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Process optimization and antibacterial activity of extracting essential oil
from Eucalyptus globulus leaves by ultrasonic assisted steam distillation
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(College of Food Science and Engineering, Central South University of Forestry and Technology,
Changsha 410004, China)

ABSTRACT: Objective To explore the optimum extraction technology of Eucalyptus globulus oil and the
difference between the yield of Eucalyptus globulus oil and its antibacterial activity under different extraction
conditions. Methods Taking the yield of eucalyptus oil as the evaluation index, the optimal extraction process of
Eucalyptus oil was determined by single factor and orthogonal test by ultrasonic assisted steam distillation. The
antibacterial effects of each combination of Eucalyptus oil on Staphylococcus aureus, Escherichia coli and
Aspergillus niger were tested. Results The optimum extraction conditions of Eucalyptus oil were as follows: ratio
of material to liquid was 1:4 (g/mL), ultrasonic time was 25 min, ultrasonic power was 200 W, and distillation time

was 5 h, and the yield of Eucalyptus oil was 1.51%. The bacteriostasis test results showed that the bacteriostatic
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activity of Eucalyptus oil obtained by different extraction processes was different. For Staphylococcus aureus and

Escherichia coli, the antibacterial activity was the strongest when the ratio of material to liquid was 1:6 (g/mL), the

ultrasonic time was 30 min, the ultrasonic power was 180 W, and the distillation time was 5 h. The diameters of the

inhibition zone were (11.92+0.20) mm (#=3) and (10.25£0.35) mm (#=3), and the corresponding Eucalyptus oil yield was

1.28%. For Aspergillus niger, the antibacterial activity was the strongest when the ratio of solid to liquid was 1:7 (g/mL),

ultrasonic time was 30 min, ultrasonic power was 200 W, and distillation time was 7 h. The diameter of the inhibition

zone was (12.254+0.29) mm (n=3), and the corresponding eucalyptus oil yield was 1.38%. Conclusion There is no

correlation between the yield of essential oil and its antibacterial activity. For given target, the technological

condition of extraction process should be optimized to obtain a corresponding microbial bacteriostatic agent.
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Table 1 Factors and levels of orthogonal experiment
A B C D
MY ety ETRIE  E ER

/min /W /h

1 1:4 20 180 4

2 1:5 25 200 5

3 1:6 30 220 6
4 1:7 35 240 7
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AT MBC IE o 18 54 5 KB R RS S i A
B 2% Tween 80 K1 FERL(BEREE[E 45 40 °C, Fen g
TERARHE AL 70 °C, Wi ZEE R, WO hi kB0 ik
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P A B ) el i, A I 4T R T S P AR
I, WEMICIE eV, W S A BER [a] e 1, WA
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Fifi 5 7 b FRES A A RE K, T AR R AR T 2 sk
TR FRE, X5EHENRERMAEZER. RAR
7 K 28 S ZRARA AR B R R s, R A B [ 7
PEHAE 30 min 2274 .

KB R/ %
by

1:4 1:5 1:6 17 1:8 19 1:10
I H
e HEIRSE A Sy R A AL TSR] 30 min S 2 220 W ZEEIN ] 6 h,
B 1 R LX) B R R T A5 2R A B 1 (n=3)

Fig.l1 Effect of solid to water ratio on extraction yield of Eucalyptus
globulus oil (n=3)
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Fig.2 Effect of ultrasound treatment time on extraction yield of
Eucalyptus globulus oil (n=3)
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Fig.3 Effect of ultrasonic power on extraction yield of Eucalyptus
globulus oil (n=3)
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AEREAR B AR MR, 2808 6 h ZE A BOE HL
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Fig.4 Effect of hydrodistillation time on extraction yield of
Eucalyptus globulus oil (n=3)
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RIS (1.51%) G TED 4,B,CoD, BT il xt K &
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(P<0.01). TR IAFMAFFH(1.51%)W -GN 438,C4D; it
PR OGS K T T 4 190 7 B 4% M (10.5040.00) mm (n=3),
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0 TR R ELAR 0 00 LU L A e KA/ 11.91%F0 35.32%, Hif
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MH, ZERAFE IR G M BE A RS, BRI T E
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M AR R TR, 25036 5. P& S Al AL, 2 Rk
X3 A ) S AR A R A AN, 416 (438, D) HR
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FF A EE 4 o5 € A5 2T BR 1T o 5 W IR I AU . 40 (44B3CaDy)
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B dn 2 4 R R I A 4R

F10 &

S UK I ok PR B R A B IR VR N 14 pl/mL . %K
TR S 2 A B AT A R EE L2 5 (4382 Cr Do) R AR I
TR K P FF TR R 4 B (A A ER R 1 1, R TR R AU A

xR2 EXTWER
Table 2 Results of orthogonal experiment

A, A SR I e A S ] AR EL PR VE T A
AN IRl B B2 IR 22 (B IR A5 A i 4 2L B 2 5 AT
TEZE S, PRI A g 124

A B C D
Fs B AR 75 2%
THfE Ee/(g/mL) i 7 b B R ] /min A R/W FE I Al /h 24
1 1(1:4) 1(20) 1(180) 1(4) 1 1.26
2 1 2(25) 2(200) 2(5) 2 1.51
3 1 3(30) 3(220) 3(6) 3 1.47
4 1 4(35) 4(240) 4(7) 4 1.38
5 2(1:5) 1 2 3 4 1.47
6 2 2 1 4 3 1.40
7 2 3 4 1 2 1.36
8 2 4 3 2 1 1.21
9 3(1:6) 1 3 4 2 1.34
10 3 2 4 3 1 1.51
11 3 3 1 2 4 1.28
12 3 4 2 1 3 1.30
13 4(1:7) 1 4 2 3 1.26
14 4 2 3 1 4 1.28
15 4 3 2 4 1 1.38
16 4 4 1 3 2 1.26
ki 1.41 1.33 1.30 1.30 1.29
ky 1.36 1.43 1.42 1.32 1.37
ks 1.36 1.37 1.33 1.43 1.36
ky 1.30 1.29 1.38 1.39 1.35
R 0.11 0.14 0.12 0.13 0.08
R3 REDHER
Table 3 Results of variance analysis
Ty 25K EHH QO HEf TR O/ F1H LE 2 c3
A 2.452x107° 3 8.173x1077 15.627 *
B 4.107x10°° 3 1.369%107° 26.176 *
c 3.212x107° 3 1.071x107° 20.478 *
D 4.112x10°° 3 1.371x10°° 26.214 *
R 1.569x107 3 5.230x10°®
s¥il] 1.404x107° 15

H: * RN B35 (P<0.05)0 Foos(3, 3)=9.28, Fo01(3, 3)=29.46,
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Table 4 Antimicrobial activity of Eucalyptus globulus oil obtained in the orthogonal experiments (n=3)
A B c D B R B4R /mm
RS e o KIS B A HTR I ol
FHEK BRI RA/min GBS hR/W ZEB A/ e s
Escherichia coli Staphylococcus aureus Aspergillus niger

1 1 1 1 1 10.50+0.50 ¢ 6.25+0.29 f 10.25+0.27 de
2 1 2 2 2 9.75£0.29 ¢ 8.10+0.42 ¢ 10.25+0.50 de
3 1 3 3 3 10.25+0.35 cd 8.20+0.29 be 10.83+£0.93 ¢
4 1 4 4 4 10.50+0.58 ¢ 8.00+0.00 ¢ 10.14+0.38 ¢
5 2 1 2 3 10.75+0.29 be 7.88+0.25 cd 10.88+0.25 ¢
6 2 2 1 4 10.25+0.15 cd 6.20+0.27 f 11.1940.65 b
7 2 3 4 1 11.00+0.50 b 8.25+0.35 be 9.90+0.41 ef
8 2 4 3 2 10.75+0.52 be 8.50+0.41 b 10.25+0.29 de
9 3 1 3 4 10.75+0.27 be 8.50+£0.40 b 9.50+0.00 g
10 3 2 4 3 10.50+0.00 ¢ 6.63+0.25 ¢ 10.67+0.52 cd
11 3 3 1 2 11.92+0.20 a 10.25+0.35 a 10.38+0.48 de
12 3 4 2 1 10.10+0.12 d 6.13+0.15 f 10.50+0.57 d
13 4 1 4 2 10.50+0.20 ¢ 8.50+0.00 b 9.88+0.25 f
14 4 2 3 1 10.50+0.32 ¢ 7.50+0.41 d 9.17+0.29 h
15 4 3 2 4 10.00+0.00 de 7.55+0.40 d 12.2540.29 a
16 4 4 1 3 10.63+0.25 be 8.50+£0.29 b 11.00+0.32 be

H: F—FIAR/NG FhEFRR 22 5 18 25 (P<0.05).

RS R 3 MENRDREKRE
Table 5 Minimum bactericidal concentration of Eucalyptus globulus oil against three testing microbes
e TN e B /(uL/mL)
H A

20 15 14 13 10 9 8 7 6 5
KWkt # Escherichia coli + + + + + + + + + -
4B EEREE Staphylococcus aureus + + + + + + - - _ _
Hh %5 Aspergillus niger + + + - - - - - - -

T AsBoCiD, T Z BRI R A AT 8 A0 6 2 (LA BR B, AuBCoDy T2 4RI MRS i I 2, <+

IRA R
4 & g

LS # ORG I A A PO F8 bR, AN SCHE ST B9 A
B K& SR IR RIS BRI IBO ¥k, HRHM AR ] &
T ICHRHE (Y B R K 28 AR IR AT I A

WK RS IO 4 B R A BRI (G . KIA IR (G
ER1) 0 2R A 25 0 P A TR e, SRR R A A T
FREL i K AR TR

ARG Il O  , BREUCASOF YAS T 23 R R P A
Krmdisy, JFaSBOEMREREPER 225 . Rmis R e IFA

R, - R

EWRAE AN GRS YR, 25 H AR B H R s R Y
R R, AU SR B

SE B
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