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Study on antioxidant and antibacterial activity of Olea europaea
leaves extract
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ABSTRACT: Objective To identify the active components of the Olea europaea leaves extract, and explore its
antioxidant and antibacterial activities. Methods The effective components of Olea europaea leaves were extracted
with distilled water, 50%, 70%, and 90% ethanol by solvent extraction, Fourier transform infrared spectroscopy
(FTIR) was used to characterize the structural characteristics of the obtained extracts, the components of the extracts
were analyzed by gas chromatography-mass spectrometry (GC-MS), and the antioxidant and antibacterial activities of
the extracts were evaluated by DPPH- scavenging activity, reducing power and filter paper method. Results When
90% ethanol was used as extraction solvent, the yield (30.37%) and total polyphenol content (0.01068 mg/mL) of the
extracts were the highest, the phenolic compounds in the extract were mainly 2,6-di-tert-butyl-4-cresol and
2,4-di-tert-butylphenol, and the relative content of the 2 kinds of compounds was up to 29.34%. The extracts had

good antioxidant activities and showed obvious antibacterial activities against Botrytis cinerea and Penicillium
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expansum. Conclusion This study finds for the first time that 2,6-di-tert-butyl-4-cresol and 2,4-di-tert-butylphenol

was the main phenolic compounds in Olea europaea leaves extract, the extracts have strong antioxidant and

antibacterial activities, which provides a theoretical basis for Olea europaea leaves extracts as antioxidant and

antibacterial agents.
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TS (Olea europaea) A ARIEMIR I H TR, EH
B2 VRN, S B T O H HR RV R R R S [
T X2 T 1965 4 FF 46 Bili 2 5 | HEAS [7] i ol 1) e
M, FEHIRBER AT R T 2. Ban, HR & mi
Mo R T A 35000 hm?, o4 E i AOE b A T AR 0
55%LA BB IAOEVE B R, MBI L AR A . REAE Y
THIRCREARS A6 55 RN AR SR R I A i v 3 2 77 A T A
Mo TR e A 3 ol R B SE R EAE, A R
FHESh R R AR O X e BEE A T BTG
PFNGEIRIR 9%

T SA =iE . MRS . PRISTRERS S | iRl
HIWE ., Beld M RIS o, B el
31T 71 - 1 10| A SR 11 P | RS R 2 o 1B )
£ R G VAR AR, E N AMNEISEIAAE R 2
ZEWIIT . PEIZS | S ZS AN A B L AT A T I A
ST H RS £ et B 2O R B ARORE AL B 4 T LAk
Z A R E AR T B T WSS BN
R BOR IR BE M fe A 128, i RS S AL SRR IF
A 350 5 s Tt L R B AR AR TS M A BE S R I, Tl
AR T TE 0.02~0.08 mg/mL B HREETL I, £
H ik BB AL RE 1 AR U8 MONICA 2500, SRR
PREE A A B AR BRI AR A5 A T O AR B X 5 A
VRS AR (A TR T . BRUGFEYDTTICE . R EE .
/N 45 i 4 IS IR 2% TG T R 4 60 7 26 3K T ) 22 B 1 R B BT
BT, FRARIE Y 2.5~60 mg/mL; BAYSAL %50
K DFTC% B2 AR T ST, & BUAS[R) ™ HiL v
RSB B A TS . LTS A E R E 2 AL
Y i SRR T B R B R K AT TR . e A
BERUASE 8 SO R HAT Bom A TATE M, FL TR TR % 4 B
VBB SRR ES . 5 Bk, AT B2
A& e TR SR I sl BRI B — A3 BB A A
BURPE, TIXTHR IR o B A AN 2, B S
-2 B X R P T e T 5 i S A R

BT, AUEEE LU o BE R RO (G B ) O TR,
T VA R AR, DK [RIVR 1Y) 2 1A B BT AR B
TR A 0 4y, >R A B 72 d 21 40 5% 335 ¥ (Fourier
transform infrared spectrometry, FTIR)AIAH (415 - 5% 12

(gas chromatography-mass spectrometry, GC-MS)X$2H4)
WA R, IE AT LU K SR A SRR i
PERL Ay, VAR SR LA TG PE . MEE 2= R,
& A BT B RO I B RS A .

1 MR5ERZE

1.1 #HREAI(EE

S SRS SR T A 48 B e T T AN T R A
FRETAE A RIS, SR -SER; KA % 7 (Botrytis
cinerea). V)& B (Penicillium expansum)fH H kAl KE
BAEHE S TR B S = I,

BEFROIEE, LR b THERAR); 1,1-2%
F 2- = filf 2L K Bk (1,1-diphenyl-2-trinitrophenyl hydrazine,
DPPH)( i 22 si A Ak B A BRA R, 4i2E &K C (vitamin
C, sriral, K B TABRA Fl); HRARE (5 H7 4k,
B SRR AE AR A BR 2 |l ), BRIR AN (o0 A 4, TE8 i b
FHE T AR,

RE-2000B 78 Jig % 7% & A (& il S0 5@ AR AR AR ),
JC-UT2000 744 4ha] 0L A5 B v (bt 8 AR A R A
A]); Nicolet iS5 7 B A5 2T AT (R s AR B &
JEATBRZH]); QP2020 NX T A HH (8 1% - 5 i e AN (F A 5
HH]); 1260 Infinity I & 0B AE G [LRERRHL (T H)
HBRAF], LGI-12 TR VR T HLAL A IR AR & T
A IRAE]); OV-1701 A3E4H:(30 mmx0.25 mm, 0.25 ym)(H
A A
12 WA
1.2.1 REYH &

BRI T B AR T, A BIUHZE K . 50% .
70%. 90%BHAW, FEERRLL 1:10 (@mL)##L 1 h, A5
7 80 °CHISE FUARIPIRIMIG | h, MRS MR 2
W, AIUEWR, WEEBEIOAERE, BT, 1551
TSR, 17T 4 °CukA & 1P,

122 B E®mA4FHNE

Z 8 TR O IR R R, 0 e o R
290, 0.002, 0.004, 0.006, 0.008, 0.100 mg/mL [T
FRFRUEVAR, MKUCIA 0.1 mL #EAREHAF] . 2.0 mL 15%#H5#
FRENIEI, IRAIINKGERZE 10 mL, F 760 nm A%
BEo HIARMERLR, TR BZE &, WE TR AT
0.002~0.010 mg/mL Y[l A, kMR RIT, tnifEdhd mfe
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2 PRI R PRI T 8 5 A 9 L A
1.2.3  oshsigotr

4 FPELEU 4> B B T RSO, OFES A I AT
K, ERFW . LAME3E 454 SBiENE M E 4000~
400 em™, JEIEAHER N 4 om™
1.2.4 &40 &g

Z MR EP Y ik, RIS

[ A% ZE B (solid phase micro extraction, SPME) {4
#Hk: 50/30 um DVB/Car/PDMS, FEGH A YY) 5 mL & T
Tz, ZEBUREE 75 °C, ZEHURHA] 15 min;

GC 4MF: OV-1701 {4 3#%4:(30 mmx0.25 mm, 0.25 pm);
FHEART: FEE 40 °Cf£FF 2 min, A 4 °C/min F+Z 180 °C,
FA%F 1 min, FFLL 8 °C/min FF& 220 °C; A 4R, B
H R 1.77 mL/min, EFILER 2.5 min; #EFRIEEE 250 °C; i
FET S AR

MS 45ff: B FIE T2 5 F U (electron impact
ion source, EI), $ iR 250 °C, B FIHIRE 200 °C, H
i T TS 35~350 m/z.

1.2.5 REBEYEGFLEAEH R Z

DPPH- 3 B fi 712 B X UGG 25 P45 g oE A7 0 52, 38
J5 12 BER LU PR B A B A T 52, X R B
B Z B & i . DPPH-TE BRI LA GRS T B R b AR 56
Y G
12,6 HHEHK

BRI TR E BN LR . PR A
VA H I ) ) 1x10° CFU/mL BB, W2 50 uL
TR BOA AN T 45 A A BEBUIS (potato dextrose agar, PDA)
RigpdEdh, #E 30 min J7, BRI HR 3 AKX, Al
B3 ANUELCH (EAE 6 mm), BT 10 uL FTEWKE N
10 mg/mL BIMAEHREY), JoRKVERSTRE, BT 23 °CH;
FEFEREFE 96 h, FH 738 L AS I B B B AR K/
1.2.7 #IpaE

K Fi Microsoft Excel #EA7 5SS 1140 B], R origin
9.0 BMHHTR, K SPSS 19.0 B HEITAHEE ST
B LI A M 3K, 4550 LIS EEbR IR 22 RR .

2 HR55%

2.1 AEHRBUAFIX HEEMHEE b 2 2 R H
REVE RIS

M2 1 AT, Bl SRR BRI R, WP R
L i B ETHE (P<0.05), 90% 2 B (R B8R 35 v T
HoAh %5 751 (P<0.05), 3% 5 SRR E A — BP0, Akl
BUURAR 22 o LK WO ARVE 77 2R 40 8. 2 AR BUSCR A
FH— IR AR, 31X 32 B2 Rk & T /7K V5 Y A 7 )
RG] LR 2 W 2 0 5 2 S A ST 25 G, A

FIF M Z BRI K RBOREAR, 185 LB
R RS RIBCR BEH AR B3 KR, &
2/ 7 T8 VR AV 0] 2R T 4 OB AL T B — B K AR 7 9
AT RESE IS I o 1 R EEE VR S A LR

#1 TRBATRBEYNRASEHE 2 RIZNEN=3)
Table 1 Total polyphenol content and extraction rates of
different solvent extracts (n=3)

FRHUR B ZH/(mg/mL) PR /%
7K 0.00462+0.00058¢ 12.31+0.0802¢
50%Z 0.006170.00530° 24.10+0.1006°
70%Z 1 0.00870+0.00400° 26.52+0.0814°
90%Z, % 0.01068+0.00960° 30.37+0.0665"

1 a~d: FIFIARISEREFRR AR B EESR, P<0.05,

2.2 ARIAFHREIRIL I L 55 47

AR TS LA IS —E R, IR
W AR A B R AR A o X BT AR W e R AT AR R -
3200 cm™ BTSSR S S Y T I O-H B 45 R
i, 2930 em™ BT M B L C-H B4R IR shid;
7 1680~620 cm™ [A] 2 C = C B4R ), fEdLBilk R
H, C = C B IR SRS A . 1500~1430 em™ LA
1604 cm" BFHT S 55 P 4R sl W i ie, sk BERRAIF I 55 4 B
Y B 2B IS A A . BB 1 AT, S A R
AL, 90%Z BERBUITE 3200 e Ab 43 AE 06 55 i .
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Fig.l Infrared spectrogram of different solvent extracts with
different extraction solvents
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23 AFREAEFRBRISSHEEE-RIg o0 R
3 3ot EHRCEIROR GC-MS 43 W, 1551 4 FiRIRYIHY P X B3 k%
BB RE, BT R R A 0 22 S G S 15 B a " K 50%ZEE T0%Z. 0 90%7, X
ANEZIuE ¥ 2 45 12 [ i prog -
lﬂ ,Laiﬁﬁm%ﬂﬁ%ﬁﬁ?\rﬁhaﬁ, W R I ) 2 . 652 737 043 )
AT TSR IR 2 FIE 20 JduKk. 50%. 70%. o
00%Z, BEHL U 43 I s 1 28 . 24, 22, 28 AMEAY, 1 L—Mi-n R - - 0.14
BT FERIMALA Y W2k, R Bk, MRS W3S, Sy ra 026 - - -
MRk, RS, HPEZS . B8, WS, WSS SR T HE 035 - - -
FEWYIET, X E RS TS, BRAEMEZE. 4 Fh 27 IO RS 0.11 _ B B
PREI TR I 9.36%~29.34%, FHELL 2,6- 4T A
. — N o HI R A 2 TR - 057 0.16 -
XFH Y 2,4- T BEOEB A, I 2 FRYIRAE 90% £ R
HC AR B B 19(29.34%), TEK . 50% . T0%3RE AR/ 072 057 016 014
BRI SAE 9.36%~23.87% 2 1], XA 2= Ehm T H I KK 202 037 - -
BN E BRI KORE oA A TR P Lok _ _ 0.14 _
R2 FEBAFIERYNEZR AR 12-T 24 0.19  0.07 - -
Table 2 Main components of different solvent extracts o
ER - - - 0.40
AN 20 % B
AR + ke 157 129 0.75 0.27
K 50%ZEE T0%ZEE 90% B 33 HIE ~ _ ~ 042
>THE - 02 h 0.1 R LTS 10.09  6.47 1.87 0.63
o N 0.40 N 0.14 e 031 - 0.16 1.12
BA-2-omE h h h h bk - 1.20 0.39 0.36
(B.E)-2,4-C — Mk - 08 h h GBS 027 027 0.15 0.30
IEF 0.14  0.79 0.66 0.75 .
% 3 - - - -
2 -2,4-PF TR 0.09 2.19 1.23 0.56 S ol - 0.07 0.09
FLE 0.05 038 h 0.09 [ 5= YNy 1459  9.67 3.53 3.59
T 0.76  1.15 0.86 0.75 S 7.1 554 _ ~ _
I-ACR-1-FE 096 - B 092 6-FHI3-3,5-BF HS-2-f 012 0.35 0.49 0.30
M2/ 200 533 275 3.32 4-2,6,6-= F IE-1-FF L
o - - - 0.20
iR 096 - - 0.92 HE)-3- 1 H-2- B
5,6,7,7a-IU5-4,7,7a- =
TR _ 0.80 0.36 _ %_2_(41{)_%#")6%%] 1.56 2.47 1.01 1.77
[[7& N2 0.96  0.80 0.36 0.92 [IENa 422 2.8 1.50 297
1-C i 0.52 040 1.76 - 2,4-RUT HOR Y 091  0.66 0.41 0.26
e 0.09 - - - 2,6-—HUTHXTHE 845 935 23.46 29.08
2-2.3-1-C 097  0.62 0.41 0.47 W2/ N 936 10.01 23.87 2934
7% i 272 2.48 3.26 3.21
eI - 328 3.45 2.86 2.4 AREAFREMISIMEWEN
1-2% i 1.01 0.59 — 0.15 DPPH?jﬁaﬂ%ﬁﬁjj%ﬁﬁ%iﬁ%ﬁ%%?ﬁ‘f&"ﬂ@fﬁﬁfﬁ
=, N i =)
VTR = T _ _ HkZ—, Hﬂl§]‘3a AL, 7E 0.1~0.5 mg/mL JE[FA, 4 Fif
o Burst DPPH- 5 B 2R 34 Bifi 42 B4 Jo 1 Wk 3 38 R & T
o S B 2 4 SRR DPPH BRI/ VO, I
a-FA 020 - 0.18 0.1 0.1~0.3 mg/mL G [E N, DPPH- [ 1% 28 5 4 U 0 R vk i




8182 B

2 4 J R A I 2 4

12

A RIFIEMELRE 2910 0.9910, 0.9889. 1.0000 .,
0.9986), HHT 90% Z EEEEIUY I B AR, KIEY TG
Bt N, YRR #E 0.5 mg/mL W, 4 FHEEEIRY
DPPH &R H It T F 2,

W D7 RE A% S b N TR B SRR TE R 1 AR AR, TE— AR
BE L, Rk, BRSPS AR R PR R
PEYIT I, R B B A A W R AR, TR AT
5= b, AR, WoRR R, AR S
W JE R A 3b APl VO IR s, HIR
90%Z FEEE LY, Hxt DPPH-WERRHTT Fik 90.7%; Bl
PR TR B I K, I R ) AR R E IR, e
i51.132; 7E0.5~1.0 mg/mL 5 H NI S 7 : VC>90%2,
T 2 U >70% 2 B4R BUYT >50% 2 B 4R U >k 48 1, 1
PP KR Y B R b AR T M . S5 G R 1 4R, 12
B 22 e i L SR T I R

35
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Fig.2 Relative content of main compounds in different solvent
extracts (n=3)
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Fig.3 Antioxidant activities of different solvent extracts (n=3)

2.5 EAAEMS RS SEMEEXME S

T VAR LLER 4 Rl Ut A AL TG PR 22 53, xR
B S 2 B8 i . DPPH-JEBR A AL IR 5y BEAT B2 /R 3
R FREH 70T o 3% 3 AL, DPPH W ERA | iE)5 015 8
Z W O A AE 3 AR DCME (r>0.637), RWIRICY) T A7 1E
A 2L G PR PR U A pU AL iE P G = 25 A

®3 NMENSBZEEREBEXAY

Table 3 Pearson correlation coefficients (r) between antioxidant

parameters
BIgE| DPPH - ik % JsE A Y5l
DPPH - FR % 1 0.637 0.854
B 0.637 1 0.709
NGl 0.854 0.709 1

2.6 AEIAFIREIEINEEM

Wk 4 PR, 4 FhERIRE REA SO K A w A Ay
JERE, H 2 PR R R I A R U, Ak
HIEAIXT 90% BRI i UK Y, PRSP X KA A
A SR TR TR R 7 T R AR XK A 2 0T $ HO) R
B. 454 FTIR, GC-MS 4R34, N 420 i
T 28 PRI TBE B 26 (D-F7 4805 . a- AT AT . A P I 4 )id
PERIT AR ISR, WK T 40 M BE LS A B IR 1 2 I,
PEMT R E B AE AT AL Z T, 90% Z BE4R BUY X IR i 4
T RA R A

3 HFie5iie

AHFFTEE R, SR R BRI AE AR R A 2 BT
TEZEFRRSY, HdK, 50%. 70%. 90%Z. BB/ % &
W28, 24, 22, 28 4MEAEY), K2k, B, RS, B MR
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JIEFEMYT, AR G s, AR R A
TR B R BT L 2,6- T S ER AL 2,4-—
BT IR R T, WELE 90% Z B $R I A & it i i
29.34%. 90% . FFHR U Z2 1) & 15(0.01068 mg/mL). $2HL
#(30.37%) . *f DPPH-IEBRF4(90.7%) . &5 1(1.132)8m T
HABFLEY), LA, RIS A Ak

AR B DR AT M 0 SRR, B0 T,
TR BRI X B A A HA R APt RNE Y, HorbOk
HJHUXT 90% BRIV HAT AN B TR O RRURRE, 90% 2 IRt
AR IR N R B PR T e . AT N i
TRJORYS P £t "Ml e S AR o B A 7 46 s g g FH B
THUSRE, PR EYLRE A fEE— 5%

F 4 NEBEFRIEINEES

Table 4 Antibacterial activities of different solvent extracts

1 Bl /mm
B — — —
papilcEa:) 7K 50%Z. 70%Z. % 90%
VR ik ki - 7.7+0.10¢ 8.3+0.05° 9.0+0.11° 11.7£0.06*
VREE - 7.6%0.15° 8.0+0.03° 8.0+0.09" 8.3+0.03°

T a~d: [T R SRR QLI AE 1 35 22 5, P<0.05; XTHRZRIETE K, — RoRBAIMEE .
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