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Abstract
The present study deals with the extraction of alkaloids and oil from Karanja seed. It was
observed that Karanja seed grown under the soil and climatic condition of Bangladesh
contains alkaloids and 32% of bitter, red brown thick oil. Using hexane as the only organic
solvent alkaloids and oil were recovered from the seeds and defatted kernels by two
extractions.. The oil and those alkaloids which occurred as free bases were recovered first
with hexane from the dried crushed seeds. Then hexane-insoluble salts of the alkaloids
retained in the defatted kernels were converted into hexane-soluble free bases by the
treatment with aq. sodium carbonate or ammonium hydroxide. Then after the free bases,
soluble in hexane thus obtained were recovered by another extraction with hexane. Thus a
proteinaceous meal was obtained containing very low alkaloid without losing any proteins.
The alkaloids which were dissolved in the oil were then converted into water-soluble salts
by treating with aq. hydrochloric acid. Thereafter, the water soluble salts were completely
removed by repeated extraction with water.
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1. Introduction
Karanja (Pongamia pinnata Linn), a small handsome evergreen shade tree with glabrous
bright green foliage, grows wildly almost in all the districts of Bangladesh [1]. Karanja is
often planted in homesteads as a shade or ornamental tree and it is also planted as avenue
plantings along road sides and canals.
It is one of the few nitrogen fixing trees which produced seeds containing pongam oil,
bitter, red brown thick, non-drying non edible oil. The seeds contain about 27-39% oil
which may be used for tanning leather, for making soap, as a liniment to treat scabies, for
curing rheumatism and as illuminating oil [2]. The oil is treated as fuel in diesel engine,
showing a good thermal efficiency [3]. Karanja oil is a promising source of biodiesel, an
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alternative diesel fuel which is completely biodegradable and non-toxic [4-10]. Several
groups of researchers [11,12] had reported the fatty acid composition of the Karanja oil.
The tree is also a host plant for Lac insect. The seeds gave positive test for alkaloids [13].
Plants containing alkaloids (cocaine, morphine, codeine) are capable to exhibit extensive
and well marked pharmacological activities like analgesic antiamoebic and emetic
(emetine) etc. [14].
Until recently, most of the attention on any oil seed crushing had dealt with oil
recovery, with little attention for meal by-products. But with increased attention to protein
for human diets, the industry is taking a careful look at the effects of pre- and post-oil
removal conditions on meal characteristics [15]. So, if the Pongamia pinnata seed meal,
which is a byproduct of oil recovery plants, containing a higher percentage of protein, can
be free from alkaloids and could be a source of supplementary protein for human diet and
the alkaloids might be also the effective natural drugs for suffering humanity.
To make the oil and oil cake free from alkaloids the seeds were dehusked and the
kernels were crushed into small pieces by hammer mill which were then extracted with
hexane to yield the oil and a minor portion of the alkaloids. The alkaloid containing oil
was then refined, which leads to a complete removal of the alkaloids.
Protein concentrates, virtually free of alkaloids can be obtained from hexane defatted
meal of any bitter seeds by extraction with aqueous alcohol [16]. But according to Horn
et.al. [17] solvents like alcohol have the advantage of removing most of the alkaloids from
meals, but meals are difficult to desolventize and may have undesirable odors remaining
in them [18]. Thus the use of two different solvents i.e hexane for defatting and aq.
alcohol for the removal of alkaloids might be difficult, which required additional
sophisticated equipment for solvent recovery.
So, an attempt has been made to explore the possibility of recovering alkaloids and oil
with hexane as the sole extracting organic media from Karanja seed. The main objective
of our present study is to find out a easier methodology which can be easily adopted to the
existing technology of the extraction of seed to produce an low-alkaloid proteinaceous
meal and edible oil.
2. Materials and Methods
Locally collected Karanja seeds were dehusked manually and the kernels thus obtained
were crushed with a hammer mill and dried in the oven at a temperature of 1050C to about
4-6% moisture. The moisture content in the fresh kernel was determined by IUPAC
methods [19]. The oil was then extracted with hexane in a Soxhlet apparatus for about 12
hours. The solvent was then removed using a rotary vacuum evaporator at reduced
pressure and the percentage of oil was determined by AOCS methods [20]. The total
nitrogen of the defatted kernel was determined using Micro Kjeldahl method. Protein
contains were calculated by multiplying total nitrogen by 6.25. Total alkaloids were
determined according to the procedure given by Ortiz and Mukherjee [21].
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3. Extraction of Alkaloids from the Defatted Kernel and Oil
According to the usual procedure [22] the alkaloids from the defatted kernel and oil were
removed. Portions of the defatted kernel, 10 g each, were taken in glass stoppered
Erlenmeyer flasks and mixed uniformly with definite amounts (up to 3.0 ml/g kernel) of
sodium carbonate or ammonium hydroxide at various concentrations (up to 30%). Hexane
of definite volume (5-25 ml/g kernels) was then added and the mixture was shaken for
different periods (5-20 minutes) in a water bath at various temperatures (30-600C).
Therefore, the extract was separated from the kernels by suction on a heated Buckner
funnel and the extracted kernels were dried and analyzed.
The oil was extracted 3 times in a separatory funnel with 2% of its volume of 5%
hydrochloric acid in order to recover the alkaloids dissolved in the oil. The fat was then
washed several times with water until neutral and its alkaloid content was determined
titrimetrically.
4. Results and Discussion
The alkaloids which are contained in plant materials naturally exhibit a variety of
physical, chemical, biological as well as medicinal properties [23-28]. In plant materials
alkaloids generally occur partially as free bases and partially as salts which are insoluble
in most of the organic solvents. Like basic compounds they form their crystalline salts
with acids like hydrochloric acid, sulphuric acid, citric acid and tartaric acid. The free
alkaloids are insoluble or slightly soluble in water, but their salts are freely soluble.
However, they are soluble in less polar solvents such as hexane, ether or chloroform.
Therefore, alkaloids are separated from non-polar solvents by salt formation, extracting
the lipid soluble protein and basifying the solution with an alkali carbonate or ammonia.
A possible technological process for the recovery of alkaloids and oil from the Karanja
seed had been the interest of our present study. Accordingly the alkaloids that occurred as
free bases and the oil were extracted with hexane from the Karanja seed kernel. In order to
liberate the alkaloids, the alkaloid containing defatted kernels which were bound as salts,
were treated with an aqueous base like carbonate or ammonia. The alkaloids thus liberated
were then recovered by another extraction with hexane. The results revealed that the
Karanja seeds used in this study contained 32% of acrid bitter oil with a disagreeable
ordour. The remaining defatted kernels (expeller cake) after the extraction of Karanja seed
kernels with hexane contained 31.9% protein, 7.8% oil and 4.2% alkaloids. These
alkaloids virtually occurred in the kernels as free bases which are soluble in hexane.
The defatted Karanja seed kernels (oil cake) were treated with varying proportions of
an aqueous base, such as sodium carbonate or ammonium hydroxide and by the extraction
with hexane, the alkaloids were subsequently recovered. In Tables 1 and 2 the effects of
various parameters on the recovery of alkaloids are summarized.
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Table 1. Recovery of alkaloids from defatted Karanja seed kernels by treatment with sodium
carbonate and a single extraction with hexane.
Treatment with sodium
carbonate solution
Amount added
(ml/g kernel)

1.0

Extraction with hexane

% of Na2CO3 Amount of hexane
(ml/g kernel)

15.0

15

Temp (0C)
30
40
50
60
60

1.0

15.0

15

1.0

15.0

5
10
15
20
25

1.0

0.0
7.5
15.0
22.5
30.0

0.0
0.5
1.0
2.0
3.0

15.0

15

15

60

60

60

Alkaloids
recovered
%
Time
(min)

10

40
50
59
68

5
10
15
20

65
68
73
76

10

52
65
68
69
79

10

10
57
64
67
57

10

15
36
67
53
45

From the results in Table 1, it was quite evident that it was possible to recover as much
as 79% of the remaining alkaloids from the defatted Karanja seed kernel by the treatment
with sodium carbonate and by a single extraction with hexane. It was interesting to note
that the recovery of alkaloids increased with the increase of temperature, time and amount
of hexane. Again, the recovery of alkaloids was appreciably affected by the concentration
and the amount of aq. sodium carbonate. So, from the result it was assumed that the use of
1ml 15% sodium carbonate /g defatted kernels permitted the best recovery of alkaloids.
The results in Table 2 showed that comparable amounts of alkaloids were also
recovered from defatted kernel with that of sodium carbonate by aq. ammonium
hydroxide prior to extraction of the alkaloids with hexane. It was observed in all the
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experiments previously mentioned that the hexane extracts were free of proteins after the
recovery of oil and alkaloids. Practically, no protein was lost by this process which is
contained in the Karanja seed.
Table 2. Recovery of alkaloids from defatted Karanja seed kernels by treatment with ammonium
hydroxide and a single extraction with hexane.
Treatment with ammonium
hydroxide solution

Extraction with hexane

Amount added
(ml/g kernel)

Amount of hexane
(ml/g kernel)

% of NH4OH

1.0

7.5

1.0

0.0
7.0
15.0
22.5
30.0

0.0
0.25
0.5
1.0
1.5

7.5

15

15

15

Temp (0C)

60

60

60

Time (min)

Alkaloids
recovered
%

5
10
15
20

62
69
70
72

10

12
68
72
73
71

10

10
45
67
67
59

From the results in Table 1, it was quite evident that it was possible to recover as much
as 79% of the remaining alkaloids from the defatted Karanja seed kernel by the treatment
with sodium carbonate and by a single extraction with hexane. It was interesting to note
that the recovery of alkaloids increased with the increase of temperature, time and amount
of hexane. Again, the recovery of alkaloids was appreciably affected by the concentration
and the amount of aq. sodium carbonate. So, from the result it was assumed that the use of
1ml 15% sodium carbonate /g defatted kernels permitted the best recovery of alkaloids.
The results in Table 2 showed that comparable amounts of alkaloids were also
recovered from defatted kernel with that of sodium carbonate by aq. ammonium
hydroxide prior to extraction of the alkaloids with hexane. It was observed in all the
experiments previously mentioned that the hexane extracts were free of proteins after the
recovery of oil and alkaloids. Practically, no protein was lost by this process which is
contained in the Karanja seed.
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The recovered oil which was extracted by hexane contained the free alkaloids. In order
to remove these alkaloids, the oil was then treated with aq. hydrochloric acid which
converted these alkaloids into water-soluble salts. These salts were then easily removed
by repeated extractions with water. The oil obtained by this treatment was virtually free of
alkaloids. The present studies showed that, most of the undesirable alkaloids can be
removed effectively from Karanja seed by a single process that can be conducted in a
conventional oil extraction plant. The above results for the extraction of alkaloids from
Karanja seed more or less agree with the reported results [18, 21].
5. Conclusion
Karanja plant contains a large number of seeds which contain about 32% inedible oil.
Like our developing countries Bangladesh is facing acute shortage of edible and industrial
inedible oils. So, she has to import oils from abroad to meet up her demand in lieu of
many foreign countries. To bridge the oil gap in the country extraction of oils from nonconventional oil-seeds has been taken into account. Under the above circumstances the
Karanja oil can play a vital role in minimizing the shortage of inedible oil in the country
to some extent. Again from these studies it is observed that most of the alkaloids
contained in the seed meals and oil could have been possible to remove efficiently. So,
these findings will open up a possibility to obtain an edible oil and meal from Karanja
seed by refining, which will lead to a complete removal of the alkaloids.
Acknowledgement
The authors express their gratitude to Dr. Shirina Begum, former Director-in-Charge,
BCSIR Laboratories, Rajshahi for providing necessary laboratory facilities.
References
1. A. Ghani, Medicinal plants of Bangladesh, Chemical constituents and Uses (Asiatic Society of
Bangladesh, Dhaka, 1998) p. 270.
2. J. H. Burkill, A dictionary of economic products of the Malay peninsula, vol. 2 (Art printing
Works, Kuala Lumpur, 1966).
3. C.S.I.R. (Council of Scientific and Industrial Research), The Wealth of India 11, 209 (19481976).
4. A. B. Veeresh, B .V. R. Appa, and P. K. Ravi, Thermal Science 13 (3), 201 (2009).
doi:10.2298/TSCI0903201B
5. P. T. Scott, L. Pregelj, N. Chen, J. S. Hadler, M. A. Djordjevic, and P. M. Gresshoff, Bioenerg.
Res. 1, 2 ( 2008). http://dx.doi.org/10.1007/s12155-008-9003-0
6. V. Kesari and L. Rangan, J. Corp Sci. Biotech 13 (3), 127 (2010).
http://dx.doi.org/10.1007/s12892-010-0064-1
7. K. Sureshkumar, R. Velraj, and R. Ganesan, Renewable Energy 33, 2294 (2008).
8. A. K. Agarwal and T. P. Bajaj, Int. J. Oil, Gas & Coal Technol. 2, 297 (2009).
9. M. Naik, L. C. Meher, S. N. Naik, and L. M. Da, Biomass Bioenergy 32, 354 (2008).
10. T. V. Rao, G. P. Rao, and K. H. C. Reddy, Jordan J. Mech. Ind. Eng. 2 (2), 117 (2008).
11. S. Birajdar, S. Ramesh, V. Chimkod, and C. S. Patil, Int. J. Biotec. Appl. 3 (1), 52 (2011).

M. S. Rahman et al. J. Sci. Res. 3 (3), 669-675 (2011)

675

12. S. Mahmud and Z. Iqbal, Pakistan J. Sci. 61 (1), 6 (2009).
13. Culvenor and Fitzgerald, J Pharm. Sci. 52, 303 (1963).
14. M. Ali, Text Book of Pharmacognosy, 2nd edition (CBS Publishers & Distributors, New Delhi,
1998) p. 284.
15. J. L. Ayres, J. Am. Oil Chem. Soc. 60 (2), 357 (1983).
16. F. M. Blaicher, R. Holte, and K. D. Mukherjee, J. Am. Oil Chem. Soc. 58, 761 (1981).
17. R. J. Horn Sr., S. P. Koltun Jr., and A. V. Graci, J. Am. Oil Chem. Soc. 59, 674A (1982).
18. M. S. Rahman, M. H. Ali, G. M. Ahmed, M. A. Hossain, and M. M. Uddin, Bang. J. Sci. Ind.
Res. 32 (1), 74 (1997).
19. International Union of Pure and Applied Chemistry, Standard Methods for the analysis of Oils,
Fats and derivatives, 6th edition (Pergamon Press, Paris, 1976/1977).
20. Official and Tentative Methods of the American Oil Chemists’ Society 1 & 2, 3rd edition (1980).
21. J. G. F. Ortiz and K. D. Mukherjee, J. Am. Oil Chem. Soc. 59 (5), 241 (1982).
22. D. Waldi, Chromatography of alkaloids. In: New Biochemical. Separations. Eds A. T. James, L.
J. Morris (Van Nostrand Press, London) pp. 157-196.
23. B. Rethy, J. Hohmann, R. Minorics, A. Varga, I. Ocsovszki, J. Molnar, K. Juhasz, G. Falkay,
and I. Zupko, Int. J. Cancer Res. Treat. 28 (5A), 2737 (2008).
24. D. Yan, C. Jin, X. H. Xiao, and X.P. Dong, J. Biochem. Biophys. Methods 70 (6), 845 (2008).
http://dx.doi.org/10.1016/j.jbbm.2007.07.009
PMid:17804078
25. D. Frost, B. Meechoovet, T. Wang, S. Gately, M. Giorgetti, I. Shcherbakova, and T. Dunckley,
PLoS ONE 6 (5), e19264. http://dx.doi.org/10.1371/journal.pone.0019264
PMid:21573099 PMCid:3089604
26. M. Maiti and G. S. Kumar, J. Nucleic Acids 2010, Article ID 593408.
27. C. Zongo, E. F. O. Akomo, A. Savadogo, L. C. Obame, J. Koudou, and A. S. Traore, Asian J.
Plant Sci. 8 (2), 172 (2009). http://dx.doi.org/10.3923/ajps.2009.172.177
28. V. Kesari, A. Das, and L. Rangan, Biomass and Bioenergy 34 (1), 108 (2010).
http://dx.doi.org/10.1016/j.biombioe.2009.10.006

