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1 E: RAKEVE AL T IR A £ 4 S R 26 B R o SR €0 (S0 s 3R O T S R I A . BT
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Study on Extraction of the Volatile Oil and Shikimic Acid from Pinus Elliottii
Engelm Needles by Steam Distillation

XIE Ji-yun'?, CHEN Xiao-peng', LI Zhi-rong', CHEN Fang', SU Ben-chao'
(1. School of Chemistry & Chemical Engineering, Guangxi University, Nanning 530004, China;
2. Department of Chemistry & Life Science, Liuzhou Teacher College, Liuzhou 545004, China)

Abstract: The volatile oil and shikimic acid can be extracted from pinus elliottii engelm needles by means of
steam distillation, and the content of shikimic acid can be determined by high performance liquid
chromatography (HPLC). By the single-factor experiments and orthogonal test, the optimum extraction
conditions were confirmed as follows: the granularity of pinus elliottii engelm is 40 mesh, solid-liquid ratio
(W/V) is 1 I 12, the soaking time is 6 h and the extracting time is 4 h; under above extracting conditions, the
extraction ratio of the shikimic acid is 1.32%. 133 chemical components were identified from the volatile oil
extracted from the pinus elliottii engelm needles when it was analyzed by gas chromatography-mass
spectrometry (GC_MS); of which 37 elements covering 88.33% of the total volatile oil ion current were
identified. The principle components of the volatile oil are as follows: fPinene (15.08%), Germacrene
(14.31%), a-Pinene (8.67%), f-Caryophyllene (9.82%), 3-Carene (5.49%), =Muurolene (5.33%), Cadinene
(4.98%), a-cadinol (3.77%), y -Elemene (3.47%) and a-Caryophyllene (2.13%). The total oil productivity of the
volatile oil of pinus elliottii engelm needles is 0.315%. This study could provide the base for deeper
development of the pine needle medicinal resources.

Key words: pinus elliottii engelm; shikimic acid; high performance liquid chromatography; steam distillation;

orthogonal test; gas chromatography-mass spectrum
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H RN T (LGS « “RAN, Rk, RS, 'R, Ak, i, AL, 4. 7
PURIETT R, MU, DU, B, . PURAR. BRMR. B &, SRS RN, wreEk
BE2AI R BRI T IRE . . BRI . R RESE, R TAE H 2552 B E AL

S E R, PV AT AN, S8R A B R MR SRR Y, 2
PURAYIR A, EILRVFZ AR, D REIR . WIRAT A AN T 2 R OB A . R LR 1 BB
N RAE G BT 2y IR AE” MR EERE, %80 T LABH 18 B R dE AR RGN N . H AT A
S 2 R 0k A P PR A R, 6 2 R (M TR S A P R 2R\ e A P,
SPRAEF TP IR R R R BT S i DB TSR ST IIAT, S EUAIE ML B SRR BB,
FUHEN, B PEEUE TR K )\ A i BT R IR VR AL TS T 2L, AT T R R FH 28 R 11 5 v 4 1 b
IPEZ! S ¢ (SN P S/ PR

FABF RS E IR, SR A R R B My E, LN, BRHER R
MG ARG ERAN, BT JHVEM . WIR. W, SF4E BRI R, B YR ITEER, WOk A P51,
TR, SRR, ARBEH LA GT N TAE R il AR St R 2 B, A i A o B
DRI Rh LA B A KRS (AN R T AT 3R 25 5o DATE TR (K 32 LR AR G (R /K 8V 2808 T 24, s
300~400 mL 7 HH ¥ AR iy 268 K 43 1 /0 52 (R AR R 23 4 A K = i, bl TR R 22, AR 81 5
A P A2 BT B A s, TS T A I HE R MR A A AN H o AR SCR /K 28R i 125 [ B 42
I O AA KA BT TR R I AR SR ZE RO, R R I K 0023 5 K AR (0] P 2808, S e R i il A
40~50 mL, - TIE LA RIRD, B T A DRSS o AR 2D, DRIMORTRA 422 8 il 28 2 AN A 4 T
- 2= (5.33%) o-FEAAE(3.77%) % 5 B

2 KIS
2.1 RIEpE

MR AARA B R E TP AR S TR E R 2Bkl , KAERTE]: 2007 45 4 H o FB R AR A ET 2 25
ARACBR DL G AV R 2 A R B K oy, ST, A T EOmR T % .

2.2 BRI

Agilent 1100 2 5y 8080OAH EL A (36 Bl AR A | ) 1102 BUSAH IR EAG /A T 7= i, i
FID Krill#%); GC/MS-QPS050A HU AR € i - itk 156 FH A0 (H A By i 23 ) 7= i o A7 Nist 04 )s JY 10001
HL R RS B RS A IR A FD) s FW80 I i )7 RER I HLOR AL T 28 WRF A A B A 7] ); KDM 2
VAT LA (L AR IR AR ) TD P HI AP O SEIA AR AR ) I 20 A PRt e il AR (iR
HEBEIT 30 )s /K ZEVRZE IR B (O %%)s IR KR IR 4% B (A %%).

FERO RO (U )N e e A AR A BR A A, B8k 98%), 1E T I IR . AL /bl
23 BAHRFERIER

VERRARE — 2 & T HUAARE O 2000 mL =200, 2 Eb Bl in A 280 KR it — e IR s, 7F
TR K 75 PR 2R T AR AR — s IS 1), A B R DA AR KT, REF 3~4 W™, R,
43000 1 W4 2608 L R R R, B AR 81 [P = S50 R PR 2808 o AR g EL A 7 2 A0 R R AR B (4 IR
W FEME A G MK B, AR GBI T8, fa# 0.315%: T 0~5°C F{RfE, fEarir.

P A, B = HOM T AA S O SR I 98, AL, B IEIREAT B0, o RS TR
Feid 38, SRR E, OB 2 48 ik AL I 22 IR A6 32 5 L IR AR A 60~80 mL R4, A4,
PR AT AN 100 mLAE BRI ZE K E 25

WA FE PRI 2 mL SERTBON 50 mL /NEERR T, FEFE I 8 mL 2R ACK RS, AR5 M AT
alith, 2R

(1) 7 3R 10 mL #H IINSE AR FR R K MR IE T R A5 DY 2K
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(2) BUIE T HREAR, ISR 5%NaOH A HY IR s

(3) BUKM, bR TR, W pH R TP . Bl G snRk4E, B8 25 mL AT, 8
BIEREH

I SmL R, BL 0.45 um THALUEMIEE, BEMOIAE, Ahbr— slikille &, JFXh e 45 R ik
17 q K%, KRR AR LREEZS, R &R BR D8, B 5 mL Hl4&%,
2400.45 pm FAFLIEREIEIE, DEAE R FE i AR
24 FEEERHINE
241 AR B PE

Agilent 1100 B =30 AH €415 4%, DAD Krdll#s, 1% TAERG. AifkdE: Alltima NHy(5 pm, 4.6 mm
x150 mm); WEIM: ZJE-2%H;PO, (90:10); ¥ii: ImL-min™'; JEHKK 213 nm, % 16 nm; S
Bk 300nm, A% 80 nms Ad: 30°C; MEALIZEEERUE, HLAEEBCENVAMIE T 5400,
242 brrEh 2]

FE PRI 98% [MFE N M SOl B, INZASIR/K IR et 1 mL 2R 5RE) 0.3 mg MR, X
AAIREE 0.45 um fLARIER S 98 SR

FE O L 1 B R AR A g 0] HE T o R SR EBOO) RS 1. 24 44 64 8. 10 uL HEFE, % 2.4.1

i 6 PR G IRETITRY, 28
WEEAAFIE CRIEIEI D, TERE F1 BB BRI B OEER

WM EA RN g m A R 1 fr Table 1 The peak area of shikimic acid reference substance
N in different quantities of sample
‘ No. 1 2 3 4 5 6

AR 1 w0, FEECERNT G 1 G T Sample volume / pL 1 2 4 6 8 10
iﬂﬁﬁ%i&ﬁﬁ%ﬁ/‘]ﬂﬂﬁj{o [ﬂ\@féflll%lﬂ% Areas of sample peak ~ 837.85 1660.7 3291.0 5004.3 6640.3 8013.9
TR ) Lt R R A B (DR (AR R i), AR RN FEA y = 71.372+4805.95%, r=0.9992. Mk uE A
0.33~3.3 ug-ul™", A AR — s EE o
243 FERIE

Fie 2.3 FIRE A A T VE A AR A S, RS B ROBURE A R 5~15 uL,  ZERIIRA 10
uL, 3 e N SRR LA, D il i I TR, (B D7 R B SR B R R, At T A A
R IR BRI i
244 SrTRZERE

R85 BE 525 RSD 4 0.863%(n=6), KW HATHUF RS2 B A A E PESESS : RSD240.851% (n
=6), S5 RRWIFE AR AE24 hNARE s BRAEEFRASE R SEE: RSD 4 1.039%(n=5); JnfF I
S n=5, VFIREIKEA 98.5%, RSDN 0.85%-

2.5 IEXRHEINE
251 SAHEIESE ST

SERAEHE R AT GC/MS ZeHTr, A 1102 BUSAR AU 50 Aa 415 & il 7E DB-5 B41E A L)
IR, IR RN R GC 43T 4 1F

ke J&W DB-5 A BB FE(30 mx0.32 mm=0.25 pm) 71, THEFLE: 60°C(154F 1 min)

2emin_, goC —3Cmin 4 150°C —CCmin s 250 CHREE 15 min); YOS AAIIELE S 250°C; (N
UM% 30 mL-min~'; Hs/y 50 kPa; #ERERE 0.3 uL: MR HE 5001,

FA B R 125 2H 53 (R ARG 25 ph (0 15 4000 A BN UAR AR € 005 PRl e e T BV — A ik b 5, R AT i 1 X
TRIE.

2.5.2 AR TS AR 4T

43 FE:J&W DB-5ms(30 mx0.32 mmx025 pm); FHEFEF: 60CHRFF 1 min) —2Smn 5 80°C
—3Cmin L, 150°C —SCmn 5 260°C(ffKF 5 min): VUL EELE 270°C; KIS EE 250°C; B/ (He)JE 30
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mL-min~'; [ 5 50 kPa; HEFEE 0.3 uL; 20tk 20:1.

JRlAAr: T ERTEDE T BTARERE 70 eV AEMZREYE 250°C; IR 1.2 kv, Rk
JuF mz™' 35~800;5 41N 0.5 so

oz PR VA TR A — A s T 4% 2 20 A6 4 it e AR ARG 1 4 -0,
2,53 RN E

MHE 2.3 WOPVERE R, #5251 TTEAREE R AT & 2.5.2 AR E B A 4 o BTl e
PR P A

3 HRE5HH 2
31 FEHENMEEEZR S

T A SR B AT T, e E
e, SR AR IR RS t A TR P PR AP AT IE 2 O
e S 06 4
3L RH LGOS R 15 2 1 S ’

AERAERIE 40 H, SN 6 h, SLR I 4 h 4 T e . 5 s
T, R TRERG b (gmL ) 1:30 1:64 1:9. 1:12. 1:15 fip The ratio of solid-liquid / g-mL™"
AP SERS, WFFURHE LEN ZE R IR AT 21 e m, 25 Rl 1 BT RhE L FE B RR A 5 1 B
ﬂ?(lg] Ef]*ﬁél_éj:;ﬁl:'jzug 3 %%%7'3*4{& k. 1:3, 1&{7\5’!‘{5}@)0 Fig.1 The effect of different solid-liquid ratios

on the shikimic acid extration

HHIE 1 AT, BEERRE LRGP R 15
BB, (H/ERRA LA R 1:12 U, 35300 N ABRRLE 1:12 LS, /3538 A il 2. HR
SRR LI AN, KASBEA SO AL &, A2 DARIBCRA B 2R R, IRk Lo i ORI, RV 2 RIS 3]
BB IGAAE, ARAE 5 2L R R 4 B Th S8R — 8 AR BT A R sy DRI, GEFRRRELE 1:12 28
Ho
3.1.2 KRR BN IR B IR AR R 1 5

FERRRLER 1:12, AR 6 h, $REUNTAA 4 h I4PE T, 2 AT AR B K B R AR BY AR R . 24
1 om KMFAER. 0.4~0.6 cm KMIFAEF . 0.2~0.4 cm KFAER . 40 H 224 IRRAEN AN KPR SEES, WFFTAR

1K v B S 2EL 2 T B
%l JKEXT#?E&f{FzE/JEy”ﬁo éﬁ%ﬁﬂ%@ 2 %2 #’R%‘I"Lﬁfﬁi’f%%ﬁﬁ%@ﬂﬂ?ﬁﬂrﬁ]
Fﬁﬁ o Table 2 The effect on the shikimic acid extraction rate with different
i 2 UL, KRR, FARH engthes of pine needle
No. 1 2 3 4 5

FEEIR A3 A R o I Ji R Ak Length of pine needle /cm 20 1 04-06 0204 005
e Shikimic acid yield / % 079 086 095 098 LIl
o IR Gy B S R AIR B R e T RA ST 28 s T RER WA LR 13 5 ik 21 g e B DU A2 U Jo 2
(0, T HE— DR R BN, DR E REAA RS 40 H N EL
3.1.3 HREIU D0 25 B AT 2R (1 5 MR

FERMEERIEE S 40 H, FERRRLEE Y 1:12, RIHHEY 6 h 445 T 70 i T 3 U T 1. 24 3. 4,
5h AR5, BTN R0 2R SR A 2 (W52 . 45 Rl 2 s

B 2 v, BEAE SRR R IR, S TR B AT A B TG K. (HAR IR (R 4 h LS, 15
BN PR, AR R AR . JCJR R TF A TR BN AR L, Fa B b 22 o S5 i lKe
RIL BN PHERPRES, AP A BN AR R0 I, FTUAA IR R A 2 ik, P& B
IR R AE R, AR A2 oy 5 7Kk SIS T, 49 BB SR IO, W SRR U TS 4 b, $2IEUH Y
He VTt A ST BB EBCIN () 358 i 8 I, 25 0k BRI SR ZR R IR A R R M, A B I ZE R IR AT BT 45 K 1T B AR
Miflo DRI, JEPEERICTA] 4 h 4 E .
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1.4 1.25
S 13 S 1.20
o ~
° 1.2 ]
i £ 115
T LLof g
1) o 1.10
210 | £
2 4 Z 105
= 09 F 2
0.8 L L L L 1.00
1 2 3 4 5 0 6 12 18 24
Extracted time / h Leaching time / h
2 EEUN TADR 2 B R A A 1 ) &3 RN TAD X 28 B R A 2 1) 5 )
Fig.2 The effect of different times of Fig.3 The effect of different soaking times
extracted on the shikimic acid extraction rate on the shikimic acid extraction rate

3.4 R DO S R A R 1) 5

TERAERLEE g 40 H 24T, BRELE 1:12, SN T 4 h 4EE T, 20 AT RIS T2 04 64 12,
18+ 24 h FIA/KCFISES, WFFUR IS M SRR IR Z 52 . 25 5 &l 3 s

B 3 a0, BEE R R, FAETZERL IR (73 2 B i e O, TS K M B A R AR (1
TERIIRI 12 h LS, FERRMIA A 0 N R, fi 3 N AR/ o FE R D2 - R 2 5
KN K S, AR, BEBIRA AN, AR B T A RS B IERIR SN B A, A
PR A BN AN Y BOR BE 22, AR TR EHAG22 0o AR 0T, AR AR LAl e OIS L T, 8 — 8 IR N
A, FAEF AN AN A B E T8, WP e KGRV ), R A AR A 6 T o [R] R 1R 4% 5
eV VL INT () 0TGN, AR BRI SR B R A A RS B e A . DA, RIS R 6 h L
32 FERENMERRE

I AR B AR E R, R G . SREBUTIA) L 3R I ) S M AA R BT PP 2 R A R AT B
N T FHRIEEM T MR LGHIERIRE R, SRR L. SRR R B TF9E. IEAS S
AR W 3 FioR. FERIRIMNAG R 25 L WK 4.

P I 2 5 490 B I T 2 53 EERBEIKTE

A MR E 40 HAS, B Table 3 Orthogonal experiment program
1:14, %Eylﬁ_ [‘ET‘I Sh, @V@ EH‘ I‘Eﬂ 12 h. ;H\: Le\llel Solute:scl)!\lzznt(A)/g-mLfl Extracte(;time(B)/h Soaking tiir;e(C)/h
HORRELE 1:14, SN 5 h, B : i ; g
(] 12 h 55 i e D 28 iff o 1) 1 205k

o S L R Tk LA
PER B0 3052, ZEMORHRLE D 52 ®4 EZHEEE

N Table 4 The results of orthogonal experiment
Saif, RRREL 112 A LS PrARESER T : Factors Shikimic acid yield / %
. o o © T AlgmL B/h C/h
TRIPEDCRWAR BT, 43794 1.01%F1 1 1(gll;1112) 1 1(5) 1(12) 1.25

] o . \ , 2 1 2 2(4) 2(18) 1.02
0.98%, TR 1:14 I, ) 3 i 330 36) 11
BALRRILL L2 PR E, F Ao L e
RGN B RS, S 2 L 2 Lot
4nAIS R FEOEERGRIELE 5 3 2 1 s 121
HUEAR, B0 129%R1 126%: 6 K 3% 36 s s

2 . . B .
HC AL I TR PR 28 SRR I, 2N [A] 6 Ks 374 339 344 3.45
R 0.53 0.34 0.05 0.30

h A1 12 h i3 I8 R I HE O S A1
ZEAK. FRINFEHRLE. WRMHEMNILEEFERENEN N, BRAMEIRESR 40 B A A . BRELL
A 1:12, $REEUEA)CY 4 h, BEETR]N 6 h.
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33 IGIESKIE

NRAER TS 5, BT 2 Wk, ARBRUEAE 1.32%4 4, WKL Hm T 245

S UN=RIN
3.4 %A GC—MS i

T HBRARA IR I 2 GC-MS W&, I 15 NIST et P Kt (1) e Pl 10300 A7 e L, i3 4 A O Sk 420

BEAT N AR, AR STk
SR e A =5 % S (1) %
R R Y W T AR U — %k o 2

F5 HIMEHARASHER BN EENFERS
Table 5 The main chemical components of volatile oils in leaves of
pinus elliottii engelm from Liuzhou

Compound Formula Peak No. Content / % Similarity / %
- SN ANy /\m& _H: a -Pinene CoHys 2 8.67 95
FHEEACIN Y B 133 i, 2L Camphene CioHs 3 0.63 96
I 4B FTARAL B -Pinene CoHys 4 15.08 97
37 LAY RATRIL 8 Tinene Cull : 5.0 o7
S HA B A B TR a -Phellandrene CioHi6 6 0.11 90
FEA i, FL0 B S IR 3-Carenc CoHLe 0 519 ol
o/ HANIH 4N A~ EL Terpinolene CioHi6 14 0.99 96
88.33%, JARALIN i T AN B -Linalool CioHis0 16 0.12 91
70N . o E‘ [/‘ R 505 oF= Fenchol CmH]gO 17 0.09 93
fIRCI T 0.3%) AL B2 Pinocarveol CioHis0 19 0.13 89
~TPitie., & INL: Camphor CioHi60 20 0.01 93
AT, Wit 37 Ahkath G CioH150 24 0.09 81
> ok = HE ) 2% R 4\ Borneol CioHi30 25 0.10 92
#E 7/{ /EE £ 1{‘ ¥ Ek < ﬁﬂ % 5 1-Terpinen-4-ol CioH;50 27 0.12 88
p— a -Terpineol CioHi30 29 1.98 94
Fﬁm ¢ Acetic acid linalool ester Ci2H00, 34 0.88 92
R 5 740, VA Bornyl acetate C12H00, 39 1.14 92
N . N . Unknown CIZHZOOZ 47 0.05
FERMI 37 P R BALF 5 Copaene CisHay 49 025 95
. . B -Elemene CisHos 52 1.07 94
0, BAREALSW T Fh. fE2EmE B -Caryophyllene CsHas 55 9.82 93
. 4,11,11-Trimethyl-8- CysHyq
AW 10 My BERWED 4 methylene- 57 0.36 91
o bi-cyclo[7.2.0Jundec-4-ene
B EERAES Y 13 R, A4k a -Caryophyllene CisHas 59 2.13 95
. Germacrene D CisHaq 61 14.31 88
I N T Y2 8./ W I Y -Elemene CisHys 64 3.47 90
NN a -Muurolene CisHos 65 0.84 90
S P Al S B 31, 88%- 7-Methyl-4-methylene-1-( 1-me ~ C15H24
thylethyl)-1, 2, 3, 4, 4a, 5, 6, 68 1.90 95
39.13% . 2.57% . 13.23% . 8a-octahydro naphthalene
. Cadinene CisHyq 69 498 88
1.96%F1 0.01%, MHWAAFAEL  Nerolidol Ci5Ha0 76 0.23 9
. e . Isoaromadendrene epoxide Ci5H240 77 1.18 85
YR S S RS Caryophyllene oxide C15sH0 78 0.78 88
. N Cubenol Ci5H0 86 0.28 87
Yt o-TRIE(8.67%) B-TEME < -Muurolol C15Hz60 87 5.33 90
a -Cadinol Ci5Hy0 89 3.77 94
(15.08%)F11 3-1&4%(5.49%), &% cis-Lanceol C15H240 91 0.16 83
NN Farnesol Ci5sHz60 98 0.83 96
i 1] E'{] {'l\:’f:*é ] IEIE& B'ET’T Phenylethyl ester benzoic acid Ci5H140, 103 0.43 95
Methyl abietate C,;H3,0, 126 0.12 87

1 (9.82%) « K AR & M 4

D(14.31% ). y-HiTER( 3.47%) FIALFANG (4.98%) . 15552 th UREK BRI G4, a-FERAREG.77%). -
22 HE(5.33%) 1 Z R RN (1.14%) &5 B o

4 & ®

(1) FEFRR I — PR LU IR IR LR, AR 0 SR FH B 5 e 7K 2873 28 RV AR A P T rh S T
PR KB R AR A A 2 B s R B R s AE P OARIG TE R PE L X ERBETE TS Y, ELG 2B 7= 1
USRI, ESERR TAAEF= 5 R . BN 8, IEACSER, HE8 T 5 20 38 IR BRI
M, R E TN EPRLE 40 H A, BRELE 1:12, IR 4 h, 32IEER 6 h, B LIUF
SR FE IR A5 R AR AE 1.32% 547

(2) R /KZEVR AR O A A ST TR 5 B8 1 [A) B 70 AL T U SR AR 4 A, S Wb kAT i 7K
Tor 5, AKAHIR [P = SURAE A 2808, 5o AR Rt SUAT 40~50 mL, 43 B4 21 (#8443 AL AT
W A = NE(5.33%)  o-FEAABE(3.77%) 55 B B A . AT IA RN 0.315%.
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