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Allium sativum, Syzygium aromaticum and Garcinia kola are three substances highly 

prized for their antitussive properties. Recipe formulations involving the mixture of 

these substances are often reported but remain undocumented. This study was initiated 

with the aim of identifying any possible agonist effect that could exist between the three 

substances on strains of microbes responsible for some respiratory infections.  During 

the conduct of the work, seven combinations were made in various proportions and then 

extracted with ethanol. They were all tested on six strains of microbes. The most active 

fraction was then the subject of phytochemical studies.  It appears that the most active 

combination is the one containing 16.66% of A. sativum, 66.66% of S. aromaticum and 

16.66% of G. kola (A1/S4/G1). It is the only one to have inhibited more germs (66.67%). 

It indicated the largest inhibition diameter of a value of 20 mm on clinical S. aureus. 

This fraction also presents the lowest Minimum inhibitory concentrations between 2.5 

and 10 mg/mL and the lowest Minimum Bactericidal Concentration between 10 and 50 

mg/ml. Phytochemical study of this fraction revealed the presence of reducing 

compounds (5.40%), alkaloids (2.14%), flavonoids (11.36%), phenolic compounds 

consisting of catechic and gallic tannins (9.70%), saponins (3.52%), terpenoids (0.98%), 

leucoanthocyanins, steroids, coumarins, mucilages, O-heterosides and free 

anthracenics.  The intersection of the different results obtained indicates the agonist 

effect that exists between the three substances used and offers good prospects in the  
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development of natural antibiotics against respiratory 

infections. 

INTRODUCTION 

Acute and chronic respiratory infections are 

among others the main cause of morbidity and 

mortality. Each year, nearly 4 million people die 

from acute respiratory infections (1). The case of 

underdeveloped countries is even more alarming 

because 90% of these deaths occur in them. These 

rates are particularly higher among infants, 

children and the elderly (2-4). These respiratory 

tract infections are mainly caused by bacteria. The 

management of these infections is hampered by 

several reasons including the lack of resources in 

underdeveloped countries. Faced with this lack of 

resources, the population turns to plants. 

According to estimates by the World Health 

Organization (WHO), approximately 80% of 

populations in underdeveloping countries are 

forced to resort to traditional medicine and in 

particular to herbal medicine for their health care 

needs (5). The global market for herbal medicines 

is also expanding continuously throughout the 

world, with an estimated annual global value of 

approximately 800 million US dollars (5). The 

field is also booming in Africa, which is also full 

of very rich, abundant and varied flora. But the 

challenge remains to clean it up in order to 

guarantee healthy treatment for populations. 

In this context, the development of herbal 

medicines of reasonable cost, accessible, easy to 

ingest according to a well-defined dosage with a 

studied toxicity would be great to use. Among 

other natural substances with well-known 

antibacterial and antiviral properties, garlic 

(Allium sativum), clove (Syzigium aromaticum) 

and better   kola (Garcinia kola) have been 

targeted. The antibacterial and antiviral properties 

of these different substances have been widely 

described in the literature (6-11). Some studies 

also report the strengthening of the immune 

system by these different substances (12,13). Our 

previous work carried out on these substances has 

confirmed these results. Their activities against 

colds and coughs have also been described in the 

literature (13-15). Traditionally, the antitussive 

and decongestant properties of these substances 

are known by the populations and they sometimes 

resort to their mixture. The objective of this study 

is to identify the possible agonist effects that may 

exist between these three substances. This work 

therefore boils down to the determination of a 

possible antimicrobial agonist effect that may exist 

between the extracts of Allium sativum, Syzigium 

aromaticum and Garcinia kola. The most active 

fraction will be the subject of other studies, 

particularly phytochemical studies. 

The availability, accessibility, and numerous 

biological activities of these substances remain 

motivating assets in conducting this study. 

MATERIAL AND METHODS: 

Extract Preparation: 

In some studies, the ethanolic fraction had been 

shown to be more active. In addition ethanol is a 

very little toxic solvent and according to some 

authors allows to extract the maximum of 

chemical compounds (16). That is what motivated 

us to take an interest in the ethanolic extract of the 

seven fractions. The plant material used in this 

study was purchased at the market in the study 

area. Allium sativum and Garcinia kola were 

peeled. Both substances were carefully washed, 

cut and left to dry in an oven at 40 °C for 5 days. 

Syzygium aromaticum was also cleaned and dried. 

The dried substances were carefully ground using 

an electric grinder. The ground material is sieved 

and then packaged in glass jars away from 

moisture for further work. 

Preparation of the combinations 

Various respective combinations of Allium 

sativum, Syzygium aromaticum and Garcinia kola 

were made. The total mass of each combination is 

equal to 60 g. They were made in the proportions 

A6/S0/G0 (60; 00; 00); A0/S6/G0 (00; 60; 00); 
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A0/S0/G6 (00; 00; 60); A1/S4/G1 (10; 40; 10); 

A2/S2/G2 (20; 20; 20); A4/S1/G1 (40; 10; 10) and 

A1/S1/G4 (10; 10; 40). 60 g of powder of each 

combination were crushed and recovered in 600 

ml of ethanol 96°C. After agitation and 

homogenization, the mixture is filtered on 

Wathman paper and the filter is concentrated in a 

rotary evaporator at a temperature between 55°C 

and 60°C with help of vacuum pump to obtain the 

extract. Drying was finalized in an oven at 35°C 

for 72 hours. The dry extract obtained was stored 

in a refrigerator at 4°C. 

Antimicrobial activity assessment methods 

Some Bacteria responsible for respiratory 

infections were identified to serve as animal 

material during this study. These are: Klebsiella 

pneumoniae, Staphylococcus aureus clinique, 

Acinetobacter baumannii, Staphylococcus aureus 

de référence, Escherichia coli, Pseudomonas 

aeruginosa. 

Sensitivity test  

It was done according to the disc method inspired 

from the one described by (17). Brieflt, 1 ml of 

pre-culture of 18-24 h (106 UFC/ml) enabled 

planting a box of Petri dishes containing agar 

Mueller Hinton by flood. After seeding, the sterile 

Whatman paper discs (5 mm de diameter) were 

deposited with sterile pince. These discs have been 

carefully impregnated with 30 μl of plant extract 

(20 mg/ml. The dishes were kept for 15-30 min at 

room temperature before incubation at 37°C. The 

inhibition zones diameters were measured after 24 

to 48 hours using a ruler graduated (18). For each 

extract, the experiment was performed induplicate. 

Determination of the Minimum Inhibitory 

Concentration (MIC)  The MIC has been 

determined by macrodilution method with Visual 

assessment of the growth of microorganisms (19). 

Briefly, nine concentrations (10 000, 5 000, 2 500, 

1 250, 625, 312.5, 156.25, 78.12 and 39.06 μg/ml) 

was performed in screw tube. To 1 ml of the above 

concentrations was added 1 ml of the bacteria 

inoculum (106 UFC/ml). After 24 h of incubation 

turbidity tubes was examined relative to the 

control tube containing distilled water and the 

inoculum (106 UFC/ml). 

Determination of the Minimum Bactericidal 

Concentration (MBC)  

The MBC was determined by solid medium 

culture of all of the tubes from the MIC to high 

concentrations. These dishes were incubated at 37 

° C for 24 h. The highest dilution that yielded no 

bacterial growth on solid medium was taken as 

MBC (20). 

Preliminary phytochemical screening of 

A1/S4/G1 Faction 

Qualitative phytochemical screening  

The qualitative phytochemical screening was 

performed based on colouring or precipitation 

reactions. It is made directly on the ethanolic 

extract of different fractions according to 

Houghton and Raman method (1998) (21). 

Quantitative phytochemical tests were carried out 

according to the method of Harbon (1984) and 

Umeaku (2018) (22-23). 

Quantitative phytochemical screening of 

A1/S4/G1  

Estimation of total flavonoid content 

Flavonoid content of extract was determined by 

colorimetric method described by Chang (2002) 

(24). The plant extract was separately mixed with 

1.5 ml of methanol, 0.1 ml of 10% aluminum 

chloride, 0.1 ml of 1 M potassium acetate, and 

2.8ml of distilled water, and left at room 

temperature for 30 min. The absorbance of the 

reaction mixture was measured at 415 nm using 

spectrophotometer. The samples were prepared in 

triplicate for each analysis and the mean value of 

absorbance was obtained. The same procedure was 

repeated for the standard solution of rutin and the 

calibration line was construed. Based on the 

measured absorbance, the concentration of 

flavonoids was read (mg/ml) on the calibration 

line; then, the content of flavonoids in extracts was 
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expressed in terms of rutin equivalent (mg of 

rutin/gm of extract). 

Estimation of total tannins 

The total tannin content in the plant extract was 

determined by Folin-Deins reagent method 

adopted by Polshettiwar (2007) (25). The 

absorbance was measured at 755 nm. 

Estimation of total saponins 

Twenty grams of plant powder was dispersed in 

200 ml of 20% ethanol. The suspension was heated 

over a water bath for 4 h with stirring at about 55 

°C. The mixture was filtered and the residue was 

re-extracted with another 200 ml of 20 % ethanol. 

The combined extracts were reduced to 40ml over 

water bath at about 90 °C. Twenty ml of diethyl 

ether was added to the concentrate and shaken 

vigorous. The aqueous layer was recovered while 

the ether layer was discarded. The purification 

process was repeated and 60 ml of n-butanol was 

added. The combined n-butanol extract were 

washed twice with 10ml of 5% aqueous sodium 

chloride. The remaining solution was evaporated. 

Then, the samples were dried in the oven to a 

constant weight. The saponins content was 

calculated in percentage according to Okwu and 

Ukanwa (2007) determination (26). 

Estimation of total alkaloids (gravimetric 

method) 

Ten grams of the plant powders was extracted with 

90 % ethanol till exhaustion tested with Mayer's 

reagent using the standard procedure described by 

Woo and Püls (1977) (27). 

Estimation of total phenolic content 

Determination of total phenolics in plant 

extract was determined by using modified 

Folin- 

Ciocalteu method (28). Gallic acid solution (sigma 

chemical) was used as a standard and prepared in 

various concentration 2-10 μg/ml to be a standard 

curve. Concentration of 1mg/ml of plant extract 

was also prepared and 0.5ml of each sample were 

introduced into test and mixed with 2.5 ml of a 10 

fold dilute Folin- Ciocalteu reagent and 2 ml 0f 7.5 

% sodium carbonate. The tubes were covered with 

parafilm and allowed to stand for 30min at room 

temperature before the absorbance was read at 760 

nm spectrophotometrically. All determination was 

performed in triplicate. Determination of total 

phenol content in the extracts were calculated 

using the linear regression equation of the 

calibration curve and expressed as gallic acid 

equivalent per gram of extract. 

Carbohydrates content 

Total, soluble and insoluble carbohydrates were 

estimated by using the method described by 

Chaplin and Kennedy (1994) (29). Total 

carbohydrates were extracted by dissolving 1g of 

powder in 2-5 ml of 2M HCl in a sealed tube. The 

sealed tube was heated at 100 ºC for a period of 2-

5 h. The extracted sugars were estimated using the 

general phenol- sulfuric acid assay. The 

absorbency was measured at 490 nm after 30 min. 

For soluble carbohydrates half gram plant powders 

were extracted with ethanol/water (80% v/v) by 

reflux for 2 h. The alcohol was removed from the 

alcoholic extract by evaporation under reduced 

pressure. The aqueous extract was clarified using 

Carrez reagent, and then its volume was completed 

to 100 ml with dist. water. Then calculate insoluble 

carbohydrates = Total carbohydrates - soluble 

carbohydrates. 

Data treatment and analysis:  

The spreadsheet Microsoft Excel version 2013 has 

been used for the capture and encoding the data.  

RESULTS AND DISCUSSION  

Extraction  

A total of seven extracts were obtained with yields 

ranging from 3.67% to 11.25% (Table 1). The 

lowest yields were noted with garlic and the 

combination containing a large amount of garlic. 

The highest yields were generally noted with the 

extracts containing large proportions of Syzygium 

aromaticum and Garcinia cola (Table 1).  
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Table 1: Extraction yields, codes and physical appearance of the extracts 

Extracts Extract 

Codes 
physical 

appearance 
Extraction 

yields 
Garlic (60g) Alium sativum A6/S0/G0 Pasty 3,67% 

Clouve (60g) Syzygium aromaticum A0/S6/G0 Pasty 11,25% 
Better Kola (60g) Garcinia cola A0/S0/G6 Pasty 10,41% 
Alium sativum (10g), Syzygium aromaticum (40g), Garcinia cola 

(10g) 
A1/S4/G1 Pasty 8,75% 

Alium sativum (20g), Syzygium aromaticum (20g), Garcinia cola 

(20g) 

A2/S2/G2 Pasty 7,85% 

Alium sativum (40g), Syzygium aromaticum (10g), Garcinia cola 

(10g) 

A4/S1/G1 Pasty 4,95% 

Alium sativum (10g), Syzygium aromaticum (10g), Garcinia cola 

(40g) 
A1/S1/G4 Pasty 9,17% 

The lower extraction yields noted on the garlic 

extracts and the extract containing a large amount 

of garlic could be explained by the particularly 

sticky aspect of the substrate. This could prevent 

certain constituents of the mixture from 

descending into the filtrate, thus leading to the low 

yield obtained in the fractions containing large 

quantities of Allium sativum. This low extraction 

yield at the garlic level can also be justified by the 

fact that garlic would contain enough apolar 

compounds. The extraction solvent being polar, it 

would not have been able to extract the apolar 

constituents. The extracts produced were then used 

to evaluate their antimicrobial activities on six 

microbial strains that are sometimes the basis of 

certain respiratory infections. 

Extracts inhibitory diameter zone with the 

reference strains 

Figure 1 indicates the inhibition diameter of the 

seven fractions on the six strains of microbes. The 

values of the inhibition diameters obtained are 

between 6.5 mm and 20 mm. The largest inhibition 

diameter of 20 mm was noted with the 

combination A1/S4/G1 on the strain S. aureus. The 

smallest diameter is always noted with the same 

combination on the strain S aureus CL.  

A comparative study of the antimicrobial activity 

of the three starting substances namely A. sativum 

(A6/S0/G0), S. aromaticum (A0/S6/G0) and G. 

kola (A0/S0/G6) indicates that S. aromaticum and 

G. kola are more effective than A. sativum. S. 

aromaticum and G. kola inhibited three germs out 

of the six against A. sativum which inhibited only 

one germ. The constituents which would present 

good antimicrobial activities in A. sativum would 

be of apolar nature. This is surely the reason why 

its activity was low during the conduct of this 

work. 
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CL =Clinic 

Figure 1: Diameters of inhibition of different fractions 

Among combinations, the combination A1/S4/G1 

inhibited four strains out of six with 66.67%. It is 

therefore the one that inhibits more germs. It was 

also more effective than the starting substrates 

taken individually (A6/S0/G0; A0/S6/G0; 

A0/S0/G6). In order to identify the fraction that 

inhibits more germs and presents the highest 

diameters of inhibition, the average diameters of 

inhibition taking into account all the strains used 

were evaluated and led to Figure 2. 

 
Figure 2: Average inhibition diameters of the different combinations of extracts 

By reading this diagram, it appears that the 

combination A1/S4/G1 has the largest average 

inhibition diameter. This value is of the order of 7 

mm and is more than twice as high as the average 

of the other fractions. This average remains very 

low at the level of the garlic extract. Overall, the 

other combinations also have relatively higher 

averages than those of the starting substances 

except in the case of the fraction A1/S1/G4. The 

work carried out during this study confirms the 

inhibitory effect of these substances on microbes 

(10, 30). On the other hand, the study highlighting 

the synergistic effect of the three substances going 

as far as determining the adequate quantities to 

combine for greater effectiveness remains 

unreported. Following the determination of the 

inhibition diameters, to confirm the antimicrobial 

activities noted above, the minimum inhibitory 

and bactericidal concentrations were also 

evaluated. 
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Minimum Inhibitory Concentrations (MIC) of 

extracts 

All extracts inhibited at least one strain. The 

extracts inhibited the proliferation of most 

pathogenic bacteria with variable minimum 

inhibitory concentrations (MIC). Reading the 

results, the minimum inhibitory concentrations 

have values between 2.5 and 20 mg/ml (Figure 3). 

A good correlation is noted between the inhibition 

diameters and the minimum inhibitory 

concentrations. The lowest concentration and 

largest inhibition diameter are noted with 

A1/S4/G1 extract on the same S. aureus germ. The 

A6/S0/G0 and A1/S1/G4 fractions inhibited only 

one germ. Fractions A0/S6/G0, A0/S0/G6, 

A4/S1/G1 each inhibited three germs. Fraction 

A2/S2/G2 inhibited two germs. 

 
Figure 3: Minimum inhibitory concentrations (mg/ml) of the extracts 

Reading the diagram, the germs used showed 

different sensitivities to the different extracts. S. 

aureus CL was the pathogenic germ most inhibited 

by the extracts. This microbe was affected by five 

extracts. K. pneumoniae, S. aureus and P. 

aeruginosa were affected by three extracts. A. 

baumannii was affected by two extracts and E. coli 

by a single extract. The effect of several extracts 

on the clinical strain of S. aureus remains a very 

good result suggesting that the extracts could have 

good in vivo activity since this strain was isolated 

from patients suffering from respiratory infections. 

Among the starting substances A6/S0/G0; 

A0/S6/G0; A0/S0/G6, S. aromaticum was more 

active with lower inhibitory concentrations. 

Logically, the fraction that contains a large amount 

of this substance (A1/S4/G1) also indicated a good 

activity. An antagonistic effect was observed with 

the fraction A1/S1/G4 which, despite the mixture, 

inhibited only one germ. To better perceive the 

expression of the inhibitory activities of the 

different fractions and to have the confirmation of 

the good activity of the mixture A1/S4/G1, the 

averages of the MIC were evaluated and 

represented in Figure 4. 
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Figure 4: Minimum inhibitory concentrations Averages of extracts 

Following the determination of the averages, 

A1/S4/G1 fraction remains the most active with 

the lowest average inhibitory concentration of a 

value equal to 6.25 mg/mL (figure 4). Among the 

starting substances, A0/S6/G0 always remains 

more active than the starting substrates. Mixtures 

were more active than the starting substrates and a 

starting substrate was more active than some 

mixtures. This work clearly highlights the 

existence of agonist and antagonist effects that can 

exist between the substances. Some authors have 

also noted in their work that synergistic or 

antagonistic effects can occur during the 

preparation of mixtures (31-33). It is clear from 

this paragraph that even if a mixture must be 

considered, precise proportions must be respected. 

Otherwise the effect of the starting substances may 

be reduced.  

Minimum Bactericidal Concentration (MBC) 

(mg/ml) of extracts  

Figure 5 shows the minimum bactericidal 

concentrations. In addition to inhibiting the strains 

used in this work, the extracts also showed a 

bactericidal effect. The concentrations that can kill 

germs are between 10 and 50 mg/ml. 

Concentrations above 50 mg/ml have not been 

mentioned in this figure. The best bactericidal 

activities were also obtained with the mixture 

A1/S4/G1. 

 
Figure 5: Minimum Bactericidal Concentration (MBC) (mg/ml) of extracts 
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averages of the minimum bactericidal 

concentrations were also determined and are 

mentioned in Figure 6. 

 
Figure 6: Minimum Bactericidal Concentration Averages (mg/ml) of extracts 

The mixture A1/S4/G1 always remains the most 

active with a bactericidal average equal to 27.5 

mg/ml. Among the starting substrates, A0/S6/G0 

always remains the most active. The averages 

obtained indicate that the mixtures had more 

effective bactericidal effects than the starting 

substrates except in the case of the mixture 

A1/S1/G4. The different probable causes have 
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steroids, coumarin, mucilages and O-heterosides 

and free anthracenics (Table 2). The presence of 
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work with values found during work on one of the 

substances. Also, the different values found during 

quantification can be influenced by the nature of 

the soil, the extraction solvent, the vegetative stage 

of the plant, etc. In addition, the antimicrobial 

activities of the starting substances have been 

described in the literature on other germs with 

good results (10,30). But the activity of the 
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mixture of the three starting substances and the 

phytochemical study remains a first. Authors have 

also considered a mixture of substrates during the 

evaluation of other activities and have been able to 

confirm possible agonist and antagonist effects. 

This approach remains a trend that some authors 

have strongly encouraged (39).  

Table 2: Phytochemical constituents of fraction A1/S4/G1 (%) 

Compounds 
QL

A 

QNA 

(%) 
Compounds QLA QNA (%) 

Reducing compound + 5.40 Saponin + 3.52 

Alkaloids + 2.14 Coumarin + nd 

Flavonoids + 11.36 Terpenoids + 0.98 

Tanins catechic + 
 

9.70 
Mucilages 

+ 

- 
nd 

Tanins gallic +  Cartenoids   

Anthocyanins -  
Free 

Anthracenics 
-  

Leuco-anthocyanins + nd O-heterosides + nd 

Quinonics compound -  - - - 

Compounds QLA 
QNA 

(%) 
Compounds QLA QNA (%) 

Reducing compound + 5.40 Saponin + 3.52 

Alkaloids + 2.14 Coumarin + nd 

QNA: Quantitative analysis of the extract 

CONCLUSION 

At the end of this work, seven fractions were 

obtained by combinations of Allium sativum, 

Syzygium aromaticum and Garcinia kola. The 

most active on six strains of microbes responsible 

for respiratory infections is made up of 16.66% A. 

sativum, 66.66% S. aromaticum and 16.66% 

Garcinia kola (A1/S4/G1). This fraction contains 

several families of molecules and more 

particularly a good quantity of flavonoids, tannins, 

reducing compounds, alkaloids and saponins. The 

bio-guided study carried out during this work 

clearly indicates that an agonist effect exists 

between the tree substances in well-defined 

proportions. This identified fraction could 

effectively fight against certain strains of microbes 

responsible for respiratory infections. 
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