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Abstract
Background and Objectives: The escalating threat of antibiotic-resistant pathogens presents a pressing 
challenge in the battle against infectious diseases, particularly oral infections. Traditional medicine, with 
its long history of utilizing plant-based remedies for their therapeutic potential, offers a promising avenue. 
Tetracarpidium conophorum (commonly known as walnut) is a prime example. This study delves into the 
antimicrobial properties of Tetracarpidium conophorum extracts, a potential solution to the growing problem 
of antibiotic resistance.

Materials and Methods: The seeds, leaves, and roots of Tetracarpidium conophorum were meticulously 
collected from Adavi Local Government Area in Kogi State, Nigeria, and authenticated by a botanist at the 
University of Agriculture, Makurdi. The extracts were obtained using the cold maceration method with wa-
ter, ethanol, and hexane as solvent, and the antimicrobial activities were rigorously assessed against a range 
of oral pathogens using standard susceptibility tests. The microbial isolates were sourced from a reputable 
institution, the Department of Microbiology, National Veterinary Research Institute, Vom, Plateau State, and 
confirmed through biochemical testing, ensuring the reliability of the results.

Results and Conclusion: The extracts from the seeds, leaves, and roots of Tetracarpidium conophorum 
demonstrated varying degrees of antimicrobial activity against the tested pathogens. Notably, the seed ex-
tracts exhibited the highest inhibitory effects, followed by the leaf and root extracts. The study identified 
significant differences in antimicrobial efficacy among the different plant parts, with potential implications for 
therapeutic use. These findings suggest that the plant of Tetracarpidium conophorum, particularly the seeds, 
could be harnessed as a valuable source of natural antimicrobial agents, offering a promising alternative to 
the conventional antibiotics in oral health management.

Keywords: Antibiotic resistance, Antimicrobial activity, Oral pathogens, Plant extracts, Tetracarpidium 
conophorum
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1. Introduction
The emergence of antibiotic resistance among 
pathogenic microorganisms has become a press-
ing global health concern, underscoring the urgent 
need for alternative therapeutic strategies [1-2]. 
Historically, plants have been a cornerstone of 
traditional medicine, offering a vast repository of

bioactive compounds with potential antimicrobial 
properties [3]. One such plant is Tetracarpidium 
conophorum (commonly known as walnut), which 
is native to Nigeria and is grown primarily for its 
fried nuts, which are eaten as snacks. This plant 
has been utilized in traditional practices for its di-
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verse medicinal benefits, including antimicrobial, 
anti-inflammatory, and antioxidant effects [4-7].
Figure 1 illustrates the seeds of T. conophorum, 
which are integral to its traditional use. Similarly, 
this plant’s leaves (Figure 2) and roots (Figure 3)

Figure 1- Seeds of walnut (Tetracapidium conophorum) plant used for the current study

Figure 3- Roots of walnut (Tetracapidium conophorum) plant used for the current study

are also valued in traditional medicine for their 
therapeutic properties. Although, these plant’s parts 
have been used to treat various ailments including 
infections, but their scientific validation for antimi-
crobial efficacy still needs to be explored.

Figure 2- Leaves of walnut (Tetracapidium conophorum) plant used for the current study
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conophorum) were collected from Adavi Local
Government Area, Kogi State, Nigeria. After col-
lection, the plant materials were packaged in sterile 
polythene bags, and transported to the Department 
of Biological Sciences, University of Agriculture, 
Makurdi. A botanist authenticated the plant species 
using identification keys. The collected plant parts 
were shade-dried at a temperature range of 20–27 
°C for two weeks. Once adequately dried, they 
were crushed into powder using a clean mortar and 
pestle. The powdered plant materials were stored in 
sterile containers until extraction.

2.2. Extraction of plant materials
The plant extraction was conducted in the Chemis-
try Laboratory, Department of Chemistry, Benue 
State University, Makurdi. The cold maceration 
method described by Umeh et al. [16] was used 
for the extraction. A total of 50 g of the powdered 
plant material (leaves, seeds, and roots) was soaked 
separately in 500 ml of ethanol, hexane, and dis-
tilled water for 72 h, with intermittent shaking to 
facilitate extraction. After 72 h, the mixtures were 
filtered using Whatman no. 1 filter paper. The fil-
trates were concentrated using rotary evaporator at 
40 °C for ethanol and hexane, while the aqueous 
extracts were dried in air-drying oven. The result-
ing extracts were stored at 4 °C in sterile labelled 
bottles for subsequent phytochemical screening 
and antimicrobial analysis.

2.3. Phytochemical screening
Qualitative phytochemical screening was carried 
out on the extracts. For determination of tannins 
by ferric chloride test, 10 ml of distilled water was 
added to 2 ml of the aqueous, hexane, and ethanol 
extracts in a test tube, and a few drops of diluted 
ferric chloride solution were added further. The 
presence of blue-black (dark) precipitate was giv-
en as an indication of the presence of tannin in the 
extract [17-19].
The combined frothing test was used for the pres-
ence of saponins. Two milliliters of the aqueous, 
hexane, and ethanol extracts was mixed with 5 ml 
of distilled water in a test tube. The mixture was 

Oral infections, driven by pathogens such as Strep-
tococcus mutans, S. sobrinus, S. salivarius, Can-
dida albicans, and S. pyogenes pose significant 
health risks leading to conditions such as dental 
caries, periodontitis, and systemic infections [8,9]. 
The effectiveness of conventional antibiotics is in-
creasingly compromised by resistance, necessitat-
ing the exploration of novel antimicrobial agents 
[2]. Plant-based remedies have emerged as promis-
ing alternatives with unique mechanisms of action 
that could overcome the resistance issues [10-12].
Exploring the antimicrobial properties of T. cono-
phorum could lead to the development of innova-
tive, plant-based therapeutic agents for managing 
oral infections, just like some other phytocom-
pounds [13-15]. This study aims to integrate tradi-
tional knowledge with scientific evidence, thereby 
supporting the development of alternative treat-
ments and enhancing the role of herbal remedies 
in contemporary medicine. By validating the anti-
microbial efficacy of T. conophorum, this research 
contributes to the broader goal of addressing the 
challenges posed by antibiotic resistance and im-
proving oral health management.
Despite the traditional use of T. conophorum in 
managing infections, more scientific evidence is 
needed to demonstrate its efficacy against specific 
oral pathogens. This study has tried to fill this gap 
by evaluating the antimicrobial activities of aque-
ous, ethanolic, and hexane extracts of the seeds, 
leaves, and roots of T. conophorum against a range 
of oral pathogenic microorganisms. The primary 
objectives of our research are to extract and charac-
terize the bioactive compounds present in the seeds, 
leaves, and roots of T. conophorum. Secondly, we 
assessed the antimicrobial efficacy of these extracts 
against S. mutans, S. sobrinus, S. salivarius, C. al-
bicans, and S. pyogenes. Finally, the antimicrobial 
activity of different parts of the plant was compared 
to identify the most potent extract.

2. Materials and Methods
2.1. Collection and identification of plant mate-
rials
The seeds, leaves, and roots of walnut plant (T. 
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shaken vigorously. The formation of a stable froth 
(foam) was considered as positive result for the 
presence of saponins [20].
For flavonoids, 5 ml of the aqueous, hexane, and 
ethanol extracts was heated with 10 ml of ethyl ac-
etate in a boiling water bath for 5 min. The mixture 
was then filtered and used for the following tests, 
in which 5 ml of the filtrate was shaken with 1 ml 
of dilute aqueous ammonia. It was left to allow the 
layers’ separation. The yellow coloration in the 
aqueous ammonia layer indicated the presence of 
flavonoids [18,19]. 
For reducing sugar, three drops of Fehling’s solu-
tions I and II were added to 5 ml of the filtrate, and 
it was heated over a water bath to boil. A red precip-
itate indicates the presence of reducing sugar [18]. 
For phlobatannins, 2 ml of hydrochloric acid 5 M 
was added to 5 ml of the extract, and it was heat-
ed for 10 min. The presence of phlobatannins was 
indicated by the formation of red precipitate [18].
For detection of anthraquinones by Borntrager’s 
test, 5 ml of benzene was added to 2 ml of the 
aqueous, hexane, and ethanol extracts. The mixture 
was shaken and filtered using Whatman filter paper 
no 1. Then, 10% ammonia solution was added to 
the filtrate, and shaken again. A pink precipitate (or 
violet) in the ammoniacal layer indicated the pres-
ence of anthraquinones [18]. 
For glycosides, 1 ml of the aqueous, hexane, and 
ethanol extracts was added to 5 ml of Fehling’s 
solution I and II, and heated to boil on a water bath 
for 5 min. After boiling, the mixture was filtered. 
Then, 2 ml of diluted H2SO4 was added to the fil-
trate and reheated. It was allowed to cool and was 
neutralized with NaOH 2 M. Finally, 5 ml of Feh-
ling’s reagent was added, and the mixture was re-
heated on a water bath for 10 min. A brick red pre-
cipitate indicates the presence of glycosides [1,18].
For alkaloids, 5 ml of the aqueous, hexane, and eth-
anol extracts was added to a test tube. It was boiled 
with 2 ml of 1% HCl for 10 min on a steam bath. It 
was divided into two portions. To the first portion, 
three drops of Dragendorff’s reagents were added, 
and an immediate precipitate indicates the presence 

of alkaloids. To the second portion, three drops of 
Meyers reagents were added, through which an im-
mediate precipitate indicates the presence of alka-
loids [1-3,18,19].  
For determination of steroids by Salkwoski’s test, 
5 ml of the aqueous, hexane, and ethanol extracts 
was added to 2 ml of chloroform and filtered using 
Whatman filter paper no 1. In the filtrate, five drops 
of concentrated sulfuric acid were added. Then, a 
colorless layer below and a brownish layer above 
were observed while a reddish-brown ring color-
ation was observed in the interface [1-3,20].
Phenols content was determined by the addition of 
10 ml distilled water to 2 ml of the aqueous, hex-
ane, and ethanol extracts in a test tube followed by 
addition of a few drops of diluted ferric chloride 
solution. The presence of blue-black (dark) precip-
itate was given as an indication of the presence of 
phenols in the extract [16].

2.4. Preparation of microbial isolates
The microbial isolates used for this study included 
S. mutans, S. sobrinus, S. salivarius, C. albicans, 
and S. pyogenes. Stock cultures of these microor-
ganisms were obtained from the Department of Mi-
crobiology, National Veterinary Research Institute, 
Vom, Plateau State. Single, well-isolated colonies 
of each microorganism were aseptically transferred 
into nutrient agar slants using a sterile inoculating 
loop. The cultures were incubated at 37 °C for 24 
h. After incubation, the agar slants were stored at 
4 °C for further use in antimicrobial susceptibility 
testing [21,22].

2.4.1. Antimicrobial susceptibility testing
The antimicrobial activity of the plant extracts was 
evaluated using the agar well diffusion method, 
as described by Bauer et al. [23]. Each microbial 
suspension was prepared in sterile saline solution, 
and the turbidity was adjusted to 0.5 McFarland 
standard (approximately 1.5 × 108 CFU/ml). Muel-
ler-Hinton agar plates were inoculated with the 
microbial suspension using a sterile cotton swab. 
Wells of 6 mm diameter were created in the agar, 
and 100 µl of each extract (concentrations of 50, 
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100, 200, and 400 mg/ml) was introduced into the 
wells. Ethanol, hexane, and distilled water served 
as negative controls, while standard antibiotics 
(gentamicin for bacteria and nystatin for the fun-
gus) were used as positive controls. The plates 
were incubated at 37 °C for 24 h for the bacteria 
and 15 °C for 3 to 5 days for the fungus, after which 
the inhibition zone around the wells was measured 
using a ruler. The minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentra-
tion (MBC) or minimum fungicidal concentration 
(MFC) were determined using the broth dilution 
method, as described by Aremu et al. [2].

2.5. Statistical analysis
The data are as mean ±standard deviation of trip-
licate experiments. Statistical analysis was per-
formed using two-way ANOVA to determine the 
significant differences between antimicrobial activ-
ity of the extracts. The means were compared us-
ing Least Significant Difference (LSD). A p-value    
< 0.05 was considered as significant difference.

3. Results and Discussion 
The phytochemical screening of walnut leaf ex-
tracts prepared by three solvents of ethanol, hex-
ane, and water demonstrated the presence of sev-
eral bioactive compounds (Table 1). The presence 
of alkaloids was confirmed in all solvents, suggest-
ing that alkaloids in walnut leaves are readily ex-
tractable using both polar (ethanol and water) and 
non-polar (hexane) solvents. Saponins and tannins, 
other classes of secondary metabolites, exhibited a

similar profile, indicating their solubility in a broad 
range of solvents. The absence of reducing sugars 
in all extracts suggests either their absence in the 
plant or the inefficacy of the solvents to extract 
these agents. Anthraquinones were only present in 
the ethanol extract of leaf and seed, indicating their 
moderate polarity and preferential extraction in 
ethanol. Moreover, it was likely absent in the root. 
Conversely, steroids were absent in the seeds, and 
just detected in hexane extract of leaf and ethanol 
extract of root, indicating their relatively non-po-
lar nature. Flavonoids were present in both etha-
nol extract of seeds and leaves, and hexane extract 
of leaves, indicating their partial non-polarity but
absent in the aqueous extract, suggesting limited 
solubility in water. In addition, it was not found in 
the extracts of roots. Interestingly, glycosides were 
just found in the hexane extract of leaves, a result 
that may indicate the presence of non-polar glyco-
sides in the leaves. Phenolic compounds, known 
for their antioxidant properties, were detectable in 
the ethanol extract of roots, seeds, and leaves, and 
also hexane extract of roots, showing their partial 
non-polarity. Lastly, phlobatannins were absent in 
all solvents, implying their absence or low con-
centration in the walnut plant. Our investigation 
revealed that, except for reducing sugar and phlo-
batannins, ethanol was the most potent solvent for 
extraction of phytochemicals. On the other hand, 
leaves were the richest part of T. conophorum con-
taining the most extractable phytochemicals. 

Plant 
parts

Media Alkaloid Saponins Tannins Reducing 
sugars

Anthraquinone Steroids Flavonoids Glycosides Phenols Phlobatannins

Leaf Ethanol + - + - + - + - + -
Hexane + + - - - + + + - -
Water + + + - - - - - - -

Root Ethanol + + + - - + - - + -
Hexane + + + - - - - - + -
Water + + + - - - - - - -

Seed Ethanol + + + - + - + - + -
Hexane + + + - - - - - - -
Water + + + - - - - - - -

Table 1- Phytochemical composition of Tetracarpidium conophorum leaf, seed, and root extracts

+ present; - absent
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Table 2 shows the antimicrobial activities of walnut 
leaf, root, and seed extracts in ethanol, hexane, and 
aqueous solvents against selected oral pathogens. 
The ethanol leaf extract (ELE) exhibited moder-
ate antimicrobial activity, particularly against C. 
albicans, S. salivarius, and S. sobrinus. However, 
it showed no inhibitory effect on S. pyogenes and 
S. mutans. Same as hexane seed extract (HSE) and 
aqueous root extract (ARE), the hexane leaf extract 
(HLE) displayed no antimicrobial activity against 
any tested pathogens. The aqueous leaf extract 
(ALE) was only active against S. pyogenes, show-
ing its selectivity in targeting this pathogen. The 
ethanol root extract (ERE) showed activity against

C. albicans and S. pyogenes, while the hexane root 
extract (HRE) had a lower zone of inhibition against 
S. pyogenes. The ethanol seed extract (ESE) exhib-
ited relatively strong activity against C. albicans, S. 
pyogenes, S. salivarius, and S. mutans. The aqueous 
seed extract (ASE) had the highest activity against 
S. pyogenes. Compared to the all extracts, cipro-
floxacin exhibited significantly higher inhibition 
zones against all tested organisms, ranging from 15 
to 29 mm, indicating its superior broad-spectrum 
antimicrobial activity. The larger inhibition zones 
observed for ESE and ELE, particularly against S. 
pyogenes and C. albicans.

Table 2- Zone inhibition (mm) of selected oral pathogens in the presence of Tetracarpidium conophorum leaf, 
root, and seed extracts prepared with ethanol, hexane, and water as solvent
Treatment C. albicans S. pyogenes S. salivarius S. mutans S. sobrinus
ELE 9.67b 0.00e 8.33b 0.00c 10.67b

HLE 0.00d 0.00e 0.00d 0.00c 0.00c

ALE 0.00d 10.00c 0.00d 0.00c 0.00c

ERE 7.67c 7.67d 0.00d 0.00c 0.00c

HRE 0.00d 7.33d 0.00d 0.00c 0.00c

ARE 0.00d 0.00e 0.00d 0.00c 0.00c

ESE 7.33c 10.33c 7.67c 8.33b 0.00c

HSE 0.00d 0.00e 0.00d 0.00c 0.00c

ASE 0.00d 11.67b 0.00d 0.00c 0.00c

DW 0.00d 0.00e 0.00d 0.00c 0.00c

CP 16.33a 20.67a 15.00a 29.00a 22.33a

*ELE=ethanol leaf extract; HLE= hexane leaf extract; ALE= aqueous leaf extract; ERE=ethanol root extract; HRE= 
hexane root extract; ARE= aqueous root extract; ESE=ethanol seed extract; HSE= hexane seed extract; ASE= aqueous 
seed extract; DW= distilled water; CP= ciprofloxacin

Table 3 shows the amounts of MIC for the leaf, 
root, and seed extracts against the oral pathogens. 
Due to the insufficient inhibition of hexane extract 
against the microorganism (Table 2), its MIC was 
not examined. For ELE, the MIC was achieved at 
50 mg/ml for C. albicans and S. salivarius, while 
S. sobrinus showed a higher MIC at 200 mg/ml. 
Interestingly, S. pyogenes and S. mutans were in-
hibited even at lower concentrations so that no 
growth was observed in the presence of the least di-
lution. It indicates that the ethanol extract of walnut 
leaves could effectively inhibit these pathogens at 
relatively low concentrations. ALE had an MIC of

100 mg/ml for S. pyogenes, and other microorgan-
isms were inhibited by the extract at concentrations 
lower than 50 mg/ml, indicating its strong ability to 
suppress the growth of these bacteria. ERE demon-
strated an MIC of 200 mg/ml for C. albicans, while 
for S. pyogenes, it had a lower MIC at 25 mg/ml. 
Moreover, other microorganisms were more sus-
ceptible than S. pyogenes. ESE had notable MIC 
values across multiple organisms within the tested 
concentrations, including C. albicans and S. pyo-
genes (100 mg/ml) and S. salivarius and S. mutans 
(50 mg/ml). ASE exhibited its MIC for S. pyogenes 
at 200 mg/ml, and other microorganisms were in-
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Extract Microorganism Concentration (mg/ml)
400 200 100 50 25

ELE C. albicans - - - * +
S. salivarius - - - * +
S. sobrinus - * + + +
S. pyogenes - - - - -
S. mutans - - - - -

ALE C. albicans - - - - -
S. salivarius - - - - -
S. sobrinus - - - - -
S. pyogenes - - * + +
S. mutans - - - - -

ERE C. albicans - * + + +
S. pyogenes - - - - *
S. salivarius - - - - -
S. sobrinus - - - - -
S. mutans - - - - -

ARE S. pyogenes - - * + +
S. sobrinus - - - - -
S. salivarius - - - - -
S. mutans - - - - -
C. albicans - - - - -

ESE C. albicans - - * + +
S. pyogenes - - * + +
S. salivarius - - - * +
S. mutans - - - * +
S. sobrinus - - - - -

ASE S. pyogenes - * + + +
C. albicans - - - - -
S. sobrinus - - - - -
S. salivarius - - - - -
S. mutans - - - - -

Table 3- Minimum inhibitory concentration of the leaf, root, and seed extracts of Tetracarpidium conopho-
rum prepared with ethanol, hexane, and water as solvent

+ = indicates growth; - = indicates no growth; * = indicates MIC; ELE = ethanol leaf extract; ALE = aqueous leaf ex-
tract; ERE = ethanol root extract; ARE = aqueous root extract; ESE = ethanol seed extract; ASE = aqueous seed extract

hibited at concentrations lower than 50 mg/ml. The 
significant no growth of the microorganisms at dif-

ferent concentrations of the extracts indicates the 
potent antimicrobial properties of T. conophorum.

Table 4 shows the amounts of MBC and MFC of 
T. conophorum extracts against selected oral patho-
gens. The ELE showed bactericidal and fungicid-

al effects at different concentrations. For C. albi-
cans, the minimum fungicidal concentration was 
200 mg/ml, as indicated by the asterisk in the table. 
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However, microbial growth was observed at lower 
concentrations (100 mg/ml and below). Similarly, 
S. salivarius was eliminated at 100 mg/ml. In the 
case of S. sobrinus, ELE exhibited vigorous bac-
tericidal activity at 400 mg/ml. S. pyogenes and 
S. mutans were inhibited at all concentrations of

ELE. ALE demonstrated its minimum bactericidal 
concentration (MBC) against S. pyogenes at 200 
mg/ml, and this extract could inhibit other micro-
organisms at all concentrations that show its potent 
antimicrobial potency even at low concentrations.

Extract Microorganism Concentration (mg/ml)
400 200 100 50 25

ELE C. albicans - * + + +
S. salivarius - - * + +
S. sobrinus * + + + +
S. pyogenes - - - - -
S. mutans - - - - -

ALE S. pyogenes - * + + +
S. salivarius - - - - -
S. sobrinus - - - - -
S. mutans - - - - -
C. albicans - - - - -

ERE C. albicans * + + + +
S. pyogenes * + + + +
S. salivarius - - - - -
S. sobrinus - - - - -
S. mutans - - - - -

ARE S. pyogenes - * + + +
C. albicans - - - - -
S. mutans - - - - -
S. salivarius - - - - -
S. sobrinus - - - - -

ESE C. albicans * + + + +
S. pyogenes - * + + +
S. salivarius - - * + +
S. mutans * + + + +
S. sobrinus - - - - -

ASE S. pyogenes * + + + +
S. salivarius - - - - -
S. mutans - - - - -
S. sobrinus - - - - -
C. albicans - - - - -

Table 4- Minimum bactericidal/minimum fungicidal concentration of the leaf, root, and seed extracts of Tet-
racarpidium conophorum prepared with ethanol, hexane, and water as solvent

+ = indicates growth; - = indicates no growth; * = indicates MIC; ELE = ethanol leaf extract; ALE = aqueous leaf ex-
tract; ERE = ethanol root extract; ARE = aqueous root extract; ESE = ethanol seed extract; ASE = aqueous seed extract
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ERE could suppress C. albicans and S. pyogenes 
at 400 mg/ml, highlighting its efficacy at high con-
centrations. The ARE showed bactericidal activity 
against S. pyogenes at 200 mg/ml, similar to those 
observed for ALE, which shows their same anti-
microbial potency within the tested concentrations 
against the oral pathogens. 
ESE demonstrated various antimicrobial activity 
among the microorganisms. For C. albicans, it was 
achieved at 400 mg/ml, while S. pyogenes and S. 
salivarius were killed at 200 and 100 mg/ml, re-
spectively. Additionally, for S. mutans the bacte-
ricidal activity was achieved at 400 mg/ml. These 
findings highlight the broad-spectrum antimicrobi-
al potential of the ESE. ASE exhibited bactericidal 
activity against S. pyogenes at 400 mg/ml, while 
other microorganisms were killed at all concentra-
tions. It indicates that aqueous extracts of walnut 
seeds possess potent bactericidal properties. Com-
paring the results of the extracts reveals the supe-
rior bactericidal/fungicidal activity of the aqueous 
extract of root and leaf followed by the seed rather 
than the other extracts. 
The phytochemical screening of walnut (T. cono-
phorum) plant extracts revealed the presence of 
multiple bioactive compounds in the leaves, roots, 
and seeds, which have the potential to influence 
their antimicrobial activities against oral patho-
gens. These findings are relevant in understanding 
how specific phytochemicals could contribute to 
the antimicrobial properties of the walnut plant, 
considering their known roles in various pharma-
cological activities. As mentioned earlier, alka-
loids and saponins were detected in all parts of the 
walnut plant (leaf, root, and seed). Alkaloids are 
known for their antimicrobial properties, particu-
larly in disrupting bacterial cell walls and inhibit-
ing protein synthesis. The presence of alkaloids in 
all parts of the walnut plant contributes to its anti-
microbial activity against oral pathogens [24-26]. 
Similarly, saponins have been reported to possess 
detergent-like properties that can disrupt microbi-
al cell membranes, contributing to their antibacte-
rial and antifungal actions [27-28]. The detection 

of saponins in all extracts indicates their potential 
role in the antimicrobial activity of walnut extracts. 
Tannins, the other prominent extractable compo-
nent, play a crucial role in antimicrobial activity by 
precipitating the microbial proteins and inhibiting 
the bacterial adhesion to host tissues [29]. It is of 
great importance with respect to the oral patho-
gens, where adhesion is critical in forming dental 
biofilms [29-30]. Flavonoids have been widely rec-
ognized for their antibacterial, antiviral, and anti-
fungal properties [31]. Their presence in both polar 
and non-polar extracts indicates that flavonoids in 
walnut may have a broad spectrum of antimicrobial 
activity, depending on their solubility and interac-
tion with the microbial membrane [32]. The ability 
of flavonoids to inhibit bacterial growth and biofilm 
formation may be especially significant in targeting 
oral pathogens, which rely on biofilm structures for 
survival and proliferation [29]. In accordance, the 
phenolic compounds, abundant in ethanol extracts, 
are known for their potent antioxidant and antimi-
crobial properties [33-34]. They disrupt microbial 
cell walls, leading to cell lysis, and inhibiting the 
growth of various pathogens [35]. Given the role of 
oxidative stress in the pathogenesis of oral diseas-
es such as periodontitis, the presence of phenolic 
compounds in walnut extracts may enhance their 
potential as therapeutic agents for oral infections. 
Their presence in the ethanol extract suggests that 
alcohol-based walnut extracts may be particularly 
effective in antimicrobial applications. The pres-
ence of anthraquinones in the ethanol extract of 
walnut leaves and seeds highlights their potential 
antimicrobial function. Anthraquinones are known 
to interfere in the microbial DNA replication, in-
hibiting microbial proliferation [36-38]. Specifi-
cally, steroids were not found in the seeds, which 
suggests that the antimicrobial activity may vary 
depending on the part of the plant used. Steroids 
are known to influence membrane permeability, 
which can enhance antimicrobial efficacy [39]. The 
absence and/or very low unextractable concentra-
tion of glycosides and phlobatannins in all parts of 
the plant by using the extraction solvents, except 
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for the HLE, suggests that these compounds may 
not contribute to the antimicrobial potency of the 
plant. It aligns with other studies where the absence 
of some compounds did not diminish the overall 
antimicrobial efficacy of the plant [40]. In compar-
ison, alkaloids, saponins, tannins, flavonoids, and 
phenolics, that were found in the walnut extracts 
have demonstrated significant potential for anti-
microbial activity against oral pathogenic micro-
organisms. These phytochemicals have well-doc-
umented effects on bacteria commonly found in 
the oral cavity such as S. mutans, Porphyromonas 
gingivalis, and C. albicans, which are associated 
with dental caries, gingivitis, and oral candidiasis 
[29]. The variety of phytochemicals across differ-
ent solvents also suggests that polar and non-polar 
extracts could target a broad range of oral patho-
gens. For instance, the presence of flavonoids and 
tannins in the aqueous extracts provides a basis for 
using water-based formulations in oral healthcare 
products such as mouthwashes and toothpaste [29]. 
Meanwhile, the presence of phenolics and alkaloids 
in ethanol extracts points to the possibility of using 
alcohol-based tinctures as antimicrobial agent for 
treating infections and disinfecting surfaces. 
The antimicrobial efficacy of walnut leaf, root, and 
seed extracts was measured using the zone of inhi-
bition assay, where the results highlighted varying 
degrees of inhibition against selected oral patho-
gens. Ethanol and aqueous extracts of the walnut 
plant showed higher antimicrobial activity than 
their hexane counterpart. It suggests that ethanol 
and water are effective solvent for extracting bio-
active compounds from the walnut plant. It aligns 
with previous studies demonstrating the superior ef-
ficacy of ethanol over hexane in inhibiting the mi-
crobial growth. The studies have shown that etha-
nol extracts often contain a higher concentration of 
phenolic compounds, flavonoids, and tannins, con-
tributing to their antimicrobial activity [1-3,7,41]. 
The ethanol extracts are more potent in inhibiting 
bacterial growth, likely due to their ability to solu-
bilize a broader range of antimicrobial compounds, 
including alkaloids, flavonoids, and phenolics, 

often present in walnut plants [42]. The ethanol 
extracts from the walnut plant possess significant 
bactericidal and fungicidal properties, especially 
against fungi and Gram-positive bacteria, both of 
which are of common oral pathogens. 
The antibacterial effect of walnut extracts against 
S. mutans and S. pyogenes suggests their potential 
applications in dental care products, particularly at 
concentration of 400 mg/ml for the ethanolic ex-
tracts of the plant parts. These results are consistent 
with the antimicrobial activity of other plant-de-
rived extracts used in traditional medicine for oral 
health, such as neem and green tea [43-45].  The 
favourable results of these extracts’ antibacterial 
activity tests and bioactive components establish 
a potential basis for pharmaceutical research. The 
traditional usage of walnut in ethnomedicine has 
been validated by the association between its dis-
covered bioactive components, including alkaloids, 
flavonoids, and steroids, and its demonstrated anti-
bacterial efficacy against certain bacterial strains. 
Similarly, several chemical components in walnuts, 
such as tannins and phenols, corroborate their an-
cient medical usage by echoing their notable anti-
bacterial effectiveness against various microorgan-
isms, just like other plants of medicinal importance 
[1-3,46]. 

4. Conclusion
The screening of walnut (T. conophorum) plant 
extracts has revealed the presence of several bio-
active phytochemical, including alkaloids, sapo-
nins, tannins, flavonoids, and phenolic compounds, 
which contribute to the plant’s antimicrobial prop-
erties, especially against oral pathogens. Alka-
loids and saponins disrupt bacterial cell walls and 
membranes, while tannins and flavonoids prevent 
bacterial adhesion and biofilm formation. Pheno-
lic compounds, abundant in ethanol extracts, offer 
antioxidant and antimicrobial effects, and can be 
considered as therapeutic agents in treating oral 
infections like dental caries and gingivitis. Our 
findings emphasize the superior antimicrobial effi-
cacy of ethanol and aqueous extracts over hexane 
extract, particularly in inhibiting the growth of key 
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oral pathogens like C. albicans, S. pyogenes, and 
S. mutans. It indicates that ethanol and aqueous ex-
tracts are more potent, likely due to their ability to 
dissolve a wide range of antimicrobial compounds, 
such as alkaloids and phenolics. The results also 
suggest that walnut plant extracts have significant 
potential for use in natural oral health care products 
such as mouthwash and toothpaste. Their efficacy 
against common oral pathogens makes them prom-
ising candidates for managing bacterial and fungal 
infections in the oral cavity. Moreover, the study 
highlights the growing importance of plant-based 
antimicrobials as potent and necessary alternatives 
to the conventional antibiotics, particularly in the 
context of rising antibiotic resistance. This under-
scores the significance of the research and its po-
tential impact on the field of oral health. However, 
the current study identifies some limitations. The 
lack of specific identification of bioactive com-
pounds responsible for antimicrobial activity calls 
for immediate and further research using advanced 
analytical techniques like high performance liquid 
chromatography and mass spectroscopy. Addition-
ally, in vivo studies and the exploration of syner-
gistic effects between walnut extracts and antibi-
otics could provide more comprehensive insights 
into their therapeutic potential. Expanding research 
into other extraction methods may also enhance 
the yield of bioactive compounds, improving the 
overall effectiveness of walnut plant extracts in oral 
healthcare.
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