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Abstract | There is an urgent need to explore and utilize naturally occurring products for combating harmful
agricultural and public health issues. Plant-derived substances can exhibit significant results with lesser side
effects, and they are easily accessible and more economical than their synthetic alternatives. This study aims to
conduct a phytotoxic study of ethanolic extract of Crataeva adansonii DC. leat and stem bark for assessment
of its bioherbicidal potential. Elemental and nutritional analysis of the plant parts was also done to accentuate
this plant’s use in the nutritional and agricultural industry. Elemental analysis of C. adansonii stem bark and leaf
was assessed through atomic absorption spectrophotometry to detect ten essential macro and microelements,
including Na, Ca, Co, Cd, Cu, Mn, Zn, Pb, Ni, and Fe. In the bark part, the highest percentage of relative
standard deviation was observed for Co, Cd, and Na, which is 175.6, 22.86, and 5.58%, respectively. The
leaf part’s elemental analysis revealed the highest percentage of R.S.D. for Co, Mn, and Pb, which is 20,
9, and 4.44%, respectively. Imperative nutritional aspects of the proposed plant extracts were determined,
including percentages of carbohydrates, proteins, fats, fiber, ash, and moisture. The bioherbicidal potential of
the proposed plant was evaluated through the Lemna minor model of phytotoxicity. C. adansonii is a source
of several essential macro and micronutrients. A nutritional value analysis of this plant offers its use as a food
source. Bioherbicidal/phytotoxic activity revealed significant results in the form of dose-dependent inhibition
of frond growth. Ethanolic extract of C. adansonii exhibited 30% inhibition at 1000 ul concentration, and at
the same concentration, the bark extract inhibited the frond growth by 40%. The pharmacognostic evaluation
of this medicinal drug will be supportive in the detection of adulteration and quality control. Due to the
herbicidal potential, it can be used in the agricultural industry. For future studies, it is suggested to understand
the mode of action of its active compounds through future studies.
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Introduction long stamens. Due to the elongated appearance
of stamens, the plant is often called a spider tree.
Flowers of this plant are white, and stamens are
purplish. In traditional medicine, C. adansonii is

astringent, antipyretic, anti-inflammatory, appetizer,

Cramefva adansonii, commonly known as Varun,
temple plant, and sacred garlic pear, belongs to

the family Capparaceae (Ryan and Ray, 2004). It is

a moderate-sized deciduous tree bearing trifoliate
compound leaves. The flowers are showy, bearing

liver stimulant, contraceptive, stomachic, diuretic,
tonic, and demulcent. The use of this plant against
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bronchitis, calculi, asthma, cough, renal and urinary
troubles, dyspepsia, and uterine infections is also well
known in traditional medicine (Burkill, 1985; Gitte
et al., 2012).

Elements like Cu, Zn, Cr, and many other trace
elements can be preventive and curative in many
aspects. They can play a vital and therapeutic role in
combating various ailments (Kaneez et al., 2001). The
role of mineral elements is incredible in physiology
and pharmacology despite their small proportion and

body weight (Bamiro et al., 1995).

Nutritional components of plants, including fats,
minerals, carbohydrates, proteins, water, vitamins, and
oils, are considered necessary for the development
and growth of plants and animals. On the other hand,
some plant chemicals are known as antioxidants;
they protect humans from several diseases (Agte et
al., 2000). Caloric needs and metabolic requirements
of humans are fulfilled by essential nutrients
(Underwood, 1977). The quality and purity of crude
drugs can be determined through ash values. It shows
the presence of impurities like oxalate, silicate, and
carbonate. Analytical techniques are applied for
detecting quality, identity, potency, purity, efficacy,
and safety of herbal drugs, pure active compounds,
and standardized extracts (Patil et al., 2013).

Synthetic herbicides destroy seed bank in soil and
reduce their production capability. Several secondary
metabolites produced by plants can work as
allelochemicals to other plants growing in the vicinity
(Morimoto et al., 2009). Nowadays, bio-herbicides
are preferred over synthetically produced herbicides
(Duke et al., 2000; Dudai et al., 1999). Phytotoxins
showing significant agricultural potential can lead
to the discovery of novel herbicides showing better
activity as compared to synthetic products, due to
their unexplored action sites (Westwood et al., 2018;
Teixeira et al., 2019).

Lemna plant belongs to the family Lemnaceae; it
is used in various scientific experiments to observe
various phytoextracts’ effects on several physiological
processes. It is an aquatic angiosperm consisting of a
filamentous root. They have no stems or true leaves
and usually consist of a single or a few flat, oval-
shaped, and small “fronds.” New fronds are budded
from pre-existing fronds (Atta-ur-Rahman and
Thomsen, 2001). It is observed that the application

of typical antitumor compounds results in its growth
inhibition.

Similarly, some chemical substances may stimulate
frond proliferation, thus acting as growth stimulants.
Crop productivity is reduced because of weeds as they
compete for water, sunlight, minerals. Synthetic drugs
for weed control cause water pollution, soil pollution,
and several diseases in humans and plants (Ibrar
and Muhammad, 2011). Efforts are being made in
the field of phytotoxicity to search for weedicides/
herbicides from natural sources.

Materials and Methods

Extract preparation

The collected material of C. adansonii bark and leaf
parts was cleaned thoroughly from dust by gently
washing with water. The material was shade dried
and pulverized in an electric grinder to fine powder
of 60 mesh diameter. 200 gram of each sample was
soaked in 1 litre of 70% ethanol for 72 h. The mixture
was vigorously shaken several times each day. It was
filtered through Whatman filter paper No.1823, and
the same procedure was repeated three times. Each
filtrate was concentrated under a vacuum by using a

rotary evaporator. Each extract’s concentrates were
stored at 4 °C for future use (Hussain et al., 2010).

Elemental analysis

Elemental analysis was carried out by following the
recommended methods (Sucman et al., 2008; AOAC,
2000). Dry powder of C. adansonii leaf and bark
were subjected to elemental analysis through atomic
absorption spectrophotometry for the detection of
macro and microelements including Manganese
(Mn), Zinc (Zn), Cobalt (Co), Lead (Pb), Calcium
(Ca), Copper (Cu), Iron (Fe), Cadmium(Cd), Sodium
(Na) and Nickel (Ni).

Wet digestion

The wet digestion method was used to prepare the
samples. Powder drug (1 gm) and 67% concentrated
HNO, (10 ml) were mixed in a conical flask and kept
at room temperature up to 24 hours. 67% HCIO, (4
ml) was added to the mixture, and after 30 minutes

flask was heated on a hotplate until only 1 ml clear
solution was left (Hseu, 2004).

'The evaporated solution was cooled down and diluted
with double distilled water until its volume was raised
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to 100 ml. After filtration through a Whatman # 42
filter paper, this stock solution was analyzed with the
help of atomic absorption spectrophotometer (Eslami
etal.,2007). The stock solution was diluted to prepare
each metal’s calibration standard (Saced et al., 2010).

Procedure

Each element condition of the instrument was
adjusted according to the conditions mentioned in
Table 1. Acetylene flame was ignited after warming
the cathode lamp. The stock solution of different
elements was diluted for calibration of the instrument,
and standardization was verified, for each element
ppm was calculated (Tuzen, 2003) through atomic
absorption spectrometry. The samples were analyzed
for quantitative detection of various elements (AOAC,

2000).

Statistical analysis
The elemental data were analyzed statistically using
arithmetic mean and standard deviation (Saced et al.,

2010).

Nutritional analysis

Plants contain nutrients and other necessary
substances for our growth and development, including
fats, carbohydrates, and proteins (Aruoma, 2003). The
methodology of Hussain et al. (2011) was followed
to determine a few essential nutritional aspects of the

proposed plant.

Determination of ash

Ash analysis of C. adansonii powder drugs and
ethanolic extracts of leaf and bark parts were
conducted during the present research. Ash is the
inorganic substance which is obtained through the
burning of organic matter. During ignition, some of
the compounds are lost due to their volatile nature or

chemical interaction; therefore, ash is quite difterent
in composition, as compared to the plant material
(Jarald and Jarald, 2007). Exhausted drugs can be
detected through an ash test. Similarly, the detection
of adulteration in the drug can also be achieved
through ash determination (Wallis, 1985).

Procedure

A thoroughly washed flat bottom silica crucible
was dried in an oven (70 °C) for 30 minutes; it was
ignited and tarred. After cooling it in desiccators and
weighing (W), plant powder drug (4 gm) was spread
evenly into it and heated with a Bunsen burner. It
was then shifted to an ignited muffle furnace. The
temperature was gradually increased to 550 °C; the
process was continued until the carbon content was
burnt out, and a white appearance was observed. It
was transferred to desiccators and weighed (W) after
cooling. Percent of ash and the total ash values were

calculated (Wallis, 1985).

Weight of the empty crucible = W,
Weight of the empty crucible + ash = W,
Total ash (mg/g) = W,- W,

% Ash = W2-W1/ Wt of sample x100

Determination of moisture

A Petri dish was weighed (W), and 2 gm plant
powder drug was put into it. The Petri dish was
covered and placed inside the oven (105 °C) for 4-6
hours, cooled in desiccators, and weighed again (W,).
Percent moisture content was calculated using the

formula (AOAC, 2000).

% Moisture= X / Wt of sample <100
X= Weight of the sample (after heating) = W, - W,
W = Weight of the empty Petri dish+sample (after heating)
W, = Weight of the empty Petri dish

Table 1: Conditions applied for detection of various elements.

Elements  Flame type Slitwidth ~ Wavelengthh  Cathodelamp Air oxide Acetylene
(nm) (nm) current(mA)  flow (L/min) flow (L/min)

Pb Air/ acetylene 0.7H 283.3 10 17 2.0

Zn Air/ acetylene 0.7H 213.9 15 17 2.0

Mn Air/ acetylene 0.2H 279.5 20 17 2.0

Co Air/ acetylene 0.2H 240.7 30 17 2.0

Cd Air/ acetylene 0.7H 357.9 25 17 2.5

Cu Air/ acetylene 0.7H 324.8 15 17 2.0

Fe Air/ acetylene 0.2H 248.3 30 17 2.3

Ca Air/ acetylene 0.7H 766.5 12 17 2.0

Na Air/ acetylene 0.2H 589 0.8 17 2.0

Ni Air/ acetylene 0.2H 232 25 17 2.0
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Determination of proteins

Macro Kjeldahl method was used for protein
determination. A digestion mixture was prepared by
mixing ferrous sulfate, potassium sulfate, and copper
sulfate in the ratio of 1, 94, and 5, respectively. 25
ml of concentrated H SO, was mixed into it and
digested for 6 hours. After cooling, the material was
transferred to a 250 ml flask. Distilled water was
added to increase its volume up to 50 ml, and a strong

alkali (10 ml) was added.

About 50 ml of 4% boric acid solution was transferred
to the distillation flask, and 3-5 drops of the
mixed indicator (prepared by dissolving 0.03 g of
bromocresol green and 0.016 g of methyl red into 100
ml of alcohol) were also added. Water (50 ml) and
32% NaOH solution (60 ml) were then added. After
distillation, titration was done by taking HCI (0.1 N)
in a burette. The percentage of proteins was calculated

(AOAC, 2000).

(V1 —-V2) x 14.01 x 0.5 x 100

(N%) = -
Sample in mg

V = Titration reading of the sample; V = Titration
reading of blank; 14.01= Atomic weight of nitrogen
(N).

Crude percent protein contents were calculated for all
the samples by multiplying the nitrogen content of
the sample by 6.25.

Protein (%) = % Nitrogen x 6.25

Determination of fats

The extraction of crude fats was done with a Soxhlet
apparatus (Zarnowski and Suzuki, 2004). In cellulose
extraction thimble made of filter paper, two gms of
plant powder drug was packed and placed inside the
extraction chamber. A weighed 250 ml round bottom
flask was filled with petroleum ether and connected to
the extraction tube containing thimble. The apparatus
was kept for 5-6 hours. A water bath was used, and
the extract in a round bottom flask was evaporated
and weighed (W,). Fats percentage was calculated
using the following equation (AOAC, 2000).

% fats (ether extract)= X/ Wt of the sample <100
X = Weight of the fats = VVZ— W'J
VV] =Weight of the empty flask
VV2 = Weight of empty flask + Sample after evaporation

Determination of fiber
Procedure: The powder drug (3 g) was heated and

oven-dried until a constant weight was attained. 2 g
of this material was extracted with petroleum ether
to remove crude fats. A digestion flask asbestos (0.5
g) was mixed with the residue material, and 200 ml
boiling H,50, (0.255 N) was also added to it. Flask
was boiled for 30 minutes. I was filtered through a
linen cloth; acids were removed by washing the
residue with distilled water. It was then transferred to
the digestion flask, and boiling NaOH (0.313 N) was
added until its volume increased exactly up to 200 ml;
after boiling for 30 minutes, it was filtered, initially
washed with boiling water, followed by ethyl alcohol
(15 ml). The contents were put into a crucible and
dried at 110 °C in a hot air oven till constant weight
was achieved (W1).The crucible was then transferred
to the muffle furnace, ignited till the color turned
white, and weighed (W2). The weight of crude fibers
was calculated (AOAC, 2000).

% Crude fibers= W2-W1/ Wt of sample x100
W, W,= Crude fiber

Determination of carbohydrates

To calculate the sample’s carbohydrate contents, the
sum of ash, proteins, moisture content, fats, and crude
fibers percentage was subtracted from 100 (Merrill
and Watt, 1973; Muller and Tobin, 1980).

Carbohydrates (%) = 100— [Moisture content (%) + Total
Ash (%) + Crude fiber (%) + Fats (%) + Protein (%)]

Phytotoxic Activity

Lemna minor model was used to determine the
phytotoxic potential of Crataeva adansonii D.C. leaf
and bark (Atta-ur-Rhman et al., 2001). Nutrients
like potassium dihydrogen phosphate, potassium
nitrate, calcium nitrate, magnesium sulfate, boric acid,
manganous chloride are used in specific amounts to
prepare E-medium for this assay. Required amounts
of chemicals are weighed and dissolved in distilled
water until the total volume is made up to 1000 ml.
(Table 2). K.O.H. is added to adjust the pH between
the ranges of 5.5 - 6.

During this assay, a solution of 15 mg of plant
extract and 1.5 ml respective solvent (ethanol)
was prepared. 5, 50 and 500 ml portions from this
solution are transferred to flasks (3 replicates),
solvents were evaporated under laminar flow. 20 ml
of E. medium is poured into each flask. In this way,
three replicates were prepared to have 10, 100, and
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1000 pg/mL concentrations. E. medium and standard
drug (Atrazine) were used as a negative and positive
control, respectively. To each flask, ten plants were
transferred, and they were kept in 12 h day length
conditions. For this purpose, plants having 2-3 fronds
were selected. The number of fronds was counted
again, after six days. Through the following formula,
percent growth inhibition is recorded:

( Number of fronds in test sample))

IRRISIMGH 44 &= L00:= (Number of fronds in negative control) > 100
Table 2: Composition of E-medium.

S.No Chemical name g/L

1. Potassium dihydrogen phosphate (KH,PO,) 0.68

2. Potassium nitrate(KNO,) 1.515

3. Calcium nitrate (Ca(NO,),.4H,0) 1.180

4. Magnesium sulfate (MgSO,.7H,O) 0.492

5. Boric acid (H,BO,) 0.00286
6. Manganous chloride (MnCl,.4H,O) 0.00362
7. Ferric chloride (FeCl,.4H20) 0.00540
8. Zinc sulfate (ZnSO,.5H20) 0.00022
9. Copper sulfate (CuSO,.5H,0) 0.00022
10.  Sodium molybdate (Na,MO,.2H,O) 0.00012
11.  Ethylene diamino tetra acetic acid (EDTA)  0.01120

The plant has been collected, and under different growth conditions
(Yang and Jiang, 2009).

Results and Discussion

Elemental analysis

Powdered plant material was used to conduct atomic
absorption spectroscopy, and the various trace and
heavy metals were detected. It is reported that the
plant species dissent markedly in the composition
of elements depending upon species, the land from
where the plant has been collected, and under different
growth conditions (Yang et al., 2009).

Difterent elemental constituents in plants have a
tremendous role in developing medicinal products
despite their existence at trace levels (Zafar et
al., 2010). C. adansonii leaf and bark’s elemental
composition was determined using Atomic
Absorption Spectrophotometer (A.A.S.). A total of
10 elements Na, Ca, Co, Cd, Cu, Mn, Zn, Pb, Nj,
and Fe have been determined. Various elements were
tfound in the leaf and bark in specific concentrations.
'The presence of various minerals like Ca, Mg, P, Na,
and K was revealed. In the bark part, the highest
percentage of relative standard deviation was

observed for Co, Cd and Na that is 175.6, 22.86 and

5.58%, respectively. Elemental analysis of the leaf
part revealed the highest percentage of R.S.D. for
Co, Mn and Pb that is 20, 9 and 4.44%, respectively.
The usefulness of these components in the body is
considerable, which adds to the results (FHussain et al.,
2011). The elemental analysis showed considerable
variation amongst different elements (Tables 3 and
4). The medicinal plant species showed considerable
variation amongst different parts during elemental
analysis (Loutit et al., 1988).

Table 3: Elemental composition of leaf extract of C.

adansonii.
Sample Analyte Mean SD % RSD
Crataeva  Cd228  0.033mg/L.  0.0014 4.13
adansonii  ph, 833 0.462mg/L.  0.0205 4.44
Leafextract /1139 0173 mg/l. 00012 069
Fe2483  1.558mg/L.  0.0100 0.64
Cu3248 0.094mg/l.  0.0028 2.96
Ca4227 4521mg/l. 0476 1.05
Mn279.5 0.170mg/L  0.0158 9.25
Na589.0  2.025mg/L.  0.0130 0.64
C0240.7  0.007mg/L.  0.0014 20.51
Ni232.0  0.180mg/L  0.0028 1.56

SD: Standard deviation; RSD: Relative standard deviation; Cd:
cadmium; Pb: lead; Zn: Zinc; Fe: Iron; Cu: Copper; Ca: Calcium;
Mn: Manganese; Na: Sodium; Co: Cobalt; Ni: Nickel.

Table 4: Elemental composition of bark extract of C.

adansonii.

Sample Analyte Mean SD % RSD

Crataeva Cd 228 0.038 mg/L.  0.0087  22.86

adansonii P 2833 1.796 mg/L. 0.0121  0.67

Barkextract /1139 0228 mg/l 0.0028 1.3
Fe2483 2631 mg/L. 0167  0.63
Cu3248  0.106 mg/L 0.0011 1.03
Ca422.7  4824mg/L 0535 111
Mn279.5  0.172mg/L 0.0058 3.39
Na589.0  3.081mg/L 0.0176 0.57
Co240.7  0.007 mg/L 0.0130 175.6
Ni232.0  0.183mg/L 0.0102 5.58

SD: Standard deviation; RSD: Relative standard deviation; Cd:
cadmium; Pb: lead; Zn: Zinc; Fe: Iron; Cu: Copper; Ca: Calcium;
Mn: Manganese; Na: Sodium; Co: Cobalt; Ni: Nickel.

In this regard, all the plant’s studied parts showed
decreased Cr levels compared to the recommended
toxic levels (Broyer ez a/.,1972). Plants can accumulate
heavy metals that are toxic and injurious for health
(Foy et al., 1978). However, Pb’s concentration in this
plant is far lower than the suggested concentrations (2
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to 6 mg/1), which clarify its use as a medicinal plant.
Atomic absorption spectrophotometry was carried
out for the elemental analysis of powder drug and
detecting the various trace and heavy elements under
specific conditions (Tables 3 and 4). In humans, trace
elements acquire an essential role against diseases

(Lobo et al., 2010).

Table 5: A nutritional value analysis of C. adansonii
leaf and stem bark.

Sample Carbohy- Proteins Fats Fiber Ash Mois-
drates% % % % % ture %

CLE 72.09 3.12 7 039 10 74

CBE 72.82 3.12 6 046 10 7.6

CLE: C. adansonii leaf extract; CBE: C. adansonii bark extract.

Table 6: Phyrotoxic activity of C. adansonii leaf and

bark.

Treat- Conc. Total Noof No offrondin % inhibi-

ment (pl) noof fronds —vecontrol (E tion

Fronds intest medium) inhibition

CLE 10 30 28 30 6.7
100 30 25 16.67
1000 30 21 30

CBE 10 30 24 30 20
100 30 21 30
1000 30 18 40

CLE: C. adansonii leaf extract; CBE: C. adansonii bark extract.

Figure 1: Crataeva adansonii tree.

Nutritional analysis
Plants are one of the primary sources of nutritional

components and serve as the fundamental source of

proteins, carbohydrates and fats required for humans
and other organisms (Nesamvuni et al., 2001). Dry
powder of C. adansonii bark and leaf were tested to
confirm the presence of carbohydrates, proteins, fats,
fibers, ash, and moisture content (Table 5). Both leaf
and bark parts were rich in carbohydrates (72.09 and
72.82%, respectively) and they were having an equal
amount of proteins (3.12%).

Figure 3: Crataeva adansonii fruit.
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There is mounting awareness about wild plants’
prospective benefits (Nesamvuni et al., 2001). Many
of these plants offer people their basic needs in terms
of food, shelter, medicine, and as a basis of income
(Allemann et al., 1995). A nutritional value analysis
of this plant offers its use as a food source.

Phytotoxic study

The phytotoxicity of a given plant inhibits the
growth of weeds. However, it does not impart any
harmful effects on crop growth, resulting in an
overall improvement of the production (Batish et al.,
2007). The problems associated with species showing
resistance to various chemical herbicides have
escalated with the introduction of genetically modified
crops (Duke, 2018). Several researchers have proven
that weed diversity, species evenness and richness can
be reduced by long-term herbicides strategies (Zhang
et al., 2019; Mncube and Mloza Banda, 2018). Some
other genera of family Capparaceae have been studied
to evaluate their phytotoxic potential viz; Ladhari et
al. (2013) worked on phytotoxicity of Capparis spinosa
L. The study revealed that C. spinosaleaves were potent
phytotoxic. Further, three flavonoids were isolated
through bioassay-guided fractionation of leaf extracts,
including  kaempferol-3-O-B-D-glucopyranoside,
quercetin and Quercetin-3-O-B-Dglucopyranoside
with potent phytotoxic activity. Phytotoxic assay of
C. adansonii leaf and bark extract using Lemna minor
model showed that 40 % of inhibition was observed
at C.B.E. concentration of 1000 pl. Similarly,
C.L.E. manifested 30 % inhibition when used at a
concentration of 1000 pl. Overall a dose-dependent
inhibition of the frond growth (Table 6) was shown
in terms of percent inhibition.

Conclusions and Recommendations

Nutritional analysis of the plant reported the
occurrence of proteins, carbohydrates, and other
nutritional constituents. Elemental analysis showed
the presence of several macro and microelements
as Cd, Mg, Ca etc in the bark and leaf parts. In-
vitro pharmacological screening of the plant drug
showed potential phytotoxic activity, which indicates
that it can be used as a herbicides source. Isolation
of bioactive compounds and their identification is
needed in order to proceed with targeted studies.
Nutritional and trace micro and macro elements
analysis will be helpful during future research work
on the plant. The current study is limited to the leaf

and stem bark portion of C. adonsonii. Further studies
on the other parts of the plants are required to explore
any potential constituents’ existence.
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