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Abstract

BACKGROUND: Castor oil and wormseed extract are
important active ingredients for biopesticide, and ricinoleic
acid in castor oil and three monoterpenes (ascaridole,
carvacrol and p-cymene) in wormseed extract are known
bioactive substances. However, their stabilities had not
been studied, even though the stability was the core
property for estimation of shelf-life of biopesticide. Aimed
to investigate the thermal stabilities of the bioactive
substances in castor oil and wormseed extracts.

METHODS AND RESULTS: The contents of ricinoleic
acid and three monoterpenes (ascaridole, carvacrol and
p-cymene) were analyzed by gas chromatography (GC).
The thermal stabilities of the bioactive substance were
measured at 0°C, 23°C, 30°C, 40°C, 45C and 54°C for 84
d. The half-lives of ricinoleic acid in biopesticides was
ranged from 28.9 d to 57.8 d at 30°C, and the stability of
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pure castor oil were located in the range (t1,=46.2 d for
Indian product and 27.7 d for Korean product) at the same
temperature. The half-lives of the total monoterpenes in
biopesticides were ranged from 3.9 d to 27.7 d at 30°C.
Among the monoterpenes, the stability ascaridole and
p-cymene were decreased in acidic condition. All the
bioactive substances showed similar stability on the
different thermal conditions.

CONCLUSION: The half-lives of most bioactive substance
from castor oil and wormseed extracts were less than 100 d.
To increase the stability of bioactive substance in
biopesticide, stabilizing additives like antioxidant and
oxygen remover should be considered to extend of the
shelf-life.

Key words: Ascaridole, Biopesticide, Carvacrol,
p-Cymene, Ricinoleic acid, Thermal stability
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O (Lee et al, 2013; Lim et al, 2014a; Lim et al, 2014b)
O 00000 OO0 0O 0000 00 O00(Kim et al,
2015; Choi et al, 2016a)0 00 OO00O0O0O. OO0, OO
000 0000 ooOOO000 OO0 oooo oooo o
00 000 OO ooooo.
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0000 0000 monoterpened OO0 0O ascaridole,
carvacrol, p-cymene OO0 limonened OO 0000
OO0 0000 00 00000 0000 OO0(Cavalli et
al, 2004; Jardim et al, 2008). 0 O ascaridole, carvacrol
000 pcymenell OO00O0O0O0O OOOOOOOOOOO
00 00000 00 00 000 O00(Kim ef al, 2016).
000, 0 00000 000 oo 0ooo oooo oo
O 00 000000 500 00 00 000 ricinoleic
acid, ascaridole, carvacrol, p-cymene 00 000 OO
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Ascaridole (99%)0 City Chemical LLC. (West Haven,
USA), p-cymene (98%)0 Wako Co. (Tokyo, Japan)d O
0 0000 O0000. Ricinoleic acid (99%), boron
trifluoride (BFs, 14% in methanol), ENVI- Carb™ SPE
cartridge (250 mg, 3 mLO 500 mg, 6 mL) OO0 carvacrol

(98%)0 Sigma-Aldrich Co. (St. Louis, MO, USA)O0O 000
0 O00000. HPLCO acetone, acetonitrile, methanol,
isooctane OO0 sodium hydroxidel Merck & Co.,
Inc. (Darmstadt, Germany)OO 000000, Cis SPE
(500 mg, 6 mL)0 Phenomenex Inc. (CA, USA)O0O, O
00 hydrophilic lipophilic SPE cartridge (HLB, 60 mg,
3 mL)O Waters Co. (MA, USA)ODO OO0O0O0O.0 OO
0 000 0O 000 Oooooo 500 ooooooo oo
00 0000 oob ooooo.

Ricinoleic acid £

goddd o ooobb bbb ooduo doo booo
00000 ricinoleic acidd OO0O0O0O Choi et al
(2016b)0 OO0 0000 methylaionD OO OO0 O
GCO U0 U000 0bh bOUbo oobo ooo. oo
000 0000@R0 mgd isooctane 1 mL, 0.5 N
methanolic sodium hydroxidel 0000 00000 O
00 OO0 0O 100C00 500 D000 0OO00.0 00
0 00 000 000, 1 mL isooctane, BFs (14%)0 OO
3000 0000 OOO0O O, 000006G mL)d OO0
oo 00 3000 ooood. oo oo ogo oo go
000 0000,000 0000 dichloromethaned 0 O
000 gas chromatography (GC)-time to flight mass
spectrometry (TOFMS)O O0O0OO0O.

Monoterpene £

Ascaridolel] carvacrol, pcymenel]l Yang ef al (2016)
0 000 ooo 00 0oooo ooooo ooooo. o
0 000 0000 o000 10000 100000 00 O
0000 00000, HLB-SPE cartridge (60 mg, 3 mL)
0 2 mL acetonel] OO0 1 mLO OO O OO0 OO 1
mLO loading 00, 1000 O0000.0 O OO0 00O
O SPEO 000 2 mLO O000O acetone (2 mLx2)00
000 0 00 00 000 5mLl0 00 O 00 00 00
GC-FIDO 00000.
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Ricinoleic acidd ascaridole, carvacrol, p-cymenel]
000 OO0 GCOO 00000 O Yang ef al (2016)0
00000 00, Table 10 OOOO0OO.
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Table 1. Instrumental condition of GC for analysis of ricinoleic acid, ascaridole, carvacrol and p-cymene

Compound Methyl ricinoleic acid Compound Ascaridole, carvacrol, p-cymene
Agilent 7890A with time-of-flight mass Agilent 6890 series with flame
Instrument Instrument S
spectrometry ionization detector
Column SP-2330 (30 mx0.25 mm, 0.2 pm) Column DB-5 (30 mx0.25 mm, 0.25 pm)

Column flow Helium 1.0 mL/min Column flow Helium 3.0 mL/min

Temp. Rate Hold Total Temp. Rate Hold Total
() ('C /min) (min) (min) (C)  (C/min) (min) (min)

Oven 100 3 3 50 2 2

240 20 15 Oven 100 10 7

Injector temperature: 240°C 140 4 17
lonization mode  oconie Mpact 250 20 25

MS Ion source temperature 230C Detector 250TC
Transfer line temperature 200C Iniect Injector volume: 1 (splitless mode)
Scan range 50-500 m/z JECOT Injector temperature: 220C

Table 2. Ingredient list of the biopesticides

Biopesticide A Sesame oil, castor oil

Biopesticide B Castor oil
Biopesticide C Plant extract (Chinese scholar tree, Japanese bead tree, Wormseed)
Biopesticide D Plant extract (Chinese scholar tree, Japanese bead tree, Wormseed), wood vinegar

Biopesticide E Plant extract (Chinese scholar tree, Japanese bead tree, Wormseed), paraffin oil

Table 3. Total contents of the selected bioactive compounds in the biopesticides and commercial product

Bioactive compound contents (%)

Ricinine Ricinoleic acid Ascaridole Carvacrol p-Cymene
Castor oil (India) ND' 58.5 ND ND ND
Castor oil (Korea) ND 71.7 ND ND ND
Biopesticide A < 0.01 20.9 ND ND ND
Biopesticide B < 0.01 34.9 ND ND ND
Biopesticide C ND ND 0.08 0.16 ND
Biopesticide D ND ND 0.49 0.03 0.20
Biopesticide E ND ND 0.03 0.01 ND
'ND means no detection
Zn 4 =k 00 O0O0O0O 0000 OO0 OOog, 000 ricnoleic

re=F S =A

0 0Oooo0 00 000 OO0 ooooooo ooo
U uouo oooo guoo ooo odd ooo oo
ood. 0 obbg ooo oboooog 500 0o boo
ud oouo oo ooddouo oo oodd oooo o
O00O(Table 2), OO0 OO0 OO OO0 OO0 O0OOO
oo 00 0000 0Oooo. ooooooo ooo
ricinoleic acidDl OO0 OO0 OO0 OO0 0000 O

acid 00O OO 585%0 71.7%000. 0000 OO0 2
00 0000 OO0 ODOOOO0O0d ricinoleic acid OO0
20.9%0 34.9%0 00 000.00000 000 000 O
goooooo o 0od oooobb bod ricinined O
00 001% 000 OO0 OO0 O 00000 000 ooo
0000 000.000,0000 0000 OO0 O oo
0000 3 00 O monoterpenes (ascaridole, carvacrol,
pcymene) 000 0.24%, 0.52% 000 0.04%0 0000
O (Table 3).
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Table 4. Half-life of ricinoleic acid and total monoterpene in biopesticides at 3000

Ricinoleic Castor oil Castor oil

Half-life (days)

Biopesticide A Biopesticide B Biopesticide C Biopesticide D Biopesticide E

acid (India) (Korea)
Ricinoleic acid 21.7 46.2 27.7 289 57.8 ND ND ND
Ascaridole ND' ND ND ND ND 24.8 22 27.7
Carvacrol ND ND ND ND ND 25.7 18.7 36.5
p-Cymene ND ND ND ND ND ND 2.4 ND
Total monoterpene ND ND ND ND ND 24.8 3.9 27.7

'ND means no detection

O0IXIRE FEE2E 8 RIISUXIRY

000000 000 00000 0000(O0>99%)
0 0000 00 000000 000 oo, ooooao
00000 OD0000O0 0000 oooo oooao
30CO00 000 0000 4620,000 0000 27.70
000 ricinoleic acid 00000 21.700 OOOO0O. O
0000 ricinoleic acid (DOO>000>000)0 O0O0O
00000 ricinoleic acidd O0O0O0O O0O0O0O O0OOO
00 O0O0O0O OO0O0.00 000000 ricinoleic acid
000 palmitic acid, stearic acid, oleic acid, linoleic
acid 000 linolenic acidd OO0 OO0 OO0 OO OO
000 000 OOim et al, 2008), OO0 OOO OO
O O oleic acid0 OO0 OO0 OO0 OO OOO OO
O O0(Lee et al, 2012; Casal ef al, 2010). OO0, OO
000 000 0000 00000 oooooo ooo a
O 000, ricinoleic acidd OO0 O0OOOO OO, OO
00000 0000 000 OO0 oooOoo oooo oo
ricinoleic acid 00 0O 00O O0OOO. 00 00O OO
0 D00000 200 ricinoleic acid 0000 30CO0O
00 0O 0000 2890,57.800 OO0 OOOOO, 00 O
00 000 000 000000 oooo, 000 oooao
00000 0000000000 000.00,000
0 000 00 000 0000000 Ooooo 30Ca0
ooo o000 oooo ooo(p0.05).

00O, ricinoleic acidd OO OO OO0 OOO OO O
00 00 00 000 radical OO0 OO0 OO OO OO
00 46000 210000 OO0 OO OO OO0 OO
0 00O (Atkinson and Carter 1984; Meylan and Howard
1993) 00000 OO0 O00O0O0OOO 000 ooodd
00000 00 000 00 00 00 00 0o ooo o
000 000 0O 000 oooo.

LYHOIF FEES THERE ot RIISUXIH

0000 0000 OO0 O 0000oooo ooooo
ascaridole, carvacrol 000 p-cymenelld 00O, OO
0000 00 0 00 000 0000 000 ooooo.
30C000 0O 00000 0000 00 21.00,390 00
0 27700 O0O0OOO. 00000 OOOO OO OO 0O

00 Biopesticide DO 0000 OO0 OO0 pHO 40
00 00 0O0O00.00 0 000 00 00,0000 0
0000 0000 0000 00000 oooo 0oo o
00 0000 000 0 000 000 0og, 000 o0
0 0000 0 000 000 0oboo 000, pH3 00
0 00 000 0000(®Kim et aZ, 2005). 00, pHO O
OO0 000 000 ascaridole, carvacrol, p-cymenel O
00 00 000(@4.8-3670)0 OO0 00 00,00 OO
0 000 Biopesticide DOOO ascaridolel p-cymene
0 0000 30 00 0b00@eo)o 000 0 oodg
Table 4). 00 OO Biopesticide DO O 00000 OO
00 0O 000 o0 30 00 00 ooooao, oo oo
000 0000 0000 0000 0D 0000 000
00000 0000 0000. 0000 0000 0000
0 00 OO0 0000 00000 ricinoleic acid 000
00 0O0ooo0 0o 0oo ooo ooad.
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