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Study on antioxidant and antimicrobial properties of polyphenol-enriched
extracts from 3 Lamiaceae species

DUAN Pei-Jun'?, LI Hui-Zhen'?, WU Dong-Yi’, GAO Tao®’, ZHANG Zhi-Jun'*", NIU Pei-Rong'?,
GUO Cai-Rong'?, ZHANG Hong'*
(1. College of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China; 2. Shanxi Institute

of Biotechnology for Great Health Industry, Taiyuan 030051, China; 3. Shanxi Provincial Rural Industry Integration
Development Center, Taiyuan 030000, China)

ABSTRACT: Objective
polyphenol-enriched extracts from 3 Lamiaceae plants—Perilla frutescens, Rosmarinus officinalis and Thymus vulgaris.
Methods

To compare the characteristics of antioxidant and antimicrobial activities of
The polyphenol-enriched extracts of the 3 plants were prepared using macroporous adsorption resin. The
content of total polyphenols and their common component-rosmarinic acid were determined. The antioxidant activities
were evaluated by the scavenging capacities against 1,1-diphenyl-2-picrylhydrazyl radical (DPPH < ) and
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) disodium salt positive ion radical (ABTS* ¢ ), as well as the ferric
ion reducing capacity. The antimicrobial activities against Escherichia coli, Saphylococcus aureus and Aspergillus niger
were evaluated by the minimum inhibitory concentration (MIC) and fungal inhibition rate. Results After enrichment
with macroporous resin, the content of rosmarinic acid in the polyphenol-enriched extracts of Perilla frutescens
Rosmarinus officinalis and Thymus vulgaris were (21.59+0.19)%, (20.56+0.03)% and (23.25+0.97)%, respectively. All 3
extracts exhibited strong antioxidant activities, which enhanced with the increase of total polyphenol and rosmarinic acid
content; among them, the ferric ion reducing capacity of the Thymus vulgaris extract was particularly prominent, higher
than that of the positive control group (vitamin C). Antimicrobial tests showed that the 3 extracts had certain inhibitory
effects on Escherichia coli and Saphylococcus aureus, being particularly sensitive to Staphylococcus aureus. The MIC
of the extracts from Perilla frutescens, Rosmarinus officinalis and Thymus vulgaris were 0.31, 0.63 and 0.31 mg/mL,
respectively. In the antifungal test against Aspergillus niger, the Thymus vulgaris extract showed the best inhibitory
effect, with an inhibition rate of (51.55+3.27)% on the 4th day, while Perilla frutescens showed no significant inhibitory
effect. Conclusion The polyphenol-enriched extracts of the 3 Lamiaceae plants possess excellent antioxidant and
antimicrobial activities, which are closely related to the enriched total polyphenols and rosmarinic acid. This provides a
theoretical basis for the formulation development of plant-based natural food preservatives and preservation agents.
KEY WORDS: Perilla frutescens; Rosmarinus officinalis; Thymus vulgaris, polyphenol-enriched extracts;

rosmarinic acid; antioxidant; antimicrobial activity
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BAREDN . PRIEFH A WAL SRHE . Kk L5
FESFE RS AARR, H=FH00 RA VERRHEETSE MR
gy. TYHREYIH RA W&, HEIEIE T Hyu e
WTEREAY ERRUST, H AT CHTIE 22 R FAR B b A 73 1 1
W, (IR A S A BEDE . AR, X AR
AL TR A A R R AN, v RETE SE PR £ 5
g EA B R G5, 7RIS B E R &
o, BIBRRIE A & B S AR TS PR OGRS LR AR
HEAL . ORIERT I DB dg . R, A8 B3 B 43 B8
BARTBAR SR EY h 21 & RA WAEEE, HEBRZ%m T4t .
YRR 300 T B 20T M P TE DG IR ) A T R A2

AFGERERCEE TR | RIEE A BAEVE N R, AR
A e A AL AR, 1 D101 1 XDA-8 B
LR RIS S RA MBS R, 4568 M0 6%
(ultra performance liquid chromatography, UPLC)%¥ J5 =0
WL Bl . AERON SRR, X 3 BhE SR e Ak
P FRAN TR AR 7 (el TR o Y 3500 T S R B D iEA T T
RGP AL, BEFRRLZH R RA &S EEMES
ISP Z LR SRR IR ) OCHK . AHRSE A W) T M) o 2
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1.1 MR AR SEHk

S0 1S RS SN E BAARYEOR LY
FAd A Pl B AR A 5T B A A I 3 AL

RA(ZIE = 98%) (M A A A VR A FRA A, &
TRR(AETE =99.0%) . LTI IMLRR (LR =99%) . 1,1-—HHk
-2- = FE A WE(1,1-diphenyl-2-picrylhydrazyl, DPPH)(&Li i
96%)  2,2°- 15 G - WL (3- 2, FE 4 5 162 W b -6- 186 1R ) - il 3
[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
disodium salt, ABTS](Zli & 98%) . 2,4,6- — M mE 3 = W
(2,4,6-tripyridyl-s-triazine, TPTZ)(ZEJE 99%) . EAREY (A4
WA . B R . BEIR A BRREE . R W2k (FeSO,).
AR (FeCly) . 7 T (LI E = 98%) . &4 Bl g 4 (2l &
99.9%)( 7 AR ALBIE I A BR A T]; KGR (G HT
ali, KR S FA R BRA R, D-(+)-H % b (4l =
99.5%, | EBTRL T A AR AR A IR F ), AF 4 R Tl
(3500 Ulg, THEZREMAABRAR]); XDA-8 BIFLHNIE
(hif2 0.3~1.2 mm, HLEREF 140~450 m’/g, FHFL1E
20~30 nm, P94 HEBEHHA R A A |); D101 %Y
KALAAE CRi 42 0.3~1.2 mm, HEHIFL 550~600 m?/g, ¥
fL42 9~10 nm, EEHAMRIEHE A R E)D; 4R, B
. BAIERY . SRR A A R A R RS
Al); JOOK SEE(A BT A, K BOE A N A BR A D ;

(G, 4GB 99.9%, FndRERE Ffb2e Al JikZ
TREN(LERE 99.99%). #hiR. S bEn. WRSRRHN. MRS . |
AL, TRIREN(NayCO) (AT 4l (R T AL =y IE ) ),
IH-IEL-80(fk 24 4ti, FFETT AERAL AR A FR A |D)

K W F T BNCC336435 . 4 B {4 4 % 3K
BNCC186335, S BNCC186380 34 Ll 74 K filt e A= 4y
7 AR S B A ) 2 56 AR 4R A
1.2 UE5EF

JL-4500A 7 Z2 T fig B W L (i B T S 0 T 52 A PR
H]); SB25-12DTD 8 75 P Il BEHL(T B 2 LE R i A
FRZSHD; J0-1A B0 B Sl R (G 3 T 2N B ) L A A BR A
w]); N-1300 Bt 75 AN (2 R A BR A \l); TG20.5 5
BB CAIL T IS AR FR A F]); FD-304 BI4HA
TR BRI ER A PR A F]); SPX-250B-Z HIAEfbEESE
FA(LEERS A BRA A B FiE &) ); HZK-FA210 LR
(5 0.0001g, 4% (R H FRHYARAF]; SuPerMax
2500F RIFHHRL (BN TEA YR A FRA F); ZYCGF &5y
HrAGEAKAL ) | 5LlK R BRA F); PAPC HIEAh-1T L
ST R IESEREAER A PR F]); UltiMate 3000 %045
BORAR TS G EFEER CHH/RBHE A H]); SC18-MS-TTfA %A
(4.6 mmx250 mm, 5 pm)( H ARHEEHAF]),

1.3 SHWFA
1.3.1 mRGegH &

2 HRAT AR ST T A5 R B o A B FR IR 5 |
HIEFFE BARARE 50.00 g, AMAHEHR L 1:10 (gmL)
A 65%M 282, IRE¥I5G, HIRYERE 2% (mm)il
AL Z WG, HHT pH F 3.00.7E 50 °CA4F T BT A 42
B 15 min, $2EEEHIG, ZAUZZAHUE I8 L 4000 r/min
B0 20 min, IR RIEW . WR4E . ORT, fSAERY, &H.
132 2®mWsissE

2 Bk 22 T 25U ST P ik VA8 140 5 T i 300 90 S B0 7
VeI, EURAE B A% XDA-8 MU 3k ik vk
D101 BURFLAAS!S . Bl 2895 . bk 7 MLAR Ay I vk
95.00 mg/mL, HHEAHAIRYIA 2.00 mg/mL, 1EH FRERE.
L2 BV/h PSR TS b, 43 o B A B Rk
FER 0.1 A IR BAE . FVIAFh 2 BV, iidh 1 BV/A 2k
BRI TR, SRR ERHE LY. BERH 65%
ZIELL 1 BV/h BFEETET B AR /-89 Rk 7 UE A AR
12 BY, HEAN 14 BV) WE LB s AT, 15
FNE T RA INZWEEY (AT FFRE R, FH.
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5 15% Na,CO; ¥, IREET 40 °C/KIRHHEY 60 min,
£ 778 nm A0 AE WO L DA R B O R AR B (X, mg/mL),
W BE A 9N A B (Y, Abs) 22 il bR e R 2%, 11 5 R SR
Y=14.097X+0.0483 (r’=0.9994). ¥ & EMBCHIAL 1.00 mg/mL
W, He DR EIE TN o ARSEARE R SRE R
ZWE, 2RI E TR YRR (%) RN . BAH
FATIE 3R, BB EITEAKX O,
X p o, AZ B PR KE (mg/mL)
B A Y% FE i R LV g/ mL)

(2)2k LA IR & & W UPLC &

SRR, DL RA ARAES, BEH R AAR
WELAER(0.01~0.20 mg/mL), LI RA (G 1 B AR AR bR
(X, mg/mL),
EH 7 Y=176.31%-1.287 (r?=0.9997) . & & Z= Wi il 1,
1.00 mg/mL &, 23t 0.22 pm JEBLEE R I, (k4
R 5C18-MS-TI{A i+ (4.6 mm»250 mm, 5 um); F1:E
35°C; HEFEEE 10 uL; Pk 1.0 mL/min; AGJE K 280 nm,
T A N 0.1%IK SR, WahAH B H L, MRV
J#: 0~5 min, 20%~40% B; 5~10 min, 40%~55% B; 10~15 min,
55%~60% B; 15~20 min, 60%~65% B, 4 FE4TIE 3 Ik,
RA FEHEARXQWT,
R EHRE (mg/mL)

FE & R B (mg/mL)
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(1) DPPH - {HFRAE ST E

DPPH - &R 3 F RSN 4 006 1t 9 B P Ak
fie 1P, R Cao SRR AP I ERIEE . R
il B 0 3 MR B BB A AU 35 SRR B Y 2R BOR ol vk R
(semi-inhibitory concentration, 1Csy), F&F WL 25 R,
L5 H B A E LY H AL 5.00~100.00 pg/mL 5 5
BE, LT EEYEH N 40.00~200.00 pg/mL F 51
B o FARREERE S R AIA 0.08 mg/mL DPPH JG/K 2.
TAEW ., U4ELE 3 C (vitamin C, VO FRMEXS IE, 280
SR 30 min, 7E 517 nm AN E WO AANFE AT 3 1K,
JHEVE M K 1Cso. DPPH « iR AX3)HE .,

x100% (1)

RA /%= x100%  (2)

DPPH«j# Bk %/%= (1= A ;SAZ )x100% A3)

KA A CHFERNAS DPPH IR 215 BIWOLBE;
Ao NFE SRS TR CERR SR WO ; As i DPPH ¥
W5 X TFKIRA G ROGEE

(2) ABTS" « i BRAE Sl

ZROCHR[24-25109 7 LR RS R, % ABTS 5
2.45 mmol/L Wi ERMERIR S, T 4 °CUKFERDOEI I
12~16 h, 153 ABTS ik, T, HUSE 5 ABTS i
W, F 70%Z R R, 78 734 nm AL AT H OB EE N
(0.70£0.02) Abs, 5% ABTS TAEM . LA VC N BHEXT IR, =

W TR AR FR(Y, mAU « min)Z HIARE %,

TR EBEN 60 min, 7E 734 nm ANERICEE . BAREG T
17 31K, THAEBRE L ICsp. ABTS™ » WA ()5,

ABTS 55 %= (1 - A“/;AS )x100% @

o A RESN IR S ABTS TAEWRIR S5 M 1
As FFESIRIS 70% LIRS IR OB EE; As i ABTS L.
YRS R FKIR AR BIRGEE

3)Eb AL RE S

Z: PRSP Dravie 2705 2 E B AL
B8 775 #4 30.00 mmol/L BEFRENZE I . 10.00 mmol/L TPTZ
VS . 20.00 mmol/L FeCls ¥ ALIABILL A 10:1:1 1RE], 15
Bk F iR IR A AL 1 (ferric reducing antioxidant power,
FRAP) TE# . LA FeSO, MARHES, Bl RN AR
#(0.10~0.80 mmol/L), A FRAP T 1E, =BG
20 min, £ 593 nm AMINE R G, LA FeSO, JBut v 3
AEFR(X, mg/mL), &R R MALFE(Y, Abs)Z bz e 2k
Y=0.3081X+0.0652 (r’=0.9994) . ¥t & 4 ¥ B H Wk
100.00~1000.00 pg/mL (1) Z 5 T Sk B, LA VC SRR
B, $% PIRAARIEIE o SRR ZTEE, BhisAfbRE
L FeSO4 Yt (mmol/L)Fm o BRI TATINE 3 o
1.3.5 GHEWHRSITRA EHAR

()RS PR 0 T (20 ) A o 4

M IR Assefa ZE28IHIPN I 21 222N Jy ik R VR I A

DT B & A ORAE B K FF T8 0 4 o €0 25 Bk
AR 2 LB AR SR IEIG Mk, 37 °CHE 3% 18~24 h. FIJHF
MR 4 B TR M R 3 1x10° CFU/mL, 4 °C45 ..

F/MIEHEEE (minimum - inhibitory concentration, MIC)illl
S SRR RRLE N, S AL CHEKECHI 10.00 mg/mL
it 2 0.22 pum JERSBRET . SR AR BRI 45 R 51
TAEW . £ 96 FLA AR M5 SRR 2, L
0.50%LLIZLERAR A BEEXT R, BERR XS HE e 25 X 37 °CH%
3%, AT 0. 12, 24 hi5E 600 nm Kb SEEE(ODggo)e PASE
AN 240 DA A A A R TR VR B S MIC

NG (BERRFTFLIE): # & S W oK e i
ARSI SE VR, F T 4 08 O A BRI T 56 1R 5 R
1.00~5.00 mg/mL; KIGFFE A 3.00~7.00 mg/mL. ¥
WL 0.22 um TEREBRTA, & H . L 0.50% LA R 1 Wk FH
PEXT R, JORR 25 B AR BT HE . JC AR R R R
BISIURAT T LB AR, TCEFTFLERSTFL(EAR 9.00 mm), &L
JIA 100 pL A 55 37 °CH337 18~24 h R = I B B ELA% .

(20 st 5 A7 T (% o 20 ) 0 i A7

Z:H8 Yang S5 Rz kB R MR 1B

O FEF R & B RMEEMTIH8EEE
WP JiE (complete potato dextrose agar, CPDA)[ {4k 55k,
28 °CHiF¢ 5~7 d ZRAE TR IMA 10 mL & 0.1%
i JEL-80 119 TG B AR AR /K (SR TE R AOVERI Ve A F, YRR



%5 18 3]

L TC LD 1 IR L BR A 22 SR AP 50 e 90k vt
AL B S 1x10° /8 F/mL, 4 °C&H .
Q2 PARIM R A E K & 2 G K Bl ik
50 mg/mL AIREAR, 0.22 um JEMETIE. B 200 L (&)
W, 515 mL B KEFFRHIZE 60 °CA A1) CPDA [FI{AR; ##
FORAVEEPEAR . R ZIRER S, BN 9 mm TG
FIFLE A S THL, 1AL ERTEA 100 uL f 1277
o 25PN HREL 200 pL JCR/KAES . K P E T 28 °CHRIEES
75 2~5 d, B H RT3 O AL Ryt S ME AR K
HIBE TS AR, AT 3 W, AR ARG)UT .
/%=
St B T 7 22 A 1 T4 (om)— AR i 71 22 P 19 P14 (om)
S0 BSR4 A KA B (o)

)

1.4 HIELLIE
ARG 3 UOFAT, S5 R LLF- S hr i i 22 35
o A B HK H) IBM SPSS Statistics 26 4364743
Mr, dHin) 225 R AR K 224347, 12 H Duncan £ L
TR ETER I (UL P<0.05 2R 2% 8%). i Excel
2020 YEATEHRIC B S5 3, 4 GraphPad Prism 10.1.2 I

Aost
201 141
5 (10.468, 6.4463)
=
Z 10}
5 41)
0 _I 1 1 1 1 J
0 4 8 12 16 20
£ B 5} [ /min
U1
c 70} (10.600, 18.5846)
60|
- 50F
ié 40t
o
=30t
.=@
20}
ol I A
0 4 8 12 16 20
13- B8 it 1A /min

i N /mAU
D
3

BAE, &5 3 FRTERHEY 2B s W b A AL 5w R 71
Origin 2024 #AFAER
2 GHBR5SH

21 XKIWEEERELZBMERETRSEXLL

HHE 1 AT, ST, 3 FORLERY H RA AORHIEIE (0% 1)
VAN, HE 2, S RAMISEH£5, FHif g m
TR, ULBH RA B8 THASEE. HAREEE L% 1,
BEFNSZH & EEWHE M LB, =BAFZHEEY
1 1.95~3.30 fif. Hr, #95. #&EF . AEET RAMY
B 9O E 4R BT (4.37£0.36)% . (10.87£0.27)% Fi
(9.45+0.1)%, #2 = #F & £ 5 1 (21.59£0.19)% .
(20.56+0.03)% £ (23.25£0.97)%, & EFm KK EE T
4.94, 1.89, 2.46 fi5. XFEHW, XDA-8 Al D101 KFLIH 5T
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Fig.1 UPLC chromatograms of various samples
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Table 1 Determination results of total polyphenols and RA
content in Perilla frutescens, Rosmarinus officinalis and Thymus
vulgari before and after enrichment

FE i B G/ % RA T H/%
o LA (BIARTD  10.45£0.05 4.3740.36
RN
4l i (& ) 33.18+0.18 21.59+0.19
o MR (ESERD) 16.57+0.55 10.87+0.27
kA —
4l i (& ) 27.40+0.08 20.56+0.03
HH (3 ) 10.16+0.33 9.45+0.11
HEE —
4l i (B HER) 33.83+0.21 23.25+0.97

i R P RAR Y L P B AR M 22 (n=3) 3R

22 EEMEIMIENLESE S
2.2.1 DPPH « R85 947

Hi B 2 BT, 3 FIE ) B SR % DPPH » TS BR A< 52
B S A BEAR S, Bl e JEE T i3 T B R 3 g i
TEARTRI BRE VR EE S, 4% S B0 T Bk 5 B W I T B P

A100 -
80 +
8 .-
5601 JURL
& -7
= o 2 VC
% 4o
& = 575
20 F - REE
o HHAE
0 _I 1 1 1 1 L J
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SRR/ (ug/mL)
& 2

UPLC chromatograms of various samples

VC. L5 2A FE 2B, 3 FiVE 444 DPPH « B35 AE
FIR IS AR 5> E B>k . Horh, SO ik
JE R 60 pg/mL BHEBCRIK(®7.78£1.11)%, ZFET V4,
BARBRFRCEE VC KV, RHLHEEY LA RN
VAL . 2RI EEYINT DPPH « BTEBRAE A AR X4
55, BB R 180 pg/mL BHFRZEAV 4 (68.65+1.16)%,
Xt DPPH = BIFEH R 3 1Cso *4(90.99+1.00) pg/mL. L4
3FE YR RA S RAHIE, (HERIRATEBREE S el X nT
e RA KT 1Bl . JE Gt 55 2 W7 A i ]
HERE A P R SR BB AT TS T 2 2
L5 F I 25 S
222 ABTS' « Frh#t /o7

I 3A FT AL 3 FEY) & W%t ABTS « M5 BRZYY
BV BE RS TN FE s, T ABTS* « BOVSBRAE J1 50 55 T Sy 4%
T>H BE>RIER YIRS 20 pg/mL B, EIRFMEH
L P8 B 43 51 (99.06:£0.69)% F1(98.37+0.46)%, & T
] v 5 BRI St FR VIC (95.34+0.95)%; 3k 75 H2 U 4 i

B100

80 -

[=2)
(=]
T

ICsy/(ng/mL)
N
=)

[\
o
T

& FE % DPPH « (35 BRSCR

Fig.2 Scavenging effects of various samples on DPPH -



%5 18 3]

BefiE, %3 FRIERHEY 2 B s Y 5T R AL S R TS TERE S 73

IR 455, ANAE 80 pg/mL FHERRRIK(99.66+0.27)%. €] 3B
RN, WIEFN ICs e, A EENE T8I, 250
T FARIEHERISIUY . 8563 | & E, S5 5A AN
MBS EAE, H ABTSY - EFREEI BB 225, KR
ZFETIHR ABTS' » MR B S LA, ki
ABTS" « WEBRBEIIAEXIELSS, SIA M BB 3.
223 BRBAH S 5T

&l 4A AT, 7E 100~1000 pg/mL FEEE P, 44E 5 Y
FRAP 5jRE 00 BT Ve B S EAH DG, HL B e B 09 5 i
Fo SMHAREAE FRAP K/MKIR R A EFE>VC>E5>
IR G5 A 4B, HEEFMNIRITRE S s, & PR
VC EEF/TS, HI1Cs) N 365.81 png/mL(LAiEF] 500 pmol/L
FeSO, i Jfil 1 BTt I B RE S ik BT HPOL, 45434 1 &
B, HEENLZH Y855 (33.83%+0.21%), H FRAP
WRAE ok, M EF M Z B R X AR
(27.40%+0.08%), H iR JFAE 185 . EHMEZH & &
(33.18%+0.18%) 5 A BL&AMIE, (HH FRAPH T HEE,
XEM, FEWN FRAP AMUBLFEZEH & &, B2
PN Z WA 4y SRR, X BRI B AR L R
FERVBCR S A RHEA, S AT A8 I PR SR A5 M 1 R g R Bk

TR, HLAH R 0 ik i A8 0 PR A AL IR TR LA, B
R RO B TR 25 Fe M 58 i R BT (R,
Helll A A s R Y DA e S A T 2R Mt F I 2 Y i,
oI R B BT B A AL RE

LA EIRPTE IR TN SR, 4ifb/s 3 P = £
%} DPPH » . ABTS® « MEKEFHIHRIH R IT-HITE BRI
fE), HiGIERIS S BRZm K RA SFambifise, REL
M % RA J& By & FEb A AR T Y =2 ) Skl .
2.3 EEWERIMIETEM S
231 xR AR R BB () e A0 R AE R AT

(L) B/ INIT TR Ve J3 00 o 5 2R

3 FiE Y HERANE Y MIC WL 2, MIC 8, #1
FE B DS BHE X B L B R 4L A R, 5 E 24 h
J5 OD MR b, Z5REIR, BH ., HEFME BHE
B A ERE R MIC 735024 0.31,0.63.,0.31 mg/mL, *f
KIGFFHE R MIC 50508 1.25, 5.00, 2.50 mg/mL. 7& Fi&
FBIRWET, 96 FLIRH MR AR R, L OD Stk
X IRZH B . FRBH 3 BIRE S0 AT TR 28 HAT — s Ak
YEFH, HoHr ) 4 ¥ (0 AT BRI 19 0 SO o 4

B 50

40}
=)
g 30+
&
&
=<
g 20 +

10 : _E

0 s

E-9i AL HEE
AERE

Bl 3 4R XS ABTS' » BOTEBRACR

Fig.3 Scavenging effects of various samples on ABTS" «

A100 Pure~— P . ada b
i TERA
T ==V
80t / p—
) g/ e
% 60} o
% . R
240t - b
% ‘I'I =
20¢ / £ o
! 2 0246810
ol JRERE/(ug/mL)
0 10 20 30 40 50 60 70 80
JH e/ (ug/mL)
A 10500 -
9000 |
7500+
=
S 6000}
g
<
2 4500
& 3000}
1500}
0_

B 500
400}
E 300}
)
=
& 200t
100} B
Jeananaae
0 B
VvC E- P HTEE HEF
NG

Kl 4 KAEAREY FRAP
Fig.4 FRAP of various samples



=]
HR

B AR

o

74

A < 4 5517 &

®2 BHSWNERCEABDKENABITER MIC
Table 2 MIC of the various samples against Staphylococcus
aureus and Escherichia coli
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Fig.5 Diameters of the inhibition zones of various sample against the test bacteria
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Fig.6 Antibacterial effects of various samples against test bacteria



518 1 BHRE, %5 3 MIBIEAMY £ By & £ WP AL S5 I B TS VR ST 75
A10

0 X A 2H] 2 a

45575 .

# R

B LA

a
a

V% AR /em
S = N W A LA o O

KEd

T AL O (R AE PR A A TR I 0 0] B4 PR 85 B8 AR, AN RN BRSO A [ KB4 b A 1 22 57 (.3 (P<0.05); B. R F 5 H A&
SEW5% B B A R RN L, *% R [R] — K P 2L ) 25 S A B 38 (P<0.01), *** 38R 25 S B B 38 (P<0.001) . 2855 & A2 ) S il 85 TC A o1
FER AN 0%), RIEE B HRR; C. #Ab FRIZLTEA [l 5557 ] 0] ) 24 i A TR S A
7 A8 xS h a A T AR

Fig.7 Antibacterial effects of various samples against Aspergillus niger
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