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Abstract

Background: Cassia sophera Linn is a medicinally important plant belonging to the family of Caesalpiniaceae. The
whole part of the plant is used as traditional folk medicine and is reported to possess analgesic, anticonvulsant,
antioxidant, anti-inflammatory, hepatoprotective, and antiasthmatic activity. The present communication attempt is
to evaluate fatty acids from different parts of the plant by GC-MS spectrophotometer and total protein content by
the Kjeldahl method and to quantify some active constituents, i.e., alkaloid, saponin, and flavonoid.

Results: From fatty acid compositions of the petroleum ether extract of leaves, stems, flowers, and seeds of this plant
grown in Bangladesh, 22 compounds from leaves, 8 compounds from stems, 9 compounds from flowers, and
12 compounds from seeds were identified. The main fatty acid was arachidic acid (38.66%) from leaves. Linoleic acid
(40.12% and 42.40%) was found mainly from stems and seeds, whereas from flowers, it was docosadienoic
acid (27.14%).

Conclusion: The findings from the present study showed that the protein content for seeds has higher value
(19.20%) than other parts of the plant. Also the present investigation showed that different parts of the plant
contain phytochemicals in appreciable quantities in the form of flavonoids, alkaloids, and saponins. The flavonoid and
alkaloid content of leaves showed higher value. But the stem part showed higher saponin content than other parts of
the plant.

Keywords: Cassia sophera Linn, Fatty acids, Gas chromatography coupled to mass spectrophotometer, Kjeldahl
method
1 Background
Plant products have been part of phytomedicine since
time immemorial. These can be derived from any part of
the plant like leaves, flowers, bark roots, fruits, and seeds
[9]. Herbal medicines have become more popular in the
treatment of any diseases due to the popular belief that
green medicine is safe, easily available, and with less side
effects. Many plants are cheaper and more accessible to
most people especially in the developing countries than
orthodox medicine, and there is a lower incidence of ad-
verse effects after use. These reasons might account for
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their worldwide attention and use [30]. The medicinal
properties of some plants have been documented by some
researchers [4, 16, 34]. Medicinal plant constitutes the
main source of new pharmaceuticals and healthcare prod-
ucts [17]. Extraction and characterization of several phyto-
compounds of these green factories have given birth to
some high activity profile drugs [21]. Indeed, the market
and public demand has been so great that there is a great
risk that many medicinal plants today face either extinc-
tion or less of genetic diversity [22]. Knowledge of the
chemical constituents of the plant is desirable because
such information will be valuable for the synthesis of com-
plex chemical substances.
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Cassia sophera Linn belongs to the family of Caesalpi-
niaceae. It is one of the important medicinal plants in
the tropical and subtropical region in Asia especially in
India, Sri Lanka, Pakistan, Malaysia, Myanmar, and
Bangladesh. In Bangladesh, the plant is locally known as
“Kulkashunda.” It grows abundantly in the plain land,
hilly areas of Chittagong Hill Tracks, Sylhet, and patches
throughout Bangladesh [2]. It has a number of trad-
itional and medicinal uses in the traditional system of
medicine such as Ayrveda and Unani [2, 11, 18]. The
plant is described in Unani literature to be repulsive of
morbid humors, resolvent, blood purifier, carminative,
purgative, digestive, and diaphoretic and reported to be
useful in epilepsy, ascites, dyscrasia of the liver, skin
disorders, piles, jaundice, fever, articular pain, and palpi-
tation. In ethnobotanical literature, this plant is men-
tioned to be effective for pityriasis, psoriasis, asthma,
acute bronchitis, cough, diabetes, and convulsions of
children [1]. Although in traditional medicine Cassia
sophera L have been well known for their laxative and
purgative properties and for the treatment of skin dis-
eases [5], there is now an increasing body of scientific
evidence demonstrating that the plants possess many
other beneficial properties [26]. The different parts of
the plant, Cassia sophera Linn, are used for medicinal
purposes for thousands of years in Bangladesh, India, or
subcontinent. The bark, leaves, and seeds are used as a
cathartic, and the juice of the leaves is specific for ring-
worm, especially when made into plaster in combination
with sandalwood. The root is administrated internally
with black pepper for snake bite [18]. The essence of
dried Cassia sophera Linn with the same amount of
mint into water is used to cure apositia [19]. The flowers
of this important medicinal plant is prescribed as a
tonic, astringent, febrifuge, and strong purgative and
useful in fever, heart diseases, joint pain, migraine, and
blood dysentery [35]. The seeds of this important medi-
cinal plant are used as a traditional medicine in Japan,
Korea, and China for the treatment of eye in ammation,
phytophobia, and lacrimation; dysentery; and headache
as well as dizziness [10]. Seed oil is used to promote a
healthy immune function. It is also a great oil to diffuse
during cold months due to its warming properties and
spicy scent [13]. The plant Cassia sophera Linn revealed
the presence of ascorbic acid, dehydroascorbic acid, ß-si-
tosterol, glycosides, and a rich source of flavonoids and
anthraquinones [1].
Several studies have been carried out on the isolation

of pharmacologically active compounds on different
parts of Cassia sophera Linn [1], but no systematic work
has been reported about the analysis of fatty acid by gas
chromatography and mass spectrum (GC-MS) and
protein content by the Kjeldahl method and the quantifi-
cation of some active secondary metabolities, i.e.,
alkaloid, saponin, and flavonoid content of different part
(leaves, stems, flowers, and seeds) so far. Keeping in
mind the wide application of different plant parts of
Cassis sophera Linn in traditional medicine and ayur-
vedic system, the abovementioned analysis was carried
out.

2 Materials and methods
2.1 Collection of plant material
Fully matured fresh leaves, stems, flowers, and seeds of
Cassia sophera Linn were collected from Sylhet,
Bangladesh, in the month of June 2015 and identified by
the taxonomist of Bangladesh National Herbarium,
Dhaka, where a voucher specimen (No. 43734) has been
deposited. Leaves, stems, flowers, and seeds were separ-
ately air dried. These dried samples were powdered
using a 20-mesh screen in Willey mill and then used for
subsequent analysis.

2.2 Reagents and standards
All reagents used were from Merck (Darmstadt,
Germany) or Sigma Aldrich (Buchs, Switzerland). For
fatty acid analysis, petroleum ether (b.p 40–60 °C,
Merck, Germany) of AR grade, under normal atmos-
pheric pressure, was employed for extraction.

2.3 Determination of protein content (Kjeldahl method)
Protein content was determined through the micro-
Kjeldahl method [25] using 2 g of the dried powder
sample of leaves, stems, flowers, and seeds of the plant
separately and according to the following equation.

Nitrogen %ð Þ ¼ ml:standard acid‐mlBlankð Þ �Nof acid� 14� 100
Weight of sample taken in grams

Protein content %ð Þ ¼ Nitrogen content%� 6:25

2.4 Preparation of fatty acid extract and analysis by GC-MS
2.4.1 Preparation of fatty acid extract
Fatty acids were extracted separately from the powder
(50 g) of leaves, stems, flowers, and seeds of Cassia
sophera Linn with petroleum ether (b.p 40–60 °C) in a
Soxhlet apparatus for 72 h using the method adopted by
Aziz et al. [3]. The extracts were filtered using Whatman
No.1 filter paper and then vacuum distilled to remove
the solvent completely. The extracts were concentrated
under reduced pressure in a rotary evaporator. The leaf
extract was 8.92 g (8.92% w/w), and the extract from
stems was 0.49 g (0.49% w/w), from flowers was 5.30 g
(5.30% w/w), and from seeds was (1.10% w/w). All the
extracts were kept in a nitrogen atmosphere in a
refrigerator.



Fig. 1 Protein percentage of different parts of Cassia sophera L

Table 1 Phytochemical content (%) of different parts of the
plant of Cassia sophera Linn

Plant
part

Phytochemical content (%)

Alkaloid (%) Flavonoid (%) Saponin (%)

Leaf 6.82 15.27 30.78

Stem 2.33 8.78 31.72

Flower 4.74 8.22 17.78

Seed 2.42 10.05 5.94

The present investigation showed that leaves of this medicinal plant showed
higher flavonoid (15.27%) and alkaloid (6.82%) content than the stem, flower,
and seed part, whereas for the case of saponin content, the present research
showed the stem part showed higher values (31.72%) than the leaf, flower,
and seed part
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2.4.2 Preparation of methyl ester (FAMEs)
The fatty acid composition was determined by the
analysis of their methyl esters. The fatty acids were con-
verted to fatty acid methyl esters (FAMEs) first. Then,
they were analyzed according to the method reported by
Griffin [32] and by using BF3-MeOH complex according
to the AOAC method [15]. Ten micrograms of the
extract of different plant parts was individually used for
each case.

2.4.3 Gas chromatograph-mass spectrum analysis
GC-MS analysis of fatty acids’ esters of leaves, stems,
flowers, and seeds of Cassia sophera Linn was carried
out on an Agilent 7890A system equipped with mass
spectrophotometer detector and split less injection
system. The GC was fitted with a HP-5MS capillary
column (30 m × 0.25 mm; film thickness 0.25 μm). The
temperature program was as follows: injector
temperature 260 °C, initial oven temperature at 70 °C, then
increased at 10 °C/min to 150 °C for 5min, 12 °C/min to
200 °C for 15min, and 12 °C/min to 220 °C for 15min.
Helium was used as the carrier gas at 17.69 psi pressure
with flow 0.6 ml/min. Samples were dissolved in metha-
nol, and 1 μl aliquot was injected automatically. MS was
set in the scan mode. The mass range was set in the range
of 50–550m/z. MS spectra of separated components were
identified on NIST libraries for fatty acid compositions.

2.5 Determination of phytochemical content
2.5.1 Alkaloid determination [36]
Five grams of leaves, stems, flowers, and seeds of Cassia
sophera Linn powder sample was taken separately into a
250-ml conical flask, and 200 ml of 10% acetic acid in
ethanol was added; the flask was covered by aluminum
foil and allowed to stand for 2 days followed by filtration.
After filtration, the extract was reduced to one fourth of
its original volume on a water bath. Concentrated
ammonium hydroxide was added in drops to the re-
duced volume, until the precipitation was completed.
The whole solution was allowed to settle, and the
precipitate was collected by filtration, dried, and
weighed. Alkaloid content was determined according to
the following equation.

%alkaloid ¼ W2
W1

�100%

where W1 = initial weight of sample (g) and W2 = weight
of precipitate (g).

2.5.2 Saponin determination [14]
Five grams of plant samples (leaves, stems, flowers, and
seeds) was taken separately in a 250-ml conical flask,
200 ml of 25% ethanol was added, and the suspension
was heated with continuous stirring on a water bath at
about 60 °C for 4 h. The mixture was filtered and the
residue re-extracted with another 200 ml of 20% ethanol
and then filtered. The combined extracts were reduced
to 40 ml over water bath at 90 °C. The concentrate mix-
ture was transferred into a 250-ml separating funnel,
and 20ml of diethyl ether was added and shaken vigor-
ously. The aqueous layer was recovered into a 250-ml
conical flask, while the ether layer was discarded. The
purification process was repeated thrice; 60ml of n-butanol
was added. The combined n-butanol extracts were washed
with 10ml of 5% aqueous sodium chloride. The remaining
solution was heated in a water bath. After evaporation, the
sample was dried in the oven to a constant weight. The sap-
onin content was calculated in percentage.

2.5.3 Flavonoid determination [6]
Five grams of leaves, stems, flowers, and seeds was ex-
tracted separately in 250-ml conical flasks with 150 ml
of 80% aqueous methanol at room temperature. The
whole solution was filtered through Whatman filter
paper 42 (125 mm). The filtrate was then transferred
into a crucible and evaporated to dryness over a water
bath and weighed.



Table 2 GC-MS analysis of fatty acids of the leaves of Cassia sophera Linn

Sl no. Name of the compound Molecular weight Molecular formula Conc. (%)

1. Caproic acid 116.15 C6H12O2 0.99

2. Caprylic acid 144.21 C8H16O2 1.47

3. Pelargonic acid 158.23 C9H18O2 1.42

4. Capric acid 172.26 C10H20O2 1.23

5. Undecyclic acid 184.28 C11H22O2 0.56

6. Lauric acid 200.31 C12H24O2 0.95

7. Trydecyclic acid 200.31 C13H26O2 0.74

8. Myristic acid 228.37 C14H28O2 0.96

9. Pentadecyclic acid (C15:0) 242.39 C15H30O2 0.39

10. Pentadecenoic acid (C15:1) 242.39 C15H30O2 1.23

11. Palmitic acid 256.42 C16H32O2 15.92

12. Stearic acid 284.47 C18H36O2 4.00

13. Oleic acid 282.46 C18H34O2 4.57

14. Linoleic acid 280.44 C18H32O2 9.54

15. α-Linoleic acid 278.43 C18H30O2 8.77

16. Arachidic acid 312.53 C20H40O2 38.66

17. Ecosenoic acid (C20:1) 310.51 C20H38O2 1.86

18. Eicosadienoic acid (C20:2) 308.50 C20H36O2 0.69

19. Arachidonic acid 304.46 C20H32O2 0.38

20. Behenic acid 340.58 C22H44O2 3.28

21. Lignoceric acid 368.63 C24H48O2 0.71

22. Nervonic acid 366.62 C24H46O2 1.68
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3 Results and discussions
3.1 Protein analysis
In Cassia sophera Linn, the value of total protein con-
tent for the case of leaves (8.32%), stems (9.10%), flowers
(11.20%), and seeds (19.20%) is presented in Fig. 1. Pro-
tein analysis is of great importance in the nutritive deter-
mination, and protein is a complex nitrogen containing
organic compounds which are found in all animals and
plant cells, characterized by the presence of peptide
bonds and formed by the polymerization of amino acids
Table 3 GC-MS analysis of fatty acids of stems of Cassia sophera Lin

Sl no. Name of the compound Molecula

1. Capric acid 172.26

2. Palmitic acid 256.42

3. Palmitoleic acid 254.41

4. Stearic acid 284.47

5. Oleic acid 282.46

6. Linoleic acid 280.44

7. Ecosenoic acid (C20:1) 310.51

8. Behenic acid 340.58
[37]. The storage of protein of different parts of the
plant provided amino acids that are readily used for ger-
mination and swelling growth [3, 23].
Here in this plant, due to the presence of a higher

amount of protein content in the seed part, it indi-
cates that seeds contain nutritive value in appreciable
quantity and it can take part in the germination and
swelling growth more actively than other parts of the
plant. This is the first report of total protein content
for different parts of Cassia sophera Linn.
n

r weight Molecular formula Conc. (%)

C10H20O2 0.76

C16H32O2 32.59

C16H32O2 0.74

C18H36O2 2.54

C18H34O2 7.18

C18H32O2 40.12

C20H38O2 2.72

C22H44O2 2.20



Table 4 GC-MS analysis of fatty acids of flowers of Cassia sophera Linn

Sl no. Name of the compound Molecular weight Molecular formula Conc. (%)

1. Pelargonic acid 158.23 C9H18O2 1.18

2. Capric acid 172.26 C10H20O2 1.54

3. Palmitic acid 256.42 C16H32O2 12.21

4. Oleic acid 282.46 C18H34O2 5.37

5. Linoleic acid 280.44 C18H32O2 17.34

6. α-Linoleic acid 278.43 C18H30O2 11.13

7 Arachidic acid 312.53 C20H40O2 3.92

8. Decosadienoic acid 336.56 C22H40O2 27.14

9. Adrenic acid 332.50 C22H36O2 20.17
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3.2 Phytochemical content analysis
The present investigation showed that different parts
(leaves, stems, flowers, and seeds) of Cassia sophera
Linn contain phytochemicals such as flavonoids, alka-
loids, and saponins in appreciable quantities, and
results are presented in Table 1.
Flavonoids are water-soluble phytochemical and an

important plant phenolic. They show antioxidant
activities, and they have the property of preventing
oxidative cell damage and carcinogenesis. They have
anti-cancer and anti-inflammatory activities and a
large effect in the lower intestinal tract and heart
disease [12]. Alkaloids are complex heterocyclic nitro-
gen compounds commonly found to possess anti-
microbial properties. They are quite useful against
viral and protozoan infections. In the case of highly
aromatic planar quaternary alkaloids, their mechanism
of action is due to their ability to intercalate with
DNA [8]. The presence of saponins in higher concen-
tration in the stem part signifies the uses of the plant
in wound healing and bleeding treatment [7] in trad-
itional folk medicine. Saponins have the property of
coagulating red blood cells, and they also have
Table 5 GC-MS analysis of fatty acids of seeds of Cassia sophera Lin

Sl no. Name of the compound Molecula

1. Caproic acid 116.15

2. Caprylic acid 144.21

3. Pelargonic acid 158.23

4. Capric acid 172.26

5. Trydecyclic acid 200.31

6. Palmitic acid 256.42

7. Stearic acid 284.47

8. Oleic acid 282.46

9. Vacenic acid 282.46

10. Linoleic acid (C18:2) 280.44

11. α-Linoleic acid (C18:2) 278.43

12. γ-Linoleic acid (C18:3) 278.43
cholesterol-binding properties, formation of foams in
aqueous solutions, and hemolytic activity [29]. It is
clear that the plant is very much rich in the above-
mentioned phytochemicals. The presence of these
phytochemicals signifies that different parts of the
plant may be used as an analgesic, antispasmodic,
antibacterial, anticancer, anti-inflammatory, and
antioxidant.

3.3 Fatty acid analysis
GC-MS analysis of fatty acids of leaves, stems, flowers,
and seeds of Cassia sophera Linn showed the presence
of 22 compounds from leaves, 8 compounds from stems,
9 compounds from flowers, and 12 compounds from
seeds. GC-MS analyzed results which include the active
principles with their molecular formula, molecular
weight, and composition of the fatty acids are presented
in Tables 2, 3, 4 and 5.
The analysis of fatty acid from the case of petroleum

ether extract of leaves, stems, flowers, and seeds was
done. It revealed the presence of saturated fatty acids
and unsaturated fatty acids for leaves (73.63% and
26.37% respectively), stem part (38.09% and 50.76%
n

r weight Molecular formula Conc. (%)

C6H12O2 0.73

C8H16O2 0.69

C9H18O2 0.97

C10H20O2 0.51

C13H26O2 1.81

C16H32O2 26.97

C18H36O2 0.95

C18H34O2 15.38

C18H34O2 0.22

C18H32O2 42.40

C18H30O2 4.93

C18H30O2 4.93



Fig. 2 GC-MS analysis of fatty acid of various parts of Cassia sophera Linn
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Fig. 3 Structure of the saturated fatty acid identified from GC-MS analysis of different parts of Cassia sophera Linn
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respectively), flower part (14.93% and 85.07% respect-
ively), and seeds (32.63% and 67.86% respectively)
(Fig. 2).
Saturated fats play a key role in cardiovascular health.

They are required for calcium to be effectively incorpo-
rated into the bone. Saturated fatty acids have been
shown to protect the liver from alcohol and medications,
including acetaminophen and other drugs commonly
used for pain and arthritis (Fig. 3). Certain saturated
fatty acids, particularly those found in plants, function
directly as signaling messengers that influence metabol-
ism, including such critical jobs as the appropriate re-
lease of insulin. Loss of sufficient saturated fatty acids in
white blood cells hampers their ability to recognize and
destroy foreign invaders, such as viruses, bacteria, and
fungi [24]. And unsaturated fatty acids reduce the risk of
diabetes (Fig. 4). Some fat-soluble vitamins like vitamins
A, D, E, and K are better absorbed in the intestines with
unsaturated fat. They are the main sources of energy
from food. Eating lots of protein along with unsaturated
fat is beneficial for overall brain health [20]. The
Eicosadienoic Aci
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Oleic Acid

Linoleic A
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Arachidonic Acid

OH

O
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Adrenic Acid
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Fig. 4 Structure of the unsaturated fatty acid identified from GC-MS analys
comparative values of saturated and unsaturated fatty
acids of different parts of the Cassia sophera Linn are
shown in Fig. 2. It clearly indicated that leaf, stem,
flower, and seed part contains appreciable amount of
saturated and unsaturated fatty acids, which justifies the
traditional uses of this important medicinal plant for
treatment of various diseases.
The most important findings of the work is that, in

the case of petroleum ether extract of the leaf part, the
major constituent was arachidic acid (38.66%); for the
stem and seed part, the major constituent was linoleic
acid (40.12% and 42.40%); and for the flower part, the
major constituent was decosadionic acid (27.14%). The
so-called essential fatty acids include linoleic acid and
α-linolenic acid; they are not synthesized in the hu-
man body because of the lack of appropriate enzymes.
Linoleic acid is considered the most important of all
omega-6 fatty acids, because it can be obtained with
other acids of this group such as α-linolenic acid or
γ-linoleic acid [33]. Linoleic acid can act as an anti-
iflammatory agent [27]. It can also show antiasthmatic
O
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activity [31]. Arachidic acids (saturated fatty acids) have
C20. This acid and its metabolites play an important role
in a variety of biological process, including signal trans-
duction, contraction, chemotaxis, cell proliferation and
differentiation, and apoptosis [33]. Decosadionic acid is a
polyunsaturated fatty acid (PUAF). PUAFs are necessary
for overall health. The proportion of PUAFs in serum and
erythrocyte phospholipids, which depends on endogenous
metabolism controlled by genetic polymorphisms and
dietary intake, is an important determinant of both health
and disease. PUAFs are cardio-protective, perhaps though
their anti-inflammatory, anti-arrhythmic, lipid-lowering,
and anti-hyper sensitive effects [28].

4 Conclusion
Due to the presence of a good number of fatty acids and
protein content and appreciable quantities of secondary
metabolites in different parts of the plant studied here,
the plant can be seen as a potential source of useful
drugs. The presence of these fatty acids in a considerable
amount might serve to recognize the potential pharma-
cological importance of this plant in disease control.
The medicinal value of plants lies in some chemical sub-
stances that have a definite physiological action on
human body. It also justifies the folklore medicinal uses
and claims about the therapeutic values of this plant as
curative agent. We therefore suggest further the isola-
tion, purification, and characterization of the bioactive
compounds from leaf, stem, flower, and seed of Cassia
sophera Linn with a view to obtain useful chemothera-
peutic agents.
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