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Abstract
Studies on proximate and phytochemical analyses of leaf extract of Senna alata (L) Roxb were carried
out to evaluate its nutritional potentials and possible medicinal properties. Result obtained from
proximate analysis showed the composition of moisture, total ash, crude protein, crude lipid, crude fibre
and carbohydrate as: 15.4±0.17%, 6.00±0.13%, 17.50±0.57%, 9.80±0.21%, 16.91±0.51%, 2.00±0.61%,
respectively. Phytochemical studies showed the presence of saponins, phenolic acids, flavonoids mainly
kaemferol (148.568 ± 4.133) and quercetin (232.315 ± 1.821), tannins present as tannic acid (974.870 ±
2.315), alkaloids including coniine (30.508 ± 3.255) and coniceine (33.410 ± 3.480), and negligible
amounts of quinones and acrylamides. The result from this study showed that while the leaf extract of S.
alata (L) Roxb may be used for therapeutic purposes within its safety limit, usage as a source of food for
man or animals may be lethal, due to the presence of poisonous phytochemicals like connine and
coniceine.
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Introduction
Senna alata (L) Roxb is a tropical shrub, but can also thrive in temperate climes. It belongs to
the Fabaceae family. It can grow up to 16ft tall, branched. However, it can stand at 30ft tall, if
straight. The large pinnate leaves are up to 30inches in length consisting of 7-14 smooth pairs
of leaflets, each about 3in long and 1-4in in width. The yellow flowers, shaped like a cup, are
closely-packed on a straight spike, looking like a candle stick (from where the name was
obtained). The flower clusters are between 6-24in tall. The sepals are waxy and smooth to the
touch. The fruit is a curvy or straight winged pod about 4 to 8 inches in length. The pods
contain about 60 flat and brownish seeds. Some common names of Senna alata (L) Roxb are
emperor's candlesticks, candle bush, Christmas candles, seven golden candle sticks and
ringworm shrub. It is both an ornamental and medicinal plant [1]. In Nigeria, it is called
‘Asunwo oyibo’ in the West and ‘Nelkhi’ in the East [2]. S. alata (L) Roxb has an uncommon
wide natural distribution. It is native to the tropics, which includes Southeastern Asia, Africa,
tropical America and the Pacific Islands. It is an erect, tropical annual herb with yellow
candle-like inflorescence.
S. alata (L) Roxb is a medicinal and ornamental plant. Studies have reported the therapeutic
use of S. alata (L) Roxb leaves in such diseases as liver problems, abdominal pain, and
constipation [3]. It has also been utilized in the treatment of dermatological diseases such as
eczema, athlete’s foot, inflamed skin, rashes on skin, as well as ring worm (from where the
name ‘ringworm shrub’ was gotten) [4]; also it is used to manage diabetes and hyperglycemia
[5]
. Its antiviral, antibacterial and antifungal activities have also been proven1, as well as its
laxative properties [3].
Following the importance of the reported medicinal uses of S. alata (L) Roxb, it is pertinent to
carry out some proximate and phytochemical studies on the plant for better insight on its
biochemical composition, hence the present study.
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Materials and Methods
Sample Collection and Identification
Fresh Senna alata (L) Roxb leaves were plucked between the 3rd and 6th of December, 2015
from an uncultivated piece of land, by the gate of the University of Port Harcourt, Abuja
campus, Choba, Rivers State. The leaves, with voucher number UPH/V/125, were identified
and authenticated by Dr. Chimezie Ekeke of the Department of Plant Science and
Biotechnology, University of Port Harcourt, Rivers State.
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Preparation of Sample
Fresh leaves of S. alata (L) Roxb were air-dried at room
temperature (29±1 oC) for 3 weeks and then ground with the
aid of Marlex Excellent grinder (Mumbai, India). The ground
sample was then passed through a sieve of 0.5mm pore size to
obtain a fine uniform powder. The ground sample was then
subjected to proximate and phytochemical analyses.
Proximate Analysis
The proximate analysis of the sample was done to ascertain its
ash, moisture, lipid, crude protein, crude fibre, and
carbohydrate composition [6].
Determination of Moisture composition
One gram of the sample was transferred into an empty preweighed silica dish and placed in the oven for 24 hours at
about 105 oC. This was later cooled in a desiccator and
reweighed before it was taken back to the oven for another 24
hours. The cooling process was done repeatedly until a steady
weight was achieved. The composition of moisture is then
estimated.
Determination of Protein composition
Three gram of Kjeldahl digestion catalyst and 20ml of 1.25%
concentrated H2SO4 and little anti-bumping agents were
added to 1.0g of the sample in a 100ml Kjeldahl digestion
flask. The flask was heated until foaming stopped and then
the content totally liquefied. Heating was further intensified,
with occasional rotation of the flask, until the colour of the
content changed from ash to blue-green/pale green. The
content was cooled and moved to a 100ml volumetric flask, in
which addition of distilled water filled it up to its capacity.
Twenty millilitre of the diluted digest was transferred into a
150ml distillation flask containing some anti-bumping chips.
The flask was then connected to a condenser whose receiver
linked to a Buchner funnel placed in a 400ml beaker that
contains 10ml of 2% boric acid solution into which 2 drops of
methyl red-methylene blue (double indicator) were added.
Into the flask was added 20ml of 40% NaOH solution. When
the colour of the boric acid in the receiver flask changed from
purple to pale green and then the volume in the beaker was
almost equal to the original volume, the distillation was
stopped. The ammonia was then released into the boric acid
solution. The boric acid-ammonia distillate was titrated with
0.1M hydrochloric acid. The appearance of a pink colouration
marked the end of the titration. The nitrogen content, which is
used to calculate the protein content, was then calculated
using the titre value.
Determination of Ash composition
A clean petri dish was weighed and 1.0g of the sample was
added to it. The petri dish and its content were then placed in
a muffle furnace for 4 hours at 550 oC. Then the content was
cooled in the desiccator, and the heating and cooling process
was done repeatedly until a steady weight was achieved. The
weight of the petri-dish and residue was recorded and used to
estimate the ash content.
Determination of Lipid composition
Two hundred and fifty millilitre extraction flasks were dried
in the oven and cooled to the laboratory temperature and the
weighed. Two hundred and fifty millilitre of petroleum ether
was transferred to the flasks. About 0.25g of the sample was
placed in the condenser of the Soxhlet extractor, in labelled
porous thimbles, and then extracted for 4 hours. The thimbles

were carefully removed and the petroleum ether collected for
reuse. The extraction flask containing the oil was dried in the
oven at 105 0C for 1hour. The flask with the dried oil was
cooled and weighed and used to calculate the lipid
composition.
Determination of Crude Fibre composition
Two hundred millilitre of 1.25% H2SO4 was added to 2g
pulverized sample in a 1L conical flask and allowed to boil
for 30 minutes. The contents were then filtered through a
Buckner funnel and rinsed with deionized water. Two
hundred millilitre of 1.25% boiling NaOH was added to the
filtrate, gently boiled for another 30 minutes and then filtered
again. Hot deionized water, 10% HCl, and dimethyl ether
were respectively used to wash the residue, which was later
oven-dried at 110 oC for 12 hours. The residue was then
cooled, weighed and later heated at 550 oC for 90 minutes to
ash. Finally, the ash was cooled and weighed, and the fibre
content calculated for.
Determination of Total Carbohydrate composition
The composition of total carbohydrate was determined by
summing up the percentage values of other components
(moisture, crude protein, crude fibre, lipid and ash) and
subtracting by 100.
Phytochemical Qualitative Analysis
Different qualitative tests were used to analyse for the
phytochemicals in the solvent free extract of Senna alata (L)
Roxb leaves. Individual tests were carried out for alkaloid,
saponins, flavonoids, tannins, phenolic compounds,
coumarins, protein, anthraquinones, quinines, steroids and
cardiac glycosides. Standard procedures were followed [7].
Alkaloid determination
The aqueous extract of the crude dry powder of the leaves was
dried by evaporating in a water bath. About 2M HCl was then
used to dissolve the residue. The mixture was filtered and
shared in three equal parts. To one part was added few drops
of Mayer’s Reagent. One part was treated with Wagner’s
Reagent and the other with Dragon Droff’s Reagent. The
presence of a creamy, orange and brownish precipitates
respectively indicate the presence of reparative alkaloid [8].
Saponin determination
The presence of saponin was determined by frothing test.
Zero point five milligram of the dry leaf powder was mixed
thoroughly with ten millilitre of distilled water and made to
stay for thirty minutes. The appearance of a stable froth over
1.5cm thick, after classification for saponin, implies saponin
is present [9].
Flavonoid determination
About three drops of dilute sodium hydroxide were added to
one ml of the aqueous leaf extract. The appearance of an
intensive yellow colour, which then turns colourless when
added with a few drops of dilute acid, implying that
flavonoids are present [8].
Tannins determination
Tannins were determined by the Ferric chloride test: The
extract was filtered after boiling a little amount with distilled
water. To the filtrate was added two drops of five percent
Fecl3 solution. The appearance of a blue-black or greenishblack colour confirms the presence of tannins [8].
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Determination of Phenolic compounds
To two ml of the aqueous leaf extract was added three drops
of one percent ferric chloride solution. The appearance of a
violet colour with ferric ion implies that phenolic compounds
are present [8].
Determination of Coumarins
Three drops of one percent KOH solution was added to the
aqueous leaf extract. The appearance of a yellow colour
implies coumarins are present [9].
Determination of Quinones
Dilute sodium hydroxide was added to the extract in a test
tube. The appearance of a red or blue-green colour implies
that quinones are present [9].
Determination of Anthraquinones
Borntrager’s test
About ten percent of HCl was boiled for five minutes with 5
mg of the plant extract in a water bath, filtered and then left to
cool. The same volume of CHCl3 was added to the filtrate and
then few drops of ten percent ammonia. The mixture was
subsequently heated, producing a pinkish colouration which
signifies anthraquinones are present [8].
Determination of Steroids
To five milligram of the plant extract was added 2 ml of
acetic acid anhydride, then few drops of concentrated sulfuric
acid were slid through the side of the test tube. The
appearance of a bluish-green colouration implies that steroids
are present [8].
Determination of Xantho-Protein
Xantho-proteins were determined by the Xantho-Protein Test.
The appearance of a yellow colouration when few drops of
concentrated nitric acid were mixed with the extract indicates
xantho-proteins are present [9].
Determination of Cardiac Glycosides
Keller-Killianic Test
One millilitre of Fecl3 reagent (99 parts glacial acetic acid and
1 part five percent Fecl3 mixture) was mixed with crude dry
leaf powder of the plant. Few drops of concentrated H2SO4
were added to the mixture. The formation of a greenish-blue
colouration in minutes implies cardiac glycosides are present
[10]
.
Phytochemical Quantitative Analysis
The quantitative analysis was done using High Performance
Liquid Chromatography (HPLC).
The leaf extract, was subjected to HPLC analysis using a
μBondapak C18 column. Filtration of the extract was done
using Whitman’s filter paper No. 1. The suspension was
allowed to settle down for about 1 hour at 4 oC and then refiltered with Whitman’s filter paper No. 1, 0.45micron and
0.22 micron filter consecutively. The crude extract was shared
in 50ml aliquots and preserved in the dark at 4 0C. The control
sample used was 0.1 mg/ml Benzyl Penicillin G. A hundred
millilitre of HPLC grade methanol was used to wet the C18
gravity column which was subsequently washed, using fifty
millilitre Milli-Q water. Fifty millilitre aliquot of the crude
extract was placed in the column for absorption to take place.
Buffers A and B were 50 mM sodium acetate (PH 4.5) and
acetonitrile respectively.

The rate of flow was 1.0 ml/min, while the running conditions
were: between minute 1 - 3, buffer A; minute 3 - 15, gradient
buffer B, 0 to 60%; minute 15 - 18, gradient buffer B, 60 to
80%; minute 18 - 20, buffer B, 80%; minute 20 - 22, gradient
buffer B, 80 - 0%; 67 and minute 22 - 25, buffer A [11,12]. The
scanning of eluting peaks was done from 200 nm to 550 nm
with an interval of 1nm so as to determine the absorbance
maxima and minima.
Statistical Analysis
Data gathered from this study were all statistically analysed,
using One-Way Analysis of Variance (ANOVA). The
Statistical Package for Social Sciences (SPSS) version 20.0
(IBM Statistics, UK) was used to analyse the data gathered.
All the values were reported as mean ± standard error of mean
(SEM), and the results were regarded significant at p<0.05,
that is at 95% confidence level.
Results and Discussion
Proximate Analysis
Table 1: Proximate Composition of leaf of Senna alata (L) Roxb
Parameter
Composition (%)
Moisture
15.40 ± 0.17
Total Ash
6.00 ± 0.13
Crude Lipid
9.80 ± 0.21
Carbohydrate
32.00 ± 0.61
Crude Protein
17.50 ± 0.57
Crude Fibre
16.91 ± 0.51
Values are presented as mean ± SEM (n=3)

The proximate analysis result of the leaf of Senna alata (L)
Roxb, as seen in Table 1, showed that it contains:
15.40±0.17% moisture, 6.00±0.13% total ash, 9.80±0.21%
crude lipid, 32.00±0.61% carbohydrate, 17.50±0.57% crude
protein, and 16.91±0.51% crude fibre. The moisture content is
used to evaluate the shelf life of any food [13]. It, therefore,
implies that the leaves of Senna alata (L) Roxb may be more
stable than Tridax procumbens, whose moisture content is
88%; and Ocimum gratissimum, whose moisture content is
82.60%; as respectively reported [14,15]. The ash content,
which is a measure of the mineral content, was low
(6.00±0.13%) in the leaf of Senna alata (L) Roxb. It was
lower than the 13.67% reported for the stem of Ocimum
gratissimum [15]. The protein content is moderately high
(17.50±0.57%), but low compared to the 37.44% reported for
Tridax procumbens [14] and 39.13±0.16% reported for
Moringa oleifera. The result showed the leaf can make a good
source of protein. Proteins from plants are perhaps the
cheapest and most naturally abundant proteins and can be
effectively used to curb malnutrition in poor populations. The
crude lipid content was 9.80±0.21% and was higher than the
3.42±0.47% reported for Moringa oleifera [16]. The lipid
content shows that it can be a good energy source, however,
excessive consumption of lipid can portend a risk for certain
CVDs [17]. The leaf contains 32.00±0.61% carbohydrate,
which is the highest of the components analysed. The leaf can
be a good source of energy, however, the carbohydrate
component is lower than those of Tridax procumbens
(41.03%) and Moringa oleifera (38.21±0.31%) [14, 16].
Carbohydrates are the primary sources of energy needed to
carry out many biological functions. The crude fibre
component was obtained from was 16.91±0.51%. Adequate
consumption of crude fibre has been reported to lower plasma
cholesterol and thus minimizing the risk for certain
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cardiovascular diseases, certain cancers and constipation [18];
reduce excessive dietary starch intake, thereby preventing
diabetes mellitus and obesity; it also helps to soften stool,
increase transit time and stool bulk. Excessive intake can,
however, cause increased intestinal gas production that can
lead to bloating. Consuming over 30g per day can lead to malabsorption of important minerals, such as magnesium,
calcium and phosphorus [19].
Qualitative Phytochemical Analysis
Table 2: Qualitative Phytochemical Determination of Senna alata
(L) Roxb leaves
Phytochemicals
Alkaloid
Coumarin
Quinones
Saponins
Phenolic Compounds
Steroid
Flavonoid
Tannins
Cardiac Glycosides
Xantho-Protein
Anthraquinones
Values are presented as mean ± SEM (n=3)

Leaf Extract
+
+
+
+
+
+
+

The result of the qualitative analysis of the leaf indicated that
alkaloids, quinones, saponins, phenolic compounds,
flavonoids, tannins, and anthraquinone were present; as seen
in Table 2. Saponins are amphipathic glycosides reported to

be utilized as adjuvants in cancer treatment [20]. They form
complex with dietary cholesterol in the intestinal walls,
preventing their uptake, thus lowering the amount of
circulating cholesterol. They act as surfactants, aiding the
uptake of macromolecules, such as proteins; by cells through
the membrane. Tanins are polyphenols present in many
plants. They have been implicated in the acceleration of blood
clotting, blood pressure reduction, immune-response
modulation and in lowering of plasma lipid [21]. Quinones play
very important roles in biological systems, as in:
phylloquinone (vitamin K), which plays vital roles in blood
clotting, bone formation, etc.; ubiquinone, which serves as
electron acceptor in the electron transport chain and so on.
Quinones have been utilized as purgatives, antimicrobial and
anti-parasitic agents, anti-tumor agents, and in prevention of
cardiovascular diseases [22]. Flavonoids are reportedly
involved in several physiological activities, such as antiinflammatory, anti-allergic, anti-oxidant [23], anti-microbial,
anti-diarrheal and anti-cancer [24]. Alkaloids are naturallyoccurring nitrogen-containing compounds that are reportedly
involved in several pharmacological activities, such as
antimalarial, anticancer, antiasthma [25], antiarrhythmic,
vasodilatory [26], analgesic, hypoglycemic, antibacterial [27],
etc. Phenolic acids play vital role in scavenging for free
radicals. Due to their antioxidant activities they possibly may
have anti-carcinogenic properties [28]. Naturally-occurring
anthraquinones, like those found in plants, may have laxative
effect and also possess anti-inflammatory [29], thus may have
potential for the treatment of certain inflammatory conditions.
Quantitative Phytochemical Analysis

Table 3: Quantitative Phytochemical Determination of Senna alata (L) Roxb leaves
Component
Concentration (%)
Tannic acid
55.26
Quercetin
13.17
Kaemferol
8.42
Luteolin
1.1
Catechin (+)1.1
Spectaline
3.78
Cassine
2.43
Coniceine
1.89
Connine
1.73
Chlorogenic acid
2.56
Caffeic acid
4.55
4-hydroxybenzoic acid
0.92
Saponine
0.52
Trillin
0.34
Deltonin
0.33
Others
1.9
Total composition
100
Values are presented as mean ± SEM (n=3)

The quantitative analysis result indicated that phytochemicals
such as alkaloids, quinones, phenolic acids, tannins, saponins,
flavonoids, and acrylamide were present. The most abundant
of the phytochemicals was tannic acid (55.26%), a tannin,
followed by quercetin (13.17%), and then kaemferol (8.42%),
both of which are flavonoids. The least on the table is deltonin
(0.33%), a saponin. Tannic acid reportedly possesses
physiological effects such as hypolipidaemia, reduction of
liver necrosis, modulation of immune-responses, and
accelerates blood clotting [21]. Studies have shown that
quercetin possesses some anticancer properties [30],
antihistamine effect [31], antioxidant property [32], anti-stress
properties [33], and also suggested to have a bronchial dilating

Concentration (mg/100g)
974.870 ± 2.315
232.315 ± 1.821
148.568 ± 4.133
19.284 ± 5.758
19.047 ± 3.331
66.755 ± 0.887
42.904 ± 0.418
33.410 ± 3.480
30.508 ± 3.255
45.201 ± 1.637
80.312 ± 4.710
16.161 ± 0.879
9.213 ± 3.152
6.024 ± 2.688
5.888 ± 4.517
33.761 ±3.222
1764.221

effect [34]. Kaemferol has been implicated by several studies in
many pharmacological activities, such as cardioprotective,
neuro-protective,
anti-osteoporotic,
oestrogenic/antioestrogenic, anti-diabetic, anti-allergic, analgesic, anxiolytic,
anti-microbial, anti-cancer, antioxidant and anti-inflammatory
[35]
. Caffeic acid (4.55%), a phenolic acid, is a yellow solid
that inhibits the metastasis of cancerous cells by an oxidative
mechanism [36]. It reportedly possesses immuno-modulatory,
anti-inflammatory and antifungal properties. Certain studies
have, however, shown it may be carcinogenic [37] (3.78%), an
alkaloid, was reported to show anti-convulsant and antinociceptive abilities [38]. Chlorogenic acid (2.56%) is a
phenolic acid reported to minimize blood pressure [39], and
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may also have a laxative effect [40]. Cassine (2.43%) is an
alkaloid that possesses both anti-inflammatory and antinociceptive properties [41]. Connine (1.73%) and coniceine
(1.89%) are both poisonous alkaloids. High concentration of
coniine causes muscular paralysis that can eventually lead to
hypoxia in the brain and heart, specifically due to paralysis of
the respiratory muscles. Ingestion of as little as 0.1g of
coniine can be lethal to an adult human [42]. Luteolin (1.1%), a
flavonoid, possesses several physiological activities, among
which are anti-inflammatory, anti-allergy and anti-cancer
activities. Luteolin functions biochemically as an anti-oxidant
or a pro-oxidant. Its anti-cancer ability is related to its
induction of apoptosis, inhibition of cell proliferation,
metastasis and angiogenesis [43]. Catechin(+)- [1.1%], another
flavonoid present, has been suggested to lower plasma
cholesterol level and also induce vasodilation, which helps in
normal blood flow [44]. It has, however, been linked to
haemolytic anaemia and renal failure [45]. 4-hydroxybenzoic
acid (0.92%), also known as para-hydroxybenzoic acid
(PHBA), is a phenolic acid with anti-oxidant properties and
reported to possess estrogenic activities [46]. Saponine
(0.52%), a saponin, reportedly lowers plasma cholesterol level
by binding to bile salts in the intestinal walls, preventing their
return to the liver and making the liver to produce more bile
from available cholesterol, thereby reducing the available
cholesterol. Its other abilities are anti-fungal and anti-cancer.
Trillin (0.34%) is a saponin reported to reduce gastric
ulceration [47] and possesses anti-inflammatory properties [48].
Deltonin (0.33%) is a steroidal saponin reported in several
studies to be a potent cancer preventive and therapeutic agent
[49, 50]
.
Conclusion
Findings from the proximate analysis of Senna alata (L) Roxb
leaves showed that it can serve as a good source of energy and
other nutrients in relatively moderate amount. However, it
may not be suitable as food for both humans and animals, due
to the presence of certain phytochemicals such as coniine and
coniceine, which are poisonous. Phytochemical analysis
shows that 100g of the leaf contains 30.51mg and 33.41mg of
coniine and coniceine respectively. It has been reported that
consuming 0.1g (100mg) of coniine can lead to death in an
adult human (IPCS, 2012), due to respiratory muscle
paralysis. The implication is that consuming about 330g of
Senna alata (L) Roxb leaves may lead to death (due to coniine
alone), to which the lethal amount could be lesser when the
effect of coniceine is considered. The phytochemical
screening indicated the presence of anthraquinones,
flavonoids, tannins, alkaloids, phenolic acids, saponins, and
quinones. The quantitative analysis showed the presence of
high amount of some important phytochemicals such as tannic
acid, quercetin, and kaemferol; that have been reported to
possess some important pharmacological activities such as
anti-cancer, hypolipidaemic, anti-oxidant, bronchial dilating,
anti-microbial, and analgesic, amongst others.
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