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ABSTRACT 

The world health sector has been held hostage by the recent surge in antimicrobial resistance in disease 

management. Confirmed multi-drug-resistant Salmonella Typhi and Salmonella ParaTyphi A isolates were 

obtained from the National Veterinary Institute, Vom. The efficacy of combined ethanolic crude extracts of 

fruit pulp of Tamarindus indica and stem bark of Boswellia dalzielii was analyzed in vitro, in combined form 

(1:1), on the test organisms S. Typhi (ST) and S. ParaTyphi A (SPTA). The plant extracts were screened for 

phytochemical bioactive compounds, using a qualitative approach and GC-MS for quantitative assays. 

Salmonella Typhi and Salmonella ParaTyphi isolates were susceptible to the combined plant extracts at 

concentrations of 100-400 mg/ml. The inhibition zones recorded are 31 and 42mm for S. ParaTyphi A and 26 

and 38mm for S. Typhi for extract concentrations of 100 and 400mg/mL, respectively. Furthermore, the 

Minimum Inhibitory Concentration (MIC) of 3.12mg/mL was recorded for S. Paratyphi A, and 12.5mg/mL for 

S. Typhimurium. The plant extracts exhibited antimicrobial efficacy on the typhoidal test organisms. The GC-

MS analysis of the combined ethanolic plants extract revealed the presence of 5-hydroxymethylfurfural 

(34.48%), 3-O-methyl-d-glucose (13.39%), Furfural (7.19%), 4H-pyran-4-One-2,3,-dihydro-3,5-dihydroxy-6-

methyl- (4.82%), Furfural hydroxymethyl ketone (4.80%), Naphthalene,decahydro-4a-methyl-1-methyl-7-(1-

methyl ethylidene) -  (3.94%), Cis-9-Hexadecanal (3.82%), 9-Oxabicyclo[6.1.0]non-6-en-2-one (2.86%), and 

2(5H)-Furanone,5-methyl- (1.68%) had the least concentration. The combined efficacy of the plant extracts 

confirms and underscores their synergistic effects on the test isolates, thereby making the plants a significant 

alternative for drug sourcing against multi-drug-resistant Salmonella Typhi and Salmonella ParaTyphi A. 
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INTRODUCTION 

In ancient and recent times, humans developed a sense of urgency in developing treatment strategies against 

ailments that have plagued and caused economic loss to the human race. Hence, man has been compelled to 

search for better treatment strategies against disease as the causative agents of the disease have evolved and 

developed resistance against the developed treatment techniques [1]. The rate at which microorganisms 

develop mechanisms to evade the activity of antimicrobials, rendering the antimicrobials ineffective, poses a 

significant threat to world economies as multidrug resistance has held the health and food sectors hostage, 

thereby increasing morbidity and mortality rates [2,3].  The plants Tamarindus indica, which is called Tamarin 

in the English language and is commonly known as “Dwang” in the Tangle (Tangale) language, and” 

Tsamiya” in Hausa [4] and Boswellia dalzielii, commonly known as the frankincense tree or by its Tangle 

(Tangale) name” shomnong”, Hausa names (“Ararrabi”, “Basamu” and “Hanu”) [5]. Generally, plants have 

been used by herbalists and traditionalists in the treatment of certain disease conditions, which include wound 

healing, snake bite, abdominal pain, colds, inflammations, diarrhea, helminth infections, and fever treatments, 

among others [6].  
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It has been previously reported that the use of Tamarindus indica as a probable source of antimicrobial, 

antidiabetic, and anti-inflammatory, potentially treating or preventing obesity and other chronic diseases [7]. 

The antimicrobial activity of T. indica has been established on various test organisms [8].  Plants produce 

certain compounds that have the potential to inhibit the growth of microorganisms as well as cidal effects, and 

it has been observed that various and different parts of plants produce varying antimicrobial characteristics 

[9,10]. This signifies the importance of plants as an alternative source of safe and potent antimicrobials. 

Phytomedicine is highly promising in the area of drug development.  

The human-restricted serovar Typhi (ST) and the closely related serovar ParaTyphi A (SPTA) cause enteric 

fever and cause a systemic disease [11]. Enteric fever, SPTA causes a milder disease with a shorter incubation 

time [12]. As earlier reported, typhoid fever has caused at least 215000 deaths as well as 26 million cases of 

morbidity in typhoid cases and 5 million in paratyphoid disease conditions [13]. The burden of typhoid fever is 

generally felt in developing and low-income countries and regions of the world, with Africa and Southeast 

Asia being the regions with the most risk [14]. Furthermore, invasive nontyphoidal Salmonella has emerged as 

an important cause of bloodstream infection in Sub-Saharan Africa in both adults and children. The incidence 

of invasive non-typhoidal Salmonella has been estimated at 3.4 million cases with more than 600,000 deaths 

each year [15]. This poses a serious global health challenge, including antibiotic resistance, and it is also a 

major health security issue [16]. AMR is speedily gaining global recognition and in-depth scientific discussion; 

hence, there is a need to proffer alternative(s) for antimicrobials from natural sources that overcome the threat 

of resistance and improve healthcare delivery.  

MATERIALS AND METHODS 

Test Isolates 

The test isolates were obtained from the National Veterinary Research Institute, Vom (NVRI); the 

Microbiology unit of the research institute has already established its multi-drug resistance. The isolates 

obtained were Salmonella Typhi and Salmonella ParaTyphi A.  

Susceptibility testing 

The susceptibility test was conducted using the disc diffusion method [17]. Sterile discs were impregnated with 

the plant extract sample and placed on a cultured plate containing the test isolates, and the zones of inhibition 

were measured after 24 hours of incubation. 

Plant Preparation 

The plant sample, which includes the stem bark of Boswellia dalzelii and the fruits of Tamarindus indica, was 

obtained from the farm, dried at room temperature, and crushed into powder using a mortar. The crushed 

powder was sieved to remove large lumps of plant fibre; the fine powder was used for extraction. 

Phytochemical Screening 

Qualitative screening: the combined and separate plant extracts were screened for the presence of bioactive 

compounds; the methods [18]. Quantitative analysis: bioactive components of the extract were determined 

using the GC-MS approach. 

RESULTS AND DISCUSSION 

Susceptibility of the Test Organism to the Plant Extracts  

Table 1 shows the zones of inhibition exhibited by Tamarindus indica and Boswellia dalzielii plant extracts. 

The highest zones of inhibition are 20mm and 18mm for Salmonella ParaTyphi A and Salmonella Typhi, 

respectively, at the concentration of 400mg/mL of Tamarindus indica extract, 18mm and 17mm for Salmonella 

ParaTyphi A and Salmonella Typhi, respectively, at the concentration of 400mg/mL of Boswellia dalzielii 
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extract. However, the lowest susceptibility was recorded at 200mg/mL for both plant extracts. The reported 

zones of inhibition in this study differ from the previously reported 7.67mm zone of inhibition at 500mg/mL 

for B. dalzielii butanol extract [10]. And, similar to the report of 19mm at 50mg/mL [9]. And, differ 

considerably ot the 12mm zone of inhibition on S. typhi for T. indica [19]. The reported zones of inhibition 

vary considerably from the earlier reported zones of inhibition; this can be attributed to the varying 

experimental extract concentration administered. 

Table 1. Susceptibility of the Test Organism to Tamarindus indica and Boswellia dalzielii Plant Extract  

Extract TIet (mg/mL) BDet (mg/mL) Control (mg/mL) 

Isolate 400 200 100 400 200 100 +ve -ve 

ST 18   15  12   17    13    10  31 0 

SPTA 20   17    14 18    15    11 33 0 

Table 2 shows the result of the Susceptibility Test of Bacterial isolates to Combined plant extracts at the Ratio 

(1:1), the zones of inhibition (mm). The combined plants' extracts have exhibited activity against the bacterial 

isolates at 400mg/mL, with a higher zone of inhibition of 42mm for S. Paratyphi A and 38 mm for S. Typhi 

when tested with the combination of the plants' extracts at the ratio of 1:1. Thus, indicating the synergistic 

effect of the plant extracts by enhancing the antimicrobial efficacy of the plant’s phytochemical components. 

Table 2. Susceptibility of the Test Organism to the combined (1:1) Extracts of Tamarindus indica and 

Boswellia dalzielii   

Extract TIet+BDet (mg/mL) Control (mg/mL) 

Isolate 400 200 100 +ve -ve 

ST 38 33 26 31 0 

SPTA 42  36 31 32 0 

KEY: TIet=Tamarindus indica ethanolic, BDet=Boswellia dalzielii ethanolic, ST=Salmonella Typhi, SPT 

A=Salmonella ParaTyphi A, Ext. = Extract, Positive = +, Negative =  ̶ . 

Determination of the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC) of Tamarindus indica and Boswellia dalzielii Plant Extract 

Table 3 shows the MIC and MBC of the individual plants’ extracts. 12.5mg/mL and 6.25mg/mL were the 

MICs for Salmonella Paratyphi A and Salmonella Typhi, respectively, for Tamarindus indica ethanolic extract; 

these were the same for Boswellia dalzielii. However, 12.5mg/mL and 25.0mg/mL were the MBC for 

Salmonella Paratyphi A and Salmonella Typhi, respectively, for Tamarindus indica extract. However, the MBC 

for Salmonella Paratyphi A for Boswellia dalzielii extract varied and was recorded at 25.0mg/mL. The 

reported MIC and MBC of this study differ from the findings of Balarabe et al. [10], who reported the 

antimicrobial activity of Boswellia dalzeili on S. Typhi, reporting an MIC of 7.81 and MBC of 62.50 in 

methanol extracts; this contrasts with the 12.5 (MIC) and 25.0 (MBC) reported in this study. However, the 

reported MIC and MBC are similarly reported as 12.5 and 25, respectively [9]. However, for T. indica, 

contrastingly, the MIC and MBC are 125 and 125, respectively, for S. typhi [19]. 

Table 3. MIC and MBC of Tamarindus indica and Boswellia dalzielii Plant Extracts on the Test Organism  

Extract  TIet (mg/mL) BDet (mg/mL) Control (mg/mL) 

Isolate MIC MBC MIC MBC MIC MBC 

ST 12.5 25.0 12.5 25.0 0.04 0.08 

SPTA 6.25 12.5 6.25 25.0 0.04 0.16 

Table 4 shows the result of the MIC and MBC of the combined plant extracts at a ratio of 1:1. The MIC and 

MBC of the combined Tamarindus indica and Boswellia dalzielii plant extract, 3.12 mg/ml, was the lowest 
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MIC obtained against S. ParaTyphi A, while the highest MIC of 6.25 mg/ml was obtained for S. Typhi. The 

lowest MBC of 6.25 mg/ml was obtained against S. ParaTyphi A, while the highest MBC of 12.5 mg/ml was 

obtained for S. Typhi. By exhibiting lower MIC and MBC, S. ParaTyphi A is the most susceptible to the 

extracts. The combined plant extracts exhibit lower MIC and MBC; thus, highlighting the efficacy and potency 

of the plants extract to be a good and safe alternative source antimicrobial. 

Table 4. MIC and MBC of the combined Tamarindus indica and Boswellia dalzielii Plant Extracts at the Ratio 

of 1:1 on the Test organism 

Extract  TIet+BDet (mg/mL) Control (mg/mL) 

Isolate MIC MBC MIC MBC 

ST 6.25 12.50 0.04 0.08 

SPTA 3.12 6.25 0.04 0.16 

KEY: TIet=Tamarindus indica ethanolic, BDet=Boswellia dalzielii ethanolic, ST=Salmonella Typhi, SPT 

A=Salmonella ParaTyphi A, Ext. = Extract. 

Qualitative Phytochemical Screening of the Plant Extract 

Table 5, qualitative phytochemical constituents of the ethanolic extracts of Boswellia dalzielii and Tamarindus 

indica, separately and in combined ratios (1:1). Based on phytochemical test results, various bioactive 

compounds (secondary metabolites) that might be responsible for the medicinal attributes of the plants 

(medicinal property) were identified. Tannins were present in the plant extracts analyzed. Flavonoids were 

present in the plant extracts. Saponins were present except for the Tamarindus indica ethanolic extract. 

Steroids were present; additionally, Cardiac Glycosides were present. However, Alkaloids were absent in both 

plant extracts. 

Table 5. Qualitative Phytochemical Constituents of the Plant Extracts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Combined extract                                                                                                                                                                                                                                                                                                                             

Metabolites                 BDet               TIet                                             

Tannins                                          +                    +                              + 

Saponins                                       +                     -                                + 

Steroids                                        +                      +                               + 

Cardiac glycoside                        +                       +                               + 

Alkaloid                                        ̶                         ̶                                  - 

Flavonoids                                   +                      +                                 + 

KEY: BDet=Boswellia dalzielii ethanolic, TIet=Tamarindus indica ethanolic, Present = +, absent =   ̶.        

The preliminary phytochemical (qualitative) screening results show the outcome for the combined ethanolic 

extracts: Stem bark of B. dalzielii and fruit pulp of T. indica. Based on phytochemical tests, secondary 

metabolites are responsible for the antimicrobial attributes of the plants [9].  These findings are similar to the 

earlier reported presence of tannins, glycosides, flavonoids, and steroids in T. indica extract [20]. In the same 

vein, reports the presence of saponin, tannin, flavonoids, cardiac glycosides, steroids, terpens and phenol in 

ethanol extracts, and alkaloids were absent [21,22]. Furthermore, the presence of flavonoids that are well-

known as strong antioxidants makes T. indica leaves a promising natural antioxidant source [23]. 

Quantitative Phytochemical Constituents of the Combined Ethanolic Plant Extracts 

Table 6, below, shows the bioactive components identified with major Peaks from the Combined Ethanolic 

Extracts of B. dalzielii and T. indica (1:1) by GC-MS Analysis. The GCMS analysis of the combined Ethanolic 

extract is said to have revealed the presence of compounds; 5-hydroxymethylfurfural (34.48%) was observed 

to be the most predominant compound, this is followed by 3-O-methyl-d-glucose (13.39%), Furfural (7.19%), 

4H-pyran-4-One-2,3,-dihydro-3,5-dihydroxy-6-methyl- (4.82%), Furfural hydroxymethyl ketone (4.80%), 
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Naphthalene,decahydro-4a-methyl-1-methyl-7-(1-methyl ethylidene) -  (3.94%), Cis-9-Hexadecanal (3.82%), 

9-Oxabicyclo[6.1.0]non-6-en-2-one (2.86%), and 2(5H)-Furanone,5-methyl- (1.68%) had the least 

concentration. Earlier reports found the presence of 5-Hydroxymethylfurfural (31.06%) and 3-O-Methyl-d-

glucose (16.31%) in T. indica extracts [24]. Most importantly, the pathogenicity-mitigating capability of 5-

Hydroxymethylfurfural by suppressing the quorum-sensing phenotype and biofilm production has been 

reported [25].  

Table 6. Bioactive Components Identified with Major Peaks from the Combined Ethanolic Extracts of B. 

dalzielii and T. indica (1:1) by GC-MS Analysis 

Peak No. Retention Time (Min) Peak Area (%) Name 

15 8.967 34.48 5-Hydroxymethylfurfural 

19 13.916 13.39 3-O-Methyl-d-glucose 

2 4.195 7.19 Furfural (Artificial Ant oil) 

14 7.821 4.82 4H-Pyran-4-one, 2, 4-dihydro-3,5-dihydroxy- 6-

methyl 

11 7.013 4.80 Furylhydroxymethyl Ketone 

28 19.84 3.94 Naphthalene,decahydro-4a-methyl-1-methylene-7-

(1-methylidene)- 

23 16.196 3.82 Cis-9-Hexanal,(Z)- 

21 14.896 2.86  9-Oxabicyclo [6.1.0] non-6-en-2-one 

5 5.565 1.68 2(5H)-Furanone, 5-methyl- 

CONCLUSIONS 

The two plant extracts exhibited strong antimicrobial activity against the test organism when used separately. 

However, a synergistic effect was achieved when the plant extracts were combined. The strong antimicrobial 

activity demonstrated by the combined plant extracts suggests that the plants can be exploited for use in the 

treatment of ailments such as typhoid and gastroenteritis caused by the test organisms. 
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