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Abstract

Plants have been employed as herbal medicines in many parts of the world, and this tend to gain attention as
complementary or alternative to modern medicines. This study is aimed to assess the antibacterial activity ofSolanum
macrocarpon against Streptococcus mutans.

Standard microbiological and biochemical techniques were used to isolates and identify Streptococcus mutans. The
Distilled water, Ethanol, Methanol extraction were performed on different part of Solanum macrocarpon and tested for
antibacterial activity using the Agar well diffusion method. All the extracts inhibit the growth of Streptococcus mutans
except distilled water extract with no or little effect. The results also showed an increase in antibacterial activity with
increase in concentration21 mm at 100% concentration to 4 mm of the crude extracts. This study therefore revealed
that Solanum macrocarponextract demonstrated greet inhibitory effect on the test organism. Thus, the result provides
a basis for the traditional use of Solanum macrocarpon in cleaning teeth and toothache treatment.

Keywords: Solanum macrocarpo; Streptococcus mutans; Antibacterial; hospital; Computational approach

1 Introduction

The therapeutic value of medicinal plants have been recognized and appreciated from time [1].Traditional medicine has
formed the basis upon which many modern drug isolation are derived and this is likely to continue to be so in the
foreseeable future [1]. Medicinal plant is any plant, which in one or more of its organ contains substances that can be
used for the therapeutic purposes or which, are precursors for the synthesis of useful drugs[2], [3]. This definition
distinguishes those plants whose therapeutic properties and constituents have been established scientifically and plants
that are regarded as medicinal but which have not yet been subjected to thorough investigation [1]. Plants and plant
products with medicinal values have been used in many different forms and states to complement the conventional
form of healthcare provision since antiquity in many parts of the world [4].

Solanum macrocarpon is a plant of the family Solanaceae like tomato, pepper and eggplant [5]. The botanical genus
includes herbaceous plants or shrubs; leaves are usually alternate, sometimes opposite. The inflorescence is a cyme,
usually single seed. The flowers are hermaphrodite, with star-shape corolla with five petals often returned back. The
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choice of S. macrocarpon by this study is justified by the fact that whereas it’s nutritional properties as a vegetable are
beneficial to the consumers [5]. In Nigeria, the fruits are eaten as laxatives and also chewed for cleaning the teeth. Their
uses in indigenous medicine range from weight reduction to treatment of several ailments including asthma, allergic
rhinitis, nasal catarrh, skin infections, rheumatic disease and swollen joint pains, gastro-esophageal reflux disease,
constipation, dyspepsia[6]. It has the following co mmon names Gorongo in Kanuri, Gboma in Fon. Thus,the aim of this
study is for the detection of antibacterial activity of Solanum macrocarpon on clinically derived Streptococcus mutans.

2 Material and methods

Solanum macrocarpon which is a plant used for cleaning of the teeth (Gorongo) was used on oral pathogen collected
from patients attending Dental unit University of Maiduguri Teaching Hospital, Nigeria. The sample collected was tooth
swab from one patient diagnosed with dental caries. The research was carried out in Department of Microbiology,
University of Maiduguri in June 2021. The sample was collected using a sterile swab stick from the carious region of the
teeth. The swab was then returned to its container, labeled and taken to the laboratory.

Solanum macrocarpon was purchased from a local market in Maiduguri, Borno State, Nigeria. Aqueous extraction was
performed following the method of [7]where the dried extracts (Stem, Root, Leaves and stem) were blended into a fine
powder using mortar and pestle. 20kg of each powdered plant materials were mixed with 100 ml of solvents (Distilled
water, Ethanol, Methanol solution). The Solanum macrocarpon extract preparation were done as previously described
by [8]. They were then allowed to soak for 24hrs at 60°C on a shaking water bath.

2.1  Culture Technique

Streak plate method for isolating pure culture of single specie was used. The swab was smeared on a small section at
the edge of the agar plate. A sterile loop was used to drag through the swab-smeared area and streaking the area not
inoculated for discrete colonies. blood Agar was used and observations were made by checking each plate for growth of
bacterial colonies after 24hrs at 37°C of incubation period. Gram staining was done according to standard staining
protocol [9].

3 Results of Biochemical Test

3.1 Catalase Test

A loopful of a bacterial culture was smeared onto a drop of hydrogen peroxide on a clean, grease-free slide. No gas
bubble from the culture indicates a negative reaction. Other basic biochemical tests such as Capsule, oxidase and urase
were done according to [9].

3.2 Phytochemical Screening of Plant Extract

Phytochemical screening of extract was based on methods described by [10]with some modifications. In this method,
phytochemical screening was conducted to quantitatively determine the presence or absence of the following
phytochemical in Solanum macrocarpon (Gorongo) (Root, Stem, Leaves and Seed) respectively. These are; Alkaloid,
Tannin, Saponin, Flavonoid, Cardial glycoside, Volatile oil, Steroid. The quantitative screening was done in accordance
with the standard procedure.

Table 1 Phytochemical analysis of Solanum macrocarpon root (Gorongo)

Root
Methanol

S/N | Phyto Constituent Ethanol Distilled Water

1 Flavonoid Negative (-) | Positive (+) | Negative (-)
2 Saponin Negative (-) | Negative (-) | Negative (-)
3 Tannin Negative (-) | Negative (-) | Negative (-)
4 Alkaloid Positive (+) Positive (+) | Positive (+)
5 Cardial glycoside Negative (-) | Positive (+) | Positive (+)
6 Volatile oil Negative (-) | Positive (+) | Negative (-)
7 Steroid Negative (-) | Negative (-) | Positive (+)
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The antibacterial activity testing was done by inoculating of isolates (agar well diffusion) were prepared by streaking
the organisms on Mueller-Hilton agar plates as described [11] with slight modifications.

The result of phytochemical analysis of Stem of Solanum macrocarpon (Gorongo) is presented in Table 2.

Table 1 Phytochemical analysis of Solanum macrocarpon root (Gorongo)

Root
S/N | Phyto Constituent | Methanol Ethanol Distilled Water
1 Flavonoid Negative (-) | Positive (+) | Negative (-)
2 Saponin Negative (-) | Negative (-) | Negative (-)
3 Tannin Negative (-) | Negative (-) | Negative (-)
4 Alkaloid Positive (+) Positive (+) | Positive (+)
5 Cardial glycoside Negative (-) | Positive (+) | Positive (+)
6 Volatile oil Negative (-) | Positive (+) | Negative (-)
7 Steroid Negative (-) | Negative (-) | Positive (+)

Table 2 Phytochemical analysis of Solanum macrocarpon stem (Gorongo)

Stem
S/N | Phyto Constituent | Methanol Ethanol Distilled Water
1 Flavonoid Negative (-) | Negative (-) | Negative (-)
2 Saponin Negative (-) | Negative (-) | Negative (-)
3 Tannin Positive (+) Positive (+) | Negative (-)
4 Alkaloid Positive (+) Positive (+) | Positive (+)
5 Cardial glycoside Positive (+) Negative (-) | Negative (-)
6 Volatile oil Negative (-) | Negative (-) | Negative (-)
7 Steroid Positive (+) Negative (-) | Positive (+)

The phytochemical analysis of leaves of Solanum macrocarpon shows the following results in Table 3.

Table 3 Phytochemical analysis of Solanum macrocarpon leaves (Gorongo)

Leaves
S/N | Phyto Constituent | Methanol Ethanol Distilled Water
1 Flavonoid Negative (-) | Negative (-) | Positive (+)
2 Saponin Negative (-) | Negative (-) | Positive (+)
3 Tannin Positive (+) Positive (+) | Negative (-)
4 Alkaloid Negative (-) | Positive (+) | Positive (+)
5 Cardial glycoside Positive (+) Positive (+) | Positive (+)
6 Volatile oil Negative (-) | Negative (-) | Negative (-)
7 Steroid Negative (-) | Negative (-) | Negative (-)

The plant phytochemical of the seeds with different solvents shows the following results in Table 4.
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Table 4 Phytochemical analysis of Solanum macrocarpon seed (Gorongo)

Seed
S/N | Phyto Constituent | Methanol Ethanol Distilled Water
1 Flavonoid Positive (+) | Positive (+) | Positive (+)
2 Saponin Negative (-) | Negative (-) | Positive (+)
3 Tannin Positive (+) | Positive (+) | Positive (+)
4 Alkaloid Positive (+) | Positive (+) | Positive (+)
5 Cardial glycoside Positive (+) | Positive (+) | Positive (+)
6 Volatile oil Negative (-) | Negative (-) | Negative (-)
7 Steroid Positive (+) | Negative (-) | Negative (-)
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Figure 1 Correlation matrix of the phytochemical constituents with the respective solvents used during their
extraction

Table 5 Sensitivity Patterns of Zone of Inhibition of Solanum Macrocarpon at Different Concentrations

Sensitivity Patterns of Zone of Inhibition of Methanol

Concentration Leaves Seed Stem Root
100% 21 mm 0 mm 10 mm 5 mm
75% 15 mm 10 mm 15 mm 5 mm
50% 13 mm 15 mm 16 mm 7 mm
25% 10 mm 19 mm 16 mm | 10 mm
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Sensitivity Patterns of Zone of Inhibition of Ethanol
Concentration Leaves Seed Stem Root
100% 10 mm 15 mm 20 mm 10 mm
75% 5 mm 10 mm 15 mm 10 mm
50% 5 mm 10 mm 15 mm 5 mm
25% 4 mm 8 mm 15 mm 4 mm
Sensitivity Patterns of Zone of Inhibition of Distilled water
Concentration Leaves Seed Stem Root
100% 0.0 mm 0.0 mm 15 mm 15 mm
75% 0.0 mm 0.0 mm 13 mm 11 mm
50% 0.0 mm 0.0 mm 10 mm 10 mm
25% 0.0 mm 0.0 mm 5 mm 19 mm
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Figure 2 Correlation matrix based on the concentration against the sensitivity Patterns of Zone

4 Discussion

In this study, the phytochemical and antibacterial activity of Solanum macrocarpon on Streptococcus mutans was
determined. Plants as natural sources of antimicrobials have long been in history due to the presence of excellent
compounds that have no or less side effects [2]. In Nigeria, the plants serve many purposes including laxative, crushed
to treat toothaches and chewed as teeth cleaning fruits.

The correlation matrix demonstrated in Figure 1 indicates the relationship between the solvents used in the extraction
with the extracted phytochemical constituents. Based on that it can be observed that the extracted phytochemicals
showed negative weak correlation with distilled water = -0.18 and Ethanol = -0.14. More also, the phytochemical
constituents showed a weak positive relationship with methanol. Mathematically, this indicates that the extractions of
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the phytochemicals have direct affinity with methanol than other solvents. This result is related to other finding in the
literature in [12]-[23]. Furthermore, methanol and ethanol showed strong relationship with a correlation co-efficient
value of 0.57. This can be attributed due to the fact that they are all under the same family.

The result obtained from this study showed that the ethanol extract of the S. macrocarpon showed clear zone of
inhibition on Mueller Hinton agar plate but distilled water extract showed no zone of inhibition on the tested organism
on Mueller Hinton agar plate.

More also, Figure 2 depicts the correlation co-efficient of the sensitivity patterns of zone of inhibition of the different
parts of the plant; leaves, seed, stem and root with the concentration. Based on Figure 2, it can be observed that the
sensitivity patterns of zone of inhibition of the root and seed showed weak negative relationship with the percentage
concentration. While the stem and leaves parts of the plant showed weak positive relationship with the percentage
concentration. This kind of analysis are done prior to any mathematical modelling process in order to understand the
relationship between various variables. More studies that involves correlation analysis can be found in [22], [24]-[33].

Phytochemical screening of extracts was based on methods described by Trease& Evans (1983) with some
modifications. In this method, phytochemical screening was conducted to quantitatively determine the presence or
absence of the following phytochemical in Solanum macrocarpon (Root, Stem, Leaves and Seed) respectively. These are;
Alkaloid, Tannin, Saponin, Flavonoid, Cardial glycoside, Volatile oil, Steroid. The quantitative screening was done in
accordance with the standard procedure. The presence of the secondary metabolites is responsible for the antibacterial
activity against the oral pathogen. This observation is similar to the work of [7] where Salvadorapersica against oral
pathogens and use in oral health hygiene. The result show that when flavonoid is combine with Sodium hydroxide and
extract and it shows yellow color the result is positive, for Saponin, distilled water and extract were combined no
bubbling was observed it shows that the result is negative, for Tanin, ferric chloride and extract are combine it shows
a dark green color which shows that the result is positive, for Alkaoid, wagner reagent and extract are combine it shows
reddish brown color which shows that the result is positive, for cardial glycoside, extract, ferric chloride and Hzsos were
combine and it shows reddish brown layer which shows that the result is positive.

Flavonoids is an integral phytochemical constituent of higher plant. They have anti-oxidant potentials hence could offer
protection against cancer probably by enhancing the body defense against pathology- induced free radicals generation.
The presence of steroids in Solanum macrocarpon extract observed in the present study also attests to the possible
efficacy of therapeutic use of Solanum macrocarpon. Steroidal compound is of important and interest in pharmacy.
Earlier it was noted that the potential of alkaloids as effective drugs and associated to the sedative properties and
powerful effects on the nervous system hence the moderate to abundance of alkaloid support the efficacy of the use of
Solanum macrocarpon in ethno-medicinal practice. Tannins (polyphenols with widely varying chemistry) are one of the
major phytochemicals found in many higher plants. Tannins could have a beneficial effect on vascular health. They are
useful as an anti-inflammatory agent. For human consumption, excess of tannins could be toxics. This is because tannins
are metal ions chelators and tannins-chelated metals ions are not bioavailable hence could decrease the bioavailability
of iron leading to anemia.

The activity of the compounds in this plant holds a potential of application in tooth pastes and treatment of oral
pathogens as in shown in this study. High antibacterial activity is observed in ethanol and methanol extracts in all parts
of the plants except distilled water extraction with mild activity from compound in stem and roots.

5 Conclusion

The findings suggest that Solanum macrocarpon may also have a selective inhibitory effect on the level of certain
bacteria in saliva, especially several oral Streptococcus species. From this study, it can be concluded that S. macrocarpon
extract has high antibacterial activity on oral pathogen, particularly S. mutans and also S. macrocarpon ethanol extract
of the seed showed higher efficacy on oral bacteria than the water extract. The result obtained from the phytochemical
analysis revealed the presence of alkaloid, cardiac glycoside, flavonoid, steroids and tannins in the ethanol extract of the
dried seed of Solanum macrocarpon. The result of the sensitivity against the selected microorganism shows the zones of
inhibition indicating activity against the test microorganism.Thus, its medical properties should be explored and
assessed. This investigation has created the possibility of use of these plants in drug development for human
consumption. However, the effects of these plants on more pathogenic organisms and toxicological investigations need
to be carried out.
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