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Abstract: Objective: To optimize the best process for the extraction of pine needle essential oil from Pinus tabuliformis,
and to conduct its compositional analysis and antioxidant capacity. Methods: Response surface methodology was used to
optimize the process of extracting the pine needle essential oil from Pinus tabuliformis by microwave-assisted extraction
(MAE), the components of essential oil were identified by gas chromatography-mass spectrometry (GC-MS) and the
antioxidant activity was verified by DPPH and ABTS" free radicals scavenging ability as indicators. Results: The optimal
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extraction processes were as follows: extraction time 55 min, microwave power 550 W, liquid-to-solid ratio 10: 1 mL/g, the

predicted yield was 0.245%, and the validation result of the optimized process was 0.238%. A total of 104 candidate

components were obtained from the essential oil, with major components including thunbergol (3.938%), and verticillol

(3.597%), and so on. In the antioxidant experiment, L-ascorbic acid was used as a control to determine the DPPH and

ABTS" free radicals scavenging ability, and the half maximal inhibitory concentration (IC,) was 101.74 and 12.39 mg/mL,

respectively. Meanwhile, at the concentration of essential oil of 128.00 mg/mL, the DPPH free radical scavenging rate

could reach 64.92% and the ABTS" free radical scavenging rate could reach 84.11%. Conclusion: By optimizing the

microwave-assisted extraction process of pine needle essential oil from Pinus tabuliformis, and measuring the main volatile

components of pine needle essential oil obtained by this method, its antioxidant activity was confirmed, which would

provide theoretical support for the development of green and efficient extraction methods of pine needle essential oil and

further utilization of pine needle essential oil resources.

Key words: Pinus tabuliformis; pine needle essential oil; microwave-assisted extraction; response surface methodology;

antioxidant
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WK, AGE A THE R PESR . N5 K N MERS s AN
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1:30 g/mL. I EhER 240 W, FEI 4504 T RS vmAs-3=
5 0.156%., Haro-Gonzalez %5122 fF58 0, f#7 FH %
PR BN ZE BT 208 BT A4 R T ELA REAEAIR . ik
A ), HBE A8 R B gi i AR 3 2 5 . Rez-
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B, 4545 GC-MS FEAR ST AAERE T 553, e
PUsa AR, S AAFAE RS I IR ORI & A FH R LR
AR ARG I, it —25 T R A st
HRIS
1 MRSE®
1.1 #RSEE
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1.2 LWHE

1.2.1 T4l B ZE A S RS T

1.2.1.1 ARSI EEEC KA EH BT 1000 mL
RSB, $2 10: 1 Bk L in AFB 4K, JEFTI 26
BOFBERASIIRR ST, T 4 C LA

1.2.1.2 AAEPREIAS R AR TS 2 B,
N (DT EHRE A3

Y(%):%xloo = (D

K Y RKEIHATER, %; Mg Rl E,
gs M, FORIAET BT, g
1.2.1.3 PRI 4B EEFE ORI (15, 30,
45, 60, 75 min) . ZEH( % (150, 300, 400, 550,
700 W) | Rk (6:1,8:1,10:1, 12:1, 14:1 mL/g)
XIANEHE AR REIN . FLHSCR RS 3 K.
1.2.1.4 Box-Behnken i1 (BBD) AR Y& A
RGO EE L, SR FH A B 1E 437 149 BBD iR S i ity
125, LITRARAA B4 1l 00452 Sy F8 4w, 158 B ZE BUAS [7]
(A) | ZEHIIZR(B) . BB (C) = ANHIER, SR =
2 =KL T I W T 4381 (Response surface metho-
dology, RSM) . & Z It IAHIAE IS BTHAAFA K TH
153 554 PR AR I R 2 00 (] U3 5 R i TR
I, ARYEPA R R SCIG AN IR, S EAH S B E B
FAERER K IKE (=1, 0. 1), FEXFEA2E il T 4mtid,
k1 PR,

® 1 WERTEBO R KoK

Table 1 Response surface design factors and levels
HFEARFE A ZEHESE (min) B ZHINZE(W)  C ¥k (mL/g)
-1 30 400 8:1
0 45 550 10:1
1 60 700 12:1

1.2.2 MM GC-MS JilE
1.2.2.1 GC-MS #&4  SAHSM: A% : Agilent
HP-5MS (30.0 m=0.25 mmx0.25 um); Fe/FFER: #)
AR E 60 °C A%4%F 1 min, 8 °C/min BY 33 3 T iz F|
140 °C A% 4% 2 min, ¥ L1 2 °C/min #Y 3£ 3 T} 5 5]
240 °C £ +F 2 min, H LI 8 °C/min /Y 3£ F J+ iR 2
280 C, £A¥F 5 min; < A (=99.999%) , #H F
1.0 mL/min; FAE IR EE: 260 °C; AL =0 Sr ik
e, Sriikl 10: 1; e 1.0 pL;

JBri S5k HES ¥, FES 7= EL R 70 eV; 55

TR 280 °C, fLHNLRIEEE: 280 °C; Ml Jr=X: 4
BN (SCAN) ; AlffHE < AR (=99.999% ) 5 %57
ZEiR: 3 min,
1.2.2.2  PREPRE TR 3BT AR A A
JFH NIST 2 EIEA TR 2R, 456 304 SCREBUE (5 8.,
LR EAAHALEE =80% M. SR AHWETEI AR —1hikit
BAAALA A XTI TR
1.2.3  REHREPTAELEE T
1.2.3.1 %} DPPH M FHILVEREEIINIE SHZEH
JREERS ff5E . T DPPH H FHIETEBRELSE . Jo/K 2B
BeHl 4 mg/mL 19 DPPH & W . 7E 96 fLA H A
100 pL ¥ EESFH0 1.2, 4. 8. 16, 32, 64. 128 mg/
mL Y FAEHKE T, T5-43 500 ] 25 FL oA 100 pL 19
DPPH A%, #EG )W 30 min, 76 517 nm ZbARG 0 1k
FEEE(E . DUABTIRIUERYE R BH AT RS, 385 BEEAAE TS
434 T DPPH H i 3L7E SR RE Sl e, P73
HXE 3 ¥k, DPPH H HIEERFE A (),
Ac—A,

1 S K7x DPPH H H BT R, %5 Al R
SRR 2N S C R Ao R ERE I G .
1.2.3.2 ABTS'HHIEMEKREEI M E ABTS'H
FH 3 AT R 568 2 BE SR [26—27]1 #8477, FTERI1EE
M. LA PBS 2% iR R (pH7.4)/E A% 57 Bo ) £ iE
& 7 mmol/L 1] ABTS 7K WA 2.45 mmol/L i3 iR
B (K,S,0¢) KIS, SHAARTBUR A, SR G A T i
EIIRARE] ABTS' H H IMEAR, KA e =
BIEHEE A

B 100 pL MR EESFHI8 1, 2, 4, 8. 16, 32, 64,
128 mg/mL PAEPIE AR RIS T 96 FLAk 1, FlnA
100 pL FiBsid iy ABTS' H A IS, ZE=IR FIX
N 10 min, 7£ 734 nm AbCSEROCE(E. ABTS H H
FLIEIRRFL ARG,

S(%) = x 100 = (2

Ac—A
S(%) = ———2x100

Ac

K. S IR ABTS H H FETE BR %, %; Ac 3R
7R 100 pL A JEZK Z BN 100 uL B9 ABTS i 177
W SCREAE; A 78 100 pL BIFAEREIHINT 100 pL )
ABTS" i fr G E .
1.3 HiELE

SCUGYIE R 3 IR, 45 IR N - A AR v
Z2, Kk Design Expert.10 FlI GraphPad Prism 9.0.0
Xof S BB HE AT AE 537, BOPE R FH R B 2R 7 2257
T, P<0.05 £RZEF B E, P<0.01 RnZE7h BE.
2 RS9
2.1 CHOMREHERRUR BN ZEE B F ES00h
2.1.1 FEHUASTA] FEHAR | OB USRI R 152
mE AEZEITIER 400 WL CBHEE 1001 ST, BE
BRI TR B 0, AAEERE A R R e BT S

= (3
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R B, e i A SR I AR U (A 45 min(&] 1A) o
PRSI WE 1B, ZEAEHLETE] 45 min, OB
Ib 10:1 BYSA4 T, IR E T 400 W B, FAEHHE
A3 — EHAERFER S /KO, 7E 550 W B 3R-75- 5 iy
53R, T T R 4k S 2 v XS R B i AN R, B A&
FEHLIN Ry 550 Wo OB EYFE MR ULIE] 1C, FEAEHL
I E]45 min, BT 400 W 26104 F, s A8k,
T RASRAEMORHEE 1021,

A 0.257 a @b
ab
b

0.20 —
S
5 0.15 1
El\t C

0.10 =

0.05 T T T T T

FEHLHSHA] (min)

B 0.25 = a a a
0.20 -

g

5 015 - b
0104 ¢
0.05 T T T T T

150 300 400 550 700
FEIIH (W)

0.05 T T T T T
8 10 12 14

WOEHEE (mL/g)
B AURTR](A) | A HIAE(B) | OB (C) XHMFARA ST
L RlIEEES AL
Fig.1 Effects of extraction time (A), extraction power (B),
and liquid-material ratio (C) on the yield of pine
needle essential oil from Pinus tabulatus

e AR FREFRR A B 22 57 (P<0.05) .
2.2 MNEMRHBREERERIZREZITS
P
2.2.1 Box-Behnken i R¥G 1T R gEHR LIHMA
FAETHRE S-SR i AR, 158 FH F O A7 SR Y, 4l =R
K=K 17 A2 A (5 AR AL 12 DHTIRLED
i 3 T ARG, S 2H A S 45 R DL 2,
2.2.2 [BIUABSAYAGEES, AR PR N S B iR, SR

[=)}

2 WA S S

Table 2 Response surface design scheme and results

WS AEMURE] (min) - ZEBIIFR(W) Wk (mL/g)  B4(%)
1 60 400 10:1 0.229
2 30 550 12:1 0.209
3 45 400 12:1 0.174
4 60 550 12:1 0.208
5 45 700 12:1 0.204
6 30 700 10:1 0.199
7 60 700 10:1 0.234
8 30 400 10:1 0.191
9 60 550 8:1 0.219
10 45 550 10:1 0.234
11 45 550 10:1 0.233
12 45 550 10:1 0.247
13 45 400 8:1 0.216
14 45 700 8:1 0.205
15 45 550 10:1 0.242
16 30 550 8:1 0.195
17 45 550 10:1 0.242

JH Design Expert 10.0 3X/XT FrAS8 P i 47 5347, 45
RNk 2 PR, & R ELBNGBE S, 5200
EHRSIIMASR Y 5 AL B. C I R RNEH 5 #24:
Y=0.2396+0.0120A+0.0040B—0.0050C—0.0007AB—
0.0063AC+0.0103BC—0.0092A%—0.0172B*—0.0227C?,
R 3 FAERYR/INAT AN, 3 DS08R XA E RS T
PRI /N HE R A(GEBEED >C (o He) >
B(FEHRIIE) o

3 BRI R BT

Table 3 Model regression coefficients and significance tests

T 2RI SEJ5 A H B ¥y FlH PlE
e 0.0062 9 0.0007 6.67  0.0102
A-ZEHR] 0.0012 1 0.0012 11.16  0.0124
B-# IR 0.0001 1 0.0001 124 03023
C-WkHL 0.0002 1 0.0002 1.94  0.2066
AB 2.25E-06 1 225E-06  0.02  0.8868
AC 0.0002 1 0.0002 151 0.2584
BC 0.0004 1 0.0004 407  0.0834
A? 0.0004 1 0.0004 343 0.1063
B’ 0.0012 1 0.0012 1203 0.0104
c? 0.0022 1 0.0022 2097  0.0025
B2z 0.0007 7 0.0001
PR 0.0006 3 0.0002 549  0.0667
aliiR 2z 0.0001 4 0
iR 0.0069 16

3 3 Bl 4, [\ P{E N 0.0102, P<0.05,
FEHAAR A HLAT g 2 M, R P {H=0.0667>0.05 A~
B3, RO NF AR S W0 E 2 [ LA B E0ar, vl
JHT BB ., AB. AC. BC. A% X0 SR 14 5%
MRS i 325, B2 X B AE A SR 52 38 (P<0.05 ), C? X
WA PSR 235 (P<0.01) . WL I EPESS 1 B,
Y ) B AH AR R I e E R RP O 0.8956, K IE S



- 188 - 0 Tl B 20254F 1 H

R M 0.7613, & WA IR DL 45 J35 855 A5 700 1) 25 S5 FR 50 F P 2 T, S a2 HESURRBE, 3 S i Pl
K 4.69% /INT 10%, ULHIRRI IR G FASE R V22, DA H 32 (58 FLAVE PR A ARG S 5
U, SRR R N 7.5837 VAWARIRI G, A1, 00 W, IS 25 AR

AT AR LSRG AE R . S5 EIGA ZIT 204 BefE TS ARG IE i 2 A
ACRDCH RSB PR e e, R RRAS AT MO g i 280 6 T A R T 0 B BT 25, 45 S AR T
WARLEAS FIAZ RS - R 9 P T 25 SR A U ] 55.82 min., A2 HLL) %
223 SEEELHINARIT ST AEHUHE A, 556.20 W, WORHEE 9.60: 1. fEILHAL T 25 F A %H
HEUR ] S5 HORHLE . AR GRORH X 3 158 RFIMEATRE N 0.245% . ARIEERIE RS 00 T 47,
P FEAFA 4y S e 2 P R 7, 1 T P L] 2. W T2 A VR A SR HEHU ]SS min., HE B

3 %)

A 700

640

wn
x©
(=]

B: IR (W)
2
(=}

30 36 42 48 54 60
A ZEBU ] (min)

3% (%)

11

C: R (mL/g)
>

30 36 42 48 54 60
Az FEPUA] (min)

14 (%)

11

C: Tkt (mL/g)
>

400 460 520 580 640 700
B: ZEHUNIR (W)
2 FEHURTRI A IO A (A ) | ZEHRRHRIFIHORE L (B) | 2B A FIRORE L (C) X 5 32 5 0 1Y) 45 25 2 A1 7. T 5]
Fig.2 Contour and response surface plots for the effects of extraction time and extraction power (A), extraction time and liquid-to-
material ratio (B), and extraction power and liquid-to-material ratio (C) on the yield of essential oil
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550 W, WORHE 1001, IF#EFT 3 LIRS, MAEDRY + TIC §31l MAED ,
TSP 753 0.238%:0.008%, 5 W K ] HIMILY S
FHAT . AT HFFE 2 WA FH 2T g V0 e Al B v 4 1.75%10°
SR TS LA TS A0 0.138% 9, ity 100710 ‘ ’ ’
FERAMS IR T 72.46%. UG ZBE AR, B 1L00x10° I[ ‘{ K m, .l ‘ \H | H
PR P R S B )RR TS SR e, P A 0110 ' i W' m il H ,M‘_\
A K o AR S 15 B K 2 S A e B R R A 025x10° ‘“" S L
PRET R AR LY, $REXES ] Y82b 2 h, $RBUSCREE = 0 10 15 20 25 30 35 40 45 50 55 60 65 70
3520, F T Ml B IR AR S v Y A 1] (min)

3 BORAEBOERBA SRS T GC-MS H 8 T
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oil by microwave extraction
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