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Several studies suggest that regular consumption of walnuts may have beneficial effects against oxida-
tive stress-mediated disease such as cancer. The present study reports the total phenolic and flavonoid
contents, together with the antioxidant and antibacterial activities of several solvent extracts
(methanol, n-hexane, ethyl acetate, n-butanol, and water) obtained from walnut (Juglans regia L.) green
husk. MIC (minimal inhibitory concentration) values of the walnut extracts for 8 human pathogenic
bacteria strain were determined using agar dilution method. Antioxidant activity of extracts were as-
sessed using DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS (2,2"-azino-bis-(3-ethylbenzothiazoline-
6-sulphonic acid)) assays, ECso of DPPH and ABTS scavenging activities, and determination of total
phenolic and flavonoid content and its correlation with DPPH and ABTS scavenging capacities.
Among the six extracts, ethyl acetate extract (EtOAc Ex) showed the highest antimicrobial activity at
3.2 mg/ml of MICs against Staphylococcus aureus SG511. Total flavonoids and polyphenol contents of
EtOAc Ex were 4248 mg of quercetin equivalents (QE)/g and 22325 mg of gallic acid equivalents
(GAE)/g respectively. The highest antioxidative potential was shown by the sample extracted with
EtOAc Ex (ECs=13.43 ug/ml for DPPH and ECs=41.83 ng/ml for ABTS radical scavenging activity
assay). These results showed that |. regin green husk extracts can be used as an easily accessible source
of natural antibacterial agents and natural antioxidants.
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H HIEHY B B2 50 SHat] AFolu AF 98 S0
de] &85 Jlth14]. EF, SFUF= 33 (green husk),
7 A (Walnut shell), 4t &8 o] (walnut kernel and seed), U
743 9 (bark and leaves)l 71574 &) EAI8t 34
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A AFAER /\}%d S 739 (walnut's green husk)v 37
T8 A AdEe BAER SFA I o] ditE 7] 5ol
g AoE 01]% o metA 253evt Aeset =4
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Al gFeE AtE s FaEq 38 ojgste o frjE

8 FEANEE 41, o|& Gram ¥4 (Streptococcus fae-
cium, Staphylococcus aureus)@ Gram A o (Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhimurium, Klebsiella
oxytoca) 8 o tste] i AHE Lolroth =Y, 7
&l wiet F2E AEY F EHEolE g AE FFE
St gats Ag3e] FuA S dotrgint. Fakst 28
DPPH  (2,2-diphenyl-1-picrylhydrazyl) [5]9 ABTS
[2,2'-azino-bis-(3-ethylbenzo-thiazoline-6-sulphonate)]  [25]
gtz AA84 HEE butylated hydroxyanisole (BHA) %}
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid)= 71E2d< 474 A&t B7tskolt
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Extracted with n-hexane (3 times)

Extracted with CHCl; (3 times)

CHCI,; extract

Aqueous layer

Extracted with EtOAc (3 times)

Aqueous layer

Extracted with n-BuOH (3 times)

n-BuOH extract Water extract

Fig. 1. Sequential steps of preparing the several solvent and aqueous extracts from Juglans regia L.



Table 1. List of bacterial strains used for antibacterial activity

test
Strain . Gram
Strains ..
No. staining
Streptococcus faecium MD8b +
Staphylococcus aurens SG511 +

Escherichia coli O75 -
Pseudomonas aeruginosa 1771M -
Salmonella typhimurium 14028 -
Klebsiella oxytoca 1082E -
Klebsiella aerogenes 1522E -
Enterobacter cloacae P99 -

O 3 O Ul = W=

Ao % 55 204.8 mg/mloll A 0.05 mg/mls =7} 5=
= 4% 28 45t 13RA S HEAE Azt
Ago] AHEH 87) 5 IL-YANG Pharm (Youngin, Korea)
o A FoFuto}l AL&-3t ¢ Th(Table 1). 754 A B %2 Fleisch
extract broth (Beef extract 0.1%, peptone 0.1%, NaCl 0.03%,
NaHPO4-12 H;O 0.02%, pH 7.5) HAWI A | A 1241 7F B A]
g &, 732 427} 1x10" CFU (colony forming unit)/ml
7} =2 Cathra replicator system (Oxoid Inc., Ogdensburg,
New York, USA)o &3t £3589 9L 57799
SujFEEol 2 9% 4" 7 wjA o HF3ke] 37Tl A
4N W £ HEe T2 MICE 243l

& E2Rx0|E &2 53

STHI 9 oY BUFEE o ¥ ZTtHE|E gL
Moreno 59 ¥ oz ZAeTH18]. ¢4 24 25 &) F
5534 750 1 mg/mlo] HEE2 %9 % 020 ym9)
AUA FHE AF¢ & stockB o2 AEE AT AxH &
] & 150 ploll WE-E 450 pl, 10% aluminum nitrate 30
ul, 1 M potassium acetate 30 ul 9 distilled water 840 pl&
AH 2 7tete] HE £ 15 mVt HE=E T3t o)
Zol z4HE EFEL A¢HEZ7)(UV-1800, Shimadzu
Corporation, Nakagyo-ku, Kyoto, Japan)& AH-&3te 415 nm
A FRF=E SAeAT T SR ot FFE BFEEH
quercetin (Sigma-Aldrich Co., St. Louis, MO, USA)& A}-§-3}
o A& Moz HE Astststt

& International Organization for Standard-
ization (ISO) WH[15]¢ W3t A&t At. ¢4 74 35
&1 FEEE 3% FF5 1 mg/mlo] HEE =20 £ 020
ume] A A BEHE A8 T stockY 02 ALLIIH T A=
3 24 & F£E 150 plel 10% Foline-Ciocalteau
(Sigma-Aldrich Co, Saint Louis, MO, USA) A| ¢k 750 ul$}
Sodium carbonate &% (7.5% w/v)< 600 g 713t HF
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EFol L5 ml7t HEE E94% & AL FAgA 1A Ft
RS A AT WHEE EFYE A9 E47](UV-1800, Shimadzu
Co., Nakagyo-ku, Kyoto, Japan)& 760 nmo| A FFEE =
AetAdth olm) FFEHEEE gallic acid (Sigma-Aldrich Co.,
Saint Louis, MO, USA)& At&3te] A2 HAFHORTE F
Az e Adstdn

DPPH 2jCizt AHgN 53

TFHINAM oA F7 ]% s ol &3 4 8 F2E9
g4kst 282 Blois[5]9 AfrettiZ 47 &7 (free radical

scavenging effect) ¥ & ‘?ﬂd gto] ZAskAth A 11-di-
pheyl-2-picyl-hydrazyl (DPPH, Sigma-Aldrich Co., St. Louis,
MO, USA)E wek&o 02 mM 552 Al %3¢t %9
02 mM DPPH &9 180 plol =% /\lE‘ ZA 9 20 plE
Egtete] A& AelA 2087 ¥ F ELISA DE Y
7](Epoch; BioTek Instruments Inc., Winooski, VT, USA)&
AH8-3tel 517 nmol A FHEE S ol EEEAR
T SigmaAte] butylated hydroxyanisole (BHA)< 83} % 2.
H AR FE} A Azt AT BE AlRe &
3 & HFFSE 200, 100, 50, 25, 125, 625 pg/ml7} H ==
A Z3} % th. DPPH radical scavenger activity (%)= A S 7}
29 £Ake] FRE AT WREL BN, o §

S5 50 (ECx) #k& AHeEiH 7 £77F 50% dashed 2
83 A 59 %S (Effect concentration, ECs), ng/ml)E 7]

3ttt
A
DPPH radical scavenger activity (%) = (1 _E) X 100

A: 517 nmel 4 9] AEAATY FRE
B: 517 nmol| A 9] FA7F9 §3=

ABTS ziC|Z 27{gd 53

ABTS [2, 2-azinobis-(3-ethylbenzo-thiazoline-6-sulpho-
nate), Sigma-Aldrich Co., St. Louis, MO, USA] &ttlZ &A%
A& Re®l ABTS WH[25]S AH&3st%th. $4 7 mM ABTS
&9 potassium persulfates 24 mMe°] HE%E &3¢ &
FANA 1243 FE REEAIZ &, 734 nmol A FF=7F 15
FEES SRFE 24T ABTS §9& A2t ABTS
£ 180 ploll A 20 = EFSe] A2oA 1083 WA
Z1 ¥ ELISA HE]EH7](Epoch; BioTek Instruments Inc.,
Winooski, VT, USA)E AH-&3t¢ 734 nmol A §FEE &4
dtgon, EFEHZE Sigmarte Trolox (6-hydroxy-2,5,7,
8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich Co.,
St. Louis, MO, USA)& N 59 &t 2A A x3ke] AHgat
At BE Ass EF F AT EEE 200, 100, 50, 25, 125,
6.25 ug/ml7k H =& 2 23}t ABTS radical scavenger ac-
tivity (%)= S FHA7kCO] @t s AUk FRE AE
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WEEE A old fEFE 50 (ECx) #-2 Afretd
Z 2A7}50% asked Q% AR 5 S (Effect concen-
tration, ECsp, mg/ml)E %7]3} %t}

A
ABTS radical scavenger activity (%) = (1 _E) X 100

A: 734 nmo A Y AN BEAHVFTY 3T
B: 734 nmol| A Y TR FHE.

SAAZ

EE AL 5YHO R 33 whEgt A7 R SPSS (Statisti-
cal Package for Social Science, version 18.0, SPSS In
Chicago, IL, USA)E AH8-3te] T £4& F3stginh &4
o) Mg 3t 94 HAA L Student's test (T HAI T
A ARE p<0.01 FEAN FAX FHe EAAT
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$U1E ol g3l BRI ENE de F2EES 2
%9 Gram %4 1 (Streptococcus faecium MD8b, Staphylococ-
cus aureus SG511)% 6% 9 Gram & 7F (Escherichia coli O78,
Pseudomonas aeruginosa 1771M, Salmonella typhimurium 14028,
Klebsiella oxytoca 1082E, Klebsiella aerogenes 1522E, Enterobacter
cloacae P99)& 02 &S MIC 52 <9 & 4,
Table 29 Zt}.

57k &l F&& 7k QoA H ol E F &+ (EtOAC
Ex)¢ 22X F FEE(CHC, Ex) WEE 355 (MeOH
Ex), 94+ 255 (Hexane Ex), & % & (Water Ex)2. T+ i
Ao g $3 FFBAe HAT 19YA T Staphylococ-
cus aureus SG5119] 7-%-, CHCl; Ex > EtOAc Ex, MeOH Ex>
Hexane Ex, Water Ex&= 0.2 F&E tf& MIC A&
HATh £3] S aureus 2 CHCl3 Ex 3.2 mg/mle] & Z ol A
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MICE yehfo] 438 A7k 7H8 2
2 Ade FALERZTFHl oA F
(enterotoxins) S A4Fste] FEI AFES o7
2EE o ofu7} itk &=, EtOAc Exe S. aureusd 3.2
mg/ml, AW A S. tryphimurium®] 6.4 mg/ml & = A
$43 MIC 84& Bg o CHCl Exe E. cloace P99
AA 64 mg/mle MICE H EtOAc ExETh 2v] =& 3+t
g4 HYth Fernandez-Agullta [12]& SFH325H 95
FE5 53 MIC &4 Z3 Gram ¥ dIMT F&349 1,
S. aureus ° & MICE 50 mg/mi¢l AC2 Bug v} glo
U2 AT AL & FEEY A9 1024 mg/mlE OF 28] B
A4S B9t CHCl ExY A%, S. aureus SG511] 3.2
mg/mle] F=oA THFAE Uerlo] o 154 3 It
g4& BAT. =3, Fernandez-Agulloa [12]9] A2 7ol A
T 3579 & FEE°] Gram o4 od= 24 0] gle
U 2 A7 A = Water Ex®] 7, 102-204 mg/mlol A MIC
et o EtOAc Ex® 4% E. cloacae P99 6.4
mg/mlo A MICE Bt =3 Oliveira 5[20]& 3F 5 &
(Franquette, Marbot, Mayette, Mellanaise, Parisienne)®l| 4]
FEES AN oJ5Y MIC 358 34T 23, Gram
FAAT 4 detld o, FF wet Zol7t gl
2 HISGY. o) FHEH L AAdE LA E fla-
vonoids, quercetin, M & 3F¢E T4 22 FHEAHEZ
(anti-bacterial agents)°] Bo| EAJ3tH, o] & && o] A9
DNA gyrased} 22 EABAE AAdtd F4& Ada}]
o & ©] TH[10].

s ¢ AFANC)/=FEEAYNIH)S  NIH/DTP
Repositories= 1992 5H A A 9] 4 &3} f YA EZHH
100,000/ 9] 25 oz AN EA S Asta 9
o o] & JHdAE BE HAEY AYEH FE FEE 1
mg/mlZ A5t HAsEI 9]0 [32], 2000 #E] 2008
A ERE AFEAE 2AG 29, FEFERY 58
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Table 2. Antibacterial activities [minimum inhibitory concentration, MIC (mg/ml)] of solvent extracts obtained from walnut green

husk of Juglans regia L.

MIC (mg/ml) of extracts

Microorganisms
MeOH Ex Hexane Ex CHCl; Ex EtOAc Ex Water Ex

Streptococcus faecium MD8b 51.2 204.8 12.8 25.6 204.8
Staphylococcus aureus SG511 25.6 102.4 32 25.6 102.4
Escherichia coli O78 25.6 102.4 12.8 12.8 204.8
Pseudomonas aeruginosa 1771M 51.2 204.8 12.8 25.6 204.8
Salmonella typhimurium 14028 25.6 204.8 6.4 12.8 204.8
Klebsiella oxytoca 1082E 25.6 204.8 12.8 12.8 204.8
Klebsiella aerogenes 1522E 25.6 204.8 12.8 12.8 204.8
Enterobacter cloacae P99 25.6 204.8 12.8 6.4 204.8

*The pre-culture of bacteria is done in Fleisch extract broth medium, and antibacterial activities were done in Miiller-Hinton

agar media.
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300 -

200 A

100 A

DPPH scavenging activity EC 5, (pg/ml)

BHA MeOH Hexane CHCl; EtOAc BuOH  Water
Extracts of J. regia and BHA

Fig. 2. DPPH free radical scavenging activities of various solvent
extracts from Juglans regia L. ECsy values were defined
as the sample concentrations required for 50% the radical
to be scavenged. BHA, butylated hydroxyanisole. The
values are significantly different when compared to the
BHA (*p<0.01).

AEE A o8 dojdth DPPH (2,2-diphenyl-1-
picrylhydrazyl)= #-r2t0 2 2758 SH o] &5 = ¢
Ad Afretdd dgezA BFE FdE 2 ofUFA as-
corbic acid ¥ tocopherol 59| #d5& o] &3 Fitsts &
Aol A-&ET31].

2 d7dA 53y FEEe] 9 3 a3 oY
g A=Y ditst &4 248 3Ased €85 < DPPH
At 27 849[5]e ol &5t tlz=d < BHAS H]

w A @34t DPPH 2 3= Table 39 Fig. 29| effect con-
centration 50 (ECso) #t 2 Z YEF ATk A A3 5 (electron
donating ability, EDA)l ¢J8] & tzZ <l BHAS ¥4t3}
T2 878 ug/ml Eohe= =01 ol BtOAc Exoll A 1343 ng/
mlZ FEE F /M $stdoen 522 CHCl; Exol A
3438 ng/mlel #%< E A Th(Fig. 2). Fernandez-Agullo[11]&
S5 (Juglans regia L.)<] T}iﬂ"ﬂ*ﬂ e 9 453259
DPPH ZHfrett 2 £7%5¢ ECopo 2 g 23, 242 34
3t &4 o] 380 pg/ml ¥ 720 ug/mle] F =AM YEST

=

c

fd

Table 3. Total flavonoid contents (TFC), Total phenolic content (TPC) and antioxidant capacity of the extracts tested in study

Sample Extraction yield (%) TFC (mg QE/¢g) TPC (mg GAE/g) DPPH (ECso) ABTS (ECs)
MeOH Ex 426 32.20 0.36 199.31 996.32
Hexane Ex 352 9.65 0.37 112.21 652.98
CHCl; Ex 0.35 3.56 126.88 34.38 147.04
EtOAc Ex 2.32 4248 223.25 13.43 41.83
BuOH Ex 1.49 5.33 72.55 66.45 567.84
Water Ex 11.04 5.88 10.27 238.58 1519.74

Control - - - 878 26.30°

Results are the mean of three independent experiments. QE, quercetin equivalent; GAE, gallic acid equivalent. Control 3,

Butylated hydroxyanisole (BHA). Control

b); 6-hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid (Trolox).
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nEaot B AfdAEs 357339 MeOH Ex @ Water
Ex9 ECsx 27 199.31 ug/ml 4 23858 ug/ml= el
o]+ MeOH Ex2| 7% oF 1991, Water Ex2] 7% o 30 £&

gikst 35 Uehlo] sejugtdl A Adste 59
3} G0l ¥ ¢ AR Yepgrh =3, &AA S #7]8u)
FEHE AT A EtOAc ExlA 71 48 Fatst &
Bho] g% T JEo #3 F7+ A7V ST

(

B

R
o
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ABTS 2ICIZ AN

ABTS &tz 2484 &4 2 ABTS7} potassium persul-
fateo] oJaf M7} A3t o] FEAS Yepf AT, dits) &
Ao AAFoTor Sdgd weh Ao EoAE AA S
ZAste oIt 24]. ABTS &t £AZAH S o] 83 &
TRy FEEo] B8 43t A5 g2 79 Trolox9t Hl
W3H T ABTS Z 3+ Table 39} Fig. 39l effect concen-
tration 50 (ECs) # o2 YeRATH EFEH < Troloxe
ABTS &t Z 2424 ECy #k°l 2630 ng/ml °|H, 355+%
& % EtOAc Ex7f 41.83 ug/mlZ 7H¢ $sten, sl
Z CHCly Exol Al 147.04 pg/mle #< Yebddch

o} 2ol ZFFHuERY &) FEE29 FAabs TS
dol® 7] 93, DPPHS} ABTS ettt 2424 A =E BHA
9} Trolox= 71+ &4 3 vl B3k 23, &5 EtOAc Exe
DPPH 202 &AAEA ECoe 1343 ug/mlY 5= ol Al L
Wt o= tEA ] d4tst E4< BHAS ECse 878 ng/
ml Bt 485 otk =&, EtOAc Ex®| ABTS 2t &A%
A EGoe 41.83 ng/mle s 504 48 2o, ¢t zE
A< Trolox®] ECs$l 1343 pg/ml Bt} 3.18) ko), o]
HAZEA ¢ $53 &3 A4S B

1600 1
1200
800 A

400 A

ABTS scavenging activity ECsq (ug/ml)

Trolox MeOH Hexane CHClL; EtOAc BuOH  Water

Extracts of J. regia and Trolox

Fig. 3. ABTS free radical scavenging activity of various solvent
extracts from Juglans regia L. ECsy values were defined
as the sample concentrations required for 50% the radical
to be scavenged. 6-hydroxy-2, 5, 7, 8-tetramethylchr-
oman-2-carboxylic acid (Trolox). The values are signi-
ficantly different when compared to the Trolox (*p<0.01).
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