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Edible oil seed crops, such as rapeseed, sunflower, soyabean and safflower and non-edible seed oil plantation crops 
Jatropha and Pongamia have proved to be internationally viable commercial sources of vegetable oils for biodiesel 
production. Considering the paucity of edible oils and unsustainability of arable land under perennial plantation of Jatropha 
and Pongamia in countries such as India, the prospects of seed oil producing Cleome viscosa, an annual wild short duration 
plant species of the Indogangetic plains, were evaluated for it to serve as a resource for biodiesel. The seeds of C. viscosa 
resourced from its natural populations growing in Rajasthan, Haryana and Delhi areas of Aravali range were solvent 
extracted to obtain the seed oil. The oil was observed to be similar in fatty acid composition to the non-edible oils of rubber, 
Jatropha and Pongamia plantation crops and soybean, sunflower, safflower, linseed and rapeseed edible oil plants in richness 
of unsaturated fatty acids. The Cleome oil shared the properties of viscosity, density, saponification and calorific values with 
the Jatropha and Pongamia oils, except that it was comparatively acidic. The C. viscosa biodiesel had the properties of 
standard biodiesel specified by ASTM and Indian Standard Bureau, except that it had low oxidation stability. It proved to be 
similar to Jatropha biodiesel except in cloud point, pour point, cold filter plugging point and oxidation stability. In view of 
the annual habit of species and biodiesel quality, it can be concluded that C. viscosa has prospects to be developed into a 
short-duration biodiesel crop. 
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Fossil fuels have been the principal resource of 
energy for steering infrastructural and economic 
developments both in the developing and the 
developed world1-3. There has however been a 
depletion in fossil fuel reserves and a massive 
increase in fuel prices resulting in unequal availability 
of these resources between developing and developed 
nations of the world1,3. Total dependence on fossil 
fuels for energy requirements is no longer sustainable, 
and hence in the last few decades, research has been 
intensified for developing new renewable resources of 
energy1,4.  

Among living organisms being explored as sources 
of renewable energy, two kinds of plant/microbial 
products seem promising: namely, alcohol produced 
as a product of fermentation from carbohydrates, and 
semi-synthesized biodiesel from vegetable oils5,6. 
Biodiesel production has been successfully 
experimented from both edible and non- edible 

vegetable oils5,7-9. For example, most oilseed crops 
including rapeseed, sunflower, soybean, safflower and 
cotton seed have been successfully used for biodiesel 
production 5,7,10. Among non-edible oils, biodiesel has 
been produced from oils of Jatropha curcas and 
Pongamia pinnata

3,5. J. curcas and P. pinnata 
plantations developed in some arable and non-arable 
land areas are already serving as bulk resources of 
non-edible oil for biodiesel production 5,11-13. 
Experiments on many other plant seeds for production 
of biodiesel are actively going on6,9. However, 
presently biodiesel is produced mainly from oils of 
edible oilseed crops and from non-edible oilseed 
plantations.  

In a densely populated country like India, 
urbanization and industrialization are eating up 
cultivable lands and as a result, edible oil is falling 
short in supply, necessitating large scale import5,13,14. 
The plantations of J. curcas and P. pinnata being 
perennial, any large scale cultivation of these non-
edible oil plants in arable lands would negatively 
impact food security5,11-13. Under these circumstances, 
there is need for cultivation of alternate edible or non-
edible seed oils as resource for biodiesel production, 
which fits into the crop rotation protocols practiced 
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for intensive agriculture on arable lands. To meet the 
challenge of biodiesel production, one possibility is to 
increase the production of edible oils so that surplus 
quantities are spared for biodiesel production. 
Another possibility in sustainability terms is to 
cultivate new short duration crop plants for oils, 
which are economically suitable for conversion into 
biodiesel. Based on the latter supposition, attempts 
were made to explore some non-edible crop plants 
found in north and western India for biodiesel 
production. 

A survey of the flora in Delhi region (India) 
identified several herbaceous plants whose seeds have 
been reported to be rich in oil15-18. Among these, the 
medicinal plant Cleome viscosa has an oil whose fatty 
acid composition appears suitable for biodiesel 
production17-27. C. viscosa, a capparidaceae plant, is a 
short duration annually growing plant flourishing 
during the monsoon (rainy) season in India. It is 
found in the Aravali mountain ranges of north-
western India encompassing parts of Gujarat, 
Rajasthan, Haryana and Delhi16,28. C. viscosa is also a 
casual weed plant found in many other 
semitropical/semitemparate regions of India23,28-31. 
Hitherto, C. viscosa seeds have served as a raw 
material for the extraction of coumarinolignoids, a 
valuable chemical entity needed by pharmaceutical 
industries for liver diseases and 
immunomodulation21,22. Under the extraction protocol 
of industrial production of coumarinolignoids from  
C. viscosa, the residue of the seeds oil is treated as 
disposable output. In view of the fatty acid 
composition of C.viscosa seed oil it was hypothesized 
that the oil could possibly be used for commercial 
production of biodiesel. The present study further 
explores the idea for utilization of industrial waste for 
biodiesel production. In this regard, (a) the seeds from 
natural population of C. viscosa found in the Aravali 
mountain range were used for oil extraction. After the 
preliminary characterization, the oil was converted 
into biodiesel; (b) the C. viscosa biodiesel was 
characterized and compared with J. curcas biodiesel 
as per the standards defined for biodiesel by 
institutions such as the Indian Standard Bureau  
(IS 15607) and American Society for Testing and 
Materials (ASTM D 6751).  
 

Materials and Methods 
In order to compare the quality of biodiesel of  

C. viscosa with other researched non-edible plant-

based biodiesel, experiments were also conducted 
with J. curcas. The plant, Cleome viscosa was got 
identified at NISCAIR, New Delhi 110012 and plant 
specimen was deposited with ref. no. 
NISCAIR/RHMD/consult/-2011-12/1889/189. 

Seed collection  For the seed collection, plants 
were sampled from the natural populations of  
C. viscosa growing among Aravali mountain ranges 
in the Indian states of Rajasthan, Haryana and Delhi. 
Plant populations growing in and around Jaipur, 
Ajmer, Faridabad and Delhi were sampled for mature 
pods. Pods were also collected from Nalanda district 
in the Bihar state of eastern India for the study of seed 
oil composition. The sample areas were visited many 
times between June and November in the year 2008. 
Bulk of the plants was observed to have grown in July 
after a few episodes of monsoon rain. These plants 
appeared to have completed their life cycle in about 
13-15 weeks time. Altogether 35-40 kg of pods were 
collected from each of the sample sites. The pods 
were collected in muslin cloth bags, and dried-up by 
spreading them under the sun. Then the dried pods 
were stored in separate paper bags location-wise and 
according to the time of collection. Later, the pods, 
pooled location-wise, were thrashed to extract seeds. 
The seed yield varied between 22-26% of the fresh 
pod weight. Thus about 10-12 kg of dry seeds  
per sample-site became available for oil extraction. 

Extraction of oil and biodiesel synthesis  First 
the seeds were mechanically crushed and oil was 
extracted in hexane using the Soxhlet apparatus. Oil 
was separated from the solvent by rotavapor at  
65-70 oC. The percentage of oil was calculated in 
terms of the weights of seed and oil. Conversion of oil 
into bodiesel was carried out in a 300 mL reactor-
flask equipped with a mechanical stirrer and reflux 
condenser, over a heating mantle at 65 oC, using 2% 
H2SO4

32,33. A series of reactions were carried out at 
the same temperature and at same level of molar ratio 
of methanol and oil (40:1) for different time periods 
e.g. 5, 9, 13, 24 and 26 h32,33. The highest possible 
yield of biodiesel was obtained at 24 h. Aliquots of 
the reaction mixtures were collected at various 
intervals of time to check the completion process of 
biodiesel formation by a thin layer chromatography. 
After completion of the biodiesel formation process, 
glycerine was separated with the separating funnel. 
The biodiesel was then purified by washing with 
water and dried by rotavapour. The use of H2SO4 as a 
catalyst facilitated both transesterification and 
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esterification in the synthesis of biodiesel from the 
high acid value C. viscosa oil. 

Characterization of oil and biodieselC. viscosa 
oil and its biodiesel were characterized by use of 
methods mentioned in Table 1 and 2. The properties 
of the biodiesel  B100 biodiesel (neat biodiesel) were 
compared against the specifications for commercial 
biodiesel as described in ASTM - D 6751 and Indian 
Standard IS 15607: 2005 (Table 2). 

Three methods were used to analyze the fatty acid 
composition of the oil from C. viscosa from the Delhi 
population. (a) AOAC 996.06, (b) IS :548 (Part iii)-
1976 (Reaffirmed. 2000) and (c) ASTM methods. 
ASTM 2800 and ASTM 1983 were used for 
esterification of fatty acids and their gas 
chromatographic (GC) analysis respectively. The GC 
analysis deployed Chemito 8610HT equipment with 
polar packed SP-2340 (100% cyanoprophyl) column 
using flame ionization detector ( FID) at 320 oC with 
oven at 150 oC to 250 oC by raising the temperature @ 
6 oC/min for 20 min and using Helium as a carrier 
gas. The GC analysis, based on AOAC996.06 
method,   deployed    Variant  3800   GC   with    FID, 

capillary column DB23 (50% cyanoprophyl and 50% 
methyl polysiloxane), injector temperature 225 oC, 
detector at 285 oC, oven at 100 oC, with rise in 
temperature @ 3 oC /min till 240 oC for 15 min and 
Helium as a carrier gas. The Indian Standard method 
was carried out on Agilent 6890 GLC with packed 
column of 5% DEGS (diethylene glycol succinate), 
with injector temperature at 220 oC, detector at 250 oC 
and isothermal condition at 170 oC using Nitrogen as 
a carrier gas. 

Since the products of oil extraction by the three 
methods were found to be similar, subsequently 
ASTM method was routinely followed. All 1H NMR 
analyses of oil and biodiesel were performed on a 
Bruker AV 300MHz 7.0 Tesla spectrometer at  
24.85 oC, using a 5 mm inverse probe-head and 
spectral width 0.0 to 5 ppm. Sample(s) of 5% dilution 
(v/v) in deuterated chloroform (CDCl3) solvent 
containing tetramethylsilane (TMS) as internal 
reference were used for analysis of 1H-NMR. Mid-IR 
(FT-IR) spectra in the region between 4000–400 cm-1 
were recorded on Perkin Elmer BX-2  
FT-IR spectrophotometer   equipped  with   deuterated 

Table 1  Properties of C. viscosa oils from three locations in the Indo-Gangetic plains 
 

Oil from plant population of Serial 
no. 

Parametera Unit 

Delhi Haryana Rajasthan Bihar 

Mean ± SD 
 

Method and 
reference 

Fatty acid 
Palmitic acid (C16:0) 
Stearic acid (C18:0) 
Oleic acid (C18:1) 
Linoleic acid (C18:2) 

%  
10 
6 

22 
62 

 
7 
5 

23 
65 

 
11 
3 

18 
68 

 
11 
5 

17 
67 

 
9.8 ± 1.9 
4.8 ± 1.3 

20.0 ± 2.9 
65.5 ± 2.6 

1 

Saturated fatty acids 
Unsaturated fatty acids 

 16 
84 

12 
88 

14 
86 

16 
84 

14.5 ± 1.9 
85.5 ± 1.9 

 
ASTM D 1983 

(1990)b 
ASTM D 2800 

(1992)b 

2 Acid value mgKOH/g 58.1 48.3 43.4 c 49.9 ± 7.5 ASTM D 664 (2006) 
3 Viscosity at 40 oC mm2/sec 30 30 31  30.3 ± 0.6 ASTM D 445 (2006) 
4 Density at 15 oC g/cm3 0.92 0.92 0.92  0.92 ± 0 ASTM D 4052 (2002) 
5 Specific gravity at 15  oC Ratio 0.92 0.92 0.92  0.92 ± 0 ASTM D 4052 

(2002) 
6 Refractive index at 20  oC Ratio 1.47 1.47 1.47  1.47 ± 0 ASTM D 1218 (2002) 
7 Carbon residue % mass 0.46 0.48 0.50  0.48 ± 0.02 ASTM D 4530 

(1993) 
8 Lubricity µm 92 92 139  107.7 ± 27.1 ISO 12156-

1:(1997) 
9 Saponification value mgKOH/g 214 213 210  212.3 ± 2.1 ASTM D 94 (2002) 
10 Calorific value MJ/kg 39.5 39.6 39.6  39.6 ± 0.1 ASTM D240 (2002) 
         
a Pooled oil of Delhi, Haryana and Rajasthan origins subjected to mass spectra analyses gave major peak of free fatty acid , diglyceride 
and triglyceride of linoleic acid at 280, 616 and 879 mass value respectively. Fourier transform infrared spectroscopy of the pooled oil 
revealed functional group at 1744.8cm-1 of C=O stretching of ester and at 1711.2 cm-1 of C=O stretching of free fatty acids. The 
Fourier transform nuclear magnetic resource spectra showed signal of ester, unsaturated protons, fatty acids having more than one 
double bond at 4.10-4.40, 5.0-5.4 and 2.81-2.84 ppm. These confirmed the predominance of unsaturated fatty acid, the linoleic acid. 
b The results of fatty acid analyses of oils using Indian Standard (IS 15607: 2005), Association of Official Analytical Chemists  
(AOAC 996.06, 2005) and American Society for Testing and Materials (ASTM D 6751) were observed to be similar. 
c not done. 
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Table 2  A comparison of parameters of C. viscosa and J. curcas biodiesels, prepared in the study, with those specified by IS and  

ASTM for commercial biodiesel 

S.No. Parameter Unit C. viscosac J. curcas IS 15607(a) ASTM 6751(b) Method and reference 

1 Flash point  
(closed cup) 

oC 173 144 ≥ 120 ≥ 93 ASTM D 93 (2006) 

2 Kinematic viscosity at 
40 oC 

mm2/sec 5.2 4.2 2.5-6.0 1.9-6.0 ASTM D 445 (2006) 

3 Cloud point oC 21.0 0.0 NR NM ASTM D 2500 (2005) 

4 Oxidation stability hours 1.0 4.0 ≥ 6 ≥ 3 EN 14112 (2003) 

5 Carbon residue  
(100% sample) 

% mass 0.04 0.03 ≤ 0.05 ≤ 0.05 ASTM D 4530 (1993) 

6 Acid number mgKOH/g 0.29 0.23 ≤ 0.50 ≤ 0.50 ASTM D 664 (2006) 

7 Sulphur % mass 0.0027 0.0007 ≤ 0.0050 ≤ 0.0015 (15 Grade) 
≤ 0.05 (500 Grade) 

ASTM D 5453 (1993) 

8 Copper strip corrosion 
level 

Number 1 1 ≤ 1 ≤ 3 ASTM D 130 (1994) 

9 Cetane number  53.0 55.0 ≥51 ≥ 47 IP 498 (2004) 

10 Free glycerine % mass 0.0045 0.0012 ≤ 0.02 ≤ 0.02 ASTM 6584 (2000) 

11 Total glycerine -do- 0.0240 0.0048 ≤ 0.25 ≤ 0.24 ASTM 6584 (2000) 

12 Ester content -do- 96.5 97.0 96.5 NR EN 14103 ( 2003) 

13 Phosphorus content -do- < 10ppm < 10ppm ≤ 0.001 ≤ 0.001 ASTM D 5185 (97) 

14 Sulfated ash -do- 0.005 0 ≤ 0.020 ≤ 0.020 ASTM D 874 (1996) 

15 Water and sediments % vol 0; 0 0; 0 Water ≤ 0.05 
(% weight) 

Total 
contaminants ≤ 

0.0024(% weight) 

≤ 0.05 ASTM D 2709 (1996) 

16 Methanol content % vol 0.0007 0.0003 ≤ 0.20 ≤ 0.20 EN 14110 (2003) 

17 Ca+ and Mg, combined ppm <1 < 1 NM ≤5 ASTM D 5185 (97) 

18 Na+ and K combined ppm <1 < 1 NM ≤ 5 ASTM D 5185 (97) 

19 Density at 15 oC g/cm3 0.89 0.88 0.86- 0.90 NR ASTM D 4052 (2002) 

20 Iodine value Number 116.3 91.3 NM NR [47] 

21 Refractive index at 20 oC Ratio 1.46 1.45 NR NR ASTM D 1218 (2002) 

22 ASTM colour value Number <2 <2 NR NR ASTM D 1500(2004) 
23 Specific density at 15 oC ratio 0.89 0.88 NR NR ASTM D 4052 (2002 
24 Calorific value MJ/kg 39.9 39.5 NR NR ASTM D240 (2002) 

25 Cold filter plugging 
point (CFPP) 

oC + 9 -1 NR NR ASTM D 6371 (2005) 

26 Lubricity µm 204 212 NR NR ISO 12156-1,1997) 
27 Fatty acid composition 

C16:0 
C18:0 
C18:1 
C18:2 

%  
8.1 
4.5 

19.9 
67.4 

 
12.6 
3.6 

38.2 
45.5 

 
NR 

 
NR 

 
ASTM D 1983(2002) 

28 Pour point oC + 3 -3 NR NR ASTM D 97 (2005) 
a Indian standard (IS) 2005; 
b ASTM (2009); cFT-NMR spectra of biodiesel showed the shift of glycerol –CH2OH signal from δ4.2 ppm of oil to –OCH3 signal at  
δ 3.65 ppm. FT-IR spectral analyses showed esters bands at 1196.7cm-1, 143.0cm-1 and 1743.1cm-1. The mass spectral peak at 294 was 
for methyl esters of linoleic acid. FT-IR,NMR and mass spectra confirmed conversion of oil into biodiesel. 
NR = Not reported in Specification by ASTM and IS; 
NM = Not mentioned in the ASTM and IS specification 
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triglycerine sulphate (DTGS) detector at a resolution 
of 4cm-1; 50 scans were collected to obtain the 
average value. Micromass autospec ultima mass 
spectrometer instrument was used to analyze the 
composition of the oil and biodiesel based on field 
desorption mass spectrometry. 

Dichloromethane solvent was used to prepare a 
20% solution of oil and biodiesel. An aliquot (2 µL) 
of this solution was coated on the emitter wire and 
desorbed by applying electricity to it in the ionization 
chamber. The mass to charge ratio of all the 
compounds of the sample were measured in magnetic 
chamber and amplified by photon multiplier tube. 
Spectra of amplified charge to mass ratio were 
recorded into software. GPC analysis was carried out 
on Waters 515 HPLC equipment fitted with UV and 
RI detector. Stainless steel PL-gel column of  
60 cm × 7.5 cm having pore size of 100Å was used 
with tetrahydrofuran as the mobile phase at a flow 
rate of 1mL/min. The sample was then passed through 
Rheodyne injector using 20µL loop. The 
chromatographic data of percentage of fats and esters 
in biodiesel and oil were processed through 
Millennium 32 HPLC software. 

Procedures for Jatropha curcasSeeds of  
J. curcas were collected from trees cultivated in the 
farm of the National Institute of Plant Genome 
Research, New Delhi. Conversion of biodiesel was 
carried out by using 6:1 molar ratio of methanol and 
oil but with the use of 0.5% NaOH as a catalyst34. 

The procedure for physico-chemical 
characterization of J. curcas was the same as in case 
of C. viscosa. 

GeneralThis study is based primarily on two 
important considerations, viz (i) development of short 
duration non-edible seed oil crops for biodiesel 
production is possible, and (ii) the unsaturated fatty 
acid rich oil of the short duration wild plant species  
C. viscosa is a suitable candidate for the desired 
development of a non-edible oilseed crop for 
biodiesel production. The second part of the theory 
has been experimentally tested in the present study. 
 

Results 

Quality of C. viscosa seed oilAs reported earlier, 
C. viscosa oil was extracted from the seeds collected 
from several locations in the Indian states of Delhi, 
Haryana, Rajasthan and Bihar. The oil content of the 
solvent-extracted oil in the seeds accessed from  
these four states was estimated as 24, 22, 23 and 21%, 

respectively. The quality of oil was investigated and 
analyzed in terms of their fatty acid composition and 
other physico-chemical properties. The fatty acid 
composition of the oil extracted from the Delhi 
population proved to be similar in all the three 
methods of analysis standardized by Indian Standard, 
AOAC and ASTM (Table 1). The Delhi oil sample 
contained unsaturated fatty acids and saturated fatty 
acids in 84 and 16% concentration, respectively. The 
main unsaturated fatty acids found were linoleic acid 
(62%) and oleic acid (22%). The concentrations of 
saturated fatty acids were: 10% palmitic acid and 6% 
stearic acid. The oils obtained from the seeds of 
Rajasthan and Haryana populations were of relatively 
better quality than the oils obtained from seeds of 
Delhi and Bihar because of the relatively higher 
concentration of unsaturated fatty acid in the former 
oil (Table 1). In the four samples of oils, the average 
concentration (%) of the linoleic, oleic, palmitic and 
stearic acids were 65.5, 20.0, 9.8 and 4.8, 
respectively. The physico-chemical properties of the 
oils extracted from the seeds of Delhi, Haryana and 
Rajasthan origins (Table 1) were generally similar 
except that lubricity in the Rajasthan oil sample was 
higher. The average values for acidity, viscosity, 
density (g/cm3), specific gravity, refractive index, 
carbon residue, lubricity (µm), saponification  
(mg KOH/g) and calorific (MJ/kg) in each case were 
49.9, 30.3, 0.92, 0.92, 1.47, 0.48, 107.7, 212.3 and 
39.6, respectively. The results of FT-NMR, FT-IR and 
mass analyses are reported in Table 1. These 
observations confirm that the C. viscosa seed oil is 
rich in unsaturated fatty acid, free fatty acid and 
linoleic acid. 

Comparison of properties of C. viscosa oil with 

other oilsThe fatty acid composition of C. viscosa 
oil was compared with 13 other vegetable oils that are 
being resourced for biodiesel production (Table 3). 
These 14 oils roughly fall into three groups. One 
group comprises Calophyllum inophyllum, Pongamia 

pinnata, Madhuca longifolia, Azadirachta indica, 
Gossypium hirsutum and Hibiscus sabdariffa in which 
the concentration of unsaturated fatty acid is less than 
75%. The second group comprises C. viscosa, Ficus 

elastica, J. curcas and Glycine max in which the 
concentration of unsaturated fatty acids is between  
80 - 86%. The third group comprises Helianthus 

annus, Carthmus tinctorius, Linum usitatissimum, and 

Brassica napus which contain unsaturated fatty acids 
in concentrations ≥ 90%.  In  all   the members  of  the 
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Table 3  Comparison of physicochemical properties of Cleome viscosa oil with that of other biodiesel resource plants 
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Fattyac
id 
C16:0 
C18:0 
C18:1 
C18:2 
C18:3 

%  
 
9.3 
4.7 
21.0 
65.0 
ND 

 
 
13.9 
2.1 
23.2 
56.2 
4.3 

 
 
6.4 
2.9 
17.7 
72.9 
0 

 
 
7.3 
1.9 
13.6 
77.2 
0 

 
 
5.1 
2.5 
18.9 
18.1 
55.1 

 
 
3.5 
0.9 
64.1 
22.3 
8.2 

 
 
28.7 
0.9 
13.0 
57.4 
0 

 
 
18.2 
4.1 
33.3 
38.2 
2.1 

 
 
12 
13 
34.1 
38.3 
0.3 

 
 
10.2 
8.7 
24.6 
39.6 
16.3 

 
 
14.9 
19.2 
55.5 
9.1 
NR 

 
 
11.7 
7.5 
51.6 
16.5 
2.7 

 
 
12.6 
6.6 
49.8 
31.0 
ND 

 
 
16.0 
6.5 
43.5 
34.4 
0.80 

 
 
22.1 
22.6 
1.7 
46.0 
11.3 

 
 
12.7±6.9 
7±6.8 
30±18.3 
42±21.5 
8.4±15.6 

                  

Saturat
ed fatty 
acid 
 
Unsatu
rated 
fatty 
acid 

% 14.0 
 
 
 
86.0 

16.0 
 
 
 
84.0 

9.3 
 
 
 
90.7 

9.2 
 
 
 
90.8 

7.6 
 
 
 
92.4 

4.4 
 
 
 
94.6 

29.6 
 
 
 
70.4 

22.3 
 
 
 
73.6 

25 
 
 
 
72.7 

18.9 
 
 
 
80.5 

37.6 
 
 
 
64.6 

19.2 
 
 
 
70.8 

19.2 
 
 
 
80.8 

22.5 
 
 
 
78.7 

44.7 
 
 
 
59.0 

19.9±11.5 
 
 
 
79.3±11.1 

 
 
[4,8,35
-38] 

                   

Acid 
value 

mgK
OH/
g 

49.9 0.2 0.2 0.7 0.2 1.1 0.1 1.3h 44 34 52 5.1 5.4 3.8 38.0 16.5±21.4 [4,10,3
6-39] 

                   

Viscosi
ty 
at 40 

oC 

mm2

/sec 
30.3 32.9 32.6 31.2i 25.8 35.1 33.5 36.4 72 66.2 44 27.8 33.0 18.2j 24.6 

 
37±14.5 [4,8,36

-42] 

                   

Densit
y 
at 15 

oC 

g/cm
3 

0.92 0.92 0.92 0.92 0.92k 0.92 0.92k 0.92 NR NR 0.92k 0.94k 0.92 0.94k 0.96 0.93±0.01 [8,10,3
6,37,39
-42] 

                   

Calorif
ic 
value 

MJ/k
g 

39.6 39.6 39.6  39.5 39.3 39.7 39.5 NR 39.3 37.5 34.1 34.0 ND 38.5 36 38.2±2.1 [4,10,3
6,38,39
] 

                   
Saponi
fication 
value 

mgK
OH/
g 

212.3 220.
8 

191.
7 

190.2 188.
7 

197.
1 

207.7 126.
2 

NR 194.
0 

209.
7 

188.
5 

215.
0 

200.
8 

190.
5 

194.3±23.
1 

[8,35,4
3,44] 

                   

Oil 
content 

% 23l, 25-
37 
m(31)n 

15-
20 
(18) 

25-
45 
(35) 

20-35 
(28) 

40-
44 
(42) 

38-
46 
(42)  

18-25 

(22)  
19 NR 40-

50 
(45)  

40-
50 
(45)  

27-
39 
(33)  

30 30-
40 
(35)  

35-
42 
(39)  

32.5±9.1 [8,38,4
2,45,46
] 

                   

a Average of Delhi, Haryana, Rajasthan populations; b This study; cSoybean oil contains 0.3% C16:1;d Sunflower oil contains 0.1% 
C16:1; e Linseed oil contains 0.3% C16:1; fAverage arrived at from the reported ranges of fatty acids; g Neem oil contains 1.4% C14:0 
and 2.1% C20:0; h Acid value (2x 0.67) 39 ; i Average value of viscosity; j 34.0 8; k temperature not reported ; l mean of estimation on 
seeds from populations growing in Delhi, Haryana, and Rajasthan; m The range reported in literature; nThe value in parentheses are 
averages ; ND – Not detected; NR – Not reported 
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second group, except J. curcas, the major fatty acid 
was linoleic acid. In J. curcas, oleic acid occurred at a 
higher concentration than linoleic acid. The oils of  
F. elastica, B. napus and M. longifolia possess 
linolenic acid concentration of 16.3, 8.2 and 11.3% 
respectively, sharing the property of linolenic acid 
richness with that of L. usitatissium oil. 

Physico-chemical propertiesThe physico-
chemical properties of C. viscosa oil were compared 
with those reported for 13 of the oils listed in Table 3. 
The comparative measures of viscosity (cSt), acid 
value (mgKOH/g), calorific value (MJ/kg), density 
(g/cm3) and saponification value (mgKOH/g) for each 
are given in the Table 3. It was found that C. viscosa 
oil was similar to all the other oils in terms of calorific 
value, density and saponification properties. The  
C. viscosa oil was highly acidic like the non-edible 
oils of C. inophyllum, F. elastica, M. longifolia and A. 

indica used as resource for semisynthesis of biodiesel. 
In this respect soybean, sunflower and rapeseed edible 
oils and P. pinnata and J. curcas non-edible 
plantation oils have low acid value compared to  
C. viscosa. In terms of viscosity, the C. viscosa oil is like 
all the other oils except that the oils of C. inophyllum 
and F. elastica have very high viscosity. 

Cleome viscosa biodiesel synthesisThe 
percentage yield of biodiesel was estimated to be 
95% in terms of total weight of biodiesel and oil. 
This estimate was confirmed by the presence of 
esters content of 96.5% by the method EN 14103. 
Gel permeation chromatography (GPC) process 
further confirms the conversion rate from oil to 
biodiesel at 97%. The values of FT-NMR, FT-IR 
and mass spectra as reported in Table 1 and 2, also 
confirm the feasibility of conversion of the 
C.viscosa oil into biodiesel. The ester content of the 
biodiesel in a parallel experiment with the Jatropha 

curcas was found to be 97% (Table 2), a value 
which is also confirmed by measurement with GPC 
at 99%. 

Comparative properties of biodiesels obtained 

from oils of C. viscosa and J. curcasThe  
C. viscosa and J. curcas biodiesels prepared during 
the present study were characterized for 28 properties 
and their observations are summarized in Table 2. The 
corresponding biodiesel critical parameters specified 
by ASTM and Indian Standards are also given in 
Table 2. Except for oxidation stability, the C. viscosa 
and J. curcas biodiesels fulfill the prescribed 
standards in respect of parameters such as flash point, 

kinematic viscosity, carbon residue, cetane number, 
free and total glycerine, esters content, phosphorus, 
sulfated ash and methanol contents, elemental 
contamination (Ca, Mg, Na, K and P), density, water 
and sediment contents. Among biodiesels, J. curcas 
biodiesel is found to be superior to C. viscosa 
biodiesel in terms of cloud point, pour point, cold 
filter plugging point and oxidation stability. The two 
biodiesels were similar in terms of calorific value, 
copper strip corrosion, refractive index, lubricity, 
content of fats, esters, water and sediments, ASTM 
colour value, and combined elemental contamination 
(Ca, Mg, Na, K and P content). 
 

Discussion 
The results show that the oil content of C. viscosa 

seed is about 23% comparaed to 30-33% in the seeds 
of J. curcas and P. pinnata and 18- 45% in edible 
oilseeds (Table 3). Further, the C. viscosa oil is 
similar in its richness of linoleic acid compared to the 
edible oil of sunflower and in its richness of 
unsaturated fatty acid to the oils of the rubber plant,  
J. curcas, soybean, sunflower, safflower, linseed and 
rapeseed. The biodiesel produced from the oil of  
C. viscosa fulfills the ASTM and Indian Standard 
requirements for vegetable oil-based biodiesels except 
in terms of oxidation stability. The C. viscosa 
biodiesel is largely similar to J. curcas biodiesel and 
shares with it the property of oxidation instability. 
Since C. viscosa plant population grows naturally in 
non-agricultural and degraded soils that occur in the 
Aravali mountain range, the present study indicates 
immense potential for development of C. viscosa as a 
short duration biodiesel crop of the rainy season. It is 
visualized that domestication of C.viscosa may lead to 
selection of lines with increased yield of seeds with 
higher levels of oil content. Work in this direction too 
is in progress in our laboratory. 

In summery, the evaluation of the oil of C. viscosa 
population growing in the Aravali range of the Indo-
Gangetic plains reveals that C. viscosa oil is rich in 
unsaturated fatty acids (86%). Also being rich in 
linoleic acid (65%), it is highly similar to sunflower 
oil. The C. viscosa oil shares the properties of 
viscosity, density, calorificity and saponification with 
Jatropha and Pongamia oils and differs from these oils 
in possessing a higher acid value. The biodiesel of  
C. viscosa fulfills the ASTM and IS specifications. It 
is comparable to J. curcas biodiesel in 24 out of  
28 properties tested. It is marginally inferior to  
J. curcas biodiesel in cloud point, pour point and cold 
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filter plugging point, cold filter plugging point and 
oxidation stability. However, except for oxidation 
stability, other parameters are not mentioned as 
requirements in both the ASTM and IS specifications 
(Table 2). Almost all biodiesel derived from vegetable 
oils have poor oxidation stability48. Further work is 
required for the improvement of oxidation stability of 
biodiesel via treatment with antioxidant reagents49. 
The oil cake of C.viscosa could possibly be used as 
cattle feed and agricultural fertilizer and for the 
production of energy50-52. The oil cake of C.viscosa is 
considered safer than that of J.curcas which is 
poisonous53 in view of the seeds of C.viscosa serving 
as traditional condiment, ingredient in traditional 
medicine and source of pharmaceuticals18,21-24,. Based 
on the above results, C. viscosa appears to be a 
potential short duration plant resource of non-edible 
seed oil for synthesis of biodiesel. It however, 
requires to be improved for oil yield by application of 
plant breeding procedures. C. viscosa may develop 
into a crop plant in future. 
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