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A B S T R A C T

Crude Flavonoids extracted from crushed seeds of dried ripe fruits of Solanum surattense Burm F.
were screened for antimicrobial activity against two bacteria – Streptococcus mutans and Aggregatibacter
actinomycetemcomitans – which were found to be major contributers for occurrence of Dental caries.
Minimum inhibitory concentration, Minimum bactericidal concentration, and Time Kill curve of
the extract against each sensitive test pathogen, were evaluated. The flavonoid extract showed good
antimicrobial activity against Streptococcus mutans than towards Aggregatibacter actinomycetemcomitans.
MIC & MBC of Streptococcus mutans is 25µg/mL & 25µg/mL respectively. MIC & MBC of Aggregatibacter
actinomycetemcomitans is 50µg/mL & 50µg/mL respectively. Time Kill Curve of Streptococcus mutans and
Aggregatibacter actinomycetemcomitans was 2hr and 2hr respectively.

Keywords: Solanum surattense; Streptococcus mutans; Aggregatibacter actinomycetemcomitans;
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INTRODUCTION

Microbial infections are one of the important health
problems faced by the humanity despite availability of many
antimicrobial agents. Hence, there is a continuous effort
by scientists in order to identify new antimicrobial agents
that help to treat the infectious disease. The need for
newer antibiotic sources has increased as the occurrence
of multidrug resistant microorganisms has increased. From
time immemorial, plants continue to be the most important
source of antimicrobial agents as ethnopharmacologically
a range of plants are used against different infections.
Plants comprise a variety of secondary metabolites, the
most important of which are tannins, alkaloids, flavonoids,
steroids, and other compounds. As a result, science has
stretched its wings to investigate traditional and folkmedical
agents in order to extract therapeutic benefits from these
approaches and discover unique and potent antimicrobial
agents for the benefit of humanity.1–3

Dental caries, often known as tooth decay, is a prevalent
chronic disease that affects people across the world. Dental

caries is the decay of teeth caused by generation of acid in the
oral cavity as a result of bacterial colonies in the mouth that
ferment and digest carbohydrates. Tooth decay is a serious
condition that causes excruciating pain, damages the tooth
and its surrounding areas. It also has a negative impact
on one’s quality of life. Streptococcal species like Strepto-
coccus mutans, as well as some acid-forming facultative
anaerobes such as Aggregatibacter actinomycetemcomitans,
cause dental caries.4–7Streptococcus mutans is a bacterial
species that can be found in the mouth and has been
linked to disorders such as periodontitis and gingivitis.
It is a gram-positive, facultatively anaerobic cocci that is
widely discovered in human oral cavity. It uses the enzyme
glucansucrase to convert sucrose to lactic acid, which
contributes to tooth damage. It’s also thought to be a major
contributor to the production of dental plaque. S. mutans
converts sucrose, as well as glucose, fructose, and lactose,
to lactic acid, greatly increasing the risk of tooth decay.8–10
Aggregatibacter actinomycetemcomitans is another bacterial
species that plays a function in aggressive periodontitis that
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is localised. It’s a non-motile, gram-negative, facultatively
anaerobic bacteria. Localized aggressive periodontitis is
a serious periodontal disease. It is thought that the
pathogenic component Leukotoxin A is responsible for
its pore-forming action (LtxA). According to Topley &
Wilson’s classification, it’s also known as Actinobaccillus
actinomycetemcomitans.5,11,12

Solanum surattense Burm. F. (Solanaceae) is a medicinal
plant native to areas of India’s Himalayas. The seeds of
S. surattense dried ripe fruit, often known as yellow-
fruit nightshade is mostly used in traditional medicine,
particularly in Ayurveda, to treat finger abscesses, cough,
asthma, and chest pain.13,14 S. surattense is also used in
topical skin diseases like eczema and scabies, as an anti-
diabetic, and in cardiac diseases due to its anti-inflammatory
characteristics. The seeds are used to alleviate toothache as a
form of fumigation.15–17

In view of the above facts, we intended to test the
antibacterial potency of the fruit extract of S. surattense
against bacteria that cause dental diseases.

MATERIALS AND METHODS

Plant Collection

The plant specimen was collected from the ripe berries
of Solanum surattense Burm F. in Chowdavaram, Guntur
Dist., Andhra Pradesh, India. It was identified as the berries
belonging to Solanum surattense Burm. F. of Solanaceae
family by the Department of Botany, Acharya Nagarjuna
University, Nagarjuna Nagar, Guntur, Guntur Dist. Andhra
Pradesh, India.

Phytochemistry

Chemicals and Reagents
Thechemicals and reagents used for extraction and detection
of constituents of the dried ripe fruit seeds of Solanum
surattense were laboratory grade Fehling’s reagent – A & B,
Wagner’s reagent; 1% lead acetate solution, Ethanol, Distilled
water obtained from Merck Industries Pvt. Ltd.

Preparation of Crude plant extract
The seeds of dried ripe fruits of S. Surattense were taken for
extraction. A finely powdered sample (100 g) of the seed was
extracted with water in ethanol (50 mL each) for 24 h. The
extracts were concentrated by drying at 60oC under reduced
pressure. The extracts thus obtained were stored in airtight
glass vials for further use.18

Identification of Phytoconstituents
10 g of the crude seed extract was dissolved in 10ml of water :
ethanol (50:50) mixture and used for the identification of the
phytoconstituents.This solutionwas labelled as test solution.

Identification of Carbohydrates
To 1ml of the test solution, a few drops of Fehling’s A & B
reagent was added and boiled for a few minutes. Occurrence
of red colour indicated the presence of carbohydrates.19

Identification of Alkaloids
To 3ml of the test sample, a few drops of Wagner’s reagent
was added and kept aside for few minutes. Formation of
brownish precipitate indicated the presence of alkaloids.20

Identification of Flavonoids
1ml of test sample was combined with pieces of magnesium
ribbon and concentrated HCl. After a few minutes, appear-
ance of pink tint indicated the presence of flavonoids.21

Identification of Tannins and Phenols
To 1 ml of the solution, 0.5 ml of 1% lead acetate solution
was added. The mixture is shaken and kept aside for a few
minutes. Formation of dark bluish black colour indicated the
presence of Tannins and Phenols.22

Extraction of Flavonoids
To extract the flavonoids, 50 gm of powdered plant material
was placed in 1 litre of ethanol and refluxed for 24 hours.The
crude extract was filtered and concentrated by evaporating
the solvent in a rotary evaporator.23

Study of Antimicrobial activity of Solanum surattense
seed extract

Selected test microorganisms
Pathogenic microorganism selected for the study included
Streptococcus mutans (ATCC 25175),Aggregatibacter actino-
mycetemcomitans [Actinobacillus actinomycetemcomitans]
(ATCC 33384). The selected microorganisms were procured
from Maratha Medical College, Belgaum, India. The bac-
terial strains were grown and maintained on ‘Brain heart
infusion brothmedium’ (HIMEDIAM210 (500g) - calf brain
infusion (200g/L) beef heart infusion (250g/L) protease
peptone (10g/L) dextrose (2g/L) sodium chloride (5g/L)
disodium phosphate (5g/L) Final pH 7.5±0.2)

Minimum Inhibitory Concentration
Using the disc diffusion experiment, the minimum
inhibitory concentration (MIC) of the seed extract that
showed antibacterial activity against test pathogens was
determined. The MIC was studied using the HIMEDIA
M210 medium. The extract was diluted nine times in
Thioglycollate broth to determine the MIC. 20 microliters
of extract was added to 380 microliters of Thioglycollate
broth in the first tube. Dilutions were made by adding 200
microliters of Thioglycollate broth to each of the next 9
tubes sequentially. Then 200 microliter was transferred from
the first tube to the first tube containing 200 microliter of
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Thioglycollate broth. This was regarded as a dilution of 10-1.
To create a 10-2 dilution, 200 microliter was transferred
from the 10-1 diluted tube to the second tube. The serial
dilutions were performed up to a 10-9 dilution. 5 microliter
was collected from the needed organisms’ stock cultures
and added to 2 ml of Thioglycollate broth. 200 microliters of
the aforesaid culture suspension were added to each serially
diluted tube. The tubes were cultured in an anaerobic jar at
37◦C for 48-72 hours and then checked for turbidity. 24

Minimum Bactericidal Concentration
The first 3 or 5 tubes from the MIC dilutions tubes were
plated (which was sensitive in MIC) and incubated for 24
hours, after which the colony count was obtained the next
day. MBC is used to determine whether the extract (Drug)
has a bactericostatic or bactericidal impact on the organism.
If there is no growth, the impact is bactericidal. If there
is growth, the bacteriostatic effect is at work. Tubes were
incubated in a CO2 Jar at 37◦C for 48-72 hours for facultative
anaerobes. Tubes were cultured in anaerobic jars for 48-72
hours for strict anaerobes. 24

Time Kill Curve
After mixing an equal amount of broth with the organism
and chemical, it was immediately plated, and the time was
recorded as 0 hours. Tubes were stored in the CO2 jar until
a later time slot was available. It was cultured or plated
every 5 minutes, 10 minutes, 30 minutes, and 2 hours, and
incubated according to the growth requirements, i.e., in CO2
and anaerobic jars. The plates were removed after 48-72
hours of incubation and the colony count was recorded.24

RESULTS

Phytochemistry

The crude extract from the powdered seed of dried ripe
berries of S. surattense was subjected to different tests
for identification of various phytoconstituents. The results
obtained are given in Table 1.

Table 1: Presence of different phytoconstituents in the crude
extract of seeds ofSolanum surattense
Sl.
No.

Test Reagent Presence/
Absence

1. Carbohydrates Fehling’s A & B ++
2. Alkaloids Wagner’s reagent ++
3. Flavonoids Mg ribbons +

Conc. HCl
+++

4. Tannins and
Phenols

1% lead acetate
solution

+

(+++) Good amount, (++) Appreciable amount, (+) Small amount

After identification of phytoconstituents, the dried
berries were subjected to extraction of flavonoids for the

study of antimicrobial activity. The method employed
in the extraction of flavonoids was percolation method
using ethanol. An opaque translucent powder of group of
flavonoids weighing about 63 g was obtained.

Antimicrobial activity

The antimicrobial activity of the seed extract from S.
surattense was studied against these microorganisms, using
‘Disc Diffusion Assay’. The results indicated that the extract
was more potential against A. actinomycetemcomitans than
S. mutans among the tested pathogens. In the investigation,
the lowest MIC value, 25µg/mL, was recorded against S.
mutans. The MIC, MBC and Time Kill Curve values are
presented in Tables 2–4 respectively.

MIC activity against A. Actinomycetemcomitans was
50µg/mL indicating significant antimicrobial potential in
the tested extracts. The results of the MIC are indicated in
the Table 2.

The Minimum Bacterial Concentration (MBC) was
studied against Aggregatibacter actinomycetemcomitans and
Streptococcus mutans using the extract obtained from
Solanum surattense. The values of MBC are listed in Table 3.

The range of MIC and MBC of the extract was recorded
as 25-100µg/mL for S. mutans and 50-100µg/mL for A.
actinomycetemcomitans, respectively.

The Time Kill data of Solanum surattensewas determined
and the results are presented in Table 4.

Date of Tables 2, 3 and 4 demonstrate that the extract of
Solanum surattense seed has a greater effect on Aggregati-
bacter actinomycetemcomitans as compared to Streptococcus
mutans.

DISCUSSION

The crude extract derived from the powder of the seeds
of dried ripe berries of Solanum surattense was subjected
to various tests for the identification of different phytocon-
stituents.The obtained results presented in Table 1 identified
good amount of flavonoids. Using percolation method and
ethanol as solvent, flavonoids were extracted. Approximately
63 grams of a translucent, opaque flavonoids powder was
obtained.

Using the ‘Disc Diffusion Assay,’ the antimicrobial activ-
ity of the S. surattense seed extract against selected microor-
ganisms was investigated. Among the tested pathogens,
the results indicated that the extract was more effective
against A. actinomycetemcomitans than S. mutans. S. mutans
recorded the lowest MIC value of 25 µg/mL during the
investigation. Hence, it is more effective in inhibiting A.
actinomycetemcomitans than S. mutans.

The MIC activity against A. actinomycetemcomitans was
50µg/mL, indicating that the test extracts possess significant
antimicrobial potential. The outcomes of the MIC are shown
inTable 2. Using the extract theMinimumBacterial Concen-
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Table 2: Antibacterial activity of the seed extract against the tested strains (MIC in µg/mL)
Sl. No. Samples 100 50 25 12.5 6.25 3.12 1.6 0.8 0.4 0.2
1. S. mutans S S S R R R R R R R
2. A a S S R R R R R R R R

*S = Sensitive; R = Resistant, S. mutans = Streptococcus mutans, A a = Aggregatibacter actinomycetem-
comitans

Table 3: Antibacterial activity of the seed extract against the tested strains (MBC in µg/mL)
Sl. No. Samples 100 50 25 12.5 6.25 3.12 1.6 0.8 0.4 0.2
1. S. mutans NG NG NG 46 52 60 86 92 116 120
2. A a NG NG 12 18 20 21 30 36 42 50

*NG = No Growth, S. mutans = Streptococcus mutans, A a = Aggregatibacter actinomycetemcomitans

Table 4: Time Kill data of the plant extract against the tested strains
Sl. No. Samples 00hr 5 min 10 min 30 min 02 hr
1. S. mutans 110 98 80 34 NG
2. A a 81 70 41 12 NG

*NG = No Growth, S. mutans = Streptococcus mutans, A a = Aggregatibacter
actinomycetemcomitans

tration (MBC) against Aggregatibacter actinomycetemcomi-
tans and Streptococcus mutans was investigated. The MBC
values are shown in Table 3.

The MIC and MBC of the extract were found to be
between 25 µg/mL and 100 µg/mL both for S. mutans and
A. actinomycetemcomitans. The Time Kill data of Solanum
surattense was analyzed as presented in Table 4. The results
showed greater activity against A. actinomycetemcomitans as
compared to S. mutans.

Table 2 through Table 4 demonstrate that the seed
extract of Solanum surattense is more effective against
Aggregatibacter actinomycetemcomitans than Streptococcus
mutans.

CONCLUSION

In the present study we extracted flavonoids from the seeds
of dried ripe fruits of Solanum surattense Burm. F. and
evaluated their antibacterial activity against two bacterial
species like Streptococcus mutans and Aggregatibacter acti-
nomycetemcomitans that commonly cause dental infections.
The extract was found to be active against both the species.
Hence, the extract is useful for further isolation of specific
flavonoids responsible for the antibacterial activity.

REFERENCES

1. Abreu AC, Mcbain AJ, Simões M. Plants as sources of new
antimicrobials and resistance-modifying agents. Nat Prod Rep.
2012;29(9):1007–1021. Available from: https://doi.org/10.1039/
c2np20035j.

2. Saxena M, Nema JS, Dharmendra R, Gupta S, A. Phytochemistry
of medicinal plants. Journal of pharmacognosy and phytochemistry.
2013;1(6):168–182. Available from: https://www.phytojournal.com/
archives/2013/vol1issue6/PartA/26.pdf.

3. Samy RP, Gopalakrishnakone P. Therapeutic Potential of Plants as
Anti-microbials for Drug Discovery. Evid Based Complement Alternat

Med. 2010;7(3):283–294. Available from: https://doi.org/10.1093/
ecam/nen036.

4. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet.
2007;369(9555):51–59. Available from: https://doi.org/10.1016/s0140-
6736(07)60031-2.

5. Raja M, Ummer F, Dhivakar CP. Aggregatibacter actinomycetem-
comitans - a tooth killer? J Clin Diagn Res. 2014;8(8):ZE13–16.
Available from: https://doi.org/10.7860/jcdr/2014/9845.4766.

6. Mosaddad SA, Tahmasebi E, Yazdanian A, Rezvani MB, Seifalian
A, Yazdanian M, et al. Oral microbial biofilms: an update.
European Journal of Clinical Microbiology & Infectious Diseases.
2019;38(11):2005–2019. Available from: https://doi.org/10.1007/
s10096-019-03641-9.

7. BalakrishnanM, Simmonds RS, Tagg JR. Dental caries is a preventable
infectious disease. Aust Dent J. 2000;45(4):235–280. Available from:
https://doi.org/10.1111/j.1834-7819.2000.tb00257.x.

8. Hamada S, Koga T, Ooshima T. Virulence factors of Streptococcus
mutans and dental caries prevention. J Dent Res. 1984;63(3):407–411.
Available from: https://doi.org/10.1177/00220345840630031001.

9. Loesche WJ. Role of Streptococcus mutans in human dental decay.
Microbiol Rev. 1986;50(4):353–380. Available from: https://doi.org/10.
1128/mr.50.4.353-380.1986.

10. Mathew MG, Samuel SR, Soni AJ, Roopa KB. Evaluation of
adhesion of Streptococcus mutans, plaque accumulation on zirconia
and stainless steel crowns, and surrounding gingival inflammation
in primary molars: randomized controlled trial. Clinical Oral
Investigations. 2020;24(9):3275–3280. Available from: https://doi.org/
10.1007/s00784-020-03204-9.

11. Haubek D, Johansson A. Pathogenicity of the highly leukotoxic JP2
clone of Aggregatibacter actinomycetemcomitans and its geographic
dissemination and role in aggressive periodontitis. J Oral Microbiol.
2014;6. Available from: https://doi.org/10.3402/jom.v6.23980.

12. Åberg CH, Kelk P, Johansson A. Aggregatibacter actinomycetem-
comitans: virulence of its leukotoxin and association with aggressive
periodontitis. Virulence. 2015;6(3):188–195. Available from: https:
//doi.org/10.4161/21505594.2014.982428.

13. Shahiladevi S, Jayanthi G, Jegadeesan M. Preliminary phytochem-
ical studies on solanum surattense burm. Seeds Anc Sci Life.
2006;26(1-2):59–64. Available from: https://pubmed.ncbi.nlm.nih.
gov/22557226/.

14. Kumar P. A review on the pharmaceutical activity of Solanum
surattense. GSC Advanced Research and Reviews. 2021;7(3):38–44.
Available from: https://doi.org/10.30574/gscarr.2021.7.3.0128.

Journal of Pharmaceutical Research Vol. 21, No. 4, Oct-Dec 2022:126

https://doi.org/10.1039/c2np20035j
https://doi.org/10.1039/c2np20035j
https://www.phytojournal.com/archives/2013/vol1issue6/PartA/26.pdf
https://www.phytojournal.com/archives/2013/vol1issue6/PartA/26.pdf
https://doi.org/10.1093/ecam/nen036
https://doi.org/10.1093/ecam/nen036
https://doi.org/10.1016/s0140-6736(07)60031-2
https://doi.org/10.1016/s0140-6736(07)60031-2
https://doi.org/10.7860/jcdr/2014/9845.4766
https://doi.org/10.1007/s10096-019-03641-9
https://doi.org/10.1007/s10096-019-03641-9
https://doi.org/10.1111/j.1834-7819.2000.tb00257.x
https://doi.org/10.1177/00220345840630031001
https://doi.org/10.1128/mr.50.4.353-380.1986
https://doi.org/10.1128/mr.50.4.353-380.1986
https://doi.org/10.1007/s00784-020-03204-9
https://doi.org/10.1007/s00784-020-03204-9
https://doi.org/10.3402/jom.v6.23980
https://doi.org/10.4161/21505594.2014.982428
https://doi.org/10.4161/21505594.2014.982428
https://pubmed.ncbi.nlm.nih.gov/22557226/
https://pubmed.ncbi.nlm.nih.gov/22557226/
https://doi.org/10.30574/gscarr.2021.7.3.0128


Antibacterial activity of Solanum surattense Naik et al.

15. Sheeba E. Antibacterial Activity of <i>Solanum surattense</i>
Burm. F. Kathmandu University Journal of Science, Engineering and
Technology. 2010;6(1):1–4. Available from: https://doi.org/10.3126/
kuset.v6i1.3278.

16. Tekuri SK, Pasupuleti SK, Konidala KK, Amuru SR, Bassaiahgari
P, Pabbaraju N. Phytochemical and pharmacological activities
of Solanum surattense Burm. f. - A review. J Appl Pharm Sci.
2019;9(3):126–136. Available from: https://doi.org/10.7324/JAPS.
2019.90318.

17. Asif C, Adila S, Kiran A, Tanveer A. Phytochemistry and Biological
Importance of Solanumsurattense. World Applied Sciences Journal.
2018;36(3):529–536. Available from: http://dx.doi.org/10.5829/idosi.
wasj.2018.529.536.

18. Lucas EH, Pearson K, Lewis RW, Vincent B. Preparation of crude
plant extracts and their assay for presence of antibacterial substances.
Journal of Food Science. 1948;13(1):82–88. Available from: https://doi.
org/10.1111/j.1365-2621.1948.tb16597.x.

19. Morsy N. Phytochemical analysis of biologically active constituents of
medicinal plants. Main Group Chemistry. 2014;13(1):7–21. Available
from: https://doi.org/10.3233/MGC-130117.

20. George CS, Haridas H, Jose A, Krishnan D, Jayachandran TP.
A review of phytochemical screening and pharmacognostic study

of Pleurotusflorida. World Journal of Pharmaceutical Research.
2016;5(4):456–462. Available from: https://www.cabdirect.org/
globalhealth/abstract/20163186255.

21. Gul R, Jan SU, Faridullah S, Sherani S, Jahan N. Preliminary
Phytochemical Screening, Quantitative Analysis of Alkaloids, and
Antioxidant Activity of Crude Plant Extracts from<i> Ephedra
intermedia</i> Indigenous to Balochistan. The Scientific World
Journal. 2017;2017:1–7. Available from: https://doi.org/10.1155/2017/
5873648.

22. Abdullahi MN, Ilyas N, Ibrahim H. Evaluation of Phytochemical
Screening and Analgesic Activity of Aqueous Extract of The Leaves of
<i>Microtrichia perotitii</i> Dc (Asteraceae) in Mice using Hotplate
Method. Medicinal Plant Research. 2013;3(5):37–43. Available from:
https://doi.org/10.5376/mpr.2013.03.0005.

23. Fathiazad F, Delazar A, Amiri R, Sarker SD. Extraction of
flavonoids and quantification of rutin from waste tobacco
leaves. Iranian Journal of Pharmaceutical Research. 2006;3:222–
227. Available from: http://ijpr.sbmu.ac.ir/article_680_
3d1148b62e35737af3b3fc759431d0ca.pdf.

24. Schwalbe R, Steele-Moore L, Goodwin AC, editors. Antimicrobial
Susceptibility Testing Protocols. 1st ed. CRC Press. 2007. Available
from: https://doi.org/10.1201/9781420014495.

Journal of Pharmaceutical Research Vol. 21, No. 4, Oct-Dec 2022:127

https://doi.org/10.3126/kuset.v6i1.3278
https://doi.org/10.3126/kuset.v6i1.3278
https://doi.org/10.7324/JAPS.2019.90318
https://doi.org/10.7324/JAPS.2019.90318
http://dx.doi.org/10.5829/idosi.wasj.2018.529.536
http://dx.doi.org/10.5829/idosi.wasj.2018.529.536
https://doi.org/10.1111/j.1365-2621.1948.tb16597.x
https://doi.org/10.1111/j.1365-2621.1948.tb16597.x
https://doi.org/10.3233/MGC-130117
https://www.cabdirect.org/globalhealth/abstract/20163186255
https://www.cabdirect.org/globalhealth/abstract/20163186255
https://doi.org/10.1155/2017/5873648
https://doi.org/10.1155/2017/5873648
https://doi.org/10.5376/mpr.2013.03.0005
http://ijpr.sbmu.ac.ir/article_680_3d1148b62e35737af3b3fc759431d0ca.pdf
http://ijpr.sbmu.ac.ir/article_680_3d1148b62e35737af3b3fc759431d0ca.pdf
https://doi.org/10.1201/9781420014495

	INTRODUCTION
	MATERIALS AND METHODS
	Plant Collection
	Phytochemistry
	Chemicals and Reagents
	Preparation of Crude plant extract
	Identification of Phytoconstituents
	Identification of Carbohydrates
	Identification of Alkaloids
	Identification of Flavonoids
	Identification of Tannins and Phenols
	Extraction of Flavonoids

	Study of Antimicrobial activity of Solanum  surattense  seed extract
	Selected test microorganisms
	Minimum Inhibitory Concentration
	Minimum Bactericidal Concentration
	Time Kill Curve


	RESULTS
	Phytochemistry
	Antimicrobial activity

	Discussion
	Conclusion

