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Antimicrobial and antioxidant activities of extracts from walnut green husks*

ZHANG Weixing"2, HE Kaize'™ & PU Qiang!
' Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

A:bﬁmi! This research aimed to evaluate the antimicrobial and antioxidant activities of walnut green husks, and to explore
possible ways to efficiently utilize the bioresource. After walnut green husks were extracted by different reagents, the
antimicrobial capacity of the extracts was measured by Oxford Cup method; the antioxidant capacity was assessed by total
phenolic content, reducing power assay and scavenging effects on DPPH (2,2-diphe-nyl-1-picrylhydrazyl) radicals. All extracts
showed different antimicrobial activities against Gram negative (Escherichia coli, Pseudomonas aeruginosa), Gram positive
(Staphyloccocus aureus, Bacillus subtilis) bacteria, and fungi (Canidia albicans, Penicillium italicum, Peniicilbum digitatum,
Phytophthora capsici). The walnut green husks extracted with ethyl acetate and chloroform showed the highest activities
against bacteria tested, with minimum inhibitory concentrations (MIC) against the four bacteria about 6.25/6.25, 6.25/1.56,
3.13/3.13, 6.25/3.13 mg/mL, respectively. On the other hand, antifungal substances existed in petroleum ether extracts, with
MIC against Penicillium italicum, Peniicilbum digitatum and Canidia albicans about 3.13, 6.25 and 6.25 mg/mL respectively.
The total phenol contents in ethyl acetate and chloroform extracts were about 193.52 and 174.64 mg GAEs/g respectively their
EC;, of scavenging DPPH radical activity about 14.05 and 26.11 pg/mL, EC, of reducing power about 34.70 and 44.60 pg/
mL. The antioxidant activities of the extracts with other solvents were much lower than those extracted with ethyl acetate and
chloroform. Our research showed that walnut green husk contains antibacterial and antioxidant material in its ethyl acetate and
chloroform extracts, and antifungal material in its petroleum ether extracts.
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Tz, iES0 CTRTEAEE, M5 M 903, 15 4%
BEE A, 5 H.

1.1.2 kB Escherichia coli IM109W4 H4E 36/
H], Staphyloccocus aureus ATCC6538%k W H U )I| K 2= 4E Y
BEPEER 5, Candida albicans ATCC1023104 [ P4 JI| K 2f4E
T B B BEAG =, A 2% (R B0 M B Pseudomonas aeruginosa. i
HZE AT I8 Bacillus subtilis h AL BT s BRI FH R
Penicillium italicum Wehmer, i 1% 2% 25 & Penicillium difitatum
Sacc . FRHIE B H Phytophthora capsici Leonianp H [ Bl 2%
B ) # A T 9 T R LT oY LR AR A AR . FEE R A
Gibco/NHE], W1t ZBIE H Amresco/AH].

1.2 $EIEMENE

1.2.1 FENEERAT & FREUCZ BT B2 Ry A TG /K Y o 42
W, BRI L R1:15, 65 CT IR E3K, Fk2 h, &4
BRI ol R e 4 AR B IR B AR . AR B I Bk T R B EUR
B A 2 0 B v o200 mg/mLAFIR (RPT mLislRE 7
200 mglZ Ak B AR SR B ) . A% E AR S 200, 100, 50,
25, 12.5, 6.25, 3.13 mg/mL, & H. A4 H N E-K (1:1)
SELVR, R o SRR A . &5 CBRAER . 1E
TEEHEAT AL B, W AL BRI vk 4 iR A, A B
VRBC MR BE 100 mg/mLE W, &5 . A s 0 B AR iy
FUAE R s X IR, A bE 5 B o SR S R R MR R
BAE N B4 X R

122 MEEMENE SR A A 0 5 5 s 3
HL25 pLEEFRAF A BB 520 mL¥R 1 ZE50 CRREFREER
RAT, BIA9 emBE IR LA B PR, 7 B TR e e B
Z510° (4 810° (E 1) A~/mL. B EAEH0.8 cmAy 4 HAf
SERCAE T BRI ARRIAEE 150 pL, LUAHR A FIVE R X
MR, EE3K. B T37 C (1) L 25 C(HH) AN
24 h (4HBE) . 72 h (ERD , F5238 Okl b v B AR
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Wy & £ LIGAE (B F IR I AH 2 E ) R, I mLAE A,
BT mL Fohn-Ciocaltewis 7], 843 5)J5 A2 mL 15%fk
R4, FAZER/KE 2 210 mL, 7E40 C T A~1E20 minf5, 7E760
nm IR OGEEME, PAT mLAH R 77 AR S VRS xR R
T TR AR i AObm v i 2 1R O P B

FE AR B & e A GAE(mg mL" ): X, X”V/l xV,
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1.3.2 ZREWIEIREENE S FH 3 8 22 vk T 5 R U
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Y947, IR A W50 CH-E 20 min JF M A 2.5 mL 10%1) =& LR
W, IRA L3 000 r/ming.0>10 min. B [ 7E#2.5 mL, hn
2.5 mLZEME/K A mL 0.1%[#FeCls, Y4449, 10 min/5
700 nm WG,
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Table 1 Antibacterial capacity of different extracts from walnut green husks

MIC/mg mL™ K A 2 AR B TR i 2 FLAT T 4 T (0] A BR T

(50 mg/mLHTE RE /) Antibacterial ability) Escherichia coli Pseudomonas aeruginosa Bacillus subtilis ~ Staphyloccocus aureus
H i F $2 4 Methanol extracts 25 (+4) 12.5 (+++) 6.25 (++++) 25 (++)
f1iif# Petroleum ether extracts () 3.13 (++++) 3.125 (+++) 12.5 (+++)
S5 4 Chloroform extracts 6.25 (++++) 1.56 (+++++) 3.13 () 3.13 (H++4)
£ T Ethyl acetate extracts 6.25 (+++4) 6.25 (+++++) 3.13 (HH++4) 6.25 (+++++)
1F T % n-Butanol extracts 12.5 (+4) 12.5 (++++) 12.5 (+++) 25 (+++)
#4%HH Raffinate extracts ) 50 (+) 100 (-) 50 (+)

(): TCIUHTEYE, DU BT 2 <0.8 cm; (): S9HUAIE M, PUH B EL420.8-1.0 om; (++): HAEPLRETE M, P E421.0-1.2 cm; (++H): EPURETE Y, S
P AR 1.2-1.4 cm; (++++): SRITETE M, FUAE R EAE1.4-1.6 cm; (H++++): BORPTIATE M, HUHE B2 >1.6 cm; AR 25 £0.5 mm.

(-): No antimicrobial activity, inhibition zone < 0.8 cm; (+): Slight antimicrobial activity, inhibition zone 0.8-1.0 cm; (++): Moderate antimicrobial activity,
inhibition zone 1.0-1.2 cm; (+++): High antimicrobial activity, inhibition zone 1.2-1.4 cm; (++++): Strong antimicrobial activity, inhibition zone 1.4 -1.6 cm;
(+++++): Very strong antimicrobial activity, inhibition zone > 1.6 cm. Standard deviation: + 0.5 mm.

R2 BHEKRER B SRR B ERE

Table 2 Antifungal capacity of different extracts from walnut green husks

MIC/mg mL" F 0 R R ORI 7 25 MRS SR 2 AR A
(50 mg/mL7L B fE /7 Antibacterial ability) Canidia albicans Penicillium italicum Penicillium digitatum Phytophthora capsici
KL H2 %) Methanol extracts 12.5 (++4) 50 (+) 100 () O
£k Petroleum ether extracts 6.25 (+++) 3.125 (++++4) 6.25 (+++++) ©
S5 H Chloroform extracts 25 (++) 25 (#) 6.25 (+++++) ©
TR LT Ethyl acetate extracts @) “) ©) O
1E T /% n-Butanol extracts (@) ©) © O
#4%HH Raffinate extracts (@) © O 8

(): TCHUHTEYE, DU B AR <0.8 cm; (): S9HUAIE M, FUR B E120.8-1.0 cm; (++): HAEPIRTIE M, PUH B EA21.0-1.2 cm; (++0): EPURETEYE, T
B A 1.2-1.4 cm; (+++4): SRETERG M, DU EAL14-1.6 cm; (H++++): BEORPTENEME, PUE R EAL>1.6 cm; A 2% + 0.5 mm.

(-): No antimicrobial activity, inhibition zone < 0.8 cm; (+): Slight antimicrobial activity, inhibition zone 0.8-1.0 cm; (++): Moderate antimicrobial activity,
inhibition zone 1.0-1.2 cm; (+++): High antimicrobial activity, inhibition zone 1.2-1.4 cm; (++++): Strong antimicrobial activity, inhibition zone 1.4 -1.6 cm;
(+++++): Very strong antimicrobial activity, inhibition zone > 1.6 cm. Standard deviation: + 0.5 mm.
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H4m (10-50 pg/mL) , &85 P ¥ 57 42 B DPPH H i JE 15 BR
A ARREHEIN (A7 BEAR DA 4.46%35 I $)22.02%, 8477 AH M
25.54%34 M3 71.35%, R ZMEAH M 40.70%3 Jin593.89%,
1E T WK L 8.0% 35 il 51 33.46%, A 43 A1 A 0.88% 1 fin £
4.49%) . 25 W P 1R A8 UM % T DPPHIE Bk 58 71 ECs, 4N 2R 4P
s CRmEEAE . S5 . QR CBRAE . TE T B . 2R AHEC,
43 9108.97, 26.11, 14.05, 75.48., 641.79 pg/mL) . 5[F| 555
F N A TBHQAA AL, R £ 1 A DPPHY [k % % =5 T-TBHQ
M B3, 07 A DPPHIE B 2 W Ik T TBHQUS B %, HiA
P2 B L A% T TBHQH Bk . LITBHQAE Jy Xt I, TBHQYS B
DPPHfE JJEC5,419.75 pg/mL.

R3 BMBETRRIIEEH S E

Table 3 Total phenol content of different extracts from walnut
green husks

Il 5 ool
) Total pheno!
Ig%;glai‘tﬁs Regression R’ content
equation (GAEs)
(w/mg /g")
=P H,
Eﬁi%ffgtracts y=0.0042x +0.0957  0.9997 41.56
v iy I:I
I’Eeﬂ)%u%cnﬂiiﬁer extracts 7 0.0054x+0.0238  0.9995 37.35
T JE
(%fl{lﬁojffﬁiwextracts »=0.0192x + 0.092 0.9993 174.64
5 7 il b
E{}T;l%(iiiﬁéﬁzﬂacts »=0.0219x + 0.0896 0.9953 193.52
B HE
E&&%ﬁg@acts y=10.0069x + 0.0353 0.9999 52.52
e .
iﬁﬁfﬁtracts y=10.9961x + 0.0027 0.9998 10.20
U B
zj;:/f;;rds y=0.1186x + 0.0648 0.9993 GAEs

W A Petroleum ether extracts
W S il Chloroform extracts
100 - W L& Z 1§41 Ethyl acetate extracts
| 1E ] ¥ AH n-Butanol extracts
W %434 Raffinate extracts
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E2 kSR A EHRBAETR IR E R EMDPPHE RERE T LEE.
Fig. 2 Trends for DPPH scavenging capacities of different extracts from

walnut green husks in different concentration.

223 BMERERBEITRRE — I OLT, AR
JFLRE 1 5 50 E AT M 22 A1 52 AR DGR AR AR 1.3. 2004
FE T, TEHACT00 nm AR B WO (A RO, T e B AE i 1)
b JEURE Sy, BE AR Y . TBHQRY I JRAE JTECs, AN 3% 6
78, ST J5T 6 Vi B AR o O JURE ) a3 s | B3R LUR
i, RE S BT R A B3R JELRE 1, O ELRE S 5T i i B2 Y 5 m
H 5 A b 2z 38 m, Herh 2R 21 AR VS AR L i RE
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R hnas AW G (1815) . 4% SO IE J5ERE 1) ¥R T TBHQIA Jit
J3 CAMEERE . 05 H . R CBEAR . TE T BEAR | ZRAHECs,
S R279.16 . 44.60, 34.70, 127.40, 613.27 png/mL, W5 5HT
7R, SRR CTRAHAGAAT AHIE I RE J) i I T TBHQIE I RE 7,
At 44 AR JFURE 73 /IC T TBHQIA JFUAE /7. 4 1F) 4% £ FTBHQ
Wk JRE S 215,97 pg/mL.

%4 BEMDPPHEMES:

Table 4 DPPH free radical scavenging capacity of different
extracts from walnut green husks

B 1% DPPHAE /1
= DPPH
éﬁ%ﬁiﬁs Regression R scavenging
equation capacity :
(ECy/ug mL")
=g H,
Eﬁi&fﬁfﬁtracts y=09941e"" 0.9805 50.56
St ik 4B
ﬁ:ﬂ%ﬁﬁih%er extracts y= -0.0049x + 1.0491 0.9982 108.97
S s
Cih?glffzn#? extracts y=09896¢"" 0.9972 26.11
L ,‘\Z =8-S 0055
Etl;m;l a(iiz;tceﬂiljt%racts y= 11159 0.989 14.05
ir e L
E;Efnﬁz?acts y=-0.0068x +1.0284  0.999 75.48
AN )
fﬁ;fﬁ%}rﬁtﬁgztracts y=-0.0008x + 1.0286  0.998 641.79
PN
Zﬁﬁf;rds y=-0.0262x+1.0326 09993  19.75 (TBHQ)

RS BB R EREEILREE
Table 5 Reducing power of different extracts from walnut green
husks

e
PR 17 8 O et
Extracts Regression equation (ECsy /llg 11')nL")

2 b
TR y=02572x+00177 09985 166.56
N b HEL T

a ﬂ%‘ﬁ;ﬂéﬂr extracts Y= 0-1508x +0.0462 09987 279.16

=i . L

I y=09977x-00461 09998 44.60

23— ik L )
é&lza‘cm; iﬁggam y=12524x-0.0064 0.9985 34.70
e FH. Hi

nil::};:;t@;ﬁ%liiﬁ[?acts 3=0.3437x - 0.0187 0.9993 127.40

2 A HH Y )

]’fﬁﬁfg‘gtracts $=0.0687x +0.0449 0.9996 613.27

pif i —0.4595c-0.0327 09993 1597 (TBH

Standards ytnpparow ) e Q

2.3 BhERAHEHEEINE R i — SR

231 ZHHRBEEMRSHNE—S S MRAE2.1.257 0% 45
IS E LB E T A B B E W A E XA, DUa 62k
PR 6 N B, X Ak T R A ik B O i — 2P . 5l i
BE, LA T Bk RN TR 2. FR VS 70044 2R SRy 0 MOt 300 A6 B AT 2 4 W]
B LA W R PR T PR A RS X B A TLCAE I A 52,
KB AT I : 28R 2R 20: 13517 R T s, 4776 TR A4~ B &2
B BE T 9 P 87 5 0 B 4T 7R

232 TLCEYBRR2SE MM SMETEMER D 57 e
4R, 257 8 I TLCA Y A 52 F AR I H B (2 A U PR G
PE, 2807 SR A5 7R 365 nmEE SRS F i % 6, 254 nm
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Lar W kA Petroleum ether extracts
1o W Z4)i A Chloroform extracts
' B 4% ZE5H Ethyl acetate extracts
1.0 - B IFE T A n-Butanol extracts
W #: 44 Raffinate extracts
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Fig. 3 Reducing power of different extracts from walnut green husks.

B4 ZHEREESSTLCEYBRHIER.

Fig. 4 TLC bioautography of active ingredients from walnut green husks.

S TS

ARWFFELE R R, BT R PR 4 0] 4 Bk
DAL 4 % (B B AT 45 0t A T L A R TR 1 9 M A
M HARAALE G X KR8 0 A AR 8 . B BRI 5%
Pt L TR B A W S A P RS M By, R R R R B
TG P 9 B 43 B v 43 A e A i 2R U, S TLCA Y A W
BRI E, BomEAA BRI SL PRI MR 5. BT R KA
HEW. MERERE. OOSERE AL, &&. A7 EE
MG FM R, Bk, X EAkH bt B W WRF R A E R
AL X

A% M6 T B 4 U U R AN B AR E R R I, Bk
B R T A AT R R 4 TR Y 90 ) B8 T B o, X K AT
TR ] e AR PO TR | R R AT TR L A A K T A o
fie JIMICAT 311 416.25/6.25 . 6.25/1.56. 3.13/3.13 . 6.25/3.13 mg/
mL; R, BRAZ BT K 28 2B A A S 05 MBS AR ) B
i, S8 (GAEs) | W BRDPPHAE JJEC,, . it JFLRE JJEC,,
43 A193.52/174.64 mg/g, 14.05/26.11 pg/mL . 34.70/44.60 ng/
mL, PRA%BETE R X Al Y 0T B8 71 5 P AL RE T BB AE AR
VMR, X B R 0 e S A Ak e R I
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WX AN R RS 2B E A ZWiE
APUEATEVE ", H AR B P £ B B STARAR 2R S5 R ()
RIS 4L ) B T4 B 2ok, i B Bom e s i 2 Wy fe A
W [R] i BL A B A i B BR R O, i B BRI 2y
HRIEPEUL B2 | T MRS MRS B A PR
VoAb . Pl S L B o Ae !, [ N A E 20 M E BT
B TR A 16F0, BB, SABEER (Juglone) | SABKT
(Juglanin) | a-ZALABEER (a-hydrojuglone) F1A-% L H k
fi ( B-hydrojuglone) | Z575 ( Naphthazarin) | ¥ & F R .
KA, (C HO;) Fll— 26 (6 Z OO Pl fr 5 S i i
BRI BR R SEIE My, AR R E RSB EENE
Wy, FF H B AR 5 9 P MBS AL RE JT, 0L b, AT
4 B 1 F 0 3 o> v BE R R BE T R M 2 W W R s A S
YA AT M 4 o3 2 VA .

KR B A0 i o 45 BB LA AR 5 0 B B B M, AT
FELAR O S IR 8 n i, I TLCA Y H 52 1) 7 e a6 30
PR, 7E TLCWZ A I s A~ B 1l 7 Br s /R R %) 16
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