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Abstract

Microwave solvent-free extraction is used to optimize the extraction process of Plumeria rubra
“Acutifolia” essential oil by the response surface method. To explore the effects of soaking time, par-
ticle size, microwave extraction time and microwave extraction power on the yield of Plumeria ru-
bra “Acutifolia” essential oil, and to explore the best extraction technology. The results show that
the factors affecting the extraction rate of Plumeria rubra “Acutifolia”’ essential oil are as follows:
microwave extraction power > microwave extraction time > soaking time > particle size. The opti-
mum extraction conditions of Plumeria rubra “Acutifolia” essential oil are as follows: soaking time
is 4.00 h, granularity is 40.00, microwave extraction time is 33.00 min, microwave extraction power
is 470.00 W, and the yield is 0.1582%. It can be concluded that the response surface optimization
microwave solvent-free extraction of Plumeria rubra “Acutifolia” essential oil has a higher extrac-
tion yield. The results of this study are expected to provide a theoretical basis for the reasonable
development of Plumeria rubra “Acutifolia”.
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A& H 7€ (Plumeria rubra ‘Acutifolia”) & ST BRRIXG BE L& I, Al EAE. 4i0E 1 KFBAESE[L].
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Table 1. Response surface experiment design
= 1. WM E SRR E

K
% -1 0 1
A (IR E]/h) 2 3 4
B (FikiEE/H) 40 60 80
C (TR $2H (8] /min) 30 40 50
D (FB S B Th & IW) 400 500 600
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Figure 1. Effect of soaking time on extraction rate of essential oil
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Figure 2. Effect of particle size on extraction rate of essential oil
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Figure 3. Effect of microwave extraction time on extraction rate of essential oil
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Figure 4. Effect of microwave extraction power on extraction rate of essential oil
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Table 2. The response surface experimental results

= 2. MR R IR EE R

s A/h B/H C/min D/W KR % (Y)
1 -1 -1 0 0 0.1471
2 1 -1 0 0 0.1499
3 -1 1 0 0 0.1478
4 1 1 0 0 0.1467
5 0 0 -1 -1 0.1433
6 0 0 1 -1 0.1320
7 0 0 -1 1 0.1392
8 0 0 1 1 0.1452
9 -1 0 0 -1 0.1411
10 1 0 0 -1 0.1441
11 -1 0 0 1 0.1448
12 1 0 0 1 0.1437
13 0 -1 -1 0 0.1498
14 0 1 -1 0 0.1420
15 0 -1 1 0 0.1402
16 0 1 1 0 0.1475
17 -1 0 -1 0 0.1431
18 1 0 -1 0 0.1477
19 -1 0 1 0 0.1450
20 1 0 1 0 0.1436
21 0 -1 0 -1 0.1446
22 0 1 0 -1 0.1404
23 0 -1 0 1 0.1449
24 0 1 0 1 0.1471
25 0 0 0 0 0.1528
26 0 0 0 0 0.1525
27 0 0 0 0 0.1498
28 0 0 0 0 0.1521
29 0 0 0 0 0.1497

322 BBEWEBIRFESH
B A3 B 45 SR AN 3 fis .
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Table 3. Results of regression analysis
3. @HEASER

T Z IR H S5 Al Y107 F1E Pr>F BEE

T 14 5.522 x 107 3.945 x 10°° 32.04 <0.0001 i
A 1 3.853 x 106 3.853 x 10°6 3.13 0.0986
B 1 2.083x 1076 2.083 x 10°6 1.69 0.2143
C 1 1.121x 1075 1.121 x 105 9.11 0.0092 o
D 1 3.136 x 10°5 3.136 x 10°° 25.48 0.0002 o
AB 1 3.802 x 107 3.802 x 10°® 3.09 0.1007

AC 1 9.000 x 10° 9.000 x 10°® 7.31 0.0171 *
AD 1 4.202 %1076 4.202 x 1078 3.41 0.0859

BC 1 5.700 x 10°5 5.700 x 10°5 46.30 <0.0001 ok
BD 1 1.024 x 10°® 1.024 x 10°5 8.32 0.0120 *
CD 1 7.482 x 1075 7.482 x 1075 60.78 <0.0001 o
A? 1 2.137 x10°5 2.137 x10°° 17.36 0.0010 o
B2 1 1.253 x 1075 1.253 x 1075 10.18 0.0065 o
c? 1 1.664 x 107 1.664 x 107 135.17 <0.0001 ok
D? 1 2.406 x 107 2.406 x 107 195.42 <0.0001 ok

W7 14 1.723 x 107 1.231 x 10°®

AT 10 8.127 x 1076 9.127 x 1077 0.36 0.9151
aiiR 7 4 9.108 x 1076 2.277 x10°®
¥l 28 5.695 x 107 R2=0.9697  RZaq=0.9395

W O NEFWEEFEEP <0.01); “*” NEFREFHEP <0.05); AEZFEP>0.05).

Xof X AR T ) B2 S 25 52 DN 3 dEAT A LA, AR BRI (Y) S sgma R IR I R . 1R [H]
(A). BURLEZ(B) ik SIS (] (C)\ Tl $2 ) 22 (D) IA) () — ik [ H4UA T R =X 2 P

Y =0.15+5.667x10* A—4.167x10*B —9.667x10*C +1.617x10°D —9.750x10* AB —1.500

x10° AC —1.025x10° AD +3.775x10°BC +1.600x10°BD + 4.325x10°CD -1.815x10° A> (X 2)
-1.390x10°B* —5.065x10°C? —6.090x10°D*

MR 2 SR gh i, AT EA T, Bk WA 3.

& 3FH, I P > 0.05, FHUBAIIER B3P < 0.0001), [HJAERAH< 2% R? = 0.9697,
Radj? = 0.9395, 1t B 25 AEAH il A U RE ALY 5 S B 0 A 8 mn FRIAOL & B2, 0n] TR A0 S B TR Vil 1)
P, Hr—mi C. Dy ZZHLIBC. CD, —{kKIl A%, B2, C?, D?#BIREE(P<0.01); s HII AC. BD
(P < 0.05), KHUIXGECK M AHEIE 5 SR 2 BA LMK R, BIXGER M INEREANZZ
B[RRI, A2 R RS IR, thin AC 2 HEE, AIAEE R TIRIEHRA, SREThE
TR, SO L P RS TR, W 578 LS SR 3 [23] o A 7 3 AR AT S0 S 0 AR A R il B AR ) R B
KNGFFARIR A D >C>A>B, BRI IIE > TSt () > 2R a]) > J0R R .

3.2.3. ISEEFHSER N ENENOFSER =4 FESRMIH

AR A S (%) T AR TR, 2% XS R AR Vel P 5% B SR A 5 A P 5 R B 2 T (e oo S T ] o 3 I S 7
BERY AT DAL R & 7R T Rl (A) « FORLEES H (B)« T SR (7] /min(C)~ flisk #&HX T #/wW(D) Y/~ A -7
AEHAER, =Y e s R AR S R BT DA, 7R BT B N AR AEARAE, X AR A 2 i S T = 4 P
R d i o, TR B A 2 T 2 rP /IR I AR s i [24] o = 4 ST AR T R 25 v 2 B L K] 5~ 10,
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Figure 5. Response surface and contour of Y =f (A, B)
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Figure 6. Response surface and contour of Y =f (B, C)
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f 1 5~ 10 M =4E AR RT LG, B RS a8k, RoRm AL NBIRIEE R, B
TR (10 v 7 TR R B o LA SR BRSO R I SR X RS B AR i SRR R R, 7R R I BE U
THT, AR A T B0 XS B AERE T PR R SO L 0 3, W T LA B s 52 0 2 /0N P A V2 B i) R R %
T R MBS, AR AR AN B

M 6 FIFE 7 =4 EE W, iR oA BENY, il AR R R R B4R, 2R B SR
V)RR 88 of X0 2R A6 A T B2 R ) A8 LB S 3, [ A 38 WA AR R BB [ R e 4 B ) SR K XS B A6 M
MARBCR A B s il 9y Kl 10 M TR, LR X B AR RS Tl $R R (1 28 A F A
B (HIE 5, & 8 p AR, JU3E GRS AR PR HCR 22 HAE AN % .

M5 R 10 M2 m 2R B R b 16 6 I 7 S5 e 2k RO R %, HE8EHA, ks
HH TR B2 R IR i E B ] LA B Al gt it EOCHS T AR i B W Ty 2 f %03 B AR ol BB 3 (19 22 ELAE P s 5 24
T 9 AT 10 & il TR, HEA A, 1 B IR I B FTRURE B2 DA S RRORE FE AN 4 B T 22 ot
A EAERG AR BRI AL HAR R R E . #I TS EEILTFEEIE, UG R S B J LA
SO, 3 R TR AT R 2R

3.2.4. WUEABENRBUVS E TR ML R EIE

i1t Design-expert #R A A5AUAT 1 55 IR s T0 i 700 Gl B S XS B TR RS W 20244 WRIE I 18] 3.80 h,
WURLEE 40.00 H, TSN 1A] 32.71 min, fE AR HTI % 467.40 Wo IS XS 85 A0 ARG It 15 28 14 21 e i A
H 779 0.1528%. HEEISEhREAEMATAT I, 4w LURIE 1] 4.0 h, BURLFE 40.00 H, st ([
33.00 min, EIEELINIZ 470.00 W i R il Bh AR BOS BE A RE i I i AL T2 46, T 3 IRE SR
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B, HEATIRAE, 45905 4, R EY, FHME N 0.1582%, A%, %N [ Design-expert #ff
WA L& T ESHO L 5, BEBENSHNE.

Table 4. Results of confirmatory experiment
4. WIEMXIER

FH—H o = SF41E MR ZE
XS EEACAG I 0.1530% 0.1549% 0.1538% 0.1582% 1.0100%

4, 4Eig

N LR B ARG, BB T R R SIS B B S . SRR ARSI, Y
R 3h, BWURLEE 60 H, (IR SEEU H] 40 min, i EELIIER 500 W, 8 BRI I EIA B K AE .
FEIE N TR A 5256 v, 24323 I 1R] 4.00 h, JSURLEE 40.00 B, f SR ] 33.00 min, fik R ELTh# 470.00
W, BEE525 0.1582%, KR I el47HE, RIS 2[R 7 FR 06 R E, RPRLBTTEH. [
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