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Abstract: The oil yield, fatty acid composition and the physicochemical and quality characteristics of Tamarindus indica
Linn seed oils obtained by solvent extraction were determined. Effect of various solvent and solvent combinations on the
extraction of 7. indica seed oil showed that ethanol as an alternative solvent to have better yield with 8%. Optimized
process conditions were solid to ethanol ratio of 1:6w/v, under reflux for 6h and agitation speed 100rpm. Extracted oil
analyzed by Gas Chromatography-Mass spectroscopy. 7. indica oil was tested for its physical and chemical properties
including percentage of fatty acid, kinematic viscosity, saponification value, unsaponifiable matter. The stability of 7
indica oil during storage at room temperature and during heat treatment was studied. Result of the present research
indicates that ethanol can be a better alternative to other solvents. Also indicate that the 7. indica seed oil can be used as a

potential alternative to nutritional food.
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1. Introduction

Tamarindus indica Linn belongs to the dicotyledonous
family Leguminosae which is the third largest family of

flowering plants with a total of 727 genera recognized [1-3].

T indica Linn is a tree type plant, which is indigenous to
tropical Africa, North and South America, Florida, Brazil,
and is also cultivated in subtropical China, Pakistan,
Indochina, Philippines, Java and Spain [4, 5]. The major
production areas are in the Asian countries India and
Thailand [6].

It is a multipurpose tree of which almost every part finds
at least some use [7]. T indica fruit pulp, a dessert fruit, is
often eaten directly from the pod [3, 8]. T indica seed, a by
product of the tamarind pulp industry, is an under utilized
or waste material [9]. T indica seed size is very variable
[10, 11]. T indica seed contain a crude lipid 6.94-11.43%
[12]. A large quantity of oil and fats, whether for human
consumption or for industrial purposes are presently
derived from plant sources [13]. Plant seeds are important
sources of oils of nutritional, industrial and pharmaceutical
significance [13].

There are three major steps in solvent extraction i.e., oil
seed preparation, oil seed extraction and desolventizing of
the oil and meal [14]. The quality characteristics of crude
oil obtained by solvent extraction methods are primarily
dependent on extraction solvents, extraction temperature,
and pretreatment of oil seeds [15].

In this study, the effect of conditioning on the yield of
ethanol extracted oil was investigated. The effects of
parameter process such as solid to solvent ratio, reaction
time, temperature and agitation speed were studied.
Physical and chemical properties of the ethanol extracted
oil were also characterized.

2. Material and Methods
2.1. Plant Material

T. indica seeds were collected freshly from Aurangabad
district in the month of May-June, 2013. The material was
authenticated by department of Botany, Dr. Babasaheb
Amebedkar Marathawada Univesrsity, Aurangabad (MS)
India.
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2.2. Chemical and Reagent

All chemicals used in the experiments, such as potassium
hydroxide, iodine, methanol, chloroform, n-hexane,
petroleum ether, iso-propanol, ethanol and phenolphthalein
indicator were of analytical reagent (AR) grade obtained
from S.D. Fine-chem limited, India.

2.3. Preparation of Powder from T. Indica Seeds

Fresh seeds of T indica were dried in an incubator for 2
days at 40 °C, crushed in an electrical grinder to have
powdered. These T indica powder was used for all
experiments.

2.4. Optimization of Oil Extraction from T. Indica Seeds

The effect of five main factors which are type of solvent,
temperature, solvent to solid ratio, agitation speed and
reaction time were investigated to optimize the extraction
operating conditions for achieving maximum oil yield.
100g of grinded powder was extracted with polar and non
polar solvents namely n-hexane, petroleum ether,
chloroform, methanol, chloroform: methanol (2:1v/v) [16],
iso-propanol and ethanol. The extraction temperature was
reflux of the solvent while the reaction time 6h, agitation
speed 100rpm and the solid to solvent ratio 1:6w/v. At the
end of the extraction, the micelle was filtered using a
vacuum filtration (Millipore glass base and funnel) to
remove suspended solids. Subsequently, the solvent was
separated from the oil using rotary vacuum evaporator and
collected in the receiving flask. The oil which was
remained in the sample flask, weighed after the process
completed. The percentage of extracted oil was calculated.
All experiments were repeated at least twice.

2.5. Gas Chromatography- Mass Spectrometry (Gc-Ms)

The fatty acid analysis was performed on JEOL JMS
600H Agilest 68g ON, equipped with 30m>0.32 mmHP-5
column, stationary phase coating 0.50pm. The column
temperature was kept at 250 °C for 2min, with increase at
5 °C per min up to injector temperature 250 °C, split ratio
1:35, the carrier gas (Helium) flow rate 1.8ml/min. The
compounds were identified by the Gc-Ms intensity of
retention time (RT) and by comparison with those present
in the National Institute for Standard Technology Computer
Data Bank library of 2010. The results were expressed as
the relative percentage of each individual fatty acid (FA)
present in each sample given by the corresponding RT.

3. Results and Discussions

3.1. Effect of Polar and Non Polar Solvents on T. Indica
Seed Oil Yield

Various polar and non-polar solvents were tested for their
efficiency to extract oil from 7. indica seeds. The oil
extraction capabilities of chloroform: methanol (2:1v/v),

methanol, chloroform, n-hexane, iso-propanol, ethanol and
petroleum ether shown in Fig. 1. The extraction yield with
ethanol was found to be about 8%, more than that of
chloroform: methanol (2:1v/v), oil yield with hexane was
also 8%, chloroform, petroleum ether, iso-propanol and
methanol (7%, 5%, 4%, 3% and 2%, respectively). Under
similar conditions, solid to solvent ratio (1:6w/v), time (6h),
temperature reflux and agitation speed (100rpm). This
could be attributed to a general understanding that more
percentage of non-polar lipids in comparison to polar lipids
(glycol and phospo) in plant seeds [17, 18], since seeds
contain both polar and non-polar lipids combination of
polar and non-polar solvents were studied. Ethanol has a
worthy candidate to investigate as an alternative solvent,
since it has low cost and it may be produced from a large
variety of biological materials using simple technology [19].
Other studies shown that drying methods have significant
effects on oil extraction efficiency, physical properties and
chemical compositions of aromatic plants [20, 21]. Several
studies have been carried out, both at laboratory and pilot
scales, aimed to replace hexane with other hydrocarbons
[22, 23], or alcohols [24], as solvents for oil extraction.
Among hydrocarbon solvents, heptane and iso-hexane were
recommended as potential substitutes for hexane to extract
oil from cotton seeds [22, 23]. With respect to the use of
alcohol, iso-propanol and ethanol were the most promising
solvents for the oil extraction from cotton seeds [25].
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Figure 1. Effect of different solvent on the extraction of oil with 1:6w/v
ratio of Tamarindus indica seed powder to solvent.

4. Optimization of Qil Extraction
4.1. Effect of Solid to Solvent Ratio on Oil Yield

The ratio of solid to solvent is important parameter for
oil extraction process. In the present study experiments
were conducted with solid to solvent ratios of 1:2, 1:4, 1:6
and 1:8w/v. Reaction temperature was constant at 80 °C
(reflux), reaction time 6h with agitation speed 100rpm Fig.
2, shows that oil extraction increases with increase in solid
to solvent ratio from 1:2, 1:4, 1:6 and 1:8w/v. In case of
ethanol the maximum extraction were found to be 4, 6, 8
and 8%, respectively. Based on the results, the solid to
solvent ratio of 1:6w/v would be sufficient to extract the
maximum Yyield of oil. Thus, 7. indica powder to ethanol
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ratio of 1:6w/v was selected as being the optimum. Similar
results have been obtained in related research works [26-
29].
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Figure 2. Effect of solid to solvent ratio on oil extraction yield. Reaction

conditions: agitation speed 100rpm. Reflux temperature, reaction time 6h
and various solid to solvent ratio.

4.2. Effect of Reaction Temperature on Oil Yield

The experiments were conducted with varying
temperature, constant solid to solvent ratio for 6h and
agitation speed 100rpm. The effect of extraction
temperature on the amount of extracted oil shown in Fig. 3.
When using ethanol as the solvent, the amount of extracted
oil increased around 3% by increasing the extraction
temperature from 70-80 °C. Extraction at boiling point
(around 80 °C) gives about 8% of oil, 3% higher than at
70 °C. However extraction at 90 °C temperature gives 6%
of oil yield. For the effect of the temperature it was
observed that oil yield increases to 3% at reflux (80 °C).
These results were in accordance with those reported by
Tchiegang et al. [30] having explained that the reduction of
the oil yield would be at high temperature. An increase of
temperature reduces the oil kinematic viscosity with an
increasing mobility of biopolymers in cellular walls. Based
on these findings reflux temperature (around 80 °C) was
taken as optimum temperature for better yield.
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Figure 3. Effect of temperature on oil extraction yield. Reaction
conditions: 1:6w/v solid to solvent ratio, 100rpm agitation speed, reaction
time 6h and various reaction temperatures in °C.

4.3. Effect of Reaction Time on Qil Yield

The extraction time is important parameter for oil
extraction. Extraction of oil from 7 indica seeds at
different reaction times i.e. 2, 4, 6 and 8h were carried out.
T indica seed powder to ethanol ratio was constant as
1:6w/v; reaction temperature reflux (around 80 °C), with

agitation speed 100rpm Fig. 4, shows the total amount of
oil extracted from T indica seeds at different reaction times.
The amount of extracted oil by ethanol did not change after
6h. Maximum extracted oil yield was achieved after 6h
with 8%. It was observed that the oil yield increased with
increased reaction time. In case of reaction for 6h oil yield
increased by 5% compared to 4h reaction sample. And in
reaction time 8h oil yield same as 6h reaction sample.
Hence, 6h was chosen as optimum time for 7. indica seed
oil yield.
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Figure 4. Effect of reaction time on oil extraction yield. Reaction
conditions: 1:6w/v solid to solvent ratio, agitation speed 100rpm and
various reaction times.

4.4. Effect of Agitation Speed on Oil Yield

The agitation speed is another important parameter for
oil extraction process. Effect of different agitation speed
(rpm) i.e. 50, 100 and 150rpm were carried out, keeping all
other same conditions, 7. indica seed powder to ethanol
ratio was constant as 1:6w/v, reaction temperature reflux
(around 80 °C), reaction time 6h Fig. 5. It was found that
the percentage extraction increased with agitation speed 50
to100rpm. However, no further increase in percentage of oil
extraction was observed at 100rpm. The extraction of oil
yield was 6% at 50rpm, 8% at 100rpm and 8% at 150rpm.
It may be stated that 100rpm was found to be sufficient
enough to overcome the mass transfer limitation. Thus, the
optimum speed of agitation for oil extraction was found to
be 100rpm.
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Figure 5. Effect of agitation speed on oil extraction yield. Reaction
conditions: 1:6w/v solid to solvent ratio, Reflux temperature, reaction time
6h and various agitation speed (rpm).

4.5. Free Fatty Acid Analysis of T. Indica Seed OilS

The FA analyses of the T. indica seed oils are presented
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in the chromatograms on Fig. 6. The fatty acid composition
data presented in Table 1.The free fatty acid composition of
T indica oil was consist mainly of myristic acid (C14:1)
was the major fatty acid of the 7. indica seed oil followed
by linoleic acid (C18:2), stearic acid (C18:0), luric acid
(C12:0), octanoic acid C8:0), oleic acid (C18:1), lignoceric
acid (C24:0), palmitic acid (C16:0), arachidic acid (C20:0)
and behenic acid (C22:0). The detected levels of anti-
nutritional fatty acid, behenic acid in T indica (0.03%) is in
agreement with earlier reports in the same species [31].
Linoleic and linolenic acids are the most important
essential fatty acids required for growth, physiological
functions and maintenance. The values of some of the fatty
acids in T, indica were found to be different from that
earlier reported by [32]. This could be due to the variation
in environmental conditions in which the plants were
grown. The levels of fatty acids were known to vary largely
with season and geographical location [33, 34]. The

variation in the fatty acid composition could be due to the
fact that the plant seeds are from different ecological origin.
The variation in the composition and oil yield observed in
this study could be related to several factors for example
changes in temperature, extraction and environmental effect
[35]. The composition of the fatty acids (FA) in the plant
fruit seed oils studied showed presence of various
components which may be of nutritive value since they
contain appreciable quantity of essential FA (EFA) that play
important role in human life. Hence, must be obtained from
diet [36]. The EFA are long-chain polyunsaturated FA (PFA)
derived from linolenic, linoleic and oleic acids [37]. The
omega-3 FA is derived from linolenic acid, omega-6 from
linoleic acid and omega-9 from oleic acid [38]. There were
many papers focusing the analysis of fatty acid in plant
seeds such as flaxseed (Linum usitatissimum L.) [39].
Grape seed oil [40]. Thai durian aril (Durio zibetbinus
Murr.) [41], Australian purlane (Portulaca oleracea).

Figure 6. Gas Chromatography-Mass spectrometry (GC-MS) analysis of Tarmindus indica seed oil.

Table 1. Fatty acid composition (%) of Tindica seed oil

Fatty acid Determined values (%)
Oleic acid (C18:1) 0.19
Linoleic acid (C18:2) 0.41
Myristic acid (C14:1) 1
Luric acid (C12:0) 0.32
Octanoic acid (C8:0) 0.3
Palmitic acid (C16:0) 0.13
Stearic acid (C18:0) 0.4
Lignoceric acid (C24:0) 0.14
Arachidic acid (C20:0) 0.06
Behenic acid (C22:0) 0.02

4.6. Physical and Chemical Properties of T. Indica Seed
0il

Table 2, present the results of the physicochemical
analysis of the oil of 7. indica was greenish in colour. The
free fatty acid content was 2.92+0.30% in 7. indica seed oil.
The iodine value was found as 95+0.40g iodine/100g. High
iodine values for vegetable oil may be due to the high
content of unsaturated fatty acids in these oils, as observed
by Abdullah and Salimon, [42].186.104+0.30 mgKOH/g had
the highest saponification value of 7. indica oil. The
saponification value indicates the average molecular weight
of triglycerides in the oil. The mean value obtained in this
study was similar to sunflower and corn oils. 7. indica oil
contains 1.22% of unsaponifiable matter. The minor
substances of the oil contained in unsaponifiable matter
have anti-oxidant and other health benefits in animals,
human subjects and useful in softening the skin. Terminalia
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catapa seed oil injection has been used in clinical trials for
the treatment of rectal prolapse in children [43]. The
peroxide value was 4.61+0.30 mgO2/g oil in T. indica. The
oil was liquid at room temperature (25 °C). Kinematic
viscosity at 40 °C was 38.00+£0.10mm?2/sec; specific gravity
at 25 °C was 0.911+0.30g/cm3.

Table 2. Physical and chemical properties of ethanol extracted oil from T.
indica seeds

Properties Unit Results
Colour Greenish
Free fatty acid % 2.92+0.30
Kinematic viscosity (40 °C) mm2/sec 38.00+0.10
Specific gravity (25 °C) g/cm3 0.911+0.40
Acid value mgKOH/g 0.5+0.02
Iodine value gl/100g 95.00+0.40
Flash point °C 110
Cloud point °C 2
Pour point °C -4
Saponification value mgKOH/g 186.10+0.30
Unsaponifiable matter % 1.22+0.20
Peroxide value mg02/g 4.61+0.30
State at room temp. Liquid

5. Conclusion

The present study deals with extraction of oil by use of
solvent extraction. Four main operating parameters
affecting the solid liquid extraction of 7. indica seeds were
optimized based on the maximum oil yield. The optimum
conditions for the lab scale solid liquid extraction was
obtained at temperature reflux (around 80 °C), extraction
time 6h, solid to solvent ratio of 1:6w/v, agitation speed
100rpm and ethanol as a solvent. Ethanol gives better oil
yield compared to hexane, chloroform, methanol, iso-
propanol and petroleum ether. Based on the observations
made above, it can be concluded that ethanol, a green and
safe solvent can be a better alternative to other solvents.
The physicochemical properties of the oils were also
analyzed. The T indica seeds contain crude oil and fatty
acids, i.e. 8% and 2.92% respectively. Research results
indicate that the 7. indica seed oil can be used as a potential
alternative to nutritional food. Further research to evaluate
effects of 7. indica treatments on the biological activities
and anti-oxidant principles of extracted oil is recommended
to explore their potential uses for pharmaceutical
applications.

References

[11 G Lewis, B. Schrire, B. Mackinde, and M. Lock, “Legumes
of the World. Royal Botnaical Gardens, Kew. L. Liu, P.
Howe, Y.E. Zhou, Z.Q. Xu, C. Hocart, and R. Zhang, 2000.
Fatty acids and b-carotene in Australian purslane(Portulaca

(2]

[5]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

oleracea) varieties,” J. Chromatogr 2005, 893: 207-213.

F. Martinello, S.M. Soares, J.J. Franco, A.C. Santos, A.
Sugohara, S.B. Garcia, C. Curti, and S.A. Uyemura,
“Hypolipemic and antioxidant activities from Tamarindus
indica L. pulp fruit extract in hypercholesterolemic
hamsters,” Food. Chem. Toxicol 2006, 44: 810-818.

S.K. Khanzada, W. Shaikh, S. Sofia, T.G. Kazi, K.
Usmanghani, A. Kabir, and T.H. Sheerazi, “Chemical
constituents of Tamarindus indica L. Medicinal plant in
Sindii,” Pak. J. Bot 2008, 40: 2553-2559.

A. Alkofahi, A.H. Atta, “Pharmacological screening of the
anti-ulcerogenic effects of some Jordanian medicinal plants
in rats,” J. Ethnopharmacol 1999, 67: 341-348.

D.L.Valle, “Peptic ulcer disease and related disorders,” In
W.C.Brawn, A.S.Fauci, D.L. Kasper, S.L.Hauser,
D.L.Longo, J.L.Jameson, editors. Harrison's principles of
internal Medicine 16 th ed. New York: McGraw Hill 2005,
17: 46-62.

K. El-Siddig, H.PM. Gunasena, B.A. Prasa, D.XK.
Pushpakumara, K.V.R. Ramana, P. Vijayanand, and J.T.
Williams, “Tamarindus indica L. fruits for the future.
Southampton centre for underutilized crops,” Southampton,
UK, 2006.

C.S. Kumar, S. Bhattacharya, “Tamarind Seed: properties,
processing and utilization. critical reviews,” Food. Sci. Nutr
2008, 48: 1-20.

H.PM. Gunasena, A. Hughes, “Tamarind, Southampton,”
International centre for underutilised crops, 2000.

S. Bhattacharya, S. Bal, RK. Mukherjee, and S.
Bhattacharya, “Kinetics of tamarind seed hydration,” J.
Food. Eng 1997, 33: 129-138.

T.D. Hong, S. Linnington, and R.H. Ellis, “Seed storage
behaviour: A compendium,” Hand book for genebanks No.4
international plant genetic resources institute, Rome, 1996.

K.El-Siddig, G. Ebert, and P. Ludders, “Emergence and
early seedling growth of Tamarindus indica L. from
geographically diverse populations in the Sudan,”
Angewandte. Botanik 2000, 74 (1/2): 17-20.

A. A. Yusue, B.M. Mofio, and A.B. Ahmed, “Proximate and
mineral composition of Tamarindus indica Linn 1753
seeds,” Sci. World. J 2007, 2: 1-5.

M.F. Ramadan, G. Sharanabasappa, Y. N. Seetharam, M.
Seshagiri, and J.T. Moersel, “Characterization of fatty acids
and bioactive compounds of Kachnar (Bauhinia purpureas
(L.) seed oil,” Food. Chem 2006, 98 (2): 359-365.

T. Wang, “Soybean oil. In: Gunstone FD (Ed.), Vegetable
oils in food technology: composition,” Properties and uses,
blackwell scientific publications inc., Oxford, UK, 2000, PP
24-25.

M. Tasan, U. Gecgel, and M. Demirci, “Effects of storage
and industrial oilseed extraction methods on the quality and
stability characteristics of crude sunflower oil (Helianthus
annuus L.),” Grasas. Y. Aceites 2011, 62 (4): 389-398.

J. Folch, M. Lees, GH. Sloane-Stanely, “A simple method
for the isolation and purification of total lipids from animal
tissues,” J. Biol. Chem 1957, 226: 497-507.



[17]

[18]

[19]

(20]

[21]

[22]

(24]

[25]

[26]

(28]

[29]

[30]

Balaji Panchal et al.: Optimization of Oil Extraction and Characterization from Tamarindus Indica Linn Seed Oil

S.B. Dhoot, D.R. Jaju, S.A. Deshmukh, B.M. Panchal, and
M.R. Sharma, “Extraction of Thevetia peruviana seed oil
and optimization of biodiesel production using Alkali-
catalyzed methanolysis,” J. Alter. En. Sourc. Technol 2011,
2(2): 8-16.

B. Matthus, L. Bruhl, “Comparison of different methods for
the determination of the oil content in oilseeds,” J. Am. Oil.
Chem. Soc 2001, 78: 95-102.

G, Suzana Ferreira-Dias, M.F. Valente Jose, 2003.
Comparison between ethanol and hexane for oil extraction
from Quercus suber L. fruits. Grasas. Y. Aceites 2003, 54 (4):
378-383.

C.L. Hsu, W.L. Chen, YM. Weng, and C.Y. Tseng,
“Chemical  composition, physical properties and
anstioxidant activities of yam flours as affected by different
drying methods,” Food. Chem 2003, 83 (1): 85-92.

R. Omidbaigi, F. Sefidkon, F. Kazemi, “Influence of drying
methods on the essential oil content and omposition of

Roman chamomile,” Flavour. Fragr. J 2004, 19(3): 196-198.

P.J. Wan, D.R. Pakarinen, R.J. Hron, O.L. Richard, and E.J.
Conkerton,“Alternative hydrocarbon solvents for cottonseed
extraction,” J. Am. Oil. Chem. Soc 1995, 72: 653-659.

E.J. Conkerton, P.J. Wan, and O.A. Richard, “Hexane and
heptane as extraction solvents for cottonseed: a laboratory-
scale study,”J. Am. Oil. Chem. Soc 1995, 72: 963-965.

J. Sineiro, H. Dominguez, M.J. Nunez, and J.M. Lema,
“Ethanolic extraction of sunflower oil in a pulsing
extractor,” J. Am. Oil. Chem. Soc 1998, 75: 753-754.

R.J. Hron, M.S. Kuk, G. Abraham, and P.J Wan, “Ethanol
extraction of oil, gossypol and aflotoxin from cottonseed,” J.
Am. Oil. Chem. Soc 1995,71: 417-421.

D.J. Franco, M. Sineiro, and M.J. Pinelo Nunez, “Ethanolic
extraction of Rosa rubiginosa soluble substances: oil
solubility equilibria and kinetic studies,” J. Food. Eng 2007,
79 (1): 150-157.

S. Meziane, H Kadi, “Kinetics and thermodynamics of oil
extraction from olive cake,” J. Am. Oil. Chem. Soc 2008, 85
(4): 391-396.

AM. Bucic-Kojic, S. Planinic, M. Thomas, and D. Velic,
“Study of solidliquid extraction kinetics of total polyphenols
from grape seeds,” J. Food. Eng 2007, 81 (1): 236-247.

S.Z.Sayyar, Z. Abidin, R. Yunus, and A. Mohammad,
“Extraction of oil from Jatropha seeds-optimization and
kinetics,” Am. J. Appl. Sci 2009, 6 (7): 1390-1395.

C. Tchiegang, A.A.K. Dandjouma, C. Kapseu, and M.
Parmentier, “Optimization of oil extraction by pressing from
almonds of ricinodendron heudeloti pierre ex pax,” J. Food.

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Eng 2005, 68: 79-87.

P. Siddhuraju, K. Vijayakumari, and K. Janardhanan,
“Nutritional and antinutritional properties of the
underexploited legumes Cassia laevigata Willd and
Tamarindus indica L,” J. Food. Comp. Anal 1995, 8: 351-
362.

I.A. Ajayi, R.A.Oderinde, D.O. Kajogbola, and J.I. Uponi,
“Oil content and fatty acid composition of some
underutilized legumes from Nigeria,” Food. Chem 2006,
99:115-120

A. Schreiber, G. Worheide, and V. Thiel, “The fatty acids of
calcareous sponges,” Chem. Physic. Lipids 2006, 143 (1-2):
29-37.

P. Ogwok, J.H. Muyonga, and M.L. Serunjogi, “Fatty acid
profile and stability of oil from the belly flaps of nile perch,”
Food. Chem 2008,108 (1): 103-109.

M. Ennouri, E. Bourreat, M. Laurence, and A. Hamadi,
“Fatty acid composition and rheological behaviour of Pricky
peer seed oil,” Food. Chem 2005, 93(3): 431-437.
http://dx.doi.org/10.1016/j.food chem 2004.10.020

J. Mc-Murry, M. Castellion, D.S. Ballantine, C.A. Hoeger,
and V.E. Peterson, “Fundamentals of general, organic and
biological chemistry,” Pearson Education Inc. Upper Saddle
River. 2010, pp 758-762

T. Rezanka, K. Sigler,“Odd-numbered very long-chain fatty
acid from the microbial, animal and plant kingdoms,“ Prog.
Lipid. Res 2009, 48 (3-4): 206-238.

G. Schmitz, J. Ecker, “The opposing effects of omega-3 and
omega-6 fatty acids,” Prog. Lipid. Res 2009, 47 (2): 147-
155.

A.Degenhardt, S. Habben, and P. Winterhalter, “Isolation of
the lignan secoisolarlciresinol diflucoside from flaxseed
(Linum usitatissimum L.) by high speed counter Current
chromatography,” J. Chromatogr 2002, 943: 299-302.

X.Cao, Y. Ito, “Supercritical fluid extraction of grape seed
oil and separation of free fatty acids by highspeed counter
current chromatography,” J. Chromatogr 2003, 1021: 117-
124.

W.Phutdhawong, S. Kaewkang, and D. Buddhasukh, “GC-
MS analysis of fatty acids in Thai durian aril,” Chiang. Mai.
J. Sci 2005, 32 (2):169-172.

B.M.  Abdullah, J. Salimon,  “Physicochemical
characteristics of malaysian rubber (Hevea brasiliensis) seed
oil,” Eur. J. Sci. Res 2009, 31 (3): 437-445.

T.A. Angerpointner, “The treatment of rectal prolapsed in
children with phenol in Almond oil injection,” J. Paediatr.
urg 2005, 40: 12-17.



