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ABSTRACT 
 Background: Antibiotic resistance has emerged as one of the most critical 
global health threats, necessitating the search for safe and effective 
natural alternatives. 
Objective: This systematic review evaluates the biological activity of five 
natural agents – garlic, turmeric, cinnamon, ginger, and honey – as 
potential natural antibiotics. 
Methods: A comprehensive literature search was conducted in PubMed, 
Scopus, and Google Scholar databases (2000–2025) focusing on in vitro 
and in vivo studies assessing antimicrobial activity, mechanisms of action, 
and minimum inhibitory concentrations (MICs) of the selected natural 
products. 
Results: The bioactive compounds – allicin (garlic), curcumin (turmeric), 
cinnamaldehyde (cinnamon), gingerol/shogaol (ginger), and hydrogen 
peroxide/methylglyoxal (honey) – exhibit potent activity against a wide 
range of Gram‑positive and Gram‑negative bacteria, including 
multidrug‑resistant (MDR) strains. MIC values ranged from 0.3–3 mg/mL 
(garlic), 31.25–5000 μg/mL (curcumin), 1.5–12.5 μL/mL (cinnamon), 2.9–
4.8 mg/mL (ginger), and 1–12.5% w/v (Manuka honey). Synergistic effects 
with conventional antibiotics and anti‑biofilm activities were documented. 
Conclusion: These natural agents represent promising safe alternatives or 
adjunctive therapies to synthetic antibiotics. Further clinical trials are 
needed to standardize dosages and evaluate long‑term efficacy. 

 

1.INTRODUCTION 
In recent decades, the world has been confronted with one of the most pressing health challenges: antibiotic 

resistance. Since the discovery of penicillin, antibiotics have saved countless lives and revolutionized 

healthcare. However, excessive and inappropriate use has led to the emergence of resistant bacterial 

strains, rendering many conventional treatments ineffective (WHO, 2021). According to the World Health 

Organization, antibiotic resistance threatens to undermine decades of medical progress, making routine 

surgeries, organ transplants, and even minor infections potentially life‑threatening. 

 

Factors contributing to this crisis include over‑prescription, patient non‑adherence to treatment courses, 

and widespread agricultural use. In response, researchers are increasingly turning to natural alternatives. 

Plants and bee products have been used for centuries in traditional medicine to combat infections. Among 

the most promising candidates are garlic (Allium sativum), turmeric (Curcuma longa), cinnamon 

(Cinnamomum spp.), ginger (Zingiber officinale), and honey. Each possesses significant biological activity 

against bacteria and fungi, acting through multiple mechanisms that reduce the likelihood of rapid 

resistance development (Nabavi et al., 2015; Adamczak et al., 2020). 

http://creativecommons.org/licenses/by/4.0/
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This review aims to evaluate the antimicrobial efficacy, mechanisms of action, and potential clinical 

applications of these five natural agents as safe alternatives or complements to synthetic antibiotics. 

 

2. Methodology 
2.1 Search Strategy 
A systematic literature search was performed using PubMed, Scopus, and Google Scholar databases for articles 
published between January 2000 and March 2025. The following keywords were used: "natural antibiotics," "garlic 
antibacterial," "curcumin antimicrobial," "cinnamon essential oil," "ginger bioactive compounds," "honey wound 
healing," "antimicrobial resistance," and "synergistic effects." 
2.2 Inclusion and Exclusion Criteria 
Studies were included if they: (i) were original research articles or reviews published in peer-reviewed journals; (ii) 
evaluated the antimicrobial activity of garlic, turmeric, cinnamon, ginger, or honey against bacterial or fungal 
pathogens; (iii) reported minimum inhibitory concentration (MIC) values or clear mechanisms of action; (iv) were 
written in English or Arabic. Exclusion criteria included conference abstracts, unpublished theses, and studies without 
quantitative data. 
2.3 Data Extraction 
Data were extracted on: plant/bee product, bioactive compound, tested microorganisms, MIC values, mechanisms of 
action, and any synergistic effects with conventional antibiotics. 
 

3. Results 
3.1 Garlic (Allium sativum) 
Garlic (family Liliaceae) has been used as a spice and traditional medicine for centuries. Its health benefits are 
attributed to cysteine‑derived organosulfur compounds. Intact garlic contains γ‑glutamyl‑S‑alk(en)yl‑L‑cysteine and 
S‑alk(en)yl‑L‑cysteine sulfoxides (alliin, isoalliin, methiin). Upon crushing, the enzyme alliinase converts alliin to allicin, 
a highly reactive thiosulfinate that decomposes into diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide 
(DATS), ajoene, and vinyl dithiins (Nabavi et al., 2015). Allicin exhibits excellent in vitro antibacterial activity against 
various pathogens, including methicillin‑resistant Staphylococcus aureus (MRSA). MIC values for garlic extracts range 
from 0.3 to 3 mg/mL. The proposed mechanisms include enzyme inactivation, membrane disruption, and inhibition of 
protein synthesis. 
 

3.2 Turmeric (Curcuma longa) 
Curcumin (diferuloylmethane) is the principal bioactive polyphenol in turmeric rhizomes. Its chemical formula is 
C₂₁H₂₀O₆ (molecular weight 368.38 g/mol). Curcumin possesses antioxidant, anti‑inflammatory, and antimicrobial 
activities (Adamczak et al., 2020). In a study testing over 100 clinical and reference strains, curcumin showed strong 
activity against Gram‑positive bacteria, especially Streptococcus pyogenes (median MIC = 31.25 μg/mL). Activity 
against Gram‑negative bacteria was weaker (median MIC = 2000 μg/mL). Multidrug‑resistant strains (MRSA, 
ESβL‑positive E. coli) required higher MICs (≥2000 μg/mL). Curcumin also inhibits bacterial quorum sensing and biofilm 
formation, and exhibits photodynamic action through reactive oxygen species (ROS) production (Moghadamtousi et 
al., 2014). 
 

3.3 Cinnamon (Cinnamomum spp.) 
The genus Cinnamomum (Lauraceae) includes over 300 species. C. zeylanicum (true cinnamon) and C. cassia are the 
most studied. The main antibacterial constituent is cinnamaldehyde (62–90% in bark essential oil). Leaf oil is rich in 
eugenol (>80%). Cinnamon extracts and essential oils have demonstrated activity against both Gram‑positive and 
Gram‑negative bacteria, including Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, and MRSA (Nabavi et al., 
2015). MIC values range from 1.5 to 12.5 μL/mL. Cinnamon also inhibits biofilm formation of enterohemorrhagic E. 
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coli O157:H7. Synergistic effects have been reported with piperacillin against β‑lactamase‑producing E. coli. However, 
caution is advised: high doses may cause glutathione depletion and central nervous system depression. 
 

3.4 Ginger (Zingiber officinale) 
Ginger rhizome contains phenolic compounds called gingerols (e.g., 6‑gingerol) that undergo dehydration to shogaols 
upon drying or heating, enhancing antimicrobial potency. Ginger compounds disrupt bacterial cell membranes, 
causing leakage of intracellular contents, and inhibit DNA and protein synthesis. They also reduce exopolysaccharide 
production and biofilm formation. MIC values against Salmonella, E. coli, and S. aureus range from 2.9 to 4.8 mg/mL 
(Herman et al., 2013). Ginger extracts are effective against foodborne pathogens, making them valuable as natural 
food preservatives. 
 

3.5 Honey 
Honey is a complex mixture of 80–85% carbohydrates (fructose and glucose), water, enzymes, amino acids, vitamins, 
minerals, and phytochemicals (Hasam et al., 2020). Its antimicrobial mechanisms include: (i) high osmolarity causing 
water withdrawal from microbial cells; (ii) low pH (3.2–4.5); (iii) enzymatic production of hydrogen peroxide via glucose 
oxidase; (iv) presence of methylglyoxal (MGO) in Manuka honey; (v) flavonoids and phenolic acids; and (vi) biofilm 
disruption. MIC values vary by honey type: Manuka honey 1–12.5% w/v, dark buckwheat/heather 1–12.5%, 
clover/acacia 25–50% (Simoes et al., 2009). Manuka honey’s potency is quantified by the Unique Manuka Factor 
(UMF), correlated with MGO concentration. Honey also modulates inflammatory responses and promotes wound 
healing. 
 

Table 1: Summary of Antimicrobial Activity of the Five Natural Agents 
 

gent Bioactive Compound Main Mechanism Typical MIC 

Garlic Allicin, ajoene, DADS Enzyme inactivation, membrane disruption 0.3–3 mg/mL 
Turmeric Curcumin Quorum sensing inhibition, ROS production 31.25–5000 

μg/mL 
Cinnamon Cinnamaldehyde, 

eugenol 
Cell wall disruption, biofilm inhibition 1.5–12.5 μL/mL 

Ginger Gingerol, shogaol Membrane leakage, DNA/protein synthesis 
inhibition 

2.9–4.8 mg/mL 

Honey MGO, H₂O₂, flavonoids Osmotic effect, low pH, oxidative damage 1–12.5% (w/v) 
 
 

4. Discussion 
4.1 Comparative Mechanisms of Action 
Synthetic antibiotics typically target a single bacterial pathway (e.g., cell wall synthesis by penicillins, protein synthesis 
by tetracyclines), which facilitates the rapid emergence of resistance. In contrast, natural antibiotics employ multiple, 
often synergistic mechanisms. Allicin reacts with thiol groups of essential enzymes; curcumin interferes with quorum 
sensing and generates ROS; cinnamaldehyde disrupts membrane integrity; gingerols cause membrane leakage; and 
honey combines osmotic, pH, and oxidative stresses. This multiplicity reduces the selective pressure for resistance. 
 

4.2 Challenges and Limitations 
Despite promising in vitro data, several challenges remain: (i) Standardization – bioactive compound concentrations 
vary with plant origin, harvest season, and extraction method; (ii) Bioavailability – curcumin has poor water solubility 
and low oral bioavailability (Siviero et al., 2015); (iii) Dosage optimization – no standardized clinical protocols exist; (iv) 
Toxicity concerns – high doses of cinnamon oil may deplete glutathione and interact with drugs (e.g., tetracyclines). 
 

4.3 Synergism with Conventional Antibiotics 
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Several studies have shown that combining natural agents with antibiotics can produce additive or synergistic effects. 
For example, cinnamon essential oil plus piperacillin reduced MIC values against β‑lactamase‑producing E. coli. 
Curcumin enhanced the activity of ciprofloxacin against MRSA. Such combinations could lower required antibiotic 
doses, reduce side effects, and potentially reverse resistance. 
 

4.4 Clinical and Food Industry Applications 
Honey, particularly medical‑grade Manuka honey, is already used in wound care for diabetic ulcers, burns, and surgical 
wounds. Garlic and ginger extracts are being explored as natural preservatives in meat and dairy products. Curcumin 
is incorporated into functional foods and beverages. These applications align with the growing consumer demand for 
“clean label” natural products. 
 

4.5 Comparison with Synthetic Antibiotics 
 

Aspect Natural Antibiotics Synthetic Antibiotics 

Mechanism Multiple, synergistic Single target 
Resistance development Low probability High and rapid 
Side effects Mild, generally safe GI disturbances, allergies, microbiome 

disruption 
Cost Low High (especially newer agents) 
Efficacy in severe 
infections 

Limited High 

Regulatory status Dietary supplements, 
unstandardized 

Strictly regulated 

 

5. Conclusions and Recommendations 
Antibiotic resistance is a global crisis that demands innovative solutions. This review provides strong evidence that 
garlic, turmeric, cinnamon, ginger, and honey possess significant antimicrobial activity against a wide spectrum of 
pathogens, including multidrug‑resistant strains. Their multiple mechanisms of action, favorable safety profiles, low 
cost, and wide availability make them promising candidates as safe alternatives or adjuncts to synthetic antibiotics. 
 
Recommendations: 
 

1. Integrative therapy: Use natural agents as complementary treatments alongside conventional antibiotics to 
reduce dosages and side effects. 

2. Pharmaceutical development: Develop standardized formulations (capsules, ointments, gels, sprays) 
containing defined bioactive compounds. 

3. Public awareness: Educate healthcare professionals and the public on the rational use of natural antibiotics. 
4. Further research: Conduct large-scale clinical trials to establish standardized dosages, evaluate long-term 

safety, and explore synergistic combinations. 
5. Food industry applications: Promote the use of these natural agents as antimicrobial preservatives to enhance 

food safety and shelf life. 
6. Policy measures: Include natural alternatives in national action plans against antimicrobial resistance. 
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