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Abstract: In order to further develop the resources of Podocarpus
Nagi , the technology of ultrasonic assisted soxhlet extraction for the
extraction of Podocarpus nagi was optimized by single factor and re-
sponse surface tests. The physicochemical properties and fatty acid
composition were analyzed. The results showed that the optimum ex-
traction conditions were as follows: the extraction temperature
75 °C, the solid-liquid ratio 1 : 40 (g/mL), the extraction time
150 min and extraction solvent n-hexane. Under this condition, the
yield of bamboo nut oil was 29.32%. The analysis via GC-MS method
showed that nine kinds of fatty acids were detected in the bamboo nut
oil, including 95.81% unsaturated fatty acids and 76.27 % polyunsat-

urated fatty acids, which were significantly higher than monounsat-
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urated fatty acids (19.54% )., of which linoleic acid content was the
highest and was rich in oleic acid, eicosadienoic acid and
eicosatrienoic acid.

Keywords: ultrasonic; Podocarpus nagi; fatty acid composition;

physical and chemical properties
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(4) BRAA 1 AR K 2 B R BUE 0B AL . 4
GB/T 55282008 R}y A7 .
1.2.3 4REURMIE  FREL 4.0 g S AT, T8
A HIFE T 250 mL HETEH R  FERHR EE 1 1 40 (g/mID i
AIE O, FH B R I 5 R AL (D 3. 240 WL iR .25 “CHMB A
6 min J5 . B A T UE 40 TR il B 6 8 3R O A R BE
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(1) $R W 790 1Y 3 5« [ 5 8 A5 B[R] 6 min, 42 BOUR BE
75 °C L 4R HUH E] 150 min, BHE EE 10 40 (g/mL), 43 5 2% 58
IEC5E Al L Z TR ZBR X AT AR R I A3 R 0 s

(2) P IS ) A 8 % - (8] R 2 WOV 0] O 1E © e, 2 BT
BE 75 °C L3RBT [E] 150 min, B L 10 40 (g/mL) ., 43 5%
SN [ o 75 B 6] (2, 4,6,8,10,12,14,16,18,20 min) X474
R,

(3) $RIGUI BE A 8 5 - [ 32 O ) o 1F C e, R i
[E] 6 min, $&HLAS[A] 150 min, BHK L 10 40 (g/mL), 43 5%
F2 R[] 2 B BF (60, 65,70,75,80,85,90 °C) Xt A7 A1 M i 7%
R,

(4) $RIBUNS [B] R 26 5 - (B R $2 WOV R O 0F & e, R I
(] 6 min, 2R E 75 C R L 1 0 40 (g/mL), 4 i %5 5%
A A1 45 BT ] (60, 90,120,150, 180,210,240 min) X471 5
GRS P A 18

(5) RHIR LE Y 2% £ [ 1 $2 OV R0 O 1F © e - 32 OIR 2
75 C 4R HRES ] 150 min, 875 B [/] 6 min, 53 5] 2% 88 A 7] R
Wtk[1:20,1:30,1:40,1:50,1:60,1:70,1:80,1:
90,1 :100,1 : 110 (g/mL) IXF A7 3 15 S A 2 i
1.2.5 R AR AR I T DI R g RO A
it » 326 BBCHR BBCIR B [ 3 B ] R LG 3 AN TR T IE S IR
B B REE 3 A KPR IE .

1.2.6  fig Vs B2 41 B 53 A

(1) HERAL BV R 2R 20 mg F 50 mL B b
A 2 mL IE C%E 7840 0 A fR e - B 200 S5 L e
B 5 mL RS BT 60 "Cokya A, B 2w m E gl
THIE S, T A M BE A 16% 1 = FUAL B W 2 mL, A
15 min, A EEW A 50 mL Fo @ S, F A G AL
WIH PR B, % AL EE T R% 1 ~2 min, H &
10 min, B 68 b E3EWGE 0.2 pom B3 fL 8 IR 3 3 AR F
h GC-MS 3k et

(2) GC-MS 43 BT« 812 e 40205 0 35 L 90 46 IR
50 ‘C,fH ¥ 0.5 min J5, Bk 55 C/min J} & 155 C, L4
8 C/min % 175 C,4R5LL 1.2 °C/min J} & 187 C . & J5
PL9 C/min J+ & 280 CM™; {4 3% # K HP-530 m X
0.25 mm > 0.25 pm # Pk A B 40AF DL HERE R JE
250 C,#ERER 1 pLs 4R HR L 100 & 15 538 SCAN, SIM;
He %i# 45 cm/s,

(3) 43 HT HF 100 mg WA bR fERE & T IE C be i i
FHEARR 2 mL B E N 50 mg/mL, B IE C b 45 9 7 B
% 40.0,25.0,10.0,5.0,2.0,0.6 mg/mL Z 3 A 45 fE 16 W 2R
J HI GC-MS/SIM X H k4743 47, LA U Ta BRI B A 3k BE A €
BTEMS, AR GC-MS #4E 5 1 it 72 28 4 9 A7
RO AT IR, O i T o2 B 1 o o L AR ST 1 o o it £k
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2.1 BEHERE

2.1 $EBUAE R A R AR R B L AL R
CRIRBUCR IR, 5 A A 22 5 R 8 (P>0.05), 51E
O bE A b 25 5t i 3 (P<0.05) . 1R T 4 B umh & 5 R 1) JiE
P AT BE S C R & g P AR 1 55 R A 9% o ] BB P AR SR A
DL A0 01 i B2 A 3 L HP B S A0 AN R BE 5 2 R £ T X L
TE BCHT R A 5 IF BN A /R Z TR 5 - 9l IS B w0 4R 12 o B
M TS BT IR 76 2R Z BE P T A% . 3 5 I 1 R
R i 2R 2 TR o6 A FA SRl A SR B R e . 4R BT R A5
TR A AR KA 52 L A 35 A B2 B0 750 A A3 B o vol e} 200 i 7
FEE LT & AW, B BRI MR A UK A R .
F R R 6 55 i o - FL T B i BT R AR 43 % il Tk
BIREPER R fE B e R . L 28 & 2% S8 4R UROR L 48 UF AL AR
2 4] L 6 F IE O 998 o $2 BV 7 R AT ) SR 50

30.01
28.51
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22.5F
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FRHCE
Extraction rate/%

EChE Ak IR LT

T
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AN BE R R 75 5 1 35 (P<C0.05)
CRRE P YISTE SENERTE
Figure 1 Effect of different solvents on the oil yield

rate of Podocarpus nagi
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B[] 6 miin B A7 RS 1 IR 3 BE IR T Y 3 KT L 7R
6~12 min AT AR R M A9 SR BCRAZ BN V22, 2R A B E
£ 14 min I I E TS OB T2 2K T 6 min /Y
PRI, P AR S N T OE S R TR, [, Ko
[E] P R s VA AR R . RIUG , E R A I ) 6 min 4T )5
2.1.3  FRIMCR XA R A R 052w i &3 AT R
fIGT 70 °C LA R I 4R MR B 4R SRR B9 B T R
B T2 AR 0 R0 0 W R I8 3 5 (E 70~ 85 C BT R H A
B AL TR E s T T 85 CL JEBURZ W T %, ol fig & i
JE R VA ) A 2 R B PR S KA A 95 R e [ ek 2D i 45
PREBCRT R, U, &3 & 65~ 75 °C 47 I g 1 18 1k
2.4 BRI AT AL SR AT R sl 18] 4 AT SRR
HFIAT 7 150 min DL Rl 2 5 JBCH ] 1 S8 4, A7 0 SR8 i 17 4 i
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Figure 2 Effect of change of ultrasonic time on the

oil yield rate Podocarpus nagi
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Figure 3 Effect of change of extraction temperature on the

oil yield rate of Podocarpus nagi
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Figure 4 Effect of change of extraction time on the oil yield
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Figure 5

rate of Podocarpus nagi
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Table 1 Response surface test factors and levels

R=32.00+0.82X, +1.22X,+1.15X, —0.11X, X, +
0.41X, X —0.34X, X, —4.54X7—0.97X} —2.11X%, (2)
2.2.2 PIABIRIT; 208 R3S H, MARS F=
16.08,P=0.000 7, 13 BB AU i g 2, R LA g 2, U W ik
IR 25 A8 TR LR RAFAE T AR B2 25 (9, PR G AT A
2 7 R I I B R A A IR A R, R R R
B CV AL 3.54 X0, 156 WA A5 700 vy = B AR A HL RS TR e 58 AR
B R?=0.953 9,1 1F %X Adj.R?=0.894 5,2 W i )i {8 g 745
A 89.45 %R IET X, JXoFl Xy, BoR BRI G T REF, H
H— I X B kI XE L XS Bk B B K — T
Xy R H o X5 ¥R B B E KRR RY B EHRE
(P>>0.05), 4% PR 22 X 455 70 1) ¢ W 5 5555 28 = X CRHIR ELD) > X
CER IR ) > X, (BRI

AT A 5 H A A 3D i 3 1f P WL 6~ 8, 45 A ml 1A
R X, X, VX0 Xs A X Xa i P A K/N A B 0, X G BRUTRL B
A X, CRE R ED X 204 40 R0 b 42 B3 1 28 1 1F A A X
o,

®3 BEAERFESH

Table 3 Regression model analysis of variance

JrERW P AME ¥ F P WEMN

KV XoERBUREE/C X ARIUN ] /min - Xs B L (g/mL)

—1 65 120 1:30
0 70 150 1140
1 75 180 1:50

F2 MWEEXERITRER

Table 2 Response surface test design and results

s Xy X, X3 R/% A/ %
1 —1 —1 0 24.12 24.34
2 1 —1 0 25.30 26.21
3 —1 1 0 27.90 26.99
4 1 1 0 28.64 28.42
5 —1 0 —1 23.31 23.79
6 1 0 —1 24.83 24.62
7 —1 0 1 25.06 25.27
8 1 0 1 28.21 27.73
9 0 —1 —1 26.91 26.21

10 0 1 —1 28.89 29.32
11 0 —1 1 29.62 29.19
12 0 1 1 30.24 30.94
13 0 0 0 32.23 32.00
14 0 0 0 31.21 32.00
15 0 0 0 32.64 32.00
16 0 0 0 33.04 32.00
17 0 0 0 30.87 32.00

i 146.51 9 16.28  16.08  0.000 7 % %

X, 5.43 1 5.43 5.36  0.053 8
X, 11.81 1 11.81  11.66  0.011 2 *
X; 10.56 1 10.56  10.43  0.014 5 *
X; X, 0.048 1 0.048  0.048 0.833 2
X; X3 0.66 1 0.66 0.66  0.444 6
X, X3 0.46 1 0.46 0.46  0.520 9
X3 86.61 1 86.61  85.54 <C0.000 1 % x
X3 3.98 1 3.98 3.94  0.087 7
X3 18.75 1 18.75  18.52  0.003 6 % %
¥ % 7.09 7 1.01
e 4L I5 3.64 3 1.21 1.41  0.3630
afi iR 7% 3.45 4 0.86

Js¥ill 153.59 16

tox x FRESMBE . P<0.01; » FRERF BE.P<0.05,

W W W
=SS

ol
=)

IR
Extraction rate/%
R

[S5]
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B,{g 0.0 ‘\%“ O
Ey, %, 05 e v
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Figure 6 Interactive effects extraction temperature

and extraction time
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Interactive effects extraction temperature

and solid-liquid ratio

2.3 BSIFMESCIE
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73.16 “C ARELES [A] 166. 15 min, T A7 A1 S 12 b 48 e 3
31.22%, 44 R Ak 45 53 % 8 B 5T bR IR 58 B 1 A%
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FEICFA] 150 min, & 0 F #E 4T S92 86 300, I B 4 IKCOPAT
S A AT AT R T B4R IR R 29.32 %, th FATHIR

e

A8 FEetiE SR LR

Interactive effects extraction time and solid-liquid ratio

Figure 8

SEAETEE R A L 2 5 ORI A SR v B — 8 R
P2 SRR A 2 R 8.99 % , 5 FMIAH .
2.4 BUERSH

HI 2R 4 T 2 R L A AT R AT T Y 4% 0 BT LK 4 AR
54 GB 2716—2005(¢ & F A P il D AE bR D nl 0 T &
GBS R QB/T 4079—2010¢ 38 B8 5L mb i | 5 g
TR ER o AL B <<10 mmol/ kg A7 AH B A= Ih i i3 E Ak
S{EH 27.76 mmol/ke. @i J5 AR I T 2 3 — B Bt 5
T BB RS B TR Ak R AT

F4 HTHBCHAMNELER

Table 4 The physicochemical properties of Podocarpus nagi nut oil

, FRAE/ A / A/ T E LS/ Ko KA
P37 i S ) o
(mg+g 1) (107 2geg 1) (mg+g b (mg + kg™ 1) W/ %
ArRIRA I Ha IR AR 0.3240.03"  126.3446.03* 150.56+3.43* 55.524-2.69*  4.9840.06" *
GB 2716—2005 — — <3 — — <2 500 —

T RRTEEIK, « x» RRETE 2K,
2.5 GC-MS & #7

SR FH 1 Bk B TR I i GC-MS J7 3% 9 F i i R FP B
B RS O R AT AR B AT R SR A R B B T R
LB 9,9 F g i R W IR i B R LR 5.

1.0
4
0.81
=
x 0.6
il
=g 3
£ 04r 9
&
02} 8
1 6
0.0 L. s 537 ‘
0 14 16 18 20
{5 58 1]

Retention time/min

L AR 2. H/ARR 3. +/\BR—BIR 4. +/UBR AR 5.+

SR =R 6. T 7. AR 8. TR 9. —
+ R = M

B9 ##RbmGC-MSE&TFIR
Figure 9 Total ion flow of GC-MS in Podocarpus
nagi nut oil
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Table 5 Analysis results of GC-MS composition of oil

in Podocarpus nagi nut oil

FF5 fREAIFE]/min [zg 7] /%
1 13.859 F SRR 2.50
2 15.698 TNk R 1.53
3 15.881 TN Bk — R 17.87
4 16.303 TNBR R G 4231
5 16.918 RWAN X1 0.20
6 17.645 Zhmm 0.15
7 17.889 B 1 1.67
8 18.503 s 1 St 7 12.04
9 18.743 B S 1 =Y 21.72

Hi 2 5 T AT A SR AZ I 32 B AL A R O IR T IR 2 L
S 9 B T RR , AR Bk SRR L T — I R A
A DR A s F) 95.81% . Hir Coo DU E K BE R
TR i 107 B o W DT R 4L BRI 33.76 26 . AN AR 07 R X A
i RO 40 i 1] AP L e AU 2 B2 IR 4 1 DB ] L 0
SR 3 A TS R o S R A R AU i e O R R
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