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Abstract The chemical characteristics of Pongamia

pinnata seeds, focussing on proximate composition and the

fatty acid profile of its oil, are presented. The proximate

composition of P. pinnata seeds was: 3.8% ash, 9.7%

sugar, 7.07% protein, 24% oil, 10.7% free amino acids, and

0.24% free fatty acids. The oil was extracted from seeds by

use of different solvents and the highest yield (29%) was

obtained by use of n-hexane. Monounsaturated and poly-

unsaturated fatty acids accounted for 63.3 and 22.9%,

respectively, of the seed oil. Oleic acid was the major fatty

acid but a substantial amount of erucic acid was also

detected; this was not reported in previous studies. The

level of erucic acid and the presence of toxic flavonoids,

for example karanjin, pongapin, and pongaglabrin, render

the oil inedible according to WHO recommendations.

However, low levels of saturated and polyunsaturated fatty

acids with desirable cetane number and iodine value sug-

gest potential for application as a biodiesel fuel.
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Abbreviations

CN Cetane number

FAME Fatty acid methyl esters

IV Iodine value

MUFA Monounsaturated fatty acid

PUFA Polyunsaturated fatty acid

SFA Saturated fatty acid

SN Saponification number

WHO World Health Organization

Introduction

Pongamia pinnata (L.) Pierre synonym Derris indica and

Pongamia glabra [1], belonging to the family Fabaceae, is

an Indo-Malaysian species. This medium-sized evergreen

tree is commonly found in alluvial and coastal situations

from India to Fiji, from sea level to a height of 1,200 m. In

India, it is commonly known as Karanja [2]. After

5–7 years of growth it bears fruits containing one to two

kidney-shaped brownish-red kernels. It is one of the few

nitrogen-fixing trees producing seeds/kernels containing

18–27% oil [3]. It is a medicinally important plant used for

its anti-inflammatory [4], anti-plasmodial [5], anti-hyper-

ammonic and antioxidant [6], anti-diarrhoeal [7], anti-ulcer
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[8, 9], anti-lipidperoxidative and anti-hyperglycaemic [10],

and anti-lice [11] activity. Karanja oil also finds use as a

raw material in the soap and leather-tanning industries.

Freshly extracted karanja oil is yellowish orange to brown

in colour having a disagreeable odour and a bitter taste.

The presence of toxic flavonoids, for example karanjin,

pongapin, and pongaglabrin, renders the oil inedible.

However, after detoxification the meal can be used as a

feed ingredient for cattle [12]. Pongamia pinnata oil has

recently been reported in India as a substitute for diesel

[15]. Despite this, karanja is an underutilized plant in the

Rajasthan state of India. Although various studies report its

fatty acid composition, results are highly variable [3, 13,

16]. Because information about the biochemical constitu-

ents of its seed is scarce, this study was undertaken to

determine the proximate composition of P. Pinnata seeds.

Extraction of the total oil using different solvents was also

undertaken, and hexane extract was used to determine its

fatty acid profile.

Materials and Methods

Pongamia pinnata mature seeds were collected from plants

growing along the roadside in Jodhpur and Bharatpur cities

of Rajasthan state in India. Pongamia pinnata seeds were

analyzed for various biochemical constituents, viz: mois-

ture and ash content [17], soluble sugar [18], protein [19],

free amino acids [20], and free fatty acid content [21].

Total lipids were isolated by use of the cold extraction

method [22] by macerating the crushed kernel in chloro-

form–methanol 2:1 overnight and then separation by use of

a separatory funnel. Seed oil was extracted with benzene,

ether, and hexane by Soxhlet extraction [23]. The hexane

extract was analyzed by use of a GCMS-QP-2010 to

determine the fatty acid profile. Methyl esters of the

fatty acids were prepared by transesterification, by addition

of sodium methoxide and sodium chloride, and one

microlitre of the methyl ester extract was injected in

splitless mode on to an Rtx�-wax (crossbonded PEG)

column (30 m long 9 0.25 mm i.d. 9 0.25 lm df), at an

injector temperature of 250 �C, initial oven temperature

180 �C, and final oven temperature 240 �C (programmed at

5 �C min-1), oven equilibration time 1.01 min, helium

carrier gas pressure 100 kPa, total flow 30 ml min-1, and

interface temperature of 250 �C. Fatty acids were identified

by use of the standard MS library of Nist 05. Saponification

number (SN) and iodine value (IV) were calculated from

the FAME composition of the oil by using the method of

Kalayasiri et al. [24] and cetane number (CN) was calcu-

lated by use of the equation given by Krisnangkura [25].

All data are expressed as mean ± standard error of three

replicates.

Results and Discussion

Biochemical evaluation revealed that Pongamia pinnata

seeds contained 3.8% ash, 9.7% total sugar, 7.07% total

soluble protein, and 10.7% free amino acids. Cold extrac-

tion resulted in isolation of 24% lipid whereas Soxhlet

extraction yielded 29% lipid. Free fatty acid content was

found to be 0.24%. Our results showed little variation from

those of previous workers, who reported 27.5% oil, 17.4%

protein, 6.6% starch, 7.3% crude fibre, and 2.4% ash

content [14]. The remaining material comprised 19%

moisture, and other biochemical constituents, for example

starch, crude fibre, etc. The defatted cake can be used as a

nutritious feed after detoxification [12].

Seed oil yield obtained by Soxhlet extraction with dif-

ferent solvents was in the range 24–29% (v/w). The highest

yield of oil (29%) was obtained by use of hexane and the

lowest by use of chloroform (24%). Our results are in

accordance with the findings of Kesari and co-workers who

also reported hexane to be the best solvent for oil extraction

from Pongamia [26].

The fatty acid profile of total lipid extracts was further

analyzed by use of GC–MS (Fig. 1). These data (Table 1)

revealed that mature seeds contained oleic (44%), linoleic

(17.4%), erucic (15.9%), palmitic (7.2%), linolenic (5.5%),

11-eicosenoic (3.4%), stearic (3.3%), behenic (2.5%), and

eicosanoic (0.78%) acids. However, this composition

profile was different from those in other reports [3, 13, 26].

This different fatty acid composition might be because of

variation in species or different ecological conditions,

because local edaphic and environmental factors are of

crucial importance to the growth and characteristics of a

particular plant, including the richness and uniqueness of

the germplasm; they also impart characteristic traits

specific to a region.

The oil was dark in colour with a disagreeable odour,

and the ratio SFA:MUFA:PUFA in pongam oil was higher

(1:4.60:1.66) and the x6:x3 ratio was lower than the

respective recommended values of 1:1–3:1 and 5–10 for

edible oils [27], which make this oil inedible. Pongamia

pinnata oil analysed in this study contained 13.76%

saturated, more than 60% monounsaturated, and *23%

polyunsaturated fatty acids. These data reveal that the total

saturated fat (13.76%) present in Pongamia pinnata oil is

lower than reported elsewhere [26]. Any vegetable oil can

be used as raw material for the production of biodiesel.

However preference is given to oils with low saturation and

low polyunsaturation [28]. SN, IV, and CN of fatty acid

methyl esters of the oil were determined empirically and

found to be 128.8, 96.5, and 51.4, respectively. Iodine

value is the degree of unsaturation and CN is the ability of

fuel to ignite quickly after being injected and a higher

value indicates a better ignition quality of fuel. CN of 51
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and IV less than 115 is the lowest limits among biodiesel

standards set by European Standard Organization [29]. Our

values for CN and IV fulfil these standards so Pongamia

pinnata could be utilized in the future as a biodiesel plant.

Conclusions

From this study it is concluded that Pongamia pinnata seed

oil could be used for biodiesel production because it

contains small amounts of saturated and polyunsaturated

fatty acids and has desirable IV and CN values. After

detoxification the leftover defatted cake can be used for

feed purposes.
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