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Abstract  

The exploration of natural products as potential antimicrobial agents is particularly 

important in the context of the global rise in antibiotic-resistant bacterial strains. The 

study aimed to determine the effects of garlic (Allium Sativum) and honey (Apis 

mellifera) on respiratory tract infection-causing bacteria. Respiratory tract isolates 

Pseudomonas aeruginosa (P.aeruginosa), Klebsiella pneumoniae (K. pneumoniae), 

Streptococcus pneumoniae (S.pnuemoniae)  Escherichia coli (E.coli) and Staphylococcus 

aureus (S.aureus) were tested for susceptibility to Garlic and Honey extracts. The 

extracts activity against the isolates were compared with activity of commonly 

prescribed antibiotics against the bacteria. Minimum inhibitory concentration MIC 

and Minimum bactericidal concentration MBC of the extracts were also 

determined.The extracts were effective against the tested bacteria except 

P.aeruginosa which was resistant to honey extract. Commercial antibiotic Amikacin 

was effective against the tested pathogens except against K. pneumoniae. On the other 

hand all the tested pathogens were resistance to Erythromycin. The MIC of Honey 

against all the RT pathogens was 12.5%, MIC of Garlic against P. aeruginosa, K. 

pnuemoniae and S. pneumoniae was 6.25%; against E.coli and S. aureus was 12.5%. MIC 

of mixture of Garlic-Honey against all the pathogens was 6.25%.The MBC of Garlic 

on P. aeruginosa, K. pnuemoniae and E.coli was 12.5%, 25% for S. aureus and 6.25% for 

S. pneumoniae. MBC of Honey was 25% against all pathogens except S.pneumoniae 

which was 12.5%. The MBC for mixture of Garlic-Honey was 6.25% for P. aeruginosa 

and S. pneumonia and 12.5% for E.coli, K. pnuemoniae and S. aureus. Comparison of 

the MIC of the extracts show that there is significant difference between the MIC of 

Honey and mixture of Garlic-Honey, also there is significant difference between 

MIC of Honey and Garlic at P ≤ 0.05 significance level. The findings demonstrated 

that both garlic and mixture of garlic-honey extracts exhibit significant antibacterial 

activity against the tested pathogens. The comparison with antibiotics revealed that 

the natural extracts could serve as effective alternatives. The MIC and MBC results 

also suggest that garlic and garlic-honey mixture could be used as natural 

treatments for respiratory tract infection. Further studies should investigate the 

specific mechanisms by which garlic and honey exert their antibacterial effects. 

http://www.njbls.fud.edu.ng/
mailto:idrissurayyalawan@gmail.com
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Introduction 

The study of the interactions between natural 

products and bacterial growth has gained 

significant attention in the scientific community. 

Natural products, derived from various plant, 

animal, and microbial sources, have long been 

recognized for their potential to exhibit 

antimicrobial properties and influence the 

growth of diverse bacterial species (Cowan, 

1999).  

Many natural products, such as essential oils, 

plant extracts, and secondary metabolites, have 

been investigated for their ability to inhibit or 

modulate the growth of pathogenic bacteria 

(Arora & Kaur, 2007). These natural compounds 

may target various cellular processes, including 

cell wall synthesis, membrane integrity, 

enzymatic activities, and genetic regulation, 

leading to the disruption of bacterial growth and, 

in some cases, the induction of cell death (Burt, 

2004). 

The exploration of natural products as potential 

antimicrobial agents is particularly important in 

the context of the global rise in antibiotic-

resistant bacterial strains. Natural compounds 

may offer novel mechanisms of action, 

potentially overcoming the resistance 

mechanisms developed by bacteria against 

conventional antibiotics (Cowan, 1999).  

The growing prevalence of antibiotic-resistant 

bacteria has become a pressing global concern, 

rendering many conventional antibiotics 

ineffective and necessitating the exploration of 

alternative antimicrobial strategies (WHO, 2021). 

Natural products, such as plant extracts, essential 

oils, and microbial secondary metabolites, have 

long been recognized for their potential 

antimicrobial properties (Cushnie et al., 2014). 

However, the systematic investigation of the 

effects of natural products on bacterial growth 

and their potential as novel antimicrobial agents 

requires further research and exploration. 

The investigation of natural products as potential 

antimicrobial agents has gained significant 

attention in recent years, driven by the urgent 

need to address the growing global challenge of 

antibiotic resistance (WHO, 2021). This 

concerning trend has prompted the scientific 

community to search for alternative 

antimicrobial strategies, with natural products 

emerging as a promising avenue of investigation. 

Natural products, such as plant extracts, essential 

oils, and secondary metabolites produced by 

microorganisms, have long been recognized for 

their diverse antimicrobial properties (Cowan, 

1999). These compounds often exhibit complex 

chemical structures and multiple mechanisms of 

action, making it more challenging for bacteria to 

develop resistance (Cushnie et al., 2014). The aim 

of the study is to determine the effect of garlic 

(Allium Sativum) and honey (Apis mellifera) on 

respiratory tract infection causing bacteria. 

Materials and methods 

Study Area 

This study was conducted at the Biology 

Laboratory, Department of Biological sciences, 

Northwest University Kano, Nigeria. Northwest 

University Kano is located along Muhammad 

Buhari way, Kano State.  

Collection and Extraction of Honey 

Raw wild honey samples was collected from the 

nests using a sterile container, sample of honey 

was first filtered with a sterile mesh to remove 

debris and the filtered extract was stored in 

bottle. This was considered as pure (100%) 

honey. The filtered extract was then diluted with 

sterile distilled water with the following 

concentration: 50%, 25%, 12.5% and 6.25% (v/v) 

(Andualem 2013). 

Collection and preparation of Garlic extract 

Matured fresh garlic (Allium sativum) bulbs were 

peeled and ground using pestle and mortar. 

Sterile cheesecloth was used to filter the garlic 
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extract, this was considered as (100%) 

concentration. The filtrated extract was then 

diluted with distilled water to the following 

concentrations: 50%, 25%, 12.5% and 6.25% (v/v) 

(Ramalivhana et al., 2014). 

Collection of Bacterial Isolates 

Five bacterial species isolated from respiratory 

tract infection RTI patients including: E.coli, 

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

pneumoniae were collected from Microbiology 

Unit of Aminu Kano Teaching Hospital AKTH, 

Kano state, Nigeria. Identity of the isolates were 

confirmed by subculturing on appropriate 

growth media and biochemical tests. 

Determination of antibacterial activity of 

Honey and Garlic extracts 

Antibacterial susceptibility test was carried out 

using Muller hinton agar MH. The media was 

prepared according to manufacturer’s 

instruction. Using a sterile cork borer (6 mm 

diameter, 4 mm deep and about 2 cm apart) were 

made and filled up with honey, extract from 

garlic and mixture of honey and extract of garlic 

samples in equal proportions one well from each 

plates was filled water as a negative control and 

another one was filled with chloramphenicol (32 

micro gram per mile) positive control. Mc farland 

standard (0.5) of the clinical isolates (E.coli, K. 

pneumoniae, P. aeruginosa, S. aureus and S. 

pneumonia) were prepared according to the 

method described by Andrews (2006).  The 

standard inoculum were inoculated and spread 

over on the MH agar for 24 hours. The plates 

were incubated at temperature of 37 degree 

Celsius for 24 hours. 

 Antibiotic susceptibility test AST 

The test microorganisms were also tested against 

commonly prescribed antibiotics (Erythromycin   

ER30 Amikacim AK and Co-trimoxole CoT25) 

using similar methods for the determination of 

antimicrobial activity of honey and garlic extracts 

(Patel et al., 2011). 

Determination of Minimum Inhibitory 

Concentration MIC 

The MIC is defined as the lowest concentration of 

garlic extract that completely inhibits the growth 

of the organism. The MIC of the extracts were 

determined according to methods described by 

(Shahidi 2004) and Akinyemi et al. (2005). 

Extracts were diluted to concentrations ranging 

from 6.25% to 25% for garlic, honey and a mixture 

of garlic with honey (1:1, v/v). To each dilution of 

honey, garlic extract and a mixture of both, in 

nutrient broth tubes were seeded 100 µL of the 

standard and clinical bacterial inoculum. 

Negative control tubes with no bacterial 

inoculation were simultaneously maintained. 

Tubes were incubated aerobically at 37 °C for 24 

h. 

 Determination of Minimum Bactericidal 

Concentration MBC 

Dilutions showing no visible growth for the MIC 

were subcultured onto a fresh MH agar plate and 

incubated at 37 °C for 24 h. The lowest 

concentration of the extracts yielding no growth 

on the MH plate was recorded as MBC (Patel et 

al., 2011). 

Data analysis 

Statistical analysis was carried out using SPSS 

16.020 version window. The data was statistically 

analyzed using one way ANOVA. Statistical 

significance was accepted at P ≤ 0.05 (Alemseged 

et al., 2018). 
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Results and Discussions 

 
The present study focused on the antibacterial 

properties of honey, garlic and   mixture of garlic-

honey extract against the pathogens causing RTI. 

The result of antibacterial activity of Garlic and 

Honey and Mixture of Garlic-Honey is 

represented in Table 1. The inhibition zone was 

higher in Garlic extract (25-40mm) and mixture of 

Garlic-Honey (25-31mm). These inhibition zones 

are higher compared to inhibition zone produced 

by Honey and the Standard antibiotic tested 

against the Respiratory isolates. 

The mean difference between inhibition zones of 

Garlic and Honey, Garlic and standard antibiotic 

are significant. While the mean difference 

between Garlic and mixture of Garlic-Honey is 

not significant at P ≤ 0.05 significance level. The 

mean difference between inhibition zones of 

Garlic and Honey, Garlic and Standard antibiotic 

are significant, while the mean difference of 

Garlic and mixture of Garlic-Honey is not 

significant. Details of the comparison is 

represented in table 2 below.  

 Scientists from parts of the world have 

demonstrated the antibacterial properties of 

honey and garlic extracts separately against 

different clinical isolates originated from 

wounds, enteric pathogens, urinary tract 

infections and nosocomial infections (Molan., 

1992; Selcuk., 2002; Mulu et al., 2004 and 

Abdullah et al., 2012). Local communities 

believed mixture of garlic and honey have great 

capacity of treating different infection including 

respiratory tract infections than using honey 

alone or garlic alone to treat different infections. 

Their claim were also supported by research from 

Gondar, Ethiopia by Andualem (2013) but in the 

present study, the inhibition capacity of mixture 

of honey and garlic extract was almost the as the 

inhibition of garlic extract alone. This may be due 

to the low inhibition capacity of honey used in 

this study. 

Different researchers reported that various garlic 

extracts such as crude, aqueous and alcoholic 

extracts showed great antimicrobial properties 

against various microorganisms (Durairaj, 2009; 

Alorainy, 2011).  The antimicrobial nature of 

garlic is due to the present of allicin (Harris et al., 

2001; Ruddock et al., 2005). It interferes the 

normal process of RNA production and lipid 

synthesis, which affects the synthesis of protein 

and cell wall of microorganisms (Felberg et al., 

1988).   

 Mousa et al. (2012) reported that honey was 

active against all tested pathogenic organisms 

except P.aeruginosa, which was the only resistant 

pathogen. This is similar to this study findings, as 

honey was active on all the RT pathogens except 

P.aeruginosa. Hazrati et al. (2010) reported that 

Honey has excellent antibacterial efficacy against 

MRSA and a variety of Pseudomonas, which are 

often associated with wound and burn infections. 

This is contrary to this study findings, as honey 

was not active on P.aeruginosa. This might be due 

to the difference in source of the isolates. 

Visavadia et al. (2008) pointed out that Manuka 

(L. scoparium) honey (showed efficacy against 

many pathogenic microorganisms, 

including: Enterobacter erogenes, S. aureus, 

Salmonella zyphimurium, and last, but not 

least, Escherichia coli (E. coli). The antibacterial 

efficacy of honey may be attributed to its to its 

osmotic effect, high sugar content, and low 

moisture content, as well as to the presence of 

gluconic acid, which produces the antiseptic 

H2O2 (Molan 1992; O'Grady et al., 1999). This is 

not in consistence with our findings, as honey 

showed the least antibacterial efficacy. The 

emergence of bacterial resistance to honey is very 

low because of variations in its composition due 

to differences in nectar source, climatic 

conditions, duration of storage and preservation 

conditions (Sherlock et al., 2010). 
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Table 1: Inhibition zone (mm) of Garlic, Honey, mixture of Garlic and Honey and Chloramphenicol 

antibiotic 

Bacteria Garlic Honey Mixture Standard 

antibiotic 

P.aeruginosa 25 10 30 30 

E.coli    25 18 25 9 

K. Pneumoniae  40 20 25 20 

S. aureus 25 18 28 12 

S. Pneumoniae 30 25 31 20 

 

Key: Standard antibiotic (Chloramphenicol) 

Table 2: One way ANOVA multiple comparisons of extract inhibition Comparison of extract 

(I) Plant extract 

& Antibiotic 

Antibiotic 

(J)  Plant 

extract & 

Antibiotic 

Mean 

Difference (I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Garlic Honey -9.1333* 1.70489 .000 4.5635 13.7032 

Mixture 1.4000 1.70489 .844 -3.1698 5.9698 

Standard -5.4667* 1.70489 .014 .8968 10.0365 

Honey Garlic -9.1333* 1.70489 .000 -13.7032 -4.5635 

Mixture -7.7333* 1.70489 .000 -12.3032 -3.1635 

Standard 3.6667 1.70489 .155 -8.2365 .9032 

Mixture Garlic 1.4000 1.70489 .844 -5.9698 3.1698 

Honey -7.7333* 1.70489 .000 3.1635 12.3032 

Standard -4.0667 1.70489 .096 -.5032 8.6365 

Standard Garlic -5.4667* 1.70489 .014 -10.0365 -.8968 

honey 3.6667 1.70489 .155 -.9032 8.2365 

mixture -4.0667 1.70489 .096 -8.6365 .5032 

*. The mean difference is significant at the ≤0.05 level. 

 

The MIC and MBC of Garlic, Honey and mixture 

of Garlic-Honey extracts according to this study 

are represented in Table 3. The MIC of Honey 

against all the RT pathogens was 12.5%, MIC of 

Garlic against P. aeruginosa, K. pnuemoniae and S. 

pneumoniae was 6.25%; against E.coli and S. aureus 

was 12.5%. MIC of mixture of Garlic-Honey 

against all the pathogens was 6.25%. 

The MBC of Garlic on P. aeruginosa, K. pnuemoniae 

and E.coli was 12.5%, 25% for S. aureus and 6.25% 

for S. pneumoniae. MBC of Honey was 25% 

against all pathogens except S.pneumoniae which 

was 12.5%. The MBC for mixture of Garlic-Honey 

was 6.25% for P. aeruginosa and S. pneumonia and 

12.5% for E.coli, K. pnuemoniae and S. aureus.  

Comparison of the MIC of the extracts show that 

there is significant difference between the MIC of 

Honey and mixture of Garlic-Honey, also there is 

significant difference between MIC of Honey and 

Garlic at P ≤ 0.05 significance level. While there is 

no significance difference between MIC of Garlic 

and mixture of Garlic-Honey (Table 4). 
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Table 3: MIC and MBC of different concentrations of Garlic extract, Honey and mixture of Garlic-Honey 

in percentage (%). 

Organism Honey  Garlic  Mixture  

 MIC MBC MIC MBC MIC MBC 

P.aeruginosa 12.5 25 6.25 12.5 6.25 6.25 

E.coli    12.5 25 12.5 12.5 6.25 12.5 

K. Pneumoniae  12.5 25 6.25 12.5 6.25 12.5 

S. aureus 12.5 25 12.5 25 6.25 12.5 

S. Pneumoniae 12.5 12.5 6.25 6.25 6.25 6.25 

Key: MIC -Minimum Inhibitory Concentration 

MBC -Minimum Bactericidal Concentration 

Table 4: Comparisons of MIC of extracts with one way ANOVA multiple 

Comparison of MIC Mean 

Difference 

Std 

Error 

P-Value 95%ConfidenceInterval 

Honey -Mixture 10.75 2.574 0.001 5.14 16.36 

Honey - Garlic 11.25 2.574 0.001 5.64 16.86 

Mixture - Garlic 500 2.574 0.849 -5.11 6.11 

Key: * The mean difference is significant at 0.05 significance level 

 

For the antibiotics tested against the pathogens: 

Cotrimoxazole was active on P.aeruginosa and 

S.pneumoniae but not active on S.aureus and 

K.pneumoniae. All the pathogens were resistant to 

Erythromycin. Amikacin was active on all the 

pathogens except S. pneumoniae, which was 

resistant to the antibiotic (Table 5). This indicate 

that extracts of Garlic, Honey and mixture of 

Garlic-Honey have efficacy similar to antibiotics 

tested in this study. In case of Erythromycin; the 

antibiotic has less activity even compared to the 

least performing extract (honey), as it was not 

active on all the pathogens. This shows that, it 

might be possible to use garlic extract or mixture 

of garlic-honey as an alternative to antibiotic 

treatment in treatment RTI. 

There is need for further studies on efficacy of 

application of honey with antimicrobial agents. 

Previous study have shown The application of 

tetracycline with Manuka honey yielded better 

antimicrobial potential against S. aureus and P. 

aeruginosa than was observed with either 

treatment alone.  

Table 5:  Antibacterial activity of commercial 

antibiotics against the isolates (mm) 

Pathogen Antibiotic Zone of 

Inhibition (mm) 

P.aeruginosa COT 25 13 

 ER 15 0 

 AK 30 20 

E.coli    COT 25 28 

 ER 15 10 

 AK 30 19 

K. Pneumoniae  COT 25 10 

 ER 15 6 

 AK 30 20 

S. aureus COT 25 10 

 ER 15 6 

 AK 30 20 

S. Pneumoniae COT 25 15 

 ER 15 15 

Key: Susceptible S (▪), Intermediate I (◦), Resistant 

R (#) 

COT- Co-trimoxazole (S ≥16mm, I 11-15mm, R 

≤10mm),  ER – Erythromycin (S ≥23mm, I 16-

22mm, R ≤ 15mm) ,     AK Amikacin (S   ≥ 17mm , 

I 15mm-16 ,R  ≤14mm) 
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This finding suggests that such a combination is 

a possible treatment strategy especially for 

wound healing (Jenkins and Cooper 2012). 

Müller et al. (2013) reported that the combination 

of rifampicin with subinhibitory concentrations 

of Medihoney reversed rifampicin resistance in 

clinical isolates of S. aureus, including Methicillin 

resistant Staphylococcus aureus (MRSA). Also, 

MRSA became susceptible to oxacillin upon the 

application of subinhibitory concentrations of 

honey. 

CONCLUSION 

The findings of this study demonstrated that both 

Garlic and Honey extracts exhibit antibacterial 

activity against the tested Respiratory pathogens. 

Garlic was active on all the pathogens (E.coli, K. 

pneumoniae, P. aeruginosa, S. aureus and S. 

pneumoniae) while Honey was more active on K. 

pneumonia and S. pneumonia and not active on P. 

aeruginosa. The MIC and MBC of Garlic and 

mixture of Garlic-Honey suggest that they could 

be used as natural treatments for respiratory tract 

infection. The comparison with antibiotics 

revealed that the natural extracts could serve as 

effective alternatives to antibiotics.  
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