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Development of Ultrasonication-assisted Extraction Process
for Manufacturing Extracts with High Content of Pinosylvin
from Pine Leaves
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Y. J. Cho S. K Lee Y. H Ahn J. H. Pyee

ABSTRACT

Pinosylvin, a stilbenoid phytoalexin, is a health ingredient to be extracted from pine leaves. In this study,
ultrasonication-assisted extraction process for manufacturing extracts with high content of pinosylvin from pine
leaves was investigated. As process and system variables, ultrasonic power, sonication time and solvent ratio were
selected. According to the experimental results, the effective yield of pinosylvin increased with the increase of
ultrasonic power and sonication time and the decrease of solvent ratio. When the ultrasonic power of 2400 W/L
was added to the solution of pulverized pine leaves of 8 g per 1 L of a solvent for 10 minutes, yield of
extracts and purity, effective yield and concentration ratio of pinosylvin were 0.3166 g/g, 0.7247 mg/g, 0.2294
mg/g and 23.0, respectively.

Keywords : Ultrasonication, Extraction, Pinosylvin, Pine leaves.
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Fig. 1 Yield of extracts of pine leaves re-
garding ultrasonic power per unit
solution volume.

Table 1 Moisture content, particte size and pinosylvin content of pulverized pine leaves

Moisture content

Particle size

Pinosylvin content

(%, wb) Mean (mm)

(ug/g-dry material)

Standard deviation

3.56 0.373

0.220 10.0
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Fig. 3 Effective yield of pinosylvin regard-

ing ultrasonic power per unit solution
volume.
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Table 2 Regression equations for yield of extracts, purity of pinosylvin and effective yield
of pinosylvin regarding ultrasonic power per unit solution volume

Indicator in extraction

Regression equation

Coefficient of determination

Yield of extracts

Purity of pinosylvin

Effective yield of pinosylvin

Y.=0247 + 1.52 X 10 °E,
P,=0.792 - 2.58 X 10 °E,
Y,=0.196 + 4.24 X 10°°E,

0.898*
0.665*
0.485*

* : Significant at the 95% confidence level.

—328—



b

) FreAY nEE FEE

Table 3 Concentration ratio of pinosylvin
regarding ultrasonic power per unit
solution volume

Ultrasonic power per unit | Concentration ratio of
solution volume (W/L) pinosylvin
14 19.8
400 18.7
1200 21.0
2400 ‘ 20.7
4000 21.0
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Fig. 4 Yield of extracts of pine leaves re-
garding sonication time at the ultra-
sonic power per unit solution volume
of 14 WIL.
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Fig. 5 Purity of pinosylvin regarding sonica-
tion time at the ultrasonic power per
unit solution volume of 14 WIL.
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Table 4 Regression equations for yield of extracts, purity of pinosylvin and effective yield
of pinosylvin regarding sonication time at the ultrasonic power of 14 W/L

Indicator in extraction

Regression equation

Coefficient of determination

Yield of extracts
Purity of pinosylvin

Effective yield of pinosylvin

Y.=0237 + 2.33 X 10
P,=0.804 -592 X 107t

Y,=0.191 + 3.07 X 10 %

0.789*

0.471*

0.020

* : Significant at the 95% confidence level.
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Fig. 6 Effective yield of pinosylvin regard-
ing sonication time at the uitrasonic
power per unit solution volume of
14 WIL.

Table 5 Concentration ratio of pinosylvin
regarding sonication time at the
ultrasonic power of 14 WIL

. . . Concentration ratio of
Sonication time (min) . .
pinosylvin
1 19.3
3 19.8
18.0
10 19.8
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Fig. 7 Yield of extracts of pine leaves re-
garding sonication time at the ultra-
sonic power of 2400 WIL.
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Table 6 Regression equations for yield of extracts, purity of pinosylvin and effective yield
of pinosylvin regarding sonication time at the ultrasonic power of 2400 W/L

Indicator in extraction

Regression equation

Coefficient of determination

Yield of extracts
Purity of pinosylvin

Effective yield of pinosylvin

=0.278 + 3.46 X 107
P,=0.749 + 3.75 X 10 %
Y, =0.208 + 2.60 X 107

0.629*
0.001
0.576*

* : Significant at the 95% confidence level.
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Fig. 9 Effective vield of pinosylvin regarding
sonication time at the ultrasonic power
of 2400 WIL.
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Table 7 Concentration ratio of pinosylvin
regarding sonication time at the
ultrasonic power of 2400 WIL

Soniction time (min) Conceggla;;gt]lv;stio of
1 20.1
3 223
5 229
10 23.0

Of. EojH(of CE m-AE 25 53

Fig. 102 v &5 585 Yepd Ao
ot o3 7}A] fufule) wE F&EF &9 W3
= A9 e Aoz e 4viv] 8~809] H
AollA F2E9 $82 02467~0.2478 g2 B
= ey

Fig. 11 84upE 7

_4

Ae ££8 vehd A

as

04

Ye (g/g)

at

0 p. ) L 50) & 100
Rs(@/ L
Fig. 10 Yield of extracts of pine leaves regard-
ing solvent ratio.

A22H A4E 20033 8¢

o
co

Pp (mgg)
o

04 4
02
00 — 1 ) - 1 H
0 2 40 @ 80 100
Rs(@/ L)
Fig. 11 Purity of pinosylvin regarding solvent
ratio.
oltt. £x9 A¥, £2EF 589 AYdE 29
ezt S5 sxAule £xE T34 F
a3ke Aoz vyl guinlst 80 LY o

TEE 04022 mgg® e Soiu) 8 Lo
0.6501 mg/gell v]3] 61.9%9] f3e HEE Ao
2 vebgc

Flg 125 &rljujd =xAu)
A Aotk A &9 ASE ¢x9 A9
A2 Sulnlrl $18RE FE S
E A2z vehde Soiu7} 80 g1l W A
e FE $EL 00997 mgeolglon, 8 g/L°' o
0.1604 mg/g® el 62.2%c B A
Sk

Fig. 10, 11 2 128 3%

do
h}l’
4
®o
o
=
o

3 AN SE £ FPHoR w27,
gole] %, £ we) yalF Ame PoE 2
A sge A Fge 24 DA oo, 3l
AN £ QD RE FEE A Ho U
P ArANE ERHeT 225 AAAE 3
2 ¥l $00E belor B2 ¢ 4 Tk B,

Table 8 Regression equations for yield of extracts, purity of pinosylvin and effective yield of

pinosylvin regarding solvent ratio

Indicator in extraction

Regression equation

Coefficient of determination

Yield of extracts
Purity of pinosylvin

Effective yield of pinosylvin

Y.=0.246 + 1.44 X 107°R,
=0.677 - 3.44 X 10°R,

=0.167 - 844 X 10°R,

0.734*
0.999*
0.999*

* : Significant at the 95% confidence level.
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Table 82 %DHH] 2E T8, IxA ¢5 ¢
HxAdw f& 4 AE¥E ANz Yehi
Aot}

Table 9% Gvfu]d oAl —‘g—%ﬂla vehd
Rolt}h. FxAuie) F2 2555 83 25 3
A€ B4 SHupEE 10.0~16.09 %’— Ans
e AR °i UeEbtth. o714 e} g B
N2e) kg HokElA ArlsA g weAule)

53 23} 24 AHE AE T Ak

Table 9 Concentration ratio of pinosylvin
regarding solvent ratio

Solvent ratio (g/L) {Concentratior ratio of pinosylvin
8 16.0
40 133
80 10.0
4. 4 g

=3
AL o atst, FEF 5
9 FEPAe] e oz deA mrAdle A
&, A4E, FE 5o 242 BEY S Y B
Aolrt. & ATdM: A2V E Ad Ix
AdlE 471 g ii"}/ﬂ‘d —’I‘—% +4< Mo

of dieliA] 2400 WALY &
tgE o, 22F 8L 03166 gg, TrxAul
SEE 07247 mglg, FHxAdEY $F g2
02294 mg/g, 28 FxAw FFulE 23028
et &8, o]3gt AL Hr Al 0)9)
2 ERAx F&528 JELAY L5 g} A
A3 AA AL o143l Dzl 52 #
H¥ £ gk

3 1

HO
ro

I A3, A4, FTE, 54, 7k, 1998
£9) —%—%%3] in vitrod] YA AAAA)EI}
A Eaehe) Al 30(1):213-217.

2. R, AT, 294, A, 1999, Alzubd
H EUAFEEY P HE GRAEn
3]%] 31(2):527-534.

3. AN, 1997, FUNALA, =42 AY, AL

83, kA, ol A, =84 2003 TE F

EEE9 29 Ao & A4 9 vpeA o
AL o] |45 2 i) QABe] it
A3 A B3} F=A1Zabeks] =) 35(1):132-137.

5. 0l5A, FHF, AT, I8 HAMH, =&
Zl. 1999a. Exo-polygalacturonaseS o183+ Al
ute] #Hle 22 FFAEHEI A 31(1):68-73.

6. o1&H, SHF, F8 HAM =82 1999,
Bacillus subtilis IFO 12113 -2 protopectinase S
o] 4.3 Alzpute] #e] & d3hebilz]| 42
(1):1-5.

7. 28R, 215, AAA, A 1999, Alzhuke)
A 258 9% A ¥ d2AE
3] %] 31(4):1011-1016.

8 28R, AR, A, A4S, AEgE, A
<, o=, AA, s, 2002. EEAY 1
=38 4 = ﬁil*"‘-?ﬁﬂ FEF A A2
M FErIeTERE AR A ).

9. 284, AL, AFs, A=, A5, A4
ZA. 2003, FUAF Xl 2o Aveles

=]

—333-



11.

12.

571 A 3] A

F HFAETRHA 352306308,

AR, 284 2000 2EubHe] e AT 2

W) £ wlm AQAETE 42)70.75.
ASAE. 1994. ASAE Standards, 41st ed. ASAE,
USA

Cho, Y. J. and J. K. Hwang. 2000. Modeling the
yield and intrinsic viscosity of pectin in acidic solu-
bilization of apple pomace. Journal of Food Engi-
neering 44(2):85-89.

- Holmgren, A., B. Bergstrom, R. Gref, and A. Fri-

14.

-334-

A28P A43E 2003d 8

csson. 1999. Detection of pinosylvins in solid
wood of Scots pine using Fourier transform Raman
and infrared spectroscopy. J. of Wood Chemistry
and Technology 19(1/2):139-150.

Skinnider, L. and A. Stoessl. 1986. The effect of
the phytoalexins, lubimin, (-)maackiain, pinosylvin,
and the related compounds dehydroloroglossol and
hordatine M on human lymphoblastoid cell lines.
Experientia 42(5):568-570.



