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Production of Phytoncide from Korean Pine Cone Waste by Steam Distillation
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Abstract

Extraction of phytoncide oil from korea pine cone waste without damaging the pine cone tree itself was investigated using
a steam distillation method. Also various components in the extracted phytoncide oil were separated using a column chroma-
tography method. The extraction of phytoncide oil was effectively proceeded, and the maximum production yield of phy-
toncide oil could be obtained under 100 C of distillation temperature and within 30 minute of distillation time. According
to chemical analysis, it was found that the phytoncide oil from korea pine cone waste was consisted of more than 12 compo-
nents such as « -pinene, [ -pinene, D-limonene, as main components. In addition, the aqueous hydrogel containing other com-
ponents such as verbenone, « -terpinieol, fenchol, different from components of phytoncide oil itself could be obtained
through the steam distillation.
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Figure 1. Various pine cone waste as feed materials.
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Figure 2. Steam distillation for extraction of phytoncide from pine
cone waste.
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Table 1. Condition of GC/MS for Analysis of Phytoncide Obtained by
Distillation

GC/MS GC/MS-QP2010, Shimadzu. Japan

Column DB-S, 30 m.length x 025 mm ID x 0.25 pm
thickness (Agilent)

Mass range 40~350 m/z

Inlet Temp. 250 C

Ion source Temp. 320 C

40 C (3 min) — 2 C/min — 150 C —

Temp.  program " in —> 200 C (10 min)

Carrier gas He gas, 1.5 mL/min
1.0 mL

Spilt ratio 20 : 1

Injection volume

Tonization EI (electron impact), 70 eV
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Table 2. The Comparison of Major Component in Phytoncide Between
Cone Waste Extract and Needles Extract by Steam Distillation

ofy
L
-
24
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1
2
4
ol
N
ol

Component pine cone waste(%)  needle leafs & branches (%)
a -pinene 39.89 20.7
camphene 0.76 7.0
S -pinene 10.78 35
B -myrcene 4.12 6.5
3-carene 3.23 -
D-limonene 36.46 12.6
(+)-4-carene 0.39 12.2
Bornyl acetate 0.86 9.9
Ylangene 0.34 13.4
a -Cubebene 0.4 14.2
Seychellene 1.6 -
Caryophyllene 1.17 -
total 100 100
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Table 3. Amount of Phytoncide Oil and Average Yield through the Steam Distillation

Time Numbers of Sample Type for Pine cone

Total Number for

Phytoncide Oil Extracted Yield of Oil Aqueous Pytoncide

(min) Waste (EA) Extraction (g (%) Extracted (g)
20 16 132 8.20 0.820 430.6
30 16 101 13.16 1.316 658.1
40 16 138 13.15 1.315 662.5
50 16 138 13.21 1.321 672.5
60 16 139 13.77 1.377 697.5
—&— 20min 20 4 . A ] 700
—e— 30min : A
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—¥—50min 4 E‘
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8+ 0 10 20 30 40 50 60
T T T T T T T T T 1 Time(min)
0 2 4 6 8 10 12 14 16 18

Number of extraction

Figure 5. Extraction amount of Phytoncide oil according to change of
distillation time by steam distillation.
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Figure 6. Amount of phytoncide aqueous solution extracted according
to change of extraction time by steam distillation

el o2 77} ol FFol =

Zrgo] FAakEo] 1t Aert e
o B o7 FEI T ARo] 7]
)

s¥lo] £UHS) HEOR AT, ol EEH NEA F
F AL SEAE o] WALEY) Y W sk WS Fowe

e} olefet AL WS 5 Lol B

=
3 2 Figure 7¢Il L}E}L Hpe} o] =% AlIZE 20 min®] -9 8.20 g°|
‘4— 30 min2] 7 316 ¢g
= E9 60 mmﬂ T 39S AP FEHE

23t Ml 26 & M 6 &, 2015

Figure 7. Amount of phytoncide oil and phytoncide aqueous solution
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Table 4. Descriptive Statistics of Steam Distillation and Water-steam Distillation
20 min 30 min 40 min 50 min 60 min
Group
M SD M SD M SD M SD M SD
Steam Distillation 8.20 .99 13.16 2.01 13.15 2.47 13.21 1.55 13.77 1.63
Water-steam Distillation 2.47 41 6.13 74 6.64 .69 7.44 .56 8.80 1.22
total 5.33 3.00 9.64 3.87 9.89 3.76 10.32 3.15 11.29 2.90

Table 5. Compound Composition with Extraction Time by Steam Distillation

Compounds 15 min (%) 20 min (%) 25 min (%) 30 min (%) 35 min (%) 40 min (%)
@ -pinene 46.31 45.98 41.08 39.89 38.08 37.13
camphene 0.87 0.83 0.75 0.76 0.72 0.75
S -pinene 11.1 11.23 10.69 10.78 10.41 10.01
B -myrcene 3.95 4.14 4.07 4.12 3.97 39
3-carene 3.02 3.05 3.02 323 322 3.19
D-limonene 31.3 33.15 373 36.46 36.43 36.24
(+)-4-carene 0.29 0.25 0.29 0.39 0.42 0.42
Bornyl acetate 0.63 0.29 0.62 0.86 1.33 1.59
Tricyclgfz;g;gfgrﬁft‘g;f'9'6“6’ 0.26 0.12 0.25 034 0.5 0.58
a -Cubebene 0.3 0.14 0.25 0.4 0.59 0.71
Seychellene 1.16 0.48 0.97 1.6 2.44 3.02
Caryophyllene 0.8 0.34 0.71 1.17 1.89 2.46
total 99.99 100 100 100 100 100
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Table 6. Aqueous Components Extracted from Cone Waste through Steam Distillation

components content (%) RT (min)
Verbenone 9.23 18.96
a -Terpinieol 8.11 18.66

Fenchol 6.83 16
Camphor 4.75 14.36
Borneol 4.66 18.74
p, @ -Dimethylstyrene 443 12.35
Myrtenol 397 20.62
Carveol 3.86 21.46
Carvone 3.79 19.49
Benzaldehyde 34 14.63
d-Fenchone 3.23 11.13
total 56.26

Table 7. Amount of Phytoncide Oil through the Water-steam Distillation and Comparison with Case of Steam Distillation

Time Numbers of Sample type for Pine Total Number for  Phytoncide Oil Extracted Phytoncide Oil (g) in Ratio of Steam
(min) cone Waste (EA) Extraction () Steam Distill. Distill./water-Steam Distill.
20 16 120 247 8.20 332
30 16 123 6.13 13.16 2.15
40 16 131 6.64 13.15 1.98
50 16 126 7.44 13.21 1.78
60 16 126 8.80 13.77 1.56
Table 6ol LJER mis} e me] 74 ARl g zue . SR
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Table 8. Compound Composition with Extraction Time by Water-steam Distillation

c ds(RT) 30 min 40 min
ompounds|
P Water-steam Steam Water-steam Steam
a-pinene (9) 55.83 39.89 57.84 37.13
camphene (9.5) 1 0.76 0.79 0.75
Bicyclo[3.1.0]hex-2-ene,4-Mehylene-1-(1-Methylethyl)- (9.802) 0.6 - - -
B -pinene (10.9) 8.39 10.78 9.41 10.01
B-myrcene (12.068) 0.71 4.12 4.98 3.9
D-limonene (13.479) 23.08 36.46 21.22 36.24
cyclobutane, 1,2-bis(1-methylethenyl)-. Trans- (14.044) 1.02 - -
(+)-4-carene (17.561) 0.31 0.39 0.34 0.42
Bornyl acetate (29.591) 0.75 0.86 0.45 1.59
Tricyclo(5.4.0.0(2,8)undec-9-ene, 2,6,6,9-tetramethyl (33.933) 0.6 0.34 0.15 0.58
a-Cubebene (35.648) 1.18 0.4 0.26 0.71
Seychellene (36.929) 1.51 1.6 0.27 3.02
Caryophyllene (37.889) 1.41 1.17 1.64 2.46
Caryophyllene oxide (46.423) 1.09 - -
total 97.49 96.77 97.35 96.81
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Figure 12. Mobile phase of components in phytoncide oil by column chromatography.
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Table 9. Components and Composition of Separated Phytoncide Oil Parts by Column Chromatography Method

93k yEX =9

o

Y

Compound name

sample P1 %

sample P3 %

sample P4 %

sample P5 %

sample P6 %

a -pinene 39.43 47.23 48.2 49.08 49.23
Camphene 1.18 1.17 1.25 - -
3 -pinene 13.35 16.37 17.99 18.26 16.99
B -myrcene 5.58 - - - -
3-carene 4.07 243 2.26 2.71 3.12
D-limonene 32.15 28.48 26.68 28.03 30.66
Cyclohexene, 3-methyl-6-(1-methylethylidene) 0.45 - - - -
Bicyclo[2.2.1]heptan-2-OL, 1.7.7-trimethyl-,acetate (1s-endo)- 0.86 1.54 2.69 1.92 -
Tricyclo[5,4,0,0(2,8) Jundec-9-ene,2,6,6,9-tetramethyl- 0.35 - - - -
Copaene 0.38 - - - -
1,4-Methanoazulene,Decahydro-4,8,8-Trimethhyl-9-9Methylene 1.28 1.05 - - -
Caryophyllene 0.93 0.77 - - -
total 98.01 99.04 99.07 100 100
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