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Ethiopians have used medicinal plants for centuries. In some cases, it is important and the only treatment source. However, these
plant species have not been fully studied. In addition, society is inevitably losing knowledge of traditional medicinal plants as
society adopts new lifestyles. Consequently, the objective of this research was to determine the phytochemical components and
antibacterial activity of Solanum sisymbriifolium, a traditional medicinal plant used in Ethiopia to treat arthritis. Phytochemical
analyses were performed on the leaf extracts to identify the bioactive constituents. The results of this study indicated that the
plant contains carbohydrates, phenols, flavonoids, alkaloids, proteins, steroids, saponins, and terpenoids. Tannins and
anthraquinones were absent. Alkaloids and terpenoids’ presence in the leaves of these plants is a potential bioactive for
bacterial inhibitors. At optimal conditions (62°C, 72hr, and 1 mm particle size), the maximum extraction yield is 38.538.5 +
1.15%. Crystals obtained from aqueous methanol extracts were subjected to FT-IR, and the compound spectrum showed a
characteristic absorption band for the N-H group at 3500 cm™ and 1700 cm™ for the C = O group, and the medium intensity
at 1236 cm™ indicates a C-O stretching. Sharp absorption at 707 cm™ is inductive for = C-H bending. According to agar disc
diffusion tests, plant extracts of 50 mg/mL produced 14.04 mm growth inhibition zones of Bacillus subtilis. Phytochemical and
antibacterial studies of Solanum sisymbriifolium indicated that the plant is a source of highly valued compounds for the
preparation of medications.

1. Introduction

As reported by the WHO, a medicinal plant is a bioactive
plant that can be used for remedial purposes or that is a pre-
cursor to the production of chemical and pharmaceutical
products [1]. Since ancient times, plants have long been
the main source of medicine for about 80% of the population
[2, 3]. In literature such as Vedas and the Bible, the wide
spread use of herbal medicines and health care products
obtained from commonly used traditional herbs and plants
is linked to the popularity of herbal medicine and its medical
properties [4]. From earliest times itself, plants were used for
treatment of disease without knowledge about the com-
pounds present and their mode of action. Over the centuries,

societies around the world have developed their own tradi-
tion to make sense of medicinal plants and their uses. For
example, more than 70% of Ethiopia population uses tradi-
tional medicine, and more than 95% of medicines are made
of plants [5, 6].

The wide spread use of herbal medicines and health care
preparations is obtained from commonly used traditional
plants. It has been raised due to the occurrence of natural
products with medicinal properties. Not only this, but also,
(i) they have practical experience and positive beliefs about
traditional medicine. (ii) They have a limited ability to
acquire and afford current healthcare services [6, 7].

However, traditional healers and the indigenous com-
munity believe that medicinal plants must be kept secret if
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they are to be effective. If healers wish to share their wisdom,
they usually choose one curious and wiser family member to
whom they impart it verbally. These beliefs and practises
have been the reason for the fast disappearance of medicinal
plants before the scientific community reached. The use of
plant extracts and phytochemicals, both with known antimi-
crobial properties, can be of great significance in therapeutic
treatments [8]. Numerous researches have been carried out
recently in various nations to demonstrate its effectiveness.
A lot of plants have been employed for their antibacterial
properties, which are the result of compounds produced
during the plant’s secondary metabolism. These products
are known by their active substances, for example, the alka-
loids, tannin, saponin, and anthraquinone compounds are a
significant increase in the study of medicinal plants as a rem-
edy for various forms of diseases and disorders [9].

In this sense, medicinal plants with historically recog-
nised bioactive ingredients offer promising prospects for
future research and drug development [10].

Solanum sisymbriifolium is an important flowering plant
species with multiple uses. In many Ethiopian communities,
it is one of the most widely used species for traditional
medicinal treatment. It has scarlet fruits and yellow flowers.
It can be distributed in wild near homes, overgrazed areas,
wastelands, and roadside areas. In the present study,
phytochemical screening and antibacterial activities studies
are presented on the crude leaf extract of Solanum
sisymbriifolium.

2. Materials and Methods

2.1. Collection and Preparation of Plant Materials. The leaves
of Solanum sisymbriifolium were collected from the
Endabagerima area, at points of latitude 14°09'49.2" N and
longitude 38°56'19.3"E Adwa, Tigray, Ethiopia. Botanical
identification of the plant was done by Mr. Abadi Gebreye-
sus Hndya at Mekelle University-Botany Laboratory. The
experiment was conducted in the Department of Health
Sciences Laboratory of Mekelle University and the Adigirat
Drug Factory. The leaves were collected from the Solanum
sisymbriifolium plant from the herbal garden. The leaves
were thoroughly rinsed with tap water and then with deio-
nised water. The water-rinsed dried leaves were air dried
for 3 days in stainless-steel sieve and finally put in to oven
at 37°C for 2 days. The moisture content of sample was
analysis using moisture analyser with 5hr intervals. The
dried sample (5% moisture content) was pulverised into
powder with a vibrating mill and passed through 1, 1.5,
and 2mm sieve sizes to remove fabric particles and stored
in refrigerator.

2.2. Extraction of Plant Materials. The different particle sizes
(1, 1.5, and 2 mm) with a total of 25 g of Solanum sisymbrii-
folium powder were weighted using an expert pro electrical
balance and inserted into the Soxhlet extractor. 80% v/v of
methanol was used as extraction solvent. The experimental
design was setup with Design-Expert version 11.1.0 software.
Response surface methodology (RMS)-Box-Behnken (BB)
(Table 1) and crude extracts were filtered using Whatman

Advanced Gut & Microbiome Research

TaBLE 1: Experimental results (mean+SD, n=3) of Solanum
sisymbriifolium leaf extract in % yield.

Factor 1 Factor 2 Factor 3 Response 1

Std Run A:temperature B:time C: particle size Yield
°C Hr mm %

6 1 68 60 1 37.75+£0.58
16 2 62 60 1.5 35+2.31
10 3 62 72 1 38.5+1.15
15 4 62 60 1.5 35+0.58
11 5 62 48 2 35+0.58
2 6 68 48 1.5 355+1.15
3 7 56 72 1.5 37+0.58
7 8 56 60 2 35.25+0
14 9 62 60 1.5 35+1.15
4 10 68 72 1.5 38.25£0.12
12 11 62 72 2 35.25+0
13 12 62 60 1.5 35+2.31
9 13 62 48 1 345+1.15
5 14 56 60 1 36+2.31
8 15 68 60 2 35.25+0
1 16 56 48 1.5 35.75+£0.58
17 17 62 60 1.5 350

No. 1 filter paper. Upon observing the homogeneity of the
data, contents, the methanol-based Soxhlet extraction, and
filtration procedures were repeated three times to increase
the extraction and filtration efficiency. Using the developed
regression model, the process factors were optimised to pro-
duce the best percentage of extracted yield. The % yield is
calculated according to Abdisa and Kenea [11]. Based on
the above analysis, the extraction temperature (56-68°C),
extraction time (48-72h), and particle size (1-2mm) were
fed to the software, and the experimental design layouts
are given in Table 1.

2.3. Box-Behnken Design for Optimisation. The response sur-
face methodology- (RMS-) Box-Behnken (BB) design has
been applied to optimise extraction parameters with respect
to high yield. This study focuses the effects of three variables
such as temperature (56-68°C), particle size (1-2 mm), and
time (48-72hr) on the crude yield. Each variable was con-
sidered at three levels. Table 1 shows the ranges and levels
of each factor. The response surface methodology- (RMS-)
Box-Behnken (BB) design matrix consisting of 17 run trials
involving three variables, each variable at three levels, was
obtained using Design-Expert software. Therefore, 17 exper-
iments with different combinations of temperature, particle
size, and time were conducted according to the BB, and
the response was recorded [12].

2.4. Phytochemical and FTIR Analysis. Standard methods
described by Harborne [13] were used to perform the qual-
itative phytochemical screening of plant extracts such as
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FiGure 1: Graph of measured vs. predicted responses.
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FIGURE 2: Three-dimensional response surface plots for extract yield as a function of temperature and extraction time.

tannins, terpenoids, anthraquinones, proteins, alkaloids, phe-
nols, carbohydrates, phlobatannin, saponins, flavonoids, and
steroids [14-22]. The crude extract was accurately weighed
and consistently mixed with KBr salt using a mortar and com-
pressed into a thin pellet. The pellet was analysed using a
Shimadzu FTIR spectroscope from 4500 to 400cm™ with a
resolution of 4cm™ to detect the characteristic peaks.

2.5. Antibacterial Activities of the Extract. The antimicrobial
activity of the crude extract under optimal conditions was
tested against Bacillus subtilis. The strain was obtained from
Mekelle University’s College of Veterinary Medicine’s Veter-
inary Microbiology Laboratory. The bacteria colonies were

inoculated in liquid nutrient broth and cultured at 37°C in
the evening and agitated at 200rpm. Then, each broth
culture was adjusted to fit the McFarland half-turbidity
standard to obtain around 1 x 108 CFU/mL [23]. Likewise,
Mueller-Hinton media were prepared according to the pro-
cedures given by its manufacturer as growth media for the
agar disc diffusion assay [24-26]. To ensure that the
Mueller-Hinton agar medium is not polluted, plates with
the medium were developed and maintained in evening.
Similarly, 6 mm filter paper discs were prepared from sterile
Whatman No. 1 filter paper using a paper punch. M-H
media plates were distributed using plate spread technology
using 100 microlitres of 12 hr bacteria culture and dried for a
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FIGURE 3: Two-dimensional response surface contour plots for extract yield as a function of temperature and extraction time.
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FIGURE 4: Perturbation vs. extract yield as a function of temperature and extraction time.

minute before surface moisture was extracted. The filter
paper disc was infused with a concentration of 100 mg/
mL curd extract. The disc was then placed on the agar
plate using a stick and distributed for an hour at normal
temperature. The plates were then stored in the labora-
tory for 2hr at room temperature. Finally, the plates were

incubated at 37°C for 24hr [27]. After incubation, plates
are observed, and the diameter of the inhibition area is
measured using digital electronic measuring devices. Bac-
terial cultures with an inhibitory area greater than or
equal to 7mm in diameter were considered resistant to
extracts [2].
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TaBLE 2: Overall report of actual versus predicted value of extract yield.

Run Actual Predicted Residual Interne.llly Externz.illy Cook’s Influence on  Standard

order value value value Leverage stl;gl;gzzfd St:ecslie:lﬁ;zlid distance fitted value order

1 37.75 37.59 0.1562 0.750 2.500 70719 1.875@ 12.247?% 6

2 35.00 35.00 0.0000 0.200 0.000 0.000 0.000 0.000 16

3 38.50 38.53 -0.0313 0.750 -0.500 -0.471 0.075 -0.816 10

4 35.00 35.00 0.0000 0.200 0.000 0.000 0.000 0.000 15

5 35.00 34.97 0.0313 0.750 0.500 0.471 0.075 0.816 11

6 35.50 35.56 -0.0625 0.750 -1.000 -1.000 0.300 -1.732 2

7 37.00 36.94 0.0625 0.750 1.000 1.000 0.300 1.732

8 35.25 35.41 -0.1562 0.750 -2.500 -7.071V 1.875@ 12.247% 7

9 35.00 35.00 0.0000 0.200 0.000 0.000 0.000 0.000 14

10 38.25 38.37 -0.1250 0.750 -2.000 -2.828 1.200% -4.899% 4

11 35.25 35.16 0.0937 0.750 1.500 1.686 0.675 2.920? 12

12 35.00 35.00 0.0000 0.200 0.000 0.000 0.000 0.000 13

13 34.50 34.59 -0.0937 0.750 -1.500 -1.686 0.675 -2.920® 9

14 36.00 36.03 -0.0312 0.750 -0.500 -0.471 0.075 -0.816

15 35.25 35.22 0.0312 0.750 0.500 0.471 0.075 0.816

16 35.75 35.62 0.1250 0.750 2.000 2.828 1.200% 4.899? 1

17 35.00 35.00 0.0000 0.200 0.000 0.000 0.000 0.000 17

3. Results and Discussion

All experiments in this study were performed in triplicate,
and the results were mean values. From Table 1, it was
observed that the optimum yield is 38.538.5+ 1.15% that
was obtained at run three.

The plot of the actual versus predicted response
(Figure 1) were observed to fit in a straight line. It is assumed
that the suggested quadratic model is appropriate and effec-
tive for the optimisation of process variables. The regression
model equation gave precise description of the experimental
data, in which all points are very similar to the line of perfect
fit. The three-dimensional response surface plots and two-
dimensional contour plots are useful tools for anticipating
the effects of two factors on the response at the same time
and for identifying the optimum values of the independent
variables for obtaining the maximum response.

Figures 2 and 3 represent the effects of temperature and
extraction time on the extraction yield while the particle size
was kept constant. The equation in terms of actual factors
(Equation (1)) can be used to create predictions about the
response.

Perturbation disturbance graph (Figure 4) indicates the
relationship between extraction temperature (A), extraction
time (B), and particle size (C) with yields (Y). Both extrac-
tion temperature (A) and extraction time (B) increased, par-
ticle size could decrease, and yield of the plant extract
increased. The extraction yield is highly affected by extrac-
tion time (B).

From Table 2, we observed that the differences in actual
value and predicted value in each run are small means that
the model is significant [28]. The differences between the
actual values and predicted values are indicators for models

that are acceptable or not. If the differences are more, the
model is invalid, whereas if the differences are very small,
the models are significant. Finally, after omitting the AB
and AC terms, the simpler quadratic regression model was
proposed. The linear effects of temperature and time are sig-
nificant and positive, which means that by increasing them,
it is possible to increase the extraction yield.

Y =35+ 0.34A + 1.03B— 0.75C + 0.38AB + 0.94A>
+0.69B + 0.13C>.

(1)

According to ANOVA, extraction was significantly
influenced by extraction temperature, particle size, and
extraction time variables.

The Shimadzu FTIR spectrum analysis confirmed the
presence of 3500cm™ N-H starching functional groups.
2980.75cm™ indicated C-H stretching with the medium
appearance of alkane compound. Symmetric extension of
HC (CH,) was found at absorption of 2860 cm™, the H-C
aldehyde absorption band 2750 cm™. 3500 cm™ indicates
primary stretching of the amine medium of H-C with sin-
gle-bond region. 2250 cm™ is C-C medial alkyne acetylenic
with triple bond region [28]. 1750 cm™ is C = O starch ester
with strong double bond region. 700 cm™ is cis-C-H out-of-
plane bend alkene with strong fingerprint’s region.
986.11cm™ is for C=C twisting [29]. The phytochemical
analysis of the crude extract (Table 3) confirmed the pres-
ence of proteins, phenols, saponins, flavonoids, alkaloids,
steroids, phlobatannins, carbohydrates, and terpenoids.
Tannins and anthraquinone were absent. The presence of
phenolics in plants indicates that plants are sources of anti-
microbial agents [22]. Flavonoids and phenolics showed that



TaBLE 3: Qualitative phytochemical screening results.
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the plant has potent antioxidant activity or free radical scav-
engers [30]. Alkaloids in medicinal plants have been
reported as an important antimicrobial and analgesic drug
alkaloids and terpenoids which have a potential antibacterial
activity in medicine [31]. Saponins are known to produce an
inhibitory effect on inflammation [32]. Saponins are essen-
tial in the treatment of cough and in the controlling of
soreness of the upper respirational region. Furthermore,
plant-based saponins serve primarily as tonics for the heart
and have been documented to prevent diabetics and inhibit
fungi growth [33]. Terpenoids have been found to be useful
in the prevention of antimicrobial, antifungal, antiparasitic,
antiallergenic, and anti-inflammatory properties. Phlobatan-
nins have been reported to possess astringent properties [18].
The antimicrobial activity of the crude extract under
optimal conditions was tested against standard strains of B.
subtilis bacteria. According to the diffusion tests of the agar
disc, 50 mg/ml of crude extract under optimal plant condi-
tions produced bacterial growth inhibition zones of
14.04 mm in diameter, which were found to be more effec-
tive. Bacterial cultures with an inhibition zone of >7 mm in
diameter were remarkable antimicrobial activities [2].

4. Conclusions

The optimal extraction yield achieved under optimal condi-
tions of 62°C, 72h, and 1 mm particle size is 38.538.5 + 1.15
%. The findings of this study demonstrate that plants con-
tain significant bioactive substances, such as terpenoids
and alkaloids, which prevent the growth of bacterial strains
[31]. The results suggest that the leaf of Solanum sisymbriifo-
lium contains secondary metabolites, indicating that the
plant is the source of highly valued compounds for drug
preparation.

Data Availability

The data that was used to support the study are available in
the manuscript.
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