+&& HPLCE o]&3&to] HA1&49t},
DMBQ %<2 HPLC 412 Tosoh 8010 series(Tosoh
Co, Tokyo, Japan), UV 8010 diodearray UV-Vis detector
(Tosoh), RP-Amide C16(250%4.6 mm) column(Supelco,
Bellefonte, PA, USA)S AHE-3 a1, ¥4 §Hl2% 0.0025

M KH;POy : acetonitrile [80: 20(V/V)] g3 ol &)
5 ol ed o ARgste] 5023t B4 skl e, £452 0.7 mL
/min, TYXFL 20 pL= 270 nm oA 43513 TH13).
£ oz &2 =3

% vl g S4L Azl ‘“@Wi‘ 5% A&

O

0.1 g= distilled water 10 mLel] ¥ 20%7F Wikt &

AT sho] A He AT AT Alme] 34

1.0 mL, 95% ethanol 1.0 mL, %< 5.0 mL, 50% Folin-

Ciocalteu phenol reagent O. 5 mlLE 7}sla, 5E7F A

(25°CE Dol A ¥H-EAI AT 1 5 5% NazCOz 1 mL. 7yakaL

Falof A 1A17F B33t Voltex § 725 nmol| A4 spec—

trophotometer(UV160A, Shimadzu, Kyoto, Japan)& /\}
& 0}04 FHEE SAAT AZEZQ gallic acide
2o o] ;@E /]/Hoﬂjjr b Wb o2 WIS A|A X

= 2 gallic acid-equiv-

alent $to.2 AXsIlon, BE AL 33] st Ho

SAIXz

SPSS(Statistical Package for Social Science, v 12,
SPSS Inc., Chicago, IL, USA)° 2]t Duncan® ttH 94
A (Duncan's multiple range test)2 E3le] <0.0590 A
7t A& 7he] fo] A Q) 2ol & AT AT

SR AW 22 HPLC 24
A% 55 A0 wolste] v YFolLt ol 5] 4
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Table 1. DMBQ content (ng/100 g-fresh weight) analyzed by
HPLC in chloroform extracts of barley and wheat

DMBQ (ug/100 g-f.w)

Naked barley (NB) 19.3+0.9"?
Pearl barley (PB) 20.4+0.7°
Unhulled barley (UB) 29.8+0.9"
Wheat with germ and endosperm (WG) 280.0+60.0"

YValues are meantSD (n=3).
*Means with the different letters are significantly different (P<
0.05) by Duncan's multiple range test.

o) =
PR

2 a4eA DMBQ¢] &z} o] upe
}°ﬂt}(15 16). =74 gxd mt& ®Z|(NB,

o1
?ﬂ' A Ay BRE FE
°]

WG)ol 280 O+60.0 ug/lOO g'f.WP_i gheko] 7}
1 2B Z(UB), SH2](PB), X E(NB) <= & 3%t
°] L}E}MD}(29.8J_ro 9, 20.4£0.7, 19.3+0.9 ng/100
g fw)(Table 1). 283 FEHEE9] 3 A4S well dif-
fusion ¥ o2 AF5 f2 vAYES S Typhimurium,
cereuss EH%QE SA4sAch a3
cereus)® 441 ¢(S. Typhimurium,
S 3} chloramphenicol(CMP)& Tl %
o g aNE BN A BRE FEEAA S aur-
eusdl digk F7 A4S JERNSIAL, NB, PB, UB £o2
(15.69£0.20, 16.87£0.05, 17.91£0.10 mm) S. aureus
g E4E el e, WG FE52 22.35£0.04 mm

E. col, S. aureus, B.
A (S, aureus, B
E. col)ol| 78S

=]
Rl |

2 RY FEZEED HEGE o AdHeR =2 @45
UERH IS (Table 2). 12]aL o] ¢} 2 A5 DMBQ &
23} 3484 (anti- S, aureus)d] A S T o] A
F(Pearson's correlation coefficient) & HluE2 s Bk
< W, 0.9597% £2 Fo4S UEdS & F U
(Table 3).

o8 et A= Gunnera perpensa®l -89} Eucalyptus

tare]l DMBQ #&o] 3kl olo] we} o] & H=9] FE5&
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Table 3. Pearson's correlation coefficient of barley and wheat

Pearson's
correlation
coefficient

DMBQ contents: antibacterial activity 0.9597
Total phenolics contents: antioxidant activity 0.9934
Antibacterial activity: antioxidant activity 0.7832

o}
=

/\l—o]

o= a2t st

#% peroxyl radical scavenging ca—

pacity® ORAC assay & ©]-&3to] 543k Ay}, Fig. 1914
o] vitamin E 84 F%42 trolox 1 utM¢] 3413}

247 v wsksle W 100 pg/mLe] F=olA WG UB2

gaksl &ado] 71 =943 PB, NB ¢ o2 &4ts)l g4 o]
#asey. agla R d FEEY F HE 89S S
A3 A3}, Fig. 2914 H5=o] NB(3.06+£0.18 mg/100 g),

PB(4,76+0.33 mg/100 g), UB(5.67+0.32 mg/100 g) &
o7 TAo] X ugt B F HE TdHFS HAA 7
A3Gith 83 olet e ATE F dE g daks)
g9 FAdE Foj& ’\J%’lﬁ]—r(Pearson‘s correlation
coefficient) 2 ] W FA 3] B S wl, 0.9934% &2 2
AE YEIES & 5 At (Table 3). $1¢F 22 A=
Goupy 5(19), Liu®} Yao(20), Adam 5(21), Onyeneth}
Hettiarachchy(22)7} H. 213 A3 5dstA 2 2 HEF

B e Fusk ol ok dsish Axsgon, o

=
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Table 2. Antibacterial activities of barley and wheat extracts, chloramphenicol (CMP, positive control), and chloroform (CHCls,

negative control) as measured by the inhibition zone test (units: mm)

S. Typhimurium E. coli S. aureus B. cereus
CMP 100 ppm 19.37+0.02 15.12+0.00 27.30+0.03 30.70+0.05
CMP 500 ppm 36.14+0.20 20.12+0.02 48.44+0.32 39.41+0.40
CMP 1,000 ppm 36.21+0.65 26.91+0.12 53.20+0.22 44.04+0.17
CHCl3 10.00+0.14 11.9940.01 11.53+0.01 11.24+0.08
NB" - 13.10+0.25 15.69+0.20 13.27+0.21
PB 9.25+0.05 14.73£0.15 16.87+0.05 13.70+0.09
UB 9.48+0.01 14.45+0.20 17.91£0.10 14.28+0.11
WG 10.53+0.07 15.31+0.35 22.35+0.04 15.00+0.04

UNB: naked barley extract, PB: pearl barley, UB: unhulled barley, WG: wheat with germ and endosperm.
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Fig. 1. Chloroform extracts of barley and wheat extracts on per-
oxyl radical scavenging activities using ORAC assay. The re-
sults represent the meantSD of values obtained from three
measurements. Different corresponding letters indicate significant
differences at P<0.05 by Duncan's test. Samples are the same
as in Table 2.
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Fig. 2. Total phenolic content in barley and wheat extracts. The
results represent the meantSD. of values obtained from three
measurements. Different corresponding letters indicate significant
differences at P<0.05 by Duncan's test. Samples are the same
as in Table 2.
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