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Abstract Tea tree oil and tea seed oil are increasingly used as raw materials of commercial organic inputs.
However, at present, reliable quantification methods to determine the actual amount of their active ingredients
in commercial organic inputs are not available. Thus, this study was conducted to develop analytic methods
to quantify active ingredients in organic inputs derived from tea tree oil and tea seed oil. Tea tree oil contains
a lot of terpinen-4-ol, y-terpinene and o-terpinene, which can act crop protection chemicals. Tea seed oil
typically contains oleic acid and linoleic acid with a reported antifungal and insecticidal activity. To quantify
the three active ingredients of tea tree oil, organic inputs were diluted two-fold with 10% tween 20 followed
by solid phase extraction using ENVI-Carb cartridge. For oleic acid and linoleic acid, saponification and
methylation were conducted after extraction with isooctane. Recoveries of five selected ingredients ranged
from 70.0 to 105.4% and the relative standard deviation was within 10% by analysis using GC-FID. This
suggests that the methods tested here were suitable for the quantitative analysis from commercial organic inputs
containing tea tree oil and tea seed oil and can contribute to control the quality of commercial organic inputs.
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Tea tree oik> 352 IFAESQl Melaleuca alternifolia
o] AH-ZH4 Melacuca oilo]2t2% 3}, Tea tree oilS 3
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2003) ¥ &< (Hammer et al., 2003; Carson et al., 2002;
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3l $kth(Carson et al., 2006). 53] tea tree oil®] SFa 7}
= THFS Aol e ASE dEA o™ (Hart et
al., 2000), tea tree oik> °F 1007]2] terpenes} ¥ LF-&
AEES Tk e AeZ Z deA Uth(Carson et
al., 2002; Brophy et al., 1989). ISO (International Standard)
4730 FHEE tea tree oild] A F 14 ¥ Ao E
= FHAE “0il of Melaeuca-terpinen-4-ol type™ol| 143}
SITHISO, 2004).

Tea seed oil& F=10] FARIQ Camellia oleifera®] EA+
oA A& QURZA tea oil T camellia seed oilo|2FL =
Ath(Yu et al., 2013). Camellia oleifera= 2] ‘F5-A]
of 3% st U= ApHFe] AEolw, -t
et E8]3 Ut} Tea seed oik S
ANLG2 AMEZE S (Yu et al, 1999), AEZ O
2 5% 9 P} Foll ko= ARHZ|E 3tH(Zhang et
al., 2007). Tea seed oik> F Y, ST|H oA, IFY o
I Al AE 7Fss U SdolH(Lee & Yen,
2006), T=NM A7F 209HE0] A met F EHE
ZA o Tas ATS 1ol Jth(Wang et al., 2008; Ma et
al., 2011). Tea seed oilll= oleic acid & linoleic acid &
Exs} APAto] T38| el g 2HE 99 o]

o

S AEE st WaFHE s fUIEHAA AES Al
7] SlEME FA 71wt A FE AEsor sk,
2 F st AR AAMIAA E Aol 1 Bet
Hallede s 7159 952 A HE AueFEE
o] FAE FAWH s} AEE AtEe] IR s sk
S (Lee et al., 2013; Lim et al., 2014a; Lim et al., 2014b;
Lim et al., 2015; Yang et al., 2016b; Choi et al., 2016), tea
tree oil7} tea seed oilo] SHFalaL Y= A E-9| ekl et
A--(Carson et al., 2006; Brophy et al., 1989)7} 48] %]o]
gtout, 2 FEES TS 159 AE T
AR A ] gigt At AFS dstelt). mekA
2 At e 2 FEES S f71sd2AY #

e dEZ AME-E tea tree oilF tea seed oil
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Terpinen-4-ol (96.71% purity)3} o-terpinene (90% purity)
T2 O

ETEFL 717 HWI group (Riilzheim, Germany)@} Tokyo
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32, oleic acid (100% purity) EFF2 Honeywell Fluka
(Seelze, Germany)ollA F43FA ). y-terpinene (97% purity),
linoleic acid (98.5% purity), methyl oleate (99% purity),
methyl linoleate (98.5% purity) X% tween 20, 14%
BF; (Boron trifluoride)= Sigma-Aldrich (Saint Louis, USA)
ZHE FU3FATE Acetone, isooctane, methanol, NaOH
(sodium hydroxide), sodium sulfate anhydrouss= Merck
(Darmstadt, Germany)ellX T3ttt ENVI-Carb SPE
(500 mg, 6 mL) 2 HLB SPE (60 mg, 3 mL) cartridge= Z}
Z} Supelco (Philadelphia, USA) 2 Waters (Milford, USA)
ZHE FYATh Tea tree oil A4 29U Niceday
(Seoul, Korea)?} FGB (Melbourne, Australia)o|4 25<
A3, tea seed oil oA UL Skinmate (Bucheon,
Korea)$} Herbpeople (Guri, Korea)ollX 2% T3 t).
ARHF S T8 TS 1] e dARA Az
HAZHH FYste] LA ol ARt

Tea tree oil THE 24

Tea tree oits T3 7G2S F44% #4159
St A OZE SPE cartridgeS ARESISITE A4S
do] 7 acetone® 2 3|A3IAL {7 EHAA AlFS =
10-1008] 3]413F & 10% tween 20 €43} 1:1(VV)E 4]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e e
Sample 1. Dilution with DW(10-100 fold) '
preparation 2. Dilution with 10% tween 20 (2 fold)
------------------------------- Preconditioning of ENVI-Carb SPE
(500 mg, 6 mL)
1. Conditioning with Acetone 5 mL
2. Equilibrating with DW 5 mL
Sample
Clean up
Instrument GC/FID analysis
\ 7

Fig. 1. Flow chart for analysis of the active ingredients in tea
tree oil.
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Table 1. Instrumental conditions for GC-FID to determine active substance of tea tree oil

Column DB-5 (30 m x 250 um I.D x 0.25 pm thickness)
Inlet mode Splitless
Inlet Inlet flow (mL/min) 1.0
Inlet temp. (°C) 250
# Rate (°C/min) Target Temp. (°C) Duration (min)
1 Initial 80 4
Oven temperature
2 4 120 0
3 20 280 5
Detector temperature 280°C

Detector gas flow

H, 30 mL/min, Air 350 mL/min, He 30 mL/min

AL ANEE FHBAUTH Acetone 5mLet FH4 SmL
£ TAE R EEFo] @43} g ENVI-Carb SPE (500
mg, 6 mL)°ll A& A& 1 mLE FYsIL 1087 =5}
Atk 10mLe] S/F5E AoJF T acetone 10 mLE 4
TS §E3tHFig. 1). BAE AE 5 1mLE syringe
filter (0.45 pm)= AA3sk o3 GCE ©|-8-3te] Table 1]
71712730014 A 8.

Tea seed oil THE 24

AP FEES TS 7IEHARA AE F tea seed
oile] FAE oleic acid®} linoleic acidE E43517] 95t
Choi et al. (2016)2] HuAF-5 73 715024 F
ricinoleic acid EA1HI} 72 Hyo g AR MWS 3y
3} THFig. 2). Choi et al. (2016)= IvAHS FE A
L3 715G AA AFE FAE ricinoleic acidE 3
&17] 913} saponification?t methylationoll 222} ¥kg- A7k
g8t A F715GAA 20 meell isooctane 1 mL
A7lele] w8 AlE =2 SIS, 0.5 N methanolic
NaOH 1.5 mLE H7bstal EfFsto] 100°ColA 587 7
3FATE o]% 30~40°CZ Y713} isooctane 1 mLe} 14%
BF; &9 2mLE H7Fshol E3ste] 100°CAN 522t 7he
33t A 30~40°CE Y7F3te] isooctane 1 mLE & 7}s}
3L 307 A Esidith. 23HS S5mLE 7tet
3 AEsle] = 3 229 isooctane T2 FHFAUEF
o7 gAY 4 29 isooctane 1.5 mLE F7IE Y
2-33] &3t} Isooctane 2 AAFF381Y] acetone 5
mLZ A-&3g & 408 8]A38}e] 0.45 um syringe filter=
o 3 th Table 29 7171271004 BFEA S AAISHA
o A7 747} acetonedl] 3418 methyl oleate®t methyl
linoleate®] EF&MS AMgate] 23, 24 A8 F
methyl oleate®} methyl linoleate T2 AXFSE & 0|5 A
Wb ABASTE ARESE Ak wel 42 oleic acide}
linoleic acid®] ¥FFo 2 ShAlslgIth A WAk HSHAFE= A

-

e o

1. Weigh sample 20 mg

o
Sample |
i 2. Add isooctane 1 mL

preparation

Saponification

’ { 1. Cool down to 30~40°C

1. Add 0.5N NaOH(in MeOH) 1.5 mL
i 2. Shake
i 3. Heat at 100°C for 5 min

i 2. Add isooctane 1 mL, 14% BF; 2mL
i 3. Shake
i 4. Heat at 100°C for 5 min

Methylation

1. Cool down to 30~40°C

2. Add isooctane 1 mL and shake

3. Add saturated NaCl 5 mL and shake
4. Transfer supernatant in 15 mL tube
5. Add Na,SO, anhydrous and shake
6. Dry with N,

7. Dissolve with acetone 5 mL

Extraction

Instrument GC-FID analysis

| J

Fig. 2. Flow chart for analysis of the active ingredients in tea
seed oil.
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Table 2. Instrumental conditions for GC-FID to determine active substance of tea seed oil

Column SP-2330 (30 m x 250 pm [.D x 0.2 pm thickness)
Inlet mode Splitless
Inlet Inlet flow (mL/min) 1.0
Inlet temp. (°C) 220
# Rate (°C/min) Target Temp. (°C) Duration (min)
Oven temperature 1 Initial 100 2
2 10 220 10
Detector Temperature 220°C

Detector gas flow

H, 40 mL/min, Air 450 mL/min, He 30 mL/min

al
(Method LOQ; MLOQ)E AH=E3ISit). 348 Alge 27l
o] o R Astal 4719 EAR e wht 33] wl

2 59 shgic.

[N

/-1 E
FYE MA

ISO 4730(2004)°] W= tea tree oilol|+<= terpinen-4-0l°]
30-48% TR FHEEO] Slo] tea tree oil®] HHEAIES
BB 5 9o, tea tree oilo] 29 S YERA7]
{EIME terpinen-4-ol0] H i+ 30% ©)4 SHFrEo] o
oF gt} By o] 9t} WS y-terpinene®] 10-28%, o-
terpinene®] 5-13% 02 FF3lL Qo] o]& el A
0] tea tree oilol 7HY Bo] FHrEo] Ye AEoE B
o] AHISO, 2004). ©] AEEL Candida albicans,
Escherichia coli, Staphylococcus aureus 52| Al (Carson
& Riley, 1995)3F F3°|d(Hammer et al., 2003; Carson et
al, 2006)°] 3t Aol 9o, AFaI(Ma &
Zhang, 2004; Abbassy et al., 2009; Klauck et al., 2014)°]
M= Birxe] 2

A (Camellia oleifera) A= BH+H 02 47.83%
o] eo] FhrEo] Jlom, fFxht FAtIA FE3 tea
seed oiloll= AAke] o gHrE|o] Stk 2 F oleic acid
(C18:1)= 53.5~76.7%, linoleic acid (C18:2)= 2.0~5.6%

OH

(A) terpinen-4-ol

Fig. 3. Chemical structures of the active ingredients in tea tree oil.

(B) y-terpinene

o Sk AECE BHE 9Jt(Ma et al., 2011; Shao
et al., 2015; Yang et al, 2016a). Oleic acid= A| =] 4
AR 7158 Wellst] BdHS Fole e, AYUE
5 ol7lel thet AxEH7} U=
Ao Z d#A Qch(Paranjape et al., 2014). WEHA tea tree
oil IHL2F terpinen-4-ol, y-terpinene, o-terpinene A7}
A QRS FARoZ MBI L (Fig. 3), tea seed oil T
/902 oleic acid, linoleic acid T AE-E FAE R XA

39 tHFig. 4).

Tea tree oil THE EAS 28t HH YUY

A FEES TR F7IEAA AF T tea tree
0il®] F4<! terpinen-4-ol, y-terpinene, o-terpinenes
243}7] 918 ENVI-Carb SPE cartridge® A 3} th(Fig.
1). 71592 AlF] FANRE e A AHDA
AE A A AABLA}L SPE (solid phase extrac-
tion) AP0l FEEH, AFS EE M &4 A
glo] AR5 #8438 4 9= Envi-carb 2= HLB cartridge
o] f84o](Lee et al., 2013; Lim et al., 2014a; Lim et al.,
2014b; Lim et al.,, 2015; Yang et al., 2016b; Choi et al.,
2016)l14 AFE v Ak A A F71EdAHA < g
Ao e 885 Hlwe A3, EF8dS EE 34
34 cartridgeell U A9 F5E0] 23.4~40.5%, 348}
A ¢k FAS A 26.1~37.8%, 10% tween 2022 2H]

(C) a- terpinene



356 743 - 0IXH - &= - 7! -

H,C

,—// —
—~ — /p
\OH o
e Z
o
(A) Oleic acid (B) Mehtyl oleate (C) Linoleic acid (D) Methyl linoleate
Fig. 4. Chemical structures of the active ingredients in tea seed oil.
Norm,
terpinen-4-ol g
a5 *
Y- terpinene
a- terpinene ’
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Fig. 5. Chromatogram of a-terpinene, y-terpinene, terpinen-4-ol by GC-FID.

slMsted FQek A 55.5~61.1%=2 UERTE wEkA
terpinen-4-ol, y-terpinene, o-terpinene A &S FAo]
A5t7] Y= 10% tween 2022 28] Mg &
cartridgeel F=93h= Aol &2 Zo g IRIHAULY. F
S =7} 1,767 mg/Le] terpinen-4-ol& H| w2 Eof & =
A9, y-terpinene, o-terpinene 5 831 =7t Z+2}F 5.92 mg/
L, 872mgLE =° & =7 9= S4& 7K Aok
(Carson et al., 2006; Bio-pesticides Database (BPDB),
University of Hertfordshire). AHE A= 89 o] &
T4 AR AEE STHIIe 98E s7] wEel
(Rosen, 1989; Lee et al., 2002), 2313 A|&S 34 o
AHREYAE 71l wet 24 Tl F7Hs ZoE B
Sli=

AEYHo R5Y HE

Tea tree 0il®] 42 GC-FID #41& 53 A2vlE
AL Fig. 59 YRR oM, ARAFR)= BT 0.9997
ooz Aol f5dlt FFo 7 FRIE T}, Terpinen-
4-ol, vy-terpinene, o-terpinene®] 7|71 #SHA(ILOQy= =
T 0.5 mg/Lela EAAFEA(MLOQ)E 20 mg/Lo| At
Tea tree oilS 314 2 715 HAA AE2S control
AERE AR oH, tid A g Solide YERA
AAUTH FFEL 20, 200 mg/L F oA Folsk Azt
terpinen-4-ol> ¥ 103.2~105.4%, y-terpinene 75.9~

e

100.5%, o-terpineneS 70.0~82.9% FFOZ BT
BUHEFHA = BT 10% ofstR gRl=o] AAAe] #Hel
APFFEE T 7IEAA T tea tree oil®] T3
terpinen-4-ol, y-terpinene, o-terpinene®] Aol S
18 th(Table 3).

T3 tea seed oil®] F4E9] GC-FID #4& 538 A=
PFEIZS Fig. 6] HERAOH, o] ARFAFR)S &
F0.9997 ooz Aol Jmdt o FH YT
Oleic acid, linoleic acid®] 71714 #3HAI(ILOQ)y= &5 0.1
mg/Lol 3, 414 3 A| (MLOQ)E oleic acid 95.27 mg/
L, linoleic acid 95.21 mg/L ©I%1t}. Oleic acid 2 linoleic
acid 200 mg/L, 500 mg/L 7 oA 35S A1 2
3, oleic acid®] H 3|FE&-2 70.8~89.3%, linoleic acid=
76.4~97.6%C1 02 H, HHEFAE BF 10% o|ot= &
Q=] AAe wWhHel f7lE
linoleic acid 2ol 2 §gHe

AxA = oleic acid
215} THTable 3).

IS & FYE ™

&) He gaste] 2%t A3} Tea tree oil Al
Zo = terpinen-4-ol 12.45~35.29%, y-terpinene
5.74~13.66%, o-terpinene 2.94~6.19%2] 4502 $h= o]
U A FEE 3 F7159AA FelME U A
Foll AT terpinen-4-0l 5.79%, y-terpinene 3.76%, o-terpinene
L11% o2 5ol e ZAo2 YelTh(Table 4).
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Fig. 6. Chromatogram of methyl oleate and methyl linoleate by GC-FID.
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Table 3. Validation parameters to determine active substance of tea tree oil and tea seed oil
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Raw material Compound Linearity (R?) Concentration Recovery £ RSD (%) LOQ (mg/L)
. 20 mg/L 105.4+8.6
terpinen-4-ol 0.9998 20
200 mg/L 103.2+3.8
. . 20 mg/L 100.5+5.8
Tea tree oil v-terpinene 0.9998 20
200 mg/L 759+1.7
. 20 mg/L 82.9+6.6
o-terpinene 0.9997 20
200 mg/L 70.0+2.3
200 mg/L 70.8 = 8.0
Methyl oleate 0.9997 95.27
. 500 mg/L 89.3+4.6
Tea seed oil
. 200 mg/L 76.4+72
Methyl linoleate 0.9999 95.24
500 mg/L 97.6+3.8

Table 4. The amount (%) of active substances in essential oils and commercial organic inputs derived from tea tree oil

Active ingredient content (%)

Product type Sample name - -
v-terpinene terpienen-4-ol Total
L Tea tree oil I 5.74 12.45 21.13
Essential oil .
Tea tree oil 11 13.66 35.29 55.14
Commercial organic inputs Product A 3.76 5.79 10.66

Table 5. The amount (%) of active substances in essential oils and commercial organic inputs derived from by tea seed oil

Active ingredient content (%)

Product type Sample name — - —
oleic acid linoleic acid Total
L Camellia oleifera virgin oil 69.22 8.38 77.60
Essential oil . . .
Camellia oleifera seed oil 53.68 16.50 70.18
Product 1 2.09 1.33 3.42
] o Product 2 1.43 0.56 1.99
Commercial organic inputs Product 3 0.01 0.01 0.02
(Liquid)
Product 4 0.15 0.12 0.26
Product 5 0.03 0.06 0.09
Commercial organic inputs Product 6 0.09 0.04 0.13
(Solid) Product 7 0.02 0.01 0.03
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Tea seed oil oA 2 250l oleic acid 53.68~69.22%,
linoleic acid 8.38~16.50% 22 5o} gom, 2}
U FE25 3 f71592A AF T A3 2% 7719
AFAA oleic acid 0.01~2.09%, linoleic acid 0.01~1.33%
FFo 2 FHrEo] e Ao Z YERITHTable 5). 22
o 2d9o Ao Y5 5 E ApiA Ao we} 5}
b 24 9 sheo] gkl 4 J O (Yang et al., 2016a;
Yang et al., 2008), 5715 A2 Alz2FA ] 2ol 7HA] 1
S A T TAEY IS dEHOE AT ofF
& Aol Aok 2 Y 2AHY

AFA AHEE 950 SR 9 e g AFe g

= A
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