SCIENCE & TECHNOLOGY DEVELOPMENT, Vol 19, No.K6- 2016

Chemical composition analysis and
antibacterial-antiinflammatoryactivity tests
of tamanu seed oil extracted by
supercritcial fluid technology

¢ Nguyen Huu Hieu
e Tran Thi Minh Thuy

Ho Chi Minh city University of Technology, VNU-HCM.

(Manuscript Received on July 08", 2016, Manuscript Revised September 03", 2016)

ABSTRACT

The natural product of tamanu oil is
valuable in medicine and cosmetic. In this study,
the tamanu oil was extracted by supercritical
CO2 (sCO2) and Soxhlet (using hexane solvent)
methods. The fatty acids and coumarins
compound of the obtained tamanu oil were
analyzed by gas chromatography-mass
spectrometry (GC-MS). The antibacterial and
anti-inflammatory  activities  were  also
investigated by the diffusion method and
performed on the white mice ears (Swiss
albino). Content of fatty acid in tamanu oil
extracted using sCO, (72.62 %) was higher than
that using Soxhlet method. The compound of
coumaron (2H-1-bezopyran-2-one, CgHgO,) was
identified belonging the simple coumarin group
and its content in the tamanu oil extracted using

sCO, was the highest (169.69 pg/g), 1.79 and
2.04 times as much as that using Soxhlet method
and the commercial oil, respectively. Besides,
the results of investigation of the antibacterial
activity suggested that the tamanu oil extracted
using sCO, was able to against some of strains
namely: Staphylococcus aureus (S. aureus)
ATCC 25923, S. aureus ATCC 29213,
methycilin-resistant S. aureus (MRSA) ATCC
43300, and Pseudomonas aeruginosa (P.
aeruginosa) ATCC 277853.
In term of the anti-inflammatory activity, the
tamanu oil extracted using sCO, was anti-
inflammatory  effectively  with  reducing
flammatory: 2141 - 25.39 % as for the
thickness of mice ears and 33.88 — 39.40 % as
for the weight of mice ears.
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1. INTRODUCTION

Tamanu with scientific name of
Calophyllum inophyllum L is widely dispersed
throughout the tropics including: Thailand,
Myanmar, Malaysia, South India, Sri Lanka,
Melanesia, and Polynesia.... In Vietnam,
tamanu is mainly planted in coastal areas of Hai
Phong, Ba Ria-Vung Tau, and Mekong Delta
[1,2].

The oil is tinted green, thick, and woodsy
or nutty smelling and is easily absorbed into the
skin [3]. Tamanu oil is mainly extracted from
seeds containing roughly 50.3-73% of tamanu
oil. The extracted tamanu oil has high amount of
many actives like: calophyllic acid and lactone
with the antibacterial, anti-inflammatory
activities, and promote healing the scars. This
was discovered by the French researcher-
professor of Lederer [4].

All species of tamanu tree have various
pharmacological uses. The tamanu oil has been
used in medicine, cosmetic, energy, and some
other industries [5,6]. The tamanu oil provides
plenty of valuable compounds namely: fatty
acid, coumarin, calophyllolid, and calophyllic
acid.

Omega is a mixture of essential fatty acids,
it is one of the most important compositions in
tamanu oil helping to treat various skin injuries,
cell regeneration. Therefore, it plays an
important role in cosmetic, omega usually
includes 3 main categories [7,8]:

+ Omega 3: a-linolenic, eicosapentaenoic
acid and docosahexaenoic acid; are necessary
for skin texture, reduce the dehydration of skin
so that the skin could become softer.

+ Omega 6: linoleic acid, y -linolenic acid

and arachidonic acid; have anti-inflammatory
and analgesic properties, heal the injuries and
treat the skin diseases.

+ Omega 9: oleic acid, eicosenoic acid, and
erucic; help to reduce the cholesterol content,
sugar steady and prevent the cardiovascular
deseases.

Coumarins are classified as a member of
the benzopyrone family. All of which consist of
a benzene ring joined to a pyrone ring. The
benzopyrones can be subdivided into the 5,6-
benzo-alpha-pyrone to which the coumarins
belong and the  benzo-gamma-pyrone.
Courmarins were isolated in 1820 and identified
the structure. There are four main coumarin sub-
types: the simple coumarins, furanocoumarins,
pyranocoumarins, and the pyrone-substituted
coumarin. The coumarins are great important
due to their biological properties such as: the
antibacterial, anti-inflammatory, anti-fungal,
antioxidant  properties that make these
compounds more attractive [9].

In addition, the tamanu oil was used as
massage oil and a skin moisturizer, tamanu oil
has been traditionally used for treating various
skin injuries such as scrapes, burns, insect bites,
sunburn, and diseases such as dry skin,
psoriasis, eczema, ringworm, and even diaper
rash. Besides, the results of some studies have
even shown that Calophyllum inophyllums
extracted from tamanu oil, could inhibit HIV
reverse transcriptase in a novel way, which
indicates that some day they may be used as part
of a combination therapy for AIDS [10].
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Mechanical pressing is the traditional and
popular method for extraction of tamanu oil.
Accordingly, tamanu seeds were dried to a
certain humidity before being entered the
presses. Although, this method is simple and
convenient, the crude tamanu oil is not pure and
content of oil is not high. Besides, tamanu oil is
also separated by Soxhlet method using organic
solvents. The crushed tamanu seeds were
extracted with various solvents: ethanol, n-
hexane, petroleum ether,... However, this
method is toxic, consume a large amount of
solvents, last for a long time and have the
impurities of solvent in product [11]. On the
other hand, the extraction using supercritical
CO, (sCO,) has been attractive the attention of
many researchers as for the separation of
essential oil and flavonoids from natural
materials. CO, is generally the most desirable
solvent for supercritical fluid extraction. The
critical temperature of CO, is only 304 K, which
makes it attractive for the extraction of heat
sensitive compounds. In addition, it is an inert,
non-flammable, non-explosive, inexpensive,
odorless, colorless, and clean solvent those leave
no solvent residue in the product, it is also non-
toxic and is generally accepted as a harmless
[12].

The supercritical CO, solvent has been
utilized to extract essential oils from different
plants as: red pepper, cinnamon, Melaleuca,
Momordica cochinchinensis.... which were
reported in the previous literatures [10-12]. In
this study, the tamanu oil was extracted from
seeds using supercritical CO, and the obtained
oil was analyzed by gas chromatography—mass
spectrometry (GC-MS) to determine the content
and composition of oil. The properties of
tamanu oil extracted using supercritical CO,

were also compared with the commercial oil and
the oil extracted using Soxhlet method. Finally,
the antibacterial property was investigated using
the diffusion method on agar plate and
investigation  of  anti-inflammatory  was
performed on ear skin of white mice.

2. EXPERIMENTAL
2.1. Materials

Tamanu seeds and commercial tamanu oil
were provided by production facility at 25/21
Hau Giang, Ward 4, Tan Binh District, HCM
city with resources collected from the Mekong
Delta.

Chemicals: ICL, Na,S,0; KI, n-hexane,
coumarin, acetic acid, chloroform, and starch
indicator were purchased from Merck,
Germany.

2.2. Extraction of tamanu oil
2.2.1 Using solvent of n-hexane

The tamanu seeds were dried at 40°C and
crushed to certain particle size about 1-2 mm.
These crushed tamanu seeds were placed in the
thimble of Soxhlet extractor and the extraction
was carried out for 6 hours at 20°C. The
obtained product was concentrated using rotary
evaporator (Buchi R-215) at 37°C.

2.2.2 Using supercritical CO,

Table 1. Operating parameters of experiment

Pressure Flow .
Temperature Time
(bar) °C) rate (min)
(g/min)
280 40 18 180

The crushed tamanu seeds, average particle
size of 1-2 mm, were charged into a 100 mL
extraction vessel (20 cm in height). Then liquid
CO, was pumped into the extractor at a flow rate
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of 18 gCO,/min and the parameters were
established at Table I [13].

2.3. Composition analysis of tamnanu oil

The fatty acid composition of the tamanu
seed oil was analyzed by GC-MS Agilent
technology DB5-MS system coupled with a
flame ionization detector (FID) with a capillary
column (HP-INNOWax, 30m x 0.25um x 0.25
mm).

2.4. Investigation of antibacterial and anti-
inflammatory activities of tamnanu oil

Investigation of antibacterial activity of
tamanu oil using the agar diffusion method [14-
16] were carried out by Pasteur Institute of
HCM City, Vietnam, and Microbiology
Department of Pharmaceutical Technology,

Faculty of Pharmacy, University of Medicine
and Pharmacy.

The anti-inflammatory activity was tested
on mice ears-Swiss albino by Microbiology
Department of Pharmaceutical Technology,
Faculty of Pharmacy, University of Medicine
and Pharmacy, HCMC.

3.RESULTS AND DISCUSSION
3.1. The composition of fatty acid

From Table II, there are total 18 fatty acids
including: 9 saturated fatty acids (caprylic,
capric, lauric, muyristic, palmitic, stearic,
arachidic, behenic, and lignoceric) and 9
unsaturated fatty acids (OA, LA, ALA, GLA,
eicosenoic, ARA, EPA, erucic DHA) which
were identified in tamanu oil.

Table 2. The fatty composition in tamanu oil

Name Content of fatty acid (%6)
Extraction method
Soxhlet | sCO, | Cold press
1) ) 3 4)
Saturated  fatty | Caprylic acid C8:0 - - -
acid Capric acid C10:0 - - -
Lauric acid C12:0 - - -
Myristic acid C14:0 0.02 0.02 0.02
Palmitic acid C16:0 13.09 13.49 12.89
Stearic acid C18:0 13.25 12.42 14.03
Arachidic acid C20:0 0.02 0.77 0.8
Behenic acid C21:0 12.97 0.25 0.27
Lignoceric acid C24.0 13.41 0.06 0.07
Unsaturated fatty | Oleic acid (OA) C18:1 37.66 38.66 38.86
acid Linoleic acid (LA) | C18:2 3383 | 3332 | 3182
a-linolenic (ALA) Cc18:3 0.29 0.29 0.27
y-linolenic (GLA) C18:3 - - -
Eicosenoic C20:1 - 0.29 0.21
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Arachidonic (ARA) C20:4 - 0.03 0.03
Eicosapentaenoic C20:5 - - 0.05
(EPA)
erucic C22:1 - 0.03 0.08
Docosahexaenoic C22:6 - - 0.05
(DHA)
Omega Omega 3 (ALA + EPA + DHA) 0.29 0.29 0.37
Omega 6 (LA + GLA + ARA) 33.23 33.35 31.85
Omega 9 (OA + C20:1 + C22:1) 37.66 38.98 39.16
Total 71.18 72.62 71.38

According to these results, the tamanu oil
extracted using supercritical CO, has the total
content of omega (3, 6, and 9) of 72.62%, being
higher than that of tamanu oil extracted by
Soxhlet (71.18%) and the commercial oil
(71.38%). It was explained that the fatty acids
were able to dissolve and easily diffused into the
supercritical CO, fluid. Therefore, using
supercritical CO, fluid technology is one of the
advance method for extraction of natural
products.

3.2. ldentification and quantification of
coumarin

The compound of 2H-1-bezopyran-2-one
(coumaron, CgHgO,) belong to the simple
coumarin group and its chemical structure was
represented at Figure 1.

The chemical structure of coumaron

(5]

Figure 1.

Table 3. The quantification of courmarin in

tamanu oil
Oil Mm |Volume Results
(areas)

samples| (g) (ml) (Mg/9)
sCO, |2.5265| 50 |1428694251| 169.68
Soxhlet | 2.6854| 50 |1255148434| 95.01
Comerci

| 3.1685| 50 |1263521548| 83.17
-a

From Table 3, the amount of coumarin in
tamanu oil extracted by supercritical CO, was
higest (169.68 ug/g), being 1.79 and 2.04 times
as much as that of tamanu oil extracted by
Soxhlet and commercial oil, respectively. This
suggested that the supercritical CO, fluid
technology could be utilized to extract the
precious compounds more effective in
comparison with the other traditional methods.

3.3. Antibacterial activity

Table 4 indicated that the extracted oil
against S. aureus ATCC 25923, P. aeruginosa
ATCC 277853 at the concentration of 10°% 107,
and 10%; when diluting further to concentration
of 1073, the oil just has the inhibition for P.
aeruginosa ATCC 277853. As for C. albicans
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ATCC 10231 do not have the zone of inhibition
for all values of concentration.
Table 4. Results of investigation of

antibacterial activity of tamanu oil extracted by
sCO2

. Diluted concentration
Strains 5 o~ > .
10 10 10 10
S. aureus
ATCC D=125D=12 D=11D=6
25923
P.
aeruginosa D =
=18 D=17D=12
ATCC 17.5
277853
C. albicans
ATCC D=6 D=6 D=6 D=6
10231

where D: diameter of zone of inhibition (mm);
Diameter of antibiotic disk = 6 mm; 10% the
initial concentration.

Table 5. Results of investigation of
antibacterial activity of tamanu oil extracted by
Soxhlet method

. Diluted concentration
Strains . . > —
10 10 10 10
S. aureus
D =|D =
ATCC D=15 | D=13
115 |95
25923
P.
aeruginosa D =D =|D =
D=18
ATCC 17.5 155 | 135
277853
C.
albicans D =|D =
D=6 D=6
ATCC 6 6
10231

The oil that separated by Soxhlet method
appeared the inhibition on S. aureus ATCC

25923, P. aeruginosa ATCC 277853 and did not
against C. albicans ATCC 10231.

Table 6. Results of investigation of
antibacterial activity of commercial oil

. Diluted concentration
Strains . o~ > =
10 10 10 10
S. aureus
ATCC D=11 |D=11D=9|D=6
25923
P.
aeruginosa
D=6 D=6 |D=6|D=6

ATCC
277853
C. albicans
ATCC D=6 D=6 |D=6|D=6
10231

The Table 6 shows that the commercial oil
just against S. aureus ATCC 25923 at high
concentration and was inactive as for the others.

Table 7. Results of investigation of
antibacterial activity of oil at low concentration

10-4
Qil P. S.

. MRSA
samples aeruginosa | aureus
sCO, - 9 7
Soxhlet - 7 7
Commercial - 9 7
Control - - -

Antibacterial activities of oil samples
extracted by supercritical CO,, mechanical
pressing, and Soxhlet at low concentrations are
presented in Table 7. Results show that the zone
of inhibition on S. aureus ATCC 29213, MRSA
ATCC 43300 at concentrations of 107 P.
aeruginosa ATCC strains 277853 did not appear
the inhibition.
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3.4. The anti-inflammatory activity on mice
ears

Tables 8 and 9 indicated that the tamanu oil
was extracted by supercritical CO, is anti-
inflammatory effectively (reducing flammatory:
21.41 % as for the thickness of mice ears and
33.88 % as for the weight of mice ears).

Table 8. Weight and thickness of mice ears

Table 9. Reducing anti-inflammatory (%) on

mice ears
Reducing the flammatory, %
Group - -

Thickness Weight
Compare 63.93 £ 6.56 73.20 £ 7.02
sCO, 21.41 +8.66 33.88 £14.92
Soxhlet -7.90 + 2.61 13.48 £5.85
Comercial-
ol 28.27 £3.01 30.37£4.79

.| Thickness | Weight
Group |Intervention
(nm) (mg)
Just using | 20.40 + 20.64 £
Solvent
actone 0.16 0.50
Using 27.56 + 38.10 +
Desease .
croton oil 0,69 1.81
Compari | Clobetason | 23.00 + 25.18 +
~son , croton oil 0.42 0.98
The The
tamanu tamanu oil
oil extracted 25.80 + 31.06 +
extracted | using 0.51 1.33
using sCO,,
sCO, croton oil
The The
tamanu tamanu oil
oil extracted 28.45 + 34.24
extracted | using 0.34 1.08
using Soxhlet,
Soxhlet croton oil
Commerci
Commer al ol 25.60 + 33.95+
cial oil o 0.22 1.39
croton oil

4. CONCLUSIONS

In this study, the application of
supercritical fluid technology for the extraction
of tamanu oil from seeds and the chemical
composition analysis of the oil were carried out
successfully. Simultaneously, the antibacterial
and anti-inflammatory activities of tamanu oil
extracted by sCO, were also compared with
those of by Soxhlet method and commercial oil.
Accordingly, using the sCO, could obtain the
higher amount of omega (3, 6, 9) and coumarin
than those of the others. In term of the
antibacterial activity, the tamanu oil has ability
to against some kind of strains as: S. aureus
ATCC 25923, S. aureus ATCC 29213, MRSA
ATCC 43300, and P. aeruginosa ATCC
277853. Besides, the investigation of anti-
inflammatory was also conducted on the mice
ears. As the result, all of the tests demonstrated
that the product oil extracted by sCO, was the
most biological effect in comparison with the
other methods. In conclusion, the supercritical
fluid technology is the advance method that
could be applied to enhance the vyield of
extraction of tamanu oil and contribute to the
development of pharmaceutical, medical, and
cosmetic industries of Vietnam.
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Phan tich thanh phan va tha nghiém hoat
tinh khang khuan-khang viém cua dau hat
mu u duoc trich ly bang k§ thuat luu chat

. n -
Siéu tal han

e Nguyén Hiru Hiéu

e Tran Thi Minh Thuay

Truong Pai hoc Bach Khoa, PHQG-HCM

TOM TAT

Dau mii u dwoc sir dung nhiéu trong y hoc
nhu la mét duoc liéu. Trong nghién cuu nay,
ddu mi u dwoc trich ly tie hat bang ky thudt lieu
chdt CO, siéu téi han (SCO,) va phuwong phdp
Soxhlet vgi dung mdi n-hexan. Phuong phdp
phép phan tich sdc ky khi ghép khéi pho (GC-
MS) dweoc sie dung dé xdac dinh thanh phan axit
béo va hop chdt coumarin trong cac san pham
dau trich dwoe. Pong thoi, hogt tinh khang
khudn va khang viém cia dau duwroc khao sat ther
nghiém bang phirong phdp khuéch tan dau trong
thach va trén chugt nhdt trdng-ching Swiss
albino. Két qud phan tich cho thdy thanh phan
axit béo (hon hop ba logi omega: 3, 6 va 9)
trong dau mu u trich ly bang sCO, la cao nhat
(72,62%) so véi dau trich bang Soxhlet. Pong
thoi, da dinh danh dwoc chdt c6 tén 1a

coumaron (2H-1-bezopyran-2-one, C9H602)
thuge nhom coumarin don gian va ham luwong
chat nay trong dau trich bang sCO, l1a cao nhat
(169,69 pg/g) gap 1,79 lan dau trich bang
Soxhlet va gap 2,04 lan dau thj truong. Bén
canh d6, két qua thir nghiém hogt tinh khang
khudn cho thdy dau trich bang sCO, c6 kha
nang khdang khudan véi bon chung phé bién:
Staphylococcus aureus (S. aureus) ATCC
25923, S. aureus ATCC 29213, S. aureus dé
khang methycilin (MRSA) ATCC 43300 va
Pseudomonas aeruginosa (P. aeruginosa)
ATCC 277853. Két qua khdo sat hogt tinh khang
viém cua dau trich bang sCO, manh hon so véi
dau trich bang Soxhlet ¢ mire dé giam viém tir
21,41 — 25,39 % theo d¢ day tai chugt va 33,88
— 39,40 % theo khai liong.

Tir khéa: Dau ma u, coumarin, khang khudn, khang viém, trich ly, CO, siéu téi han.
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