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Abstract

Pinus massoniana is an important afforestation tree species in China with abundant yield. In order
to optimize the extraction process of pine needle essential oil from Pinus massoniana, this study
comprehensively investigated the effects of sample treatment method, solvent type, solvent con-
centration, ultrasonic treatment time, solid-liquid ratio and distillation time on the extraction rate
of pine needle essential oil from P. massoniana, combined with response surface design and other
methods to determine the optimal conditions for the extraction of essential oil from P. massoniana
needles. The optimal extraction conditions were determined by single factor experiment as follows:
air-dried P. massoniana needles were selected as the extraction raw material, MgSO, solution with
a concentration of 2% was selected as the solvent, the ultrasonic treatment time was 15 minutes,
the material-liquid ratio was 1:5, and the distillation time was 4 hours. Through response surface
simulation, the optimal process conditions were determined as follows: solvent concentration 6%,
solid-liquid ratio 1:5.8, distillation time 4.47 hours. Under these conditions, the optimal extraction
amount of essential oil was 399.193 mg/g, and the extraction rate of essential oil from wood resi-
dues increased by 17.41% after optimization. This study provides experimental support for further
optimizing the extraction process of pine needle essential oil from P. massoniana.
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1. 518

FRE AR BHA B AT, oAz, AR 10 J§4 230 2/, fEREZLA 10 JBY
120 ZFh[1]. FA%FH) B IE 2R FA (Pinus elliottii). S A (P. thunbergii). z F#A(P. yunnanensis). 111
¥A(P. armandii). #IL#A(P. taiwanensis). I (P. massoniana). JHI#A(P. tabulagformis). ZL#A(P. ko-
raiensis). PHAHFELLAA(P. sibirica)5F, LA BERER/D I EILFA(P. henrg). EEZFA(P. bungeana). Hiifit
FA(P. yunnanensis var. pygmaea). i Fg TiEH A (P. fanzeliana). & LLAA(P. densata). K AEFA(P. taeda)%%[2]
AR FRAE SRR, —EDUEET ORI, A X AR 2, S — PPl RESL R A R AR AR . 3R
[ FR AR AR IR LA )4 6100~6700 3 b, TAA BT Za el B ik 3 1 4Zmi bl b 7EJRE, AR
R AR g, AR H AT 3RAS 200~300 3 RE[3]FA R TR .

NI E A A B MEN YR, 44E R EHIED. M. MR, FEKR. KR
FAEPEY) RS 2 PE Y, AR A2 R B A TS I ) o R TR T AR MFA RS I ZE R0 R AL
I3 R ) — M (R B O AR, AW PREIR[L]. ARSI AR BN R ., T AT
R WA A R A A Y, W0 BRI o TRIE S RIREMEER R A E T2
PR gy . Ho— 2 pi sy B AR I B AR BEVE M, (AN BT RS T B 1R I 25 F oh k1] [2].

H ATAAET oS S B L 2 AR, AR R S 2R R i B B . &40
FRWUT I FEA/KAR AL AIETNRIEE. LS. SHSCRE AR /K2 SRR ORI e 5 12
FABERESD TR RS, R JOKBREREA T, MIASFREE Ny 0.39%. XIBGHISE [5]F] Al Bk =R SR BT RS 61145
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FIHAA R FAARAERE M, AN R 2 T TR R E 2 IR, HARE . & L [6]LUIE Ok NG
FIE RS FFAFN B R AR SR ET rp (Rh, FUFR RS E, 85°C/KIIRIL 4 h, FF2/KAH, HTe Mk
FIIERR VRN XIREREE[T1456 L ERIF T, 2 il R /K ZE S ZBIERIA SR - CRE - AilBER U,
IINTECEAT: KRR IRIFARICR =N 0.275%, “PIHREUR N 0.268%. A% - L1 - FiMEFEEGE M)
BRI T 4 RN EE N 1:9, ZBEIR I 83%~79%, A+ i li# F 54 300 mi/kg FA%!, 15 R F AN 0.47%,
N 0.81%, MghHRAER - O - AHERREGEECN . R RIS AR G RS S, R
DT AEOR T CO, REMUBIRSE . 2l 25 [8] A I I 7+ CO, SEMU L ZHR ML AR E A, 1 0E ik
ETZA: CO it 20 Lih, ZEHUESHE 18 MPa. ZEHUR A 40°C. 4055 | k58 8 MPa. BLIALLSE[9] M it 5
(1) 2 R I AARAEE FFIIN NaCl ¥, B T ANRIREE A T2 T AbEE, [RIRISCER RS, IR F R A0 e L
M E T 25N A ThAN 240 W, B2 60 min, NaCl i /40 4%, 7Z&1Eef a2y 5h, B
TSRS 208 0.3882% . 1S SF[10]%F bL 1 M ZE AR S A BREIR I, e 2 G RHETREUAEHR
T EEERAN RS HUE: N 50°C, pH=45, KA N 6h, INBEE N 4%, bR A pH 25
PRHUCR BN R . XN SO AR FSE a0 48 LT ¢ G Lbis, S5 RRPZEFNEE . XIRp
LR E LB T KA SRR s W, Tl e BB AN R iple S B B8 A g v, 45 SR IIAS . Ik
WA YA AR IR B VR A SR KR B, A5 B e B 8 TR B3R B )0 B A K9y
10%~13%. i#FE(50 £ 5)°C. pH fH 4.0~5.5. BT IASFAE IR 4.0~5.5:1. BN [A] 60~90 min, 7
BERRERT[A] 10~14 min, ORI AERYS, AT PRI 0.530%.

LA P L IE AR AR, A IR, R RSSO EERYR . 1T AR T A
FAEPREMBRECE — @A, (HATSEEAR. AT PR D BRI T 2 s 5%, B
FUREAS 5] B8] 2200 P B R Tl PR B s AR 9T, DASHAS B4R LG R AARA SRS i i S PR T 2 2% A o

2. M5 %
2.1. SCIg MR

S0 AT By EEAAFAET R B I RS 48 0 BH T K A G 1L A (E113.8623, N28.29651) . 2020 4 3 A Fiff %
X IR B 45y 10 om 2245 e e O RRAAME bR, %% 15 Mk, ICSERFEE AT . k. PWESER.
TERERHEAR I LR = AN K TUAN 5 b oy Tl B B 1 R AA AR, TRA . BFRMEMECREE 2 kg A%, AT
KREEMEHH RIS =, HEKBEEKDERY, BT, REWA.

22. PERRSEET

XA B I SRR W] RE 2 IE G MK R R AT AR RO o R RS SRR . s Ab B
IR RHB L AN ZE AR (8] 55 o AT U B R 3R S 6 5 SR AN R DR 300 1 R P G b SR I FR) 52
I EE 3 K.

PG AT 00 Bl SRR Bl S ERAEHBU(2 om ) AT BAMAS =Fh. 70K
B T RN L B T RRAA BRI BRI T T R Fa %t 200 g, BAZKORIETRI, ZERNEL N 1:3 (%A1 2808 3 /N,
LA R AL BN FrA5A i A SR HCR

B R R AT RAa s, AEDIFIALEE, 73HILUK. 2% MgSO, A1 2% NaCl J9is s, fERHELL
N 13 IRAE 2R 3/, LA RIS AE N T R, ARG

W58 TR S AN, AMMUIEIALEE, BLREEMIN 2%, 4%. 6%F) MgSO, A, fERHK
ey 1:3 IR T 2808 3 /NS, A0SR AR IR SR T Brfs it I, R TH SRS IS R

W R AT S AR, AMMUTEIALEE, LLREZ N 2%[K) MgSO, v, BRKELN 1.3, 1
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HEFE IR 270 W I 264E R 4 WAL R 15 mins 1 30 mins, ZE78 3 /NS, 0T/ R #E 75 Ab BRI 0] R BT84
W, - ER IR,

W— 2 AT SR, AMEOIRIAEEE, PLREEN 2% MySO, R, FEERR L5 1:3.
14, 15, 16, 1.7, 1:8 &M T 2808 3 /NS, Al A PRI L T BTk f i &, FETH R R .

W—E BT RME, DMETIEILLEE, DOREER 2% MgSO IEBCRER], TERRRELA 1:5 [
FMER, ZER Lhy 2h, 3hy 4hy 5h, SRR FENAFIFNE AR T TSR T R, ORI R EE

R SIS I A ERE I PR R DL A R

E =(m,/m, )x100%

Horr, E RaEHREM ISR (%), my BRI RS EEA il B (9),  mo JIRAEH T (%) -
2.3. MR ERE BT
MG AR R IR S5 R, RIBGA R BRI L . 20N 1F) = R 2 o B T e i, Bt R (4 1):

Table 1. Response surface design of essential oil extraction from Pinus massoniana
= 1. DEMEHZEE R it

Run A: EFIVETE (%) B: kHftt(g/ml) C: ZEIHIT A (h) & (0)
1 4 1.5 3 0.28
2 6 1.7 3 0.36
3 4 1.3 1 0.07
4 4 1.7 5 0.3
5 4 15 3 0.28
6 2 1.7 3 0.28
7 2 13 3 0.29
8 6 1.3 3 0.34
9 2 15 5 0.34
10 4 1.3 5 0.31
11 4 15 3 0.26
12 6 15 5 0.39
13 4 15 3 0.3
14 4 1.7 1 0.07
15 2 15 1 0.1
16 4 1.5 3 0.28
17 6 1.5 1 0.13
2.4, WEAE

FERRIR LI BETE, AUFASIAEAS t A58 70 B A [l A I AR BRI [RD X 5 R AA R ST I R HUR (K5
Wi, I FH B TR ER T 22 0 A A R B R AT RS I SR R (K520 . L3 70 M #E SPSS 18.0 B rhidhAT o Wi 1z i
SEG VT MIEE 23 FI ] Design Expert 10 #fFi47 . W50 P K225 KF5E 4 0.05.
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3. KRR
3.1 HRAEASNFENENFN

ANTE A il AR ER D5 200 5 R RA R R BUR I A 1 s, TS BRI S R iR m, A
0.30%; 6 1y AN I A3 IR, 04 0.28%; 1 5y AT AR 155 Fefik, N 0.27%; [AILAE
SEHU AN, ST AR B E 93— UG R BE S 52 Rk i B2 R
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Figure 1. Effect of sample treatment on extraction rate
B 1 e A IR R AR
3.2. FBIFEXHR RN
AN PSS Dy FERA ST K i S2 R R SEma an 1<) 2 P, V771 FH 2% MQSO, TN 42 U 5t i »
N 0.31%; ¥ FIGE KIS IR BRI, 04 0.30%; #5711 2% NaCl VBN A3 IR A%, 9 0.29%:
DR FE SR S AN BRI, 348 MQSO, ¥ RAE Aia 71 e 8 32 i R Th AR B
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Figure 2. Effect of solvent types on extraction rate
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3.3. FAFIREXRERN M

ANTRIE TR ER B RASETRE i SR RIS AN 1] 3 FTow, W87 MSO, TR B0 290 F S B it
B N 0.31%:; HREEA 4% FHRIURIKRZ, N 0.28%; RN 6% (R HURRAK, H 0.25%; KL
HUES FERASTREMIT , e MgSO, IR Ly 2% REMS IR A i PR IR .
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Figure 3. Effect of solvent concentration on extraction rate

3. BFIREXH R BRI

3.4. BEAERRHCK R BRI

AN TR 7 AR FRIN K0S B AR BT RS I SR B B FEm ] 4 Pz, i 7S AR BRI K 15 mins I RS IR B
5, 4 0.19%; HEFEARER K 30 mins I FRICR L, 0.18%; [AILAESRIE ARSI, L%
i P AL BN O 15 mins IR BEAS 5 R T R R
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Figure 4. Effect of ultrasonic treatment time on extraction rate
4. BAELERHCTR IR AVSZAD

3.5. RLREEFHE R AR
ANERRE X S AR RS IR IBCR M ma an [ 5 . $RECR S IUSEREE RHR L PLAE I8N i1 i,
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PHERNE LG 105 Ik B 5 K AR, 105 K E0E 352 B A BR LG IR EUAE 8N T gk o R EE S 1:5 I AR HL
Higm, N 0.34%; EHEHN 1:4 1 17 B3R IR 2, 5 0.32%; RHE LN 1:3 B (4R IR,
N 0.31%; BHBEL A 1:6 BHIRBCR R, N 0.30%; KBHELL N 1:8 I IRBUR &A%, N 0.28%; it
TEFEEL FEANEORE M, JEPERNELL A 1:5 I AR OS5 Sk T AR HUR .
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Figure 5. Effect of solid-liquid ratio on extraction rate

5. RLRLEIHRERR S

3.6. ZRIERFIEIX SR EN R AR

AN [ Z& BRI TA) 0] B EERA ST RE M SR I AR (M a0 P 6 Jrom, SRR S PLSEREAE 2SR Al A 3 o 7 =
G2 ZRARIT Ry 4 h AR KA, 2 )5 12 2K URINT (RIS e HUR IZ U BRI . 28 TR (5] 4 h I 3R HCR
fiH, N 0.35%; ZEIMIN Ay 3 h A AN S h IS 4R CRAA, O 0.34%; ZKAURIN (804 2 h I A 32 HCR fK
Z, 90.22%; ZEURIS DY 1h I ISR HCR AR, 79 0.10%; PRIULAESR NS RARET RGN, SeRez8 1t e
N 4 h BERS SR RIS R

0.4
a
a a
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0.3 A
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Figure 6. Effect of distillation time on extraction rate

& 6. ZiBetE) xR BN R AR
DOI: 10.12677/wjf.2022.112012 102 Mol AH 5


https://doi.org/10.12677/wjf.2022.112012

3.7. DEWMFEHBIEBMLRS

PR REAT Z TR0 4r, G152 T a7 R AR A .
Y, =-0.28813—0.10875X, +0.50625X, +0.19250X , + 0.018750X, X, +1.25000x10 X, X,
~6.25000x107° X, X, +0.011250X 2 —0.18750X22 ~0.021250X

(Yi: FEHE Xo: AR, Xo: BREEL. Xa: 7R [H])
M Z T (% 2)T 40, fEp = 0.05 [K/KF L, iZER A5 EE. SE8 25 R AN 99.22%,
FZAREARY 5 5 ok ALA BT, v LR R R S 70U B . R LR EL RN A8 TR R ) e i ) R B

Table 2. Analysis of variance of regression model for extraction of essential oil from Pinus massoniana
2. DEMEHIRENEIRER 5 E 0

Ji FERR T35 A H B177 Fid P {H
HA 0.27 9 0.03 154.27 <0.0001
A—— IR 0.00713 1 0.00713 36.88 0.0005
B—— kbt 1.17E-07 1 1.17E-07 0.000607 0.981
C——7& 1IN A] 0.19 1 0.19 995.68 <0.0001
AB 0.000257 1 0.000257 1.33 0.287
AC 5.87E-06 1 5.87E-06 0.03 0.8666
BC 2.95E-05 1 2.95E-05 0.15 0.7078
A2 0.013 1 0.013 67.16 <0.0001
B2 0.000942 1 0.000942 4.87 0.063
c2 0.057 1 0.057 293.66 <0.0001
R 0.001353 7 0.000193 - -
2300 33 0.00036 3 0.00012 0.48 0.7116
PRI 0.000993 4 0.000248 - -
sy 0.27 16 - - -
=0.9922

HI N 3D B RT LA (151 7),  ZRTRIN TR AIVA IR BEX R O SRR S e i 2%, R i T 25

biRETY

B: K (gmD) 140 ' Co ARIHIIH () 200 300 Ar VORI
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Figure 7. 3D diagram of interactive influence of extraction factors of Masson Pine essential oil
E 7. DEMEHIRIERZERN 3D E

1M VE TR EE 6% BHIREL 1:5.8 ZE 1IN 7] 4.47 /NI o AR 1% 46 1F N A5 2 i S 0 K vl SR B 399.193 mol/g,
et JG AR T R PGP BCR I = T 17.41%.

4. 5

AR S 3 A6 R RS il AR UL RE P 2% RO R B RS M 2B AT AR B, Il x i 75 K 1 2
P € 1 SRBUR BRI I SRR . R TS BARET R R UGB IR 2%11) MgSO, Il
TERVER ALKy 15 mins, RHALLA 1:5. Z&TRIF A4 4 h, TEIZEAF P RAE RSB B i
[ i 3 — D R e BTN, W e A e VAR EE 6% BHREL 1:5.8. AR IE] 4.47 /N
TEZSR M T3 20 iR ARG I R HUEy 399.193 mg/g, Ak JG AR B R VIS PRI R = T 17.41%.
B O

BERR SRR LSS, B e BRI AR IE W 2 T BAR A B, 8 S RERR TR, A8,
g SR . HK, RS . EEML S R R RHEESORBE R H , PEACR MR
KRB HE IUH , BRI E ARG QNMEIH , BRiGE B AR =07 MR At .
DL S 1 5] FIBURI STHR I T AT 4
EE&WH

B AR 5 B R Ry MRk B 2 R B 78 0 H (201801) , 78 b A& bR R B K S 5 b e T H

(TGZX2021-41), BkVG 4 ARl 63 6L T H (S202110712460), BEiGE &R “+ =107 H L5 E
(SGH20Q205).
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