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Abstract 

 

Helicobacter pylori is one of the most resilient human pathogens, infecting over half of the 

global population and is causative of the onset of gastric ulcers. Current H. pylori treatment 

methods are losing efficacy, as H. pylori rapidly gains resistance to antibiotics. Alternative 

treatments, such as natural products, is thus essential. Numerous medicinal plants are used 

traditionally in South Africa to treat gastric ulcers. Honey and propolis have been noted to elicit 

anti-ulcer and anti-H. pylori effects. Investigation into southern African natural products in this 

context, however, has been sorely neglected. This study aimed to investigate the antimicrobial 

activity of various Southern African derived natural products against both H. pylori and 

probiotic bacteria that occur naturally in the gut microbiome, as well as to investigate the 

combination of select natural products with probiotics against H. pylori.  

 

Based on the ethnobotanical evidence, 21 Southern African medicinal plants used traditionally 

for treating gastric ulcers were collected. Their antimicrobial activity was assessed against five 

clinical H. pylori strains, and in combination with each of three Lactobacillus probiotic strains 

(Lactobacillus acidophilus ATCC 314, Lactobacillus casei ATCC 334, and Lactobacillus 

rhamnosus ATCC 7469), using the minimum inhibitory concentration (MIC) and minimum 

bactericidal concentration (MBC) microdilution assays. Noteworthy activity was observed 

against at least one H. pylori strain for 12 plant species. The lowest mean MICs were from 

Carissa edulis Vahl (0.18 mg/mL) Chironia baccifera L. (0.20 mg/mL), Sansevieria 

hyacinthodes (L.) Druce (0.26 mg/mL) and Dodonaea viscosa Jacq. (0.30 mg/mL). Aqueous 

extracts were combined with each of three probiotic Lactobacillus species and showed 

increased antimicrobial activity compared with the extracts alone for most combinations. 

Lactobacillus acidophilus combined with either Protea repens (L.) L, Carpobrotus edulis (L.) 

L.Bolus or Warburgia salutaris (Bertol.f.) Chiov. had the best anti-H. pylori activity (mean 

MBCs of 0.10 mg/mL for each combination).   

 

A selection of South African propolis samples was collected (51 samples) as well as three 

Brazilian propolis samples, which served as gold standard comparators. Ethanolic extracts were 

prepared, and the microdilution broth assay used to assess antimicrobial activity against three 

clinical H. pylori strains. Anti-H. pylori activity less than or equal to that of Brazilian propolis 

extracts was observed for 27 of the sample extracts. Using ultra performance liquid 
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chromatography-mass spectrometry, the compounds pinocembrin, 3-O-acetylpinobanksin, and 

pinobanksin, were revealed to be the most abundant in the most active propolis samples. 

Toxicity of the plant and propolis extracts was assessed using the brine shrimp lethality assay. 

Only four organic and one aqueous plant extract(s) were considered toxic. No propolis extracts 

were considered toxic. 

 

A selection of South African honeys was collected (76 variants) as well as Manuka honey, 

which served as a gold standard comparator. An agar dilution assay was employed to determine 

the antimicrobial activity of honey against three clinical H. pylori strains and in combination 

with each of the three Lactobacillus species. A third of the investigated honey variants showed 

anti-H. pylori activity better than or equal to that of Manuka honey (8.33% v/v) against at least 

one strain, including honey with citrus, fynbos and buchu floral sources. Combinations of 

honey and each of three Lactobacillus species showed increased anti-H. pylori activity for 

82.50% of honey variants compared with that of the honey alone. Combinations of honey with 

L. rhamnosus showed the best anti-H. pylori activity for 12 honey variants (4.17% v/v for each 

combination). Combinations of honey and L. casei showed the greatest increase in anti-H. 

pylori activity. A positive correlation between the anti-H. pylori activity and the concentration 

of hydrogen peroxide in honey was observed (R2 = 0.76). These results highlight the potential 

of natural products for inhibiting H. pylori growth and their role in the traditional management 

of ulcers, as well as the potential benefit of including probiotics as potentiators of the anti-H. 

pylori activity.  
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1. Background  

 

Helicobacter pylori, a Gram-negative, micro-aerophilic bacterium, colonizes between 50% and 

84% of South Africans (Goh et al., 2011; Tanih and Ndip, 2013). Infection with H. pylori 

results in inflammation of endothelial cells, causing gastro-intestinal diseases such as chronic 

gastritis, gastric ulcers, and gastric cancer (Gobert and Wilson, 2016). Colonization by H. 

pylori in the gastric mucosa was initially confirmed by self-ingestion studies, with the effects 

later reversed using antibiotic treatments targeting H. pylori (Marshall et al., 1985; Morris and 

Nicholson, 1987). This discovery paved the way for numerous studies, linking H. pylori to a 

range of upper gastro-intestinal tract disorders (Gobert and Wilson, 2016). 

 

The H. pylori strains identified have been linked to different regions around the world, with 

the strains hpAfrica1 and hpAfrica2 being most common in African populations (Jaka and 

Smith, 2024). Similarly, virulence genes have been found to differ amongst geographical 

regions in Africa, with vacAs1m2 and cagA+ most common in South Africa (Jaka and Smith, 

2024). Certain strains have also been linked to certain H. pylori-related disorders. The strains 

B128 and 7.13 have both been linked to inflammation, while only the latter was found to induce 

gastric cancer (Noto et al., 2018). Clinical strains typically show varying levels of antimicrobial 

susceptibility, dependant on exposure to antimicrobials used by the host as well the diet 

consumed (Sanchez and Martinez, 2018).  

 

1.1.  Helicobacter pylori and peptic ulcers 

 

The risk of developing gastro-intestinal disorders increases when infected with H. pylori, with 

the nature of gastritis determining the possible disorders that could develop, and often leading 

to the formation of ulcers (Kusters et al., 2006; Narayanan et al., 2018). Strong correlations 

between peptic ulcers and the presence of H. pylori have been reported (Kusters et al., 2006). 

Commonly known as peptic ulcers, gastric ulcers, occurring along the lesser curvature of the 

stomach, and duodenal ulcers, occurring in the duodenal bulb, are defined as defects in the 

mucosa of about 5 mm, which penetrate through the muscalaris mucosa (Kusters et al., 2006).  
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1.2.  Treatment of H. pylori and effects on the gut microbiome 

 

Eradication of H. pylori includes the use of bismuth, acid inhibitors and antibiotic 

combinations. These treatments, however, were found fail in approximately a third of cases 

reported, with resistant rates in developing countries reported to range between 80% and 90% 

(De Francesco et al., 2010; Savoldi et al., 2018). Resistance has been reported against 

commonly prescribed antibiotics for H. pylori infections, including amoxicillin, 

clarithromycin, nitroimidazole, and metronidazole (De Francesco et al., 2010; Mégraud, 2012).  

 

Antibiotic use has also been noted to pose a challenge regarding side effects, including causing 

changes to the gut microbiome (Edlund et al., 2000; Raymond et al., 2015). The gut 

microbiome has become recognized as a key player in maintaining the health of an individual, 

through its role in harvesting nutrients from food, and regulating the hosts’ metabolism (Ridlon 

et al., 2015). Treatment with antibiotics such as amoxicillin and clarithromycin have been 

shown to alter the microbial composition, with shifts in Bacteroidetes, Clostridia, 

Enterobacteria, Bifidobacteria and Bacteroides species reported (Edlund et al., 2000; Matute 

et al., 2002; Raymond et al., 2015; MacPherson et al., 2018; Elvers et al., 2020). Dysbiosis in 

the gut microbiome composition has also been linked to various chronic diseases, including 

chronic inflammatory conditions (Durack and Lynch, 2019).  

 

It is evident that the current H. pylori treatment options present several concerns, most notably, 

the rapid gain in antibiotic resistance, and the gut microbiome dysbiosis caused. The dysbiosis 

caused to the gut microbiome by antibiotics could also result in reinfection by H. pylori, with 

recurrence rates of over 50% reported (Ahuja and Sharma, 2002; Ermolenko et al., 2018). As 

such, finding alternative treatments that effectively inhibit H. pylori while supporting the gut 

microbiome is essential.  

 

1.3.  Natural alternatives for H. pylori treatment 

 

The use of natural remedies is becoming popular as an alternative means of medical treatment. 

In the face of increasing antibiotic resistance by pathogens such as H. pylori, finding 

alternatives to antibiotics, such as medicinal plants and bee products, has gained significant 

interest.  
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1.3.1.  Medicinal plants  

 

The use of medicinal plants has long been employed for the treatment of a range of illnesses 

and disorders, including gastro-intestinal disorders such as diarrhoea, dyspepsia and peptic 

ulcers. South Africa is a region rich in biodiversity and is home to a range of different cultures 

and ethnicities. As such, extensive ethnobotanical reviews have been conducted to summarise 

the use of medicinal plants in and around South Africa, with a number of these plants noted for 

treating peptic ulcers (Watt and Breyer-Brandwijk, 1962; Hutchings, 1996; van Wyk, 2009; 

Moteetee and van Wyk, 2011; Philander, 2011; Dinat et al., 2023). Several studies globally 

have assessed the effects of medicinal plants against H. pylori, with noteworthy antimicrobial 

activity against H. pylori reported (Funatogawa et al., 2004; Wang and Huang, 2005; Ndip et 

al., 2007; Zaidi et al., 2009). Several studies investigated medicinal plants in Africa for their 

anti-H. pylori activity, as summarized by Dinat et al. (2023), however, it was evident that South 

African medicinal plants have not been as widely explored in this context.  

 

1.3.2.  Bee products 

 

Honey has been noted to have several medicinal properties, with several studies around the 

world assessing the effects of its role in treating peptic ulcers (Gharzouli et al., 2001; Gharzouli 

et al., 2002; Nasuti et al., 2006; Bukhari et al., 2011; Adnyana et al., 2014; Israili, 2014; 

Fazalda et al., 2015). The antimicrobial activity of honey was noted to vary dependent on floral 

source, with varying activity reported when tested against Staphylococcus aureus and 

Micrococcus luteus (Bogdanov, 1997). Several other studies assessed the antimicrobial activity 

of honey against various bacteria and found that inhibition varied from region to region (Jeddar 

et al., 1985; Lusby et al., 2005; Basson and Grobler, 2008).  

 

When investigating the antimicrobial activity against H. pylori, an assessment of three South 

African produced honeys all showed antibacterial activity, while various types of honey from 

Germany, Switzerland, Iran, Oman, Saudi Arabia, and Algeria, were also found to possess 

antibacterial activity against H. pylori (Ali et al., 1991; Nzeako and Al-Namaani, 2006; Manyi-

Loh et al., 2010; Chama et al., 2021). Khan et al. (2014) investigated a collection of South 

African honey against a range of common bacterial pathogens and yeast strains, with broad 
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spectrum antimicrobial activity reported. A comprehensive range of South African honey, 

however, had not previously been studied for anti-H. pylori activity. 

 

Propolis, a resin-like compound produced by bees, has also been shown to have medicinal 

properties and antimicrobial activity (Nasuti et al. 2006; Suleman et al., 2015; Sahin, 2016). In 

a study by Suleman et al. (2015), various propolis samples from South Africa and Brazil were 

shown to have substantial antimicrobial activity against Staphylococcus aureus (Suleman et 

al., 2015). Widelski et al. (2023) investigated 10 Georgian propolis samples for their anti-H. 

pylori activity. Bactericidal activity was noted for all ethanolic propolis extracts, with variation 

observed between samples of different geographic location (Widelski et al., 2023). An 

investigation of Korean propolis samples found that mice models treated with the propolis 

samples had reduced levels of H. pylori infection as well as reduced gastric lesions (Song et 

al., 2022). Despite promising results from previous studies, South African propolis has not 

been investigated for its use against H. pylori.  

 

1.4.  Rationale and novelty of study 

 

With H. pylori infection rates amongst South African populations reaching up to 84% and 

increasing resistance to antibiotics, finding effective alternatives for H. pylori treatment that 

can support that natural gut microbiota is vital. South Africa is home to a wealth of unique 

natural products, of which the antimicrobial and medicinal effects have been well described in 

the literature. Their efficacy against H. pylori, however, has been neglected. Investigation of 

South African plants with specific regard to gastric ulcer treatment has been sorely neglected. 

An investigation of the antimicrobial activity against H. pylori of a comprehensive range of 

South African honey and propolis was yet to be undertaken. Finding effective treatment options 

for H. pylori that support the natural gut microbiome and reduce the dysbiosis that could 

support recurring H. pylori infections, is vital. No study had yet been undertaken to examine 

the impact of probiotics in combination with South African natural products against H. pylori. 

Thus, the purpose of this study was to investigate the anti-H. pylori activity of the wide variety 

of natural products South Africa has to offer and to investigate novel combinations of these 

natural products with probiotics. 

 

 



6 

 

 

1.5.  Aims and objectives 

 

This project aimed to investigate natural alternatives for H. pylori treatment from a range of 

medicinal plants, propolis and honey variants native to South Africa, as well as assess the 

effects of these alternatives in combination with probiotics (Ethical clearance waiver: W-CBP-

210906-01; Appendix B). This was achieved by carrying out the following objectives: 

 

1. To determine the antimicrobial activity of selected medicinal plant and propolis extracts 

against H. pylori and against probiotic Lactobacillus species using the minimum inhibitory 

concentration (MIC) microdilution assay. 

2. To determine the antimicrobial efficacy of probiotics in combination with selected natural 

products by MIC microdilution assay. 

3. To determine the antimicrobial activity of selected local honeys against H. pylori using the 

MIC agar dilution assay. 

4. To determine the antimicrobial efficacy of probiotics in combination with selected local 

honeys by MIC agar dilution assay. 

5. To determine the components of honey responsible for antimicrobial activity. 

6. To determine the chemical profile of active propolis samples. 

7. To determine the toxicity profiles of the plant and propolis extracts using the Brine Shrimp 

Lethality (BSL) assay.  

 

1.6. Overview and description of thesis 

 

This study is a thesis by publication, and incorporates publications into the chapters, with 

permission from the publishers where published (Appendix C). The design of this study can be 

broken down into four parts, as outlined in Figure 1.1. Firstly, natural products used 

traditionally or recommended for gastric ulcer treatment were identified and reviewed (Chapter 

2, Article 1). A review of available literature was carried out and the neglected natural products 

identified and investigated. These included southern African medicinal plants (Chapter 3, 

Article 2), propolis (Chapter 4, Article 3), and honey (Chapter 5, Article 4), where the natural 

products were investigated for their antimicrobial activity against clinical H. pylori strains, and 

three Lactobacillus species. The toxicity of the plant extracts was also investigated using the 

Brine Shrimp Lethality assay. The toxicity of propolis, as well as the chemical profiles of the 
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most active propolis samples, were also determined. The concentrations of hydrogen peroxide 

present in the honey samples were investigated as well. Chapter 6 provides an overview and 

conclusion of this study.  
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Literature review:

Conduct a review of natural 
products used for treating 
gastric ulcers, and their 

scientific validation of anti-H. 
pylori actiivty 

Identifiy neglected natural 
products

Southern African medicinal 
plants

Antimicrobial activity    
against H. pylori 

Antimicrobial activity against 
Lactobacillus species

Extracts with no advserse 
effects on Lactobacillus

selected for combinations

Combinations of plant 
extracts and 

Lactobacillus species 
investigated for anti-H. 

pylori activity

Toxicity of plant extracts

South African Propolis

Antimicrobial activity
against H. pylori

Determine compounds responsible 
for anti-H. pylori activity

Chemical profiles determined

Toxicity of propolis extracts

Southern African Honey

Hydrogen peroxide 
concentration 

Antimicrobial activity     
against H. pylori

Determine correlation between 
anti-H. pylori activity and 

hydrogen peroxide concentraion

Antimicrobial activity against 
Lactobacillus species

Samples with no advserse 
effects on Lactobacillus 

selected for combinations

Combinations of honey 
and Lactobacillus species 
investigated for anti-H. 

pylori activity

Article 1 Article 2 

Article 4 

Article 3 

Figure 1.1: Schematic outline of thesis 
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Article 1 (Dinat et al., 2023):  

The following article (https://doi.org/10.1016/j.jep.2022.115698) has been published at the time 

of thesis submission and is shown as it appears in the publication.  

https://doi.org/10.1016/j.jep.2022.115698
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CHAPTER 3: ANTI-HELICOBACTER PYLORI 

ACTIVITY OF SOUTHERN AFRICAN 

MEDICINAL PLANTS  
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Article 2 (Dinat et al., 2024a):  

The following article (https://doi.org/10.1016/j.jep.2024.118238) has been published at the time 

of thesis submission and is shown as it appears in the publication.  

https://doi.org/10.1016/j.jep.2024.118238
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CHAPTER 4: ANTI- HELICOBACTER PYLORI 

ACTIVITY OF SOUTH AFRICAN PROPOLIS 
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Article 3 (Dinat et al., 2024b):  

The following article has been submitted for publication (Chemistry & Biodiversity – 04/12/24) at 

the time of thesis submission and is shown as it appears at the publication submission, formatted 

according to the journal’s requirements. 

 

The Anti-Helicobacter pylori Activity of South African Propolis 

 

Sarhana Dinat,a Ané Orchard,a Efficient Ncube,b Weiyang Chen,b Alvaro Viljoen,b,c Sandy van 

Vuurena,* 

 

a Department of Pharmacy and Pharmacology, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South 

Africa *Corresponding author e-mail address: sandy.vanvuuren@wits.ac.za (Prof. S. van Vuuren). 

b Department of Pharmaceutical Sciences, Faculty of Sciences, Tshwane University of Technology, Pretoria, South Africa. 

c SAMRC Herbal Drugs Research Unit, Department of Pharmaceutical Sciences, Tshwane University of Technology, Pretoria, 

South Africa. 

 

Abstract: Propolis, a resin-like substance produced by bees, has previously shown antimicrobial 

activity against the ulcer-causing gut pathogen, Helicobacter pylori. South African propolis, 

however, was yet to be investigated. This study aimed to investigate a comprehensive range of 

South African propolis for its antimicrobial activity against H. pylori and to investigate toxicity. 

A total of 51 samples were collected from around South Africa, and comparatively analysed with 

three Brazilian samples. The antimicrobial broth microdilution assay was used to determine the 

minimum inhibitory concentration (MIC) of ethanolic propolis extracts against three clinical H. 

pylori strains. A total of 27 South African propolis extracts presented antimicrobial activity better 

than that of the Brazilian samples (MIC ≤ 0.51 mg/mL). Samples with the best anti-H. pylori 

activity were selected for chemical analysis using ultra performance liquid chromatography-mass 

spectrometry. The compounds pinocembrin, 3-O-acetylpinobanksin, and pinobanksin were found 

to be most abundant. All propolis extracts investigated in this study were considered non-toxic 

(mortality < 50%) when investigated using the brine shrimp lethality assay. This study 

demonstrates the in vitro potential of utilizing propolis for treating H. pylori infections and 

highlights the possible compounds responsible for the activity observed.  

 

Keywords: biological activity ● Helicobacter pylori ● liquid chromatography ● propolis ● 

toxicity 
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Introduction 

 

Helicobacter pylori colonizes the human 

gastric mucosa and has been found to infect over 

50% of the global population, with prevalence in 

South Africa ranging between 50% and 84%.[1] 

It is implicated in a variety of gastric ailments, 

most notably causing gastric ulcers.[2] Treatment 

options for H. pylori infections currently include 

proton pump inhibitors, bismuth, and multiple 

antibiotics, such as amoxicillin and 

clarithromycin.[3] As H. pylori rapidly gains 

resistance to antibiotics, treatment options are 

increasingly losing their efficacy, with 

increasing resistance rates to clarithromycin 

reported in South Africa.[4] Thus, natural 

products serve as an attractive alternative 

treatment for H. pylori infections and related 

ailments. 

Propolis, a resin-like substance, is 

produced by the Apis mellifera bee and used to 

repair and reinforce the hive. It also acts as an 

antiseptic, preventing infections within the 

hive.[5] The medicinal use of propolis has been 

recorded for thousands of years and has been  

used historically in embalming and wound 

healing.[6,7] Propolis has since been shown to 

have numerous medicinal properties, including 

anti-ulcer, anti-inflammatory, anti-tumour, and 

antimicrobial activity.[7-10] Propolis has been 

noted as a valuable anti-H. pylori agent, with 

studies investigating anti-ulcer activity, enzyme 

inhibition and anti-oxidant activity, as well as 

antimicrobial activity.[11,12]  

Several studies have investigated the 

anti-ulcer activity and antimicrobial activity 

against H. pylori of propolis collected from 

different regions around the world, including 

Spain, Korea, and Chile.[11,12] Brazilian propolis, 

commercially highly regarded, is noted for a 

wide range of medicinal and health benefits and 

was also shown to have anti-H. pylori 

activity.[12,13] African propolis, however, has 

been poorly explored for its anti-H. pylori 

activity. Only two studies were carried out in the 

past 10 years, both investigating Nigerian 

propolis, with the results indicating noteworthy 

antimicrobial activity.[14-16] Southern African 

propolis, however, is yet to be explored in this 

context. South African propolis was studied for 

its antimicrobial activity against a range of 

pathogens, with various propolis samples from 

South Africa and Brazil shown to have 

substantial antimicrobial activity against S. 

aureus.[7] A South African propolis sample 

along with three associated propolis compounds, 

pinocembrin, galangin, and chrysin, were 

investigated against a variety of bacterial and 

fungal pathogens, where combinations of the 

compounds showed the best antimicrobial 

activity.[17] The anti-H. pylori potential of South 

African propolis, however, was yet to be 

investigated.  

The pharmacological activity of propolis 

is influenced by the chemical composition, 

which varies dependant on the geographic 
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location, season of collection, bee species and 

plant sources.[11] Over 300 compounds have 

been identified from propolis samples, including 

polyphenols, terpenoids, steroids, and amino 

acids. Flavonoids, such as pinocembrin, 

acacetin, and chrysin, were found to be the most 

abundant.[10] Antimicrobially active South 

African propolis was reported to be primarily 

comprised of pinocembrin, galangin, and 

chrysin. The chemical profiles noted for South 

African propolis were similar to that of 

temperate region propolis, and were distinct 

from Brazilian propolis, of the tropical 

regions.[7]  

While natural products are often 

assumed to be harmless and safe for 

consumption, several studies have shown that 

natural products can be hazardous, and possibly 

lethal.[18] The toxicity of Southern African 

propolis is yet to be explored, with only one 

study investigating the toxicity of a single whole 

propolis sample and the compounds 

pinocembrin, galangin, and chrysin.[17] Thus, 

this study aimed to investigate a range of South 

African propolis samples for their antimicrobial 

activity against H. pylori, investigate the 

toxicity, and provide a chemical profile of 

noteworthy samples using ultra performance 

liquid chromatography-mass spectrometry 

(UPLC-MS).  

 

 

 

 

Results and Discussion 

 

Antimicrobial activity 

 

The minimum inhibitory concentration 

(MIC) values (n=3) of 54 propolis ethanolic 

extracts tested against three clinical H. pylori 

strains are reported in Table 1. Noteworthy 

antimicrobial activity was recorded as the MIC 

values less than or equal to the mean MIC across 

all three Brazilian samples, 0.51 mg/mL. 

Noteworthy anti-H. pylori activity was observed 

against at least one H. pylori strain for 27 South 

African samples, with a noteworthy mean MIC 

across all three strains recorded for 19 propolis 

extracts. Noteworthy activity was recorded for 

15 samples from the Gauteng province, six 

samples from Western Cape, three samples from 

the Northern Cape, and one sample each from 

Free State, Kwa-Zulu Natal, and Limpopo. The 

best activity was seen in samples 13 (Gauteng), 

44 (Western Cape), and 37 (Northern Cape), 

with mean MIC values of 0.20, 0.20, and 0.23 

mg/mL respectively.  

While the antimicrobial activity of South 

African propolis against H. pylori has not been 

previously investigated, South African propolis 

extracts have previously shown promising 

antimicrobial activity against other Gram-

negative bacteria, where MIC values of 0.13 

mg/mL, 0.16 mg/mL and 0.21 mg/mL were 

observed against Pseudomonas aeruginosa, 

Escherichia coli, and Klebsiella pneumoniae 

respectively.[17]  
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Table 2:  

The MIC values in mg/mL of South African propolis extracts against three clinical H. pylori strains represented as mean ± standard deviation.  

Propolis 

sample 
Location 

Province of 

origin 
Clinical strain 1 Clinical strain 2 Clinical strain 3 Mean 

1 Port Elizabeth - Baviaanskloof  Eastern Cape >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

2 Bloemfontein Free State 0.39a ± 0.00 0.59 ± 0.00 0.78 ± 0.00 0.59 ± 0.28  

3 Benoni - Bapsfontein Gauteng 0.78 ± 0.00 1.56 ± 0.00 0.39 ± 0.00 0.91 ± 0.43 

4 Bronkhorstspruit - Wilgerivier Gauteng 0.78 ± 0.00 0.78 ± 0.00 0.29 ± 0.14 0.62 ± 0.19 

5 Edenvale  Gauteng 0.20 ± 0.14  0.39 ± 0.00 0.20 ± 0.00 0.26 ± 0.23 

6 Edenvale  Gauteng 0.29 ± 0.00 0.78 ± 0.00 0.20 ± 0.00 0.42 ± 0.19 

7 Johannesburg  Gauteng 0.39 ± 0.00 0.78 ± 0.00 0.39 ± 0.00 0.52 ± 0.43 

8 Johannesburg  Gauteng 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.28 

9 Johannesburg Gauteng 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 

10 Lakeside/Westlake Gauteng 0.78 ± 0.00 1.56 ± 0.00 0.39 ± 0.00 0.91 ± 0.47  

11 Midrand - Beaulieu Gauteng 0.10 ± 0.00 0.98 ± 0.00 0.10 ± 0.00 0.39 ± 0.37 

12 Midrand - President Park Gauteng 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.18 

13 Pretoria Gauteng 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.25 

14 Pretoria Gauteng 0.78 ± 0.00 3.13 ± 0.00 0.78 ± 0.00 1.56 ± 0.97 

15 Pretoria Gauteng 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.10 

16 Pretoria East Gauteng >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00  >6.25 ± 0.00 

17 Pretoria - Groenkloof Gauteng >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

18 Pretoria - Lydiana Gardens Gauteng 0.78 ± 0.00 0.39 ± 0.00 0.59 ± 0.00 0.59 ± 0.26 

19 Pretoria - Lydiana Gardens Gauteng 0.20 ± 0.00 0.78 ± 0.00 0.20 ± 0.00 0.39 ± 0.29 
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Propolis 

sample 
Location 

Province of 

origin 
Clinical strain 1 Clinical strain 2 Clinical strain 3 Mean 

20 Pretoria - Northern Gauteng 6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

21 Sandton Gauteng 1.56 ± 0.00 3.13 ± 0.00 2.35 ± 0.00 2.35 ± 2.13 

22 Sandton Gauteng 0.78 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 1.30 ± 0.51 

23 Sandton Gauteng 3.13 ± 0.00 3.13 ± 0.00 2.35 ± 0.00 2.87 ± 2.66 

24 Sandton - IDC Grayston Drive Gauteng 1.56 ± 0.00 3.13 ± 0.00 1.56 ± 0.00 2.08 ± 1.04 

25 Sandton - Paulshof Gauteng 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.55 

26 Sandton - Riverclub Gauteng 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 2.74 

27 Sandton - Woodlands Eco Park Gauteng 1.56 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 2.61 ± 0.82 

28 Sedibeng area - Devon  Gauteng 0.78 ± 0.00 0.78 ± 0.00 0.39 ± 0.00 0.65 ± 0.28 

29 Springs Gauteng 0.20 ± 0.00 0.39 ± 0.00 0.20 ± 0.00 0.26 ± 0.25 

30 Vereeniging - Walkerville Gauteng 0.20 ± 0.00 0.78 ± 0.00 0.20 ± 0.00 0.39 ± 0.30 

31 SANSb Kwa-Zulu Natal 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.00 0.39 ± 0.31 

32 Amandelbult Limpopo 0.39 ± 0.00 0.78 ± 0.00 0.39 ± 1.11 0.52 ± 1.12 

33 Naboomspruit and Nylstroom Limpopo 0.39 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.26 ± 0.08 

34 Mooinooi  North West >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

35 Douglas Northern Cape 0.39 ± 0.00 0.78 ± 0.00   0.59 ± 0.28  0.59 ± 0.18 

36 SANS Northern Cape 0.39 ± 0.00 0.78 ± 0.14 0.59 ± 0.00 0.59 ± 0.23 

37 SANS Northern Cape 0.20 ± 0.00 0.29 ± 0.00 0.20 ± 0.28 0.23 ± 1.45 

38 SANS Northern Cape >6,25 ± 0.00 >6,25 ± 0.00 >6,25 ± 0.00 >6,25 ± 0.00 

39 Orange River  Unknown 1.56 ± 0.00 3.13 ± 0.00 2.35 ± 1.11 2.35 ± 0.86  

40 Beaufort West Western Cape 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 
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Propolis 

sample 
Location 

Province of 

origin 
Clinical strain 1 Clinical strain 2 Clinical strain 3 Mean 

41 Botrivier Western Cape 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.31 

42 Cape Town - Southern Suburbs Western Cape 0.39 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.26 ± 1.07 

43 Cape Town - Southern Suburbs Western Cape 0.10 ± 0.00 0.78 ± 0.00 0.10 ± 0.00 0.33 ± 0.25 

44 Cape Town - Southern Suburbs Western Cape 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.35 

45 Graafwater Western Cape 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.29 

46 Outeniqua Mountains - Oudtshoorn Western Cape 0.20 ± 0.00 0.39 ± 0.00 0.20 ± 0.00 0.26 ± 0.11 

47 SANS Western Cape 0.39 ± 0.00   0.78 ± 0.28 0.20 ± 0.00 0.46 ± 0.25  

48 SANS Western Cape 0.20 ± 0.00 0.39 ± 0.00 0.20 ± 0.00 0.26 ± 0.25 

49 Somerset West Western Cape 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.28 

50 Stanford Western Cape 1.56 ± 0.00 1.56 ± 0.00 1.17 ± 0.55 1.43 ± 0.85 

51 Touwsrivier  Western Cape 0.78 ± 0.00 1.56 ± 0.00 0.78 ± 0.00 1.04 ± 0.40 

B1 Brazil -- 0.39 ± 0.00 0.78 ± 0.00 0.39 ± 1.11 0.52 ± 0.77 

B2 Brazil -- 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.48 

B3 Brazil -- 1.17 ± 0.00 0.78 ± 0.00 0.78 ± 0.55 0.91 ± 0.32 

 Controls      

 Amoxicillin (µg/mL)  0.31 ± 0.00 0.31 ± 0.00 0.16 ± 0.00 0.26 ± 0.08  

 Acetone  >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

 Culture control  growth growth growth growth 

a – noteworthy antimicrobial activity denoted in bold. 

b – Specific area not specified.  
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Propolis from Nigeria was found to 

possess anti-H. pylori activity when assessed 

using the MIC and disc-well assays.[14,15] 

Similar inhibition was found for both clinical 

and reference strains, where MIC values 

recorded for propolis were eight-fold higher 

than the positive control, amoxicillin.[15] In a 

separate study, Nigerian propolis was 

investigated against H. pylori isolated from 

gastric biopsy patients, and zones of inhibition 

of 30.00 mm and 23.00 mm were observed for 

propolis at concentrations of 400.00 μL/mL 

and 200.00 μL/mL respectively.[14] 

Propolis from northern Spain was 

investigated against H. pylori with ethanolic 

and propylene glycol extracts found to have 

MIC values ranging between 6.00 and 14.00 

mg/mL.[19] These findings support the results 

of this study, indicating that propolis does 

possess antimicrobial activity against H. 

pylori. The results further confirm that 

variation in biological activity does exist from 

region to region, as can be seen in the variation 

of anti-H. pylori activity reported, with MIC 

values of 0.20 to >6.25 mg/mL reported in this 

study, compared with MIC values of 6.00 up to 

14.00 mg/mL reported previously.[19] This 

variation can be attributed to the region-

specific chemical distinction of propolis. 

 

Chemical analysis 

 

Samples 13, 37, and 44 displayed the 

best antimicrobial activity, with mean MIC 

values of 0.20, 0.23, and 0.20 mg/mL 

respectively, and were thus selected for 

chemical analysis using UPLC-MS. Liquid 

chromatography coupled with MS, particularly 

in the negative mode, allows for fast 

identification and accurate quantification of 

flavonoids that are ubiquitous in 

propolis.[10,20,21] Compounds were identified 

by matching retention times (Rt), mass-charge 

values (m/z), and fragmentation patterns to 

data available in literature and databases 

(Table 2). The chromatographic profiles 

observed (Figure 2) correlates with that 

previously reported for South African propolis 

and showed a similar profile to that of common 

temperate propolis.[22]  

A total of 17 dominant compounds 

were identified from the samples, with 

pinocembrin, 3-O-acetylpinobanksin, and 

pinobanksin most abundant. The compounds 

chrysin, p–coumaric acid, pinobanksin-methyl 

ether, pinobanksin-3-O-propionate, 

pinobanksin-3-O-butyrate, pinobanksin-3-O-

pentanoate, and pinobanksin-3-O-hexanoate 

had previously been identified from South 

African propolis samples.[22,23] While the 

compounds kaempferol-3-methyl ether, 

dimethoxyquercetin, 5-methoxygalangin, 3-O-

acetylpinobanksin, and p-cinnamyl coumarate 
were not previously identified in South African 

propolis, they were previously identified in 

South American, North American, Chinese, 

and Mexican propolis respectively.[24-28]  



42 

 

Table 2:  

Compounds identified in ethanolic extracts of propolis samples 13, 37 and 44 using UPLC-

MS. 

Peak 

# 

Rt 

(min) 

Elemental 

formula 

[M-H]- 

calculated  

[M-H]- 

theoretical 

Mass 

error 

(Da) 

Fragments Compound ID 

1 3.05 C9H8O3 163.0395 163.0367 3.4 - p – coumaric acid 

2 5.30 C16H14O5 285.0763 285.0713 4.5 267, 267, 

252, 239, 

139 

Pinobanksin-methyl 

ether 

3 5.84 C15H12O5 271.0606 271.0558 -4.9 253 Pinobanksin 

4 6.04 C16H11O6 299.0556 299.0499 -5,7 284 Kaempferol-3-

methyl ether 

5 6.27 C17H14O7 329.0601 329.0761 -6.0 314, 299, 

271 

Dimethoxyquercetin 

isomer  

6 6.72 C16H12O5 283.0606 283.0554 -5,2 268, 239, 

211 

5-Methoxygalangin 

7 7.52 C15H10O4 253.0407 253.0454 4.7 145 Chrysin 

8 7.67 C15H12O4 255.0657 255.0593 -6.4 213, 151 Pinocembrin 

9 7.76 C15H10O5 269.0450 269.0409 -4.1 227 Galangin 

10 7.88 C17H14O6 313.0712 313.0674 -3.8 253 3-O-

Acetylpinobanksin 

11 8.18 C16H12O5 283.0606 283.0554 -5,2 268, 239, 

211 

5-Methoxygalangin 

12 8.52 C15H10O4 253.0407 253.0454 4.7 145 Chrysin 

13 8.79 C18H16O6 327.0869 327.0817 -5.2 271, 253 Pinobanksin-3-O-

propionate  

14 9.46 C18H16O3 279.1021 279.0953 -6.8 
 

p-Cinnamyl 

coumarate 

15 9.62 C19H18O6 341.1025 341.0973 -5.2 271, 253 Pinobanksin-3-O-

butyrate 

16 10.40 C16H20O9 355.1029 355.1127 9.8 253 Pinobanksin-3-O-

pentanoate 

17 11.11 C21H22O6 369.1338 369.1277 -6.1 271, 253 Pinobanksin-3-O-

hexanoate 
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Figure 2: UPLC-MS chromatograms of samples with the best anti-H. pylori activity.  

 

It is plausible that the antimicrobial 

activity seen against H. pylori can be attributed 

mostly to pinocembrin, galangin, and 

pinobanksin. These compounds have 

previously been noted for anti-H. pylori 

activity.[29] The compounds chrysin, 

pinocembrin, galangin, and caffeic acid phenyl 

ester were reported to show varying anti-H. 

pylori activity, with caffeic acid phenyl ester 

being the most active, and synergy observed for 

the combination of chrysin with galangin.[30] 

Pinocembrin and galangin were previously 

reported to inhibit urease, an enzyme utilised by 

H. pylori during growth and colonization.[2,31] 

Sample 13 

Sample 37 

Sample 44 
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Inhibition of urease by these compounds could 

attribute to the anti-H. pylori activity displayed 

by propolis.  

 

Toxicity  

 

The toxicity of the investigated propolis 

extracts is summarized in Table 3. All propolis 

extracts investigated in this study were 

considered non-toxic, with percentage 

mortality less than 50%. Brazilian propolis 

extracts were also non-toxic, with an average 

mortality of 0.79% at 24 h and 3.73% at 48 h, 

for all three samples.  

While an assessment of a wide range of 

South African propolis was not previously 

investigated, the toxicity of propolis 

compounds and one South African propolis 

sample was previously investigated using the 

brine shrimp lethality assay.[17] The propolis 

compounds pinocembrin, galangin, and 

chrysin, were investigated alone and in 

combination. The compounds were found to be 

non-toxic, with toxicity lower for the combined 

compounds than that independently. The 

toxicity of the whole propolis South African 

sample was also non-toxic, at 14.78%.[17] 

Propolis from other regions were also found to 

be non-toxic. Iranian propolis was investigated 

for toxicity in Wistar rats and found no 

toxicological differences between the 

experimental and control groups after 48 h.[32] 

 

Table 3:  

The toxicity of propolis extracts shown as mean ± standard deviation % mortality at 24 and 

48 h of exposure. 

Propolis sample 
Mean % mortality 

24 h 48 h 

1 0.00 ± 0.00 0.00 ± 0.00 

2 0.00 ± 0.00 26.94 ± 1.36 

3 0.72 ± 1.26 2.35 ± 2.44 

4 1.08 ± 7.86 24.92 ± 2.74 

5 7.20 ± 9.99 26.32 ± 1.55 

6 6.58 ± 2.40 29.63 ± 4.07 

7 0.52 ± 0.90 40.08 ± 0.95 

8 0.79 ± 1.37 0.79 ± 1.37 

9 1.12 ± 0.00 34.80 ± 2.68 

10 1.55 ± 1.35 12.62 ± 7.87 

11 0.00 ± 0.00 38.03 ± 4.10 

12 14.30 ± 5.79 20.89 ± 2.71 

13 0.00 ± 0.00 0.68 ± 1.18 

14 0.00 ± 0.00 0.00 ± 0.00 

15 9.98 ± 5.05 30.29 ± 1.17 
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Propolis sample 
Mean % mortality 

24 h 48 h 

16 0.00 ± 0.00 10.09 ± 1.09 

17 0.76 ± 0.00 3.22 ± 2.06 

18 0.90 ± 1.56 0.90 ± 1.56 

19 0.00 ± 0.00 2.04 ± 1.79 

20 0.00 ± 0.00 3.26 ± 3.61 

21 0.81 ± 1.41 0.81 ± 1.41 

22 0.00 ± 0.00 0.00 ± 0.00 

23 0.00 ± 0.00 0.65 ± 1.13 

24 0.00 ± 0.00 0.00 ± 0.00 

25 0.00 ± 0.00 2.94 ± 3.22 

26 0.00 ± 0.00 2.73 ± 2.37 

27 0.00 ± 0.00 4.74 ± 2.45 

28 33.09 ± 6.01 40.57 ± 1.88 

29 0.53 ± 0.92 25.07 ± 5.24 

30 0.00 ± 0.97 0.93 ± 0.87 

31 0.00 ± 0.00 9.69 ± 1.45 

32 0.00 ± 0.00 0.00 ± 0.00 

33 0.00 ± 0.00 0.48 ± 0.99 

34 0.00 ± 0.00 1.59 ± 2.75 

35 3.96 ± 3.75 24.09 ± 4.62 

36 0.00 ± 0.00 3.13 ± 1.48 

37 0.00 ± 0.00 0.00 ± 0.00 

38 0.00 ± 0.00 4.84 ± 1.76 

39 0.71 ± 1.23 3.20 ± 3.19 

40 0.00 ± 0.00 20.74 ± 0.84 

41 0.00 ± 0.00 0.00 ± 0.00 

42 28.37 ± 1.59 40.45 ± 3.33 

43 27.67 ± 7.99 41.91 ± 2.76 

44 7.54 ± 3.43 22.98 ± 3.50 

45 0.00 ± 0.00 1.45 ± 2.51 

46 2.12 ± 2.35 2.68 ± 2.41 

47 2.50 ± 0.93 1.73 ± 1.64 

48 9.62 ± 3.22 31.60 ± 3.87 

49 0.00 ± 0.00 1.71 ± 2.95 

50 0.00 ± 0.00 0.74 ± 1.28 

51 0.00 ± 0.00 0.00 ± 0.00 

B1 0.85 ± 0.00 4.16 ± 1.96 

B2 0.00 ± 0.00 1.94 ± 3.08 

B3 1.51 ± 1.33 5.09 ± 3.06 
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Propolis sample 
Mean % mortality 

24 h 48 h 

Controls   

Saltwater 0.00 ± 0.00 0.00 ± 0.00 

Potassium dichromate 100.00 ± 0.00 100.00 ± 0.00 

 

Conclusion 

 

While propolis has been extensively 

investigated, very little attention has been paid to 

its antimicrobial properties against H. pylori, 

especially regarding South African propolis. This 

study determined the antimicrobial activity of a 

wide variety of South African propolis against H. 

pylori and found that the majority of ethanolic 

propolis extracts had noteworthy activity, 

comparable to that of the gold standard, Brazilian 

propolis. The antimicrobial results of this study 

show that the chemically distinct South African 

propolis exhibits better anti-H. pylori activity 

than that of other global regions. The compounds 

pinocembrin and pinobanksin were identified in 

samples displaying the best anti-H. pylori 

activity and could possibly be responsible for the 

activity seen. All propolis samples investigated 

held little to no toxicity.  

This study provides novel evidence for 

the potential of utilizing South African propolis 

in apitherapy for H. pylori infections and related 

ailments and identifies compounds that could be 

responsible for the anti-H. pylori activity 

observed. Further investigations could explore 

the use of propolis and the identified compounds 

in vivo for reducing H. pylori bacterial loads and 

gastric ulcer healing properties.  

 

Methods and Materials 

 

Propolis sample collection and preparation 

 

A total of 51 propolis samples (Figure 1) 

were collected from various regions around 

South Africa from local beekeepers affiliated 

with the South African Bee Industry 

Organization (SABIO). Three propolis samples 

were obtained from Brazil (supplied by Kim 

Morgado), to serve as the “gold standard” 

control. Propolis samples were stored away from 

light and at ambient temperature.  

Prior to processing, samples were frozen 

at -20°C for 24 h, then ground using a pestle and 

mortar. Ethanolic extracts were prepared. For 

antimicrobial and toxicity studies, 0.30 g/mL 

solutions were incubated at 37°C for seven days 

with shaking at 50 rpm.[7] For chemical analysis, 

1.00 mg/mL solutions were shaken for 24 hours, 

sonicated for 10 min and filtered through 0.22 

µm syringe filter.  
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Figure 1: Geographic distribution of South 

African propolis samples used in this study 

(mapchart.net). 

 

Antimicrobial studies 

 

Three clinical isolates of H. pylori were 

isolated from patients with gastritis (Chris Hani 

Baragwanath Academic Hospital; Dr Ayodeji 

Idowu – African Institute of Digestive Diseases) 

(Ethical clearance number M210891, Human 

Research Ethics Committee, University of the 

Witwatersrand) and stored at -80 °C in 20% 

glycerol in Brain Heart Infusion (BHI) media.  

Antimicrobial testing was carried out 

using the broth microdilution assay to determine 

the MIC, where BHI supplemented with 

Campylobacter Selective Supplement (Skirrows) 

and 7% Foetal bovine serum was used. Propolis 

extracts were made up to 25.00 mg/mL using 

acetone, and a two-fold serial dilution created in 

96-well microtiter plates. Cultures of H. pylori 

made up to 0.50 MacFarland turbidity standard 

was added to each well. The plates were sealed 

and incubated in a micro-aerobic environment 

using an anaerobic tank and a microaerobic gas 

pack (CampyGen) for 24 h at 37°C. A positive 

control of 0.01 mg/mL amoxicillin, a negative 

control of acetone alone, and a culture control 

were included. A solution of 0.02 mg/mL p-

iodonitrotetrazolium violet was used to indicate 

the viability of cultures in each well. The MIC of 

each sample was taken as the lowest 

concentration that inhibited growth 

completely.[33]   All assays were carried out in 

triplicate, and the mean and standard deviation 

recorded.   

 

Chemical analysis 

 

Samples that demonstrated the best 

antimicrobial activity were selected for chemical 

analysis using Ultra Performance Liquid 

Chromatography – Quadrupole Time of Flight - 

Mass spectrometry (UPLC-QToF-MS) 

(Department of Pharmaceutical Sciences, 

Tshwane University of Technology). 

Chromatographic analyses were performed on a 

Waters Acquity I Class Ultra Performance 

Liquid Chromatographic system coupled to a 

PDA detector (Waters, Milford, MA, USA). 

Chromatographic separation was achieved on a 

Acquity UPLC BEH C18 column (150 mm × 

2.10 mm, i.d., 1.70 μm particle size, Waters) 

maintained at 40°C. The mobile phase consisted 

of 0.1% formic acid in water (solvent A) and 

0.1% formic acid in acetonitrile (solvent B) at a 

flow rate of 0.35 mL/min. The gradient elution 
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was as follows: 90% A: 10% B, changing to 60% 

A: 40% B in 2.5 min, changing to 55% A: 45% 

B in 8.5 min, changing to 20% A: 80% B in 1.5 

min, keeping for 0.5 min, back to initial ratio in 

0.5 min and equilibrating the system for 1.5 min. 

The total running time was 15 min. The samples 

were injected in the mobile phase with an 

injection volume of 1.00 μL (full-loop injection). 

Data were collected and processed by the 

chromatographic software Masslynx 4.2.  

Mass spectrometry (G3QTof, Waters) 

was operated in the negative ion electrospray 

mode. Nitrogen was used as the desolvation gas. 

The desolvation temperature was set to 350°C at 

a flow rate of 550 L/h and the source temperature 

was 100°C. The capillary and cone voltages were 

set to 2500 and 40 V, respectively. Data were 

collected between 100 and 1200 m/z. During 

acquisition, the LockSprayTM interface was 

used to ensure mass accuracy and 

reproducibility. 

 

Toxicity studies 

 

The brine shrimp lethality assay was used 

to assess the toxicity, where Artemia franciscana 

(brine shrimp) eggs (Ocean Nutrition) were 

hatched in 32.00 g/L saltwater and exposed to 

light. Propolis extracts were made up to 1.00 

mg/mL using 2% DMSO. Aliquots (400 µL) of 

brine shrimp in saltwater (40 – 60 shrimp) and 

propolis extracts were added in triplicate to the 

wells of a 48-well micro-titre plate. Dead shrimp 

were counted at 0, 24, and 48 h. Glacial acetic 

acid was added after 48 h, the total dead shrimp 

in each well counted, and the percentage 

mortality calculated. Samples with a mortality 

percentage greater than 50% are considered 

toxic. A positive control of 1.60 mg/mL 

potassium dichromate and a negative control of 

32.00 g/mL saltwater were included in each 

assay.[34] 
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Additional studies 

4.1. Introduction 

 

The extracts of the propolis samples collected (Dinat et al., 2024b) were also investigated for 

their effects on the lactic acid-producing gut microbiome species Lactobacillus acidophilus, 

Lactobacillus casei, and Lactobacillus rhamnosus. As no conclusive outcomes could be made 

regarding the effects of South African propolis on Lactobacillus species, this data was not 

published (Dinat et al., 2024b), however, it does provide some insight and is thus included 

here. 

 

4.2. Materials and methods 

 

The microdilution broth assay was used as described (Dinat et al., 2024b), and adapted for 

Lactobacillus species (Lactobacillus acidophilus ATCC 314, Lactobacillus casei ATCC 334, 

and Lactobacillus rhamnosus ATCC 7469 – Davies Diagnostics) that were cultured in MRS 

broth in an anaerobic environment (5% CO2 for 24 h at 37°C). A positive control of 0.01 

mg/mL erythromycin, a negative control of acetone, and culture controls of each species were 

included. A solution of 0.02 mg/mL p-iodonitrotetrazolium violet was used to indicate the 

viability of cultures in each well. The minimum inhibitory concentration (MIC) of each sample 

was taken as the lowest concentration that inhibited growth completely. All assays were carried 

out in triplicate.   

 

4.3. Results and discussion 

 

The MIC values (n=3) of 54 propolis ethanolic extracts were tested against three Lactobacillus 

species and are reported in Table 4.1. A wide variation in the antimicrobial activity was 

observed. Moderate to poor inhibition (> 1 mg/mL) was observed for 25 propolis samples, with 

no inhibition recorded for samples 24 and 50.  As Lactobacillus species occur naturally in the 

gut microbiome, little to no inhibition of these species would be ideal when investigating 

possible H. pylori treatment options. Samples 7, 13, 25, 29, 32, 37, 42, and 48, showed both 

noteworthy anti-H. pylori activity (Dinat et al., 2024b), and poor inhibition of Lactobacillus 

species. Samples 29, 37, and 32, demonstrated the least inhibition of Lactobacillus species, 

with mean MIC values of 4.69, 4.69, and 5.21 mg/mL respectively, along with mean anti-H. 
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pylori MIC values of 0.26, 0.23, and 0.52 mg/mL respectively. These samples thus hold the 

greatest potential as possible treatment options that effectively inhibit H. pylori with little to 

no hindrance of gut microbiome species.  

 

Samples 4 – 6, 8, 10, 31, 38, 40, 43, 46, and 47 demonstrated high inhibition across all 

Lactobacillus species, with mean MIC values ≤ 0.10 mg/mL. Samples 5, 6, 31, 43, 46, and 47 

also held noteworthy anti-H. pylori activity (MIC values ranging between 0.26 – 0.46 mg/mL) 

(Dinat et al., 2024b). While such samples have demonstrated anti-H. pylori activity, for use in 

clinical treatment, additional probiotic supplementation would ideally be required as these 

samples could potentially inhibit the naturally occurring Lactobacillus species in the gut 

microbiome.  

 

While South African propolis had not previously been studied against Lactobacillus species, 

various propolis samples globally had been investigated against Lactobacilli in the context of 

the oral microbiome (Otręba et al., 2022). Propolis was previously reported to hold varying 

activity against L. acidophilus, with MIC values ranging from 0.005 to 0.6 mg/mL (Koru et al., 

2007; Akca et al., 2016; Habluetzel et al., 2018; Bapat et al., 2021; Tambur et al., 2021; Onur 

et al., 2022; Otręba et al., 2022). Varying activity was previously reported for propolis when 

investigated against L. casei, with MIC values ranging from 0.20 to 29.76 mg/mL (Bruschi et 

al., 2006; Kashi et al., 2011; De Luca et al., 2014; Martins et al., 2019; Otręba et al., 2022). 

While propolis has been shown to have varying inhibitory effects on Lactobacillus species, 

evidence has shown that propolis modulates the gut microbiome, and increases microbiota 

diversity (Wang et al., 2017; Wang et al., 2018; Soleimani et al., 2020).  Further investigation 

utilizing a wide variety of gut microbiome species is required to determine the effects of 

propolis on the gut microbiome. 
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Table 4.1:  

The minimum inhibitory concentrations in mg/mL of South African propolis extracts against three Lactobacillus species represented at mean ± standard 

deviation.  

Propolis 

sample 
Location  

Province of 

origin 

Lactobacillus 

acidophilus 

ATCC 314 

Lactobacillus 

casei ATCC 

334 

Lactobacillus 

rhamnosus 

ATCC 7469 

Mean 

1 Baviaanskloof – Port Elizabeth Eastern Cape 1.56 ± 0.00a 0.39 ± 0.00 0.39 ± 0.00 0.78 ± 0.67 

2 Bloemfontein Free State 6.25 ± 0.00 3.13 ± 0.00 6.25 ± 0.00 5.21 ± 1.80 

3 Benoni - Bapsfontein Gauteng 1.56 ± 0.00 1.56 ± 0.00 3.13 ± 0.00 2.08 ± 0.91 

4 Bronkhorstspruit - Wilgerivier Gauteng 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 

5 Edenvale  Gauteng ≤0.05 ± 0.00 ≤0.05 ± 0.00 ≤0.05 ± 0.00 <0.05 ± 0.00 

6 Edenvale  Gauteng ≤0.05 ± 0.00 ≤0.05 ± 0.00 ≤0.05 ± 0.00 <0.05 ± 0.00 

7 Johannesburg  Gauteng 3.13 ± 0.00 1.56 ± 0.00 3.13 ± 0.00 2.61 ± 0.91 

8 Johannesburg  Gauteng 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 

9 Johannesburg Gauteng 1.56 ± 0.00 1.17 ± 0.55 1.56 ± 0.00 1.43 ± 0.23 

10 Lakeside/Westlake Gauteng ≤0.05 ± 0.00 ≤0.05 ± 0.00 0.10 ± 0.00 0.10 ±0.03 

11 Midrand - Beaulieu Gauteng 0.31 ± 0.00 0.78 ± 0.00 0.10 ± 0.00 0.40 ± 0.35 

12 Midrand - President Park Gauteng 0.20 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.13 ± 0.06 

13 Pretoria Gauteng 1.56 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 2.61 ± 0.91 

14 Pretoria Gauteng 6.25 ± 0.00 >6.25 ± 0.00 3.13 ± 0.00 4.69 ± 2.21 

15 Pretoria Gauteng 0.39 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.26 ± 0.11 
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Propolis 

sample 
Location  

Province of 

origin 

Lactobacillus 

acidophilus 

ATCC 314 

Lactobacillus 

casei ATCC 

334 

Lactobacillus 

rhamnosus 

ATCC 7469 

Mean 

16 Pretoria East Gauteng 0.78 ± 0.00 0.39 ± 0.00 0.10 ± 0.00 0.42 ± 0.34 

17 Pretoria - Groenkloof Gauteng 1.56 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 

18 Pretoria - Lydiana Gardens Gauteng 0.10 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.16 ± 0.06 

19 Pretoria - Lydiana Gardens Gauteng 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 0.20 ± 0.00 

20 Pretoria - Northern Gauteng 1.56 ± 0.00 0.78 ± 0.00 0.10 ± 0.00 0.81 ± 0.73 

21 Sandton Gauteng 2.35 ± 1.11 0.86 ± 0.00 1.56 ± 0.00 1.59 ± 0.74 

22 Sandton Gauteng 6.25 ± 0.00 6.25 ± 0.00 >6.25 ± 0.00 6.25 ± 0.00 

23 Sandton Gauteng 6.25 ± 0.00 4.69 ± 0.00 6.25 ± 0.00 5.73 ± 0.90 

24 Sandton - IDC Grayston Drive Gauteng >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

25 Sandton - Paulshof Gauteng 3.13 ± 0.00 2.35 ± 0.00 3.13 ± 0.00 2.87 ± 0.45 

26 Sandton - Riverclub Gauteng 1.56 ± 0.00 2.35 ± 0.00 1.56 ± 0.00 1.82 ± 0.45 

27 Sandton - Woodlands Eco Park Gauteng 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 

28 Sedibeng area - Devon Gauteng 0.10 ± 0.00 0.39 ± 0.00 0.10 ± 0.00 0.20 ± 0.17 

29 Springs Gauteng >6.25 ± 0.00 6.25 ± 0.00 3.13 ± 0.00 4.69 ± 2.21 

30 Vereeniging - Walkerville Gauteng 0.10 ± 0.00 0.31 ± 0.00 0.20 ± 0.00 0.20 ± 0.11 

31 SANSb 
Kwa-Zulu 

Natal 
0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 

32 Amandelbult Limpopo 6.25 ± 0.00 3.13 ± 0.00 6.25 ± 0.00 5.21 ± 1.80 
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Propolis 

sample 
Location  

Province of 

origin 

Lactobacillus 

acidophilus 

ATCC 314 

Lactobacillus 

casei ATCC 

334 

Lactobacillus 

rhamnosus 

ATCC 7469 

Mean 

33 Naboomspruit and Nylstroom Limpopo 0.10 ± 0.00 0.78 ± 0.00 0.10 ± 0.00 0.33 ± 0.39 

34 Mooinooi  North West 0.39 ± 0.00 0.39 ± 0.00 0.10 ± 0.00 0.29 ± 0.17 

35 Douglas Northern Cape 0.39 ± 0.00 0.78 ± 0.00 0.39 ± 0.00 0.52 ± 0.22 

36 SANS  Northern Cape 3.13 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 

37 SANS Northern Cape >6.25 ± 0.00 6.25 ± 0.00 3.13 ± 0.00 4.69 ± 2.21 

38 SANS Northern Cape 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 

39 Orange River  Unknown 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 

40 Beaufort West Western Cape ≤0.05 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00 

41 Botrivier Western Cape 1.56 ± 0.00 2.35 ± 0.00 1.56 ± 0.00 1.82 ± 0.45 

42 Cape Town - Southern Suburbs Western Cape 1.56 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 

43 Cape Town - Southern Suburbs Western Cape ≤0.05 ± 0.00 ≤0.05 ± 0.00 ≤0.05 ± 0.00 ≤0.05 ± 0.00 

44 Cape Town - Southern Suburbs Western Cape 0.20 ± 0.00 0.10 ± 0.00 0.20 ± 0.00 0.16 ± 0.06 

45 Graafwater Western Cape 3.13 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 2.08 ± 0.91 

46 
Oudtshoorn - Outeniqua 

Mountains 
Western Cape ≤0.05 ± 0.00 ≤0.05 ± 0.00 0.10 ± 0.00 0.10 ± 0.03 

47 SANS Western Cape ≤0.05 ± 0.00 ≤0.05 ± 0.00 ≤0.05 ± 0.00 <0.05 ± 0.00 

48 SANS Western Cape 3.13 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 

49 Somerset West Western Cape 3.13 ± 0.00 1.56 ± 0.00 1.56 ± 0.00 2.08 ± 0.91 
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Propolis 

sample 
Location  

Province of 

origin 

Lactobacillus 

acidophilus 

ATCC 314 

Lactobacillus 

casei ATCC 

334 

Lactobacillus 

rhamnosus 

ATCC 7469 

Mean 

50 Stanford Western Cape >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00 

51 Touwsrivier  Western Cape 1.56 ± 0.00 3.13 ± 0.00 3.13 ± 0.00 2.61 ± 0.91 

B1 Brazil -- 0.78 ± 0.00 0.39 ± 0.00 0.39 ± 0.00 0.52 ± 0.22 

B2 Brazil -- 0.20 ± 0.00 0.78 ± 0.00 1.56 ± 0.00 0.85 ± 0.68 

B3 Brazil -- 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 0.78 ± 0.00 

 Controls      

 Erythromycin (µg/mL)  1.25 ± 0.00 0.94 ± 0.00 2.50 ± 0.00   

 Acetone  >6.25 ± 0.00 >6.25 ± 0.00 >6.25 ± 0.00  

 Culture control  growth growth growth  

a – MIC values with moderate to poor inhibitory activity (> 1 mg/mL) denoted in bold, indicating samples that hold promise for anti-H. pylori 

treatment. 

b
 – Specific area not specified. 
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ABSTRACT   

 

The gut pathogen Helicobacter pylori is implicated in numerous ailments, including gastric 

ulcers. Current treatment options for H. pylori infections present several concerns due to the 

rapid gain in resistance and dysbiosis caused to the gut microbiome. Honey has long been 

revered for its medicinal properties, and has been used to treat various ailments, including 

inflammation and gastric ulcers. While the anti-H. pylori properties of honey has been studied 

globally, a comprehensive range of southern African honey was yet to be explored. This study 

aimed to investigate a selection of South African honey for its antimicrobial activity against H. 

pylori. A range of pure honey (76 samples) were sourced directly from South African apiarists. 

Manuka honey, as well as honey from Mozambique and Malawi, were collected for 

comparison. The minimum inhibitory concentration agar dilution assay was carried out to 

investigate anti-H. pylori activity, where a third of the investigated honeys showed activity 

comparable with that of Manuka honey. Honey derived from fynbos, citrus, and buchu floral 

sources demonstrated the best anti-H. pylori activity. Combinations of honey and probiotic 



60 

 

Lactobacillus species showed a greater increase in anti-H. pylori activity. The hydrogen 

peroxide (H2O2) concentrations of selected honey samples were determined. A positive 

correlation between increased anti-H. pylori activity and increased H2O2 concentrations was 

observed. These results demonstrate the potential of South African honey as a treatment option 

for H. pylori infections and related ailments, as well as the potential benefit of including 

probiotic Lactobacillus species, as a potentiator of activity.  

 

Keywords: Honey; Helicobacter pylori; antimicrobial activity; Lactobacillus species; hydrogen 

peroxide  

 

1. Introduction 

 

The gut pathogen Helicobacter pylori has been found to colonize 50 to 84% of South 

Africans, and over 50% of the world’s population (Goh et al., 2011; Tanih and Ndip, 2013). 

Colonization by H. pylori causes inflammation in endothelial cells, resulting in diseases such 

as chronic gastritis, gastric cancer, and most notably, gastric ulcers (Gobert and Wilson, 2016).  

Conventional treatment options involve the use of multiple antibiotics, a proton pump inhibitor 

and bismuth (De Francesco et al., 2010). These options are increasingly losing their efficacy 

due to H. pylori rapidly gaining resistance (Ansari and Yamaoka, 2018). The antibiotics used 

for treatment have also been noted to elicit changes in the gut microbiome, impacting groups 

of bacteria that are key in maintaining the hosts’ health and metabolism (Edlund et al., 2000; 

Raymond et al., 2016; Ridlon et al., 2015). 

Probiotics, such as Lactobacillus, Bifidiobacterium, and Bacillus species, are often used 

to restore and maintain the gut microbiome and have been found to effectively manage gastro-

intestinal symptoms associated with H. pylori infections (Mestre et al., 2022). While aiding in 

eradication when used in conjunction with standard treatment, probiotics alone were found to 

be ineffective in significantly eradicating H. pylori infections (Mestre et al., 2022). As such, 

finding alternatives for effectively treating H. pylori infections while also supporting the gut 

microbiome is essential. 

The use of honey for nutritional and medicinal purposes has been documented in 

numerous religious and historic texts since 5500 BC (Israili, 2014). The physicochemical 

properties, colour, composition, and flavour, is determined by the floral sources used, thereby 

varying between geographical regions (Israili, 2014). South Africa boasts a wide variety of 

flora, with the Cape being home to one of the most diverse temperate florae globally (van Wyk 
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et al., 2009). There are over 1000 nectar and pollen producing plant species recorded in South 

Africa, with at least 488 indigenous species (Johannsmeier and Mostert, 2001; SANBI, 2018). 

Thus, the honey produced from bees foraging from these plants has the potential for a multitude 

of unique properties.  

The general composition of honey consists of mostly carbohydrates (80-85%), 15-17% 

water, 0.3% proteins consisting mainly of enzymes added by bees during production, and 0.2% 

ash (Khan et al., 2018). During nectar harvesting, the enzyme glucose oxidase is added by bees 

to honey (White et al., 1964). While this enzyme remains inactive in honey, upon dilution with 

water, glucose oxidase converts β-D-glucose into hydrogen peroxide (H2O2) and D-gluconic 

acid (White et al., 1964; Kwakman et al., 2010). Hydrogen peroxide has been described as the 

primary compound responsible for the antibacterial activity of honey, with a strong correlation 

noted between H2O2 concentration in honey and inhibition of bacterial growth (Lehmann et al., 

2019; Brudzynski, 2020; Guttentag et al., 2021). 

Honey has been shown to act as an anti-ulcer agent and play a role in restoring and 

balancing the gut microbiome (Israili, 2014; Fazalda et al., 2018). As H. pylori is causative in 

the onset of gastric ulcers, honey could serve as a potential treatment for H. pylori infections 

and related ailments. Several studies have assessed honey for antimicrobial activity against H. 

pylori globally (Ali et al., 1991; Nzeako and Al-Namaani, 2006). Manuka honey, a widely 

renowned honey known for medicinal purposes native to New Zealand, has been shown to have 

remarkable antimicrobial activity against H. pylori, with as little as 5% v/v completely 

inhibiting growth (Somal et al., 1994). 

Very few studies have been carried out to explore southern African honey in this 

context. Six South African honey samples available commercially showed varying 

antimicrobial activity when investigated against H. pylori (Manyi-Loh et al., 2013). While 

these studies showed promising results for inhibiting H. pylori, they have been limited to 

investigating a few commercially sold honey samples that could be at risk for potential 

adulteration. Thus, this study aimed to investigate the anti-H. pylori activity of a 

comprehensive range of apiarist-derived South African honey samples. Furthermore, the anti-

H. pylori activity of the combination of honey and probiotic bacteria, and the H2O2 

concentration of the antimicrobially active samples, was assessed.  
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2. Materials and methods 

 

2.1. Honey samples 

 

A total of 76 unheated, non-irradiated, raw honey samples were collected from various 

regions around South Africa from apiarists from the South African Bee Industry Organization 

(SABIO) (Fig. 1). A Manuka honey sample was obtained from New Zealand, to serve as the 

“gold standard” control, as well as a sample from Mozambique and three samples from Malawi 

for further comparison. Perceived nectar sources were recorded as indicated by the beekeepers. 

The samples were stored away from light at ambient temperature (± 20°C).  

 

 

Fig. 1. Geographic distribution of honey samples collected for this study (mapchart.net). 

2.2. Bacterial strains and culture conditions 

 

Three clinical isolates of H. pylori were isolated from patients with gastritis (Chris Hani 

Baragwanath Academic Hospital; Dr Ayodeji Idowu – African Institute of Digestive Diseases) 

(Ethical clearance number M210891, Human Research Ethics Committee, University of the 

Witwatersrand). Media used for culturing consisted of Brain Heart Infusion broth or Columbia 

Blood agar (CBA) (Thermo Scientific), supplemented with Campylobacter selective 

supplements (Skirrows – Oxoid) and 7% foetal bovine serum. The H. pylori strains were 

cultured at 37°C in a micro-aerobic environment using a micro-aerobic gas pack (CampyGen), 

for 24 h in broth and 72 h on agar. 

The probiotic species used included the lactic acid producers, Lactobacillus acidophilus 

ATCC314, Lactobacillus casei ATCC334, and Lactobacillus rhamnosus ATCC7469 (Davies 

Diagnostics). All Lactobacillus species were cultured in MRS broth or on MRS agar (Thermo 
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Scientific) at 5% CO2 and 37°C for 24 h. Cultures were enumerated using the serial dilution 

method, where the colony forming units (CFU)/mL were determined for the respective cultures 

(Herigstad et al., 2001). 

 

2.3. Antimicrobial assays 

 

Antimicrobial testing was carried out using an agar dilution assay to determine the 

minimum inhibitory concentration (MIC) of honey against H. pylori strains and against the 

Lactobacillus species (Fig. 2). Honey was added to molten CBA or MRS agar, in a series of 

concentrations (50%, 25%, 12.50%, 6.25% and 3.13% v/v). The honey-agar plates were 

inoculated with bacterial cultures (0.50 MacFarland standard) and incubated according to each 

species’ respective culture conditions (Khan et al., 2014). A negative control consisting of agar 

alone, and a positive control of 0.01 mg/mL amoxicillin, was used. The MIC of each honey 

sample was taken as the lowest percentage concentration to inhibit visible growth. All assays 

were carried out in triplicate, with results reported as mean ± standard deviation.   

The inhibition of H. pylori by Lactobacillus species was assessed using an agar dilution 

assay (Fig. 2). Aliquots (1 mL of culture per 10 mL of agar) of each Lactobacillus species at a 

range of concentrations (0.02 – 3.00 × 108 CFU/mL) was added to molten agar. The plates were 

inoculated with H. pylori and allowed to incubate in a micro-aerobic environment, to allow H. 

pylori to grow. The plates were observed for visible growth of H. pylori after 72 h, and the 

MIC taken as that concentration of Lactobacillus that inhibited growth completely. Negative 

controls of agar alone and Lactobacillus alone, and a positive control of 0.01 mg/mL of 

amoxicillin, were included, and the assay carried out in triplicate.  

 

2.4. Anti-H. pylori assay of honey-probiotic combinations 

 

The effects of honey combined with Lactobacillus species was investigated against H. 

pylori using an agar dilution assay with selective CBA (Fig. 2). Each honey sample was added 

in a range of concentrations along with aliquots of each Lactobacillus species (1 mL of culture 

per 10 mL of agar) cultured to 1 × 108 CFU/mL (0.5 MacFarland standard). Aliquots of H. 

pylori culture was spread onto these agar plates and incubated at 37°C for 72 h in a micro-

aerobic environment, to allow for the growth of H. pylori alone. The MIC was taken as the 

lowest concentration of honey in that combination to completely inhibit visible growth. 

Negative controls consisting of agar alone and of the respective Lactobacillus species alone, a 
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culture control of H. pylori, and a positive control of 0.01 mg/mL amoxicillin, were included. 

All assays were performed in triplicate, and the mean reported with standard deviations 

summarized as a range. 

 

Fig. 2. Schematic of antimicrobial assays carried out in this study. 

 

2.5. Assessment of hydrogen peroxide content 

 

The concentration of H2O2 was determined in samples with the best antimicrobial 

activity, along with samples with poorest activity for comparison. The concentrations of H2O2 

were quantified using colorimetric test strips (MQuant®, Merck 110011). Honey samples were 

weighed and dissolved in sterile water (1 g of honey in 4 mL of water). After 1 h, the H2O2 

concentrations were determined according to the manufactures’ guide and the final H2O2 

concentration reported in mg/mL/h at ~25°C (Kerkvliet, 1996). 

 

3. Results and discussion 

 

3.1. Antimicrobial activity 

  

The MIC values of 76 South African honey samples were determined against three 

clinical H. pylori strains (Table 1). Antimicrobial activity of each honey sample was compared 

to that of Manuka honey, where noteworthy activity was taken as MIC values equal to or less 

Helicobacter 

pylori 

Lactobacillus 

species 

South African  

honey 

Inhibition  

of H. pylori 

by honey 

Inhibition of 

Lactobacillus  

by honey 

Inhibition           

of H. pylori by 

Lactobacillus 

Inhibition of H. pylori by 

honey combined with 

Lactobacillus 
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than the MIC of Manuka honey for that strain. The negative controls showed complete growth, 

while the positive control, amoxicillin, had an MIC of 0.01 mg/mL for all three strains. A total 

of 24 honey samples showed noteworthy activity against at least one H. pylori strain, with nine 

samples showing noteworthy activity against all three strains. Samples 35, 43, and 59, held the 

best anti-H. pylori activity, with mean MIC values of 6.25% v/v. No inhibition at the highest 

concentration tested was observed when the honey samples were investigated against the three 

probiotic Lactobacillus species. When investigating the inhibition of Lactobacillus species 

against H. pylori, a mean MIC value of 1.50 × 108 CFU/mL was recorded for L. acidophilus, 

L. casei, and L. rhamnosus.  

 

Table 3 

The minimum inhibitory concentrations in % v/v of Southern African honey samples against 

three clinical H. pylori strains and the mean across all three strains, represented at mean ± 

standard deviation. 

Honey 

sample 
Province Specific area 

Perceived 

floral source 
Strain 1 Strain 2 Strain 3 Mean 

1 Gauteng Randburg Unknown 12.50 ± 0.00 20.83 ± 7.22 12.50 ± 0.00 15.28 ± 5.51 

2 Gauteng 
Sandton, IDC 

Grayston Drive 
Unknown 12.50 ± 0.00 12.50a ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

3 Gauteng 
Sandton, 

Paulshof 
Unknown 6.25 ± 0.00 10.42 ± 3.61 6.25 ± 0.00 7.63 ± 2.76 

4 Gauteng 
Sandton, 

Riverclub 
Unknown 10.42 ± 3.61 20.83 ± 7.22 16.67 ± 7.22 15.97 ± 7.06 

5 Gauteng 

Sandton, 

Woodlands Eco 

Park 

Unknown 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

6 Gauteng SANSb Unknown 12.50 ± 0.00 16.67 ± 7.22 12.50 ± 0.00 13.89 ± 4.17 

7 Gauteng SANS 
Cannabis 

infused 
8.33 ± 3.61 16.67 ± 7.22 10.42 ± 3.61 11.81 ± 5.80 

8 Gauteng SANS Bluegum 12.50 ± 0.00 16.67 ± 7.22 10.42 ± 3.61 13.19 ± 4.89 

9 Gauteng SANS Boekenhout 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

10 Gauteng SANS Aloe 16.67 ± 7.22 25.00 ± 0.00 12.50 ± 0.00 18.06 ± 6.59 

11 Gauteng SANS Dombeya 25.00 ± 0.00 41.67 ± 14.43 25.00 ± 0.00 30.56 ± 11.02 

12 Gauteng SANS 
Light wild 

flora 
12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

13 Gauteng SANS Wild flora 6.25 ± 0.00 16.67 ± 7.22 10.42 ± 3.61 11.11 ± 6.07 

14 Gauteng SANS Sunflower 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

15 Gauteng SANS 
Orange 

blossom 
50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 



66 

 

Honey 

sample 
Province Specific area 

Perceived 

floral source 
Strain 1 Strain 2 Strain 3 Mean 

16 Gauteng SANS 
Summer 

multiflora 
50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

17 Gauteng SANS Sideroxylon 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

18 Gauteng SANS Buffalo thorn 12.50 ± 0.00 20.83 ± 7.22 12.50 ± 0.00 15.28 ± 5.51 

19 Gauteng SANS Macadamia 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

20 Gauteng SANS 
Spring 

multiflora 
25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

21 Gauteng SANS Buchu 6.25 ± 0.00 12.50 ± 0.00 6.25 ± 0.00 8.33 ± 3.13 

22 Kwa-Zulu Natal Ladysmith Carrot 50.00 ± 0.00 >50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

23 Kwa-Zulu Natal Midlands Saligna gum 33.33 ± 14.43 50.00 ± 0.00 50.00 ± 0.00 44.44 ± 13.69 

24 Kwa-Zulu Natal Pietermaritzburg Unknown 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

25 Limpopo 
Amandelbult, 

Apiary 1 
Unknown 16.67 ± 7.22 16.67 ± 7.22 10.42 ± 3.61 14.58 ± 6.25 

26 Limpopo 
Amandelbult, 

Apiary 2 
Unknown 6.25 ± 0.00 12.50 ± 0.00 6.25 ± 0.00 8.33 ± 3.13 

27 Limpopo SANS Unknown 12.50 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 16.67 ± 6.25 

28 Limpopo SANS Unknown 6.25 ± 0.00 10.42 ±3.61 6.25 ± 0.00 7.64 ± 2.76 

29 Mpumalanga Barberton Macadamia >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 

30 Mpumalanga Kiepersol Saligna gum 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

31 Mpumalanga Malelane Litchi 33.33 ± 14.43 33.33 ± 14.43 25.00 ± 0.00 30.56 ± 11.02 

32 Western Cape Barrydale Navel oranges 33.33 ± 14.43 25.00 ± 0.00 33.33 ± 14.43 30.56 ± 11.02 

33 Western Cape Belvedere Fynbos 16.67 ± 7.22 25.00 ± 0.00 12.50 ± 0.00 18.06 ± 6.59 

34 Western Cape Bonnievale Prunes >50.00 ± 0.00 >50.0 ± 0.000 >50.00 ± 0.00 >50.00 ± 0.00 

35 Western Cape Brenton-on-sea Fynbos 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 

36 Western Cape Brenton-on-sea Fynbos 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

37 Western Cape 
Ceres, Bo-

Swaarmoed 

Ceres 

renosterveld 
50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

38 Western Cape De Hoop Coastal fynbos 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

39 Western Cape De Hoop Coastal fynbos 41.67 ± 14.43 25.00 ± 0.00 25.00 ± 0.00 30.56 ± 11.02 

40 Western Cape Gouritsmond Coastal fynbos 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

41 Western Cape Grabouw Canola/apple 25.00 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 20.83 ± 0.00 

42 Western Cape Grabouw Apple 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

43 Western Cape Heidelburg Coriander 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 

44 Western Cape Heidelburg Canola 50.00 ± 0.00 50.00 ± 0.00  50.00 ± 0.00 50.00 ± 0.00 
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Honey 

sample 
Province Specific area 

Perceived 

floral source 
Strain 1 Strain 2 Strain 3 Mean 

45 Western Cape Klaasvoogds Naartjie 12.50 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 16.67 ± 6.25 

46 Western Cape Knysna Unknown 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

47 Western Cape Knysna, Pezula Unknown 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

48 Western Cape Montagu Vygie 12.50 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 16.67 ± 6.25 

49 Western Cape Muldersvlei Echium 12.50 ± 0.00 16.67 ± 7.22 12.50 ± 0.00 13.89 ± 4.17 

50 Western Cape Napier 
Fynbos/Eucaly

ptus 
12.50 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 16.67 ± 6.25 

51 Western Cape Oudtshoorn Aloe manor 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

52 Western Cape Penhill 
Mixed peri-

urban 
>50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 

53 Western Cape 
Plettenburg, 

Wittedrif 
Natural bush 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

54 Western Cape Robertson Eucalyptus >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 

55 Western Cape SANS Unknown 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

56 Western Cape SANS Unknown 12.50 ± 0.00 16.67 ± 7.22 12.50 ± 0.00 13.89 ± 4.17 

57 Western Cape SANS Coriander 41.67 ± 14.43 50.00 ± 0.00 50.00 ± 0.00 47.22 ± 8.33 

58 Western Cape SANS Almond 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

59 Western Cape SANS Citrus/plum 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 6.25 ± 0.00 

60 Western Cape SANS Apple 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

61 Western Cape SANS 
Mountain 

fynbos 
6.25 ± 0.00 10.42 ± 3.61 6.25 ± 0.00 7.64 ± 2.76 

62 Western Cape SANS Coastal fynbos 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

63 Western Cape SANS Grape 6.25 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 10.42 ± 3.13 

64 Western Cape SANS Plum 6.25 ± 0.00 8.33 ± 3.61 8.33 ± 3.61 7.64 ± 2.76 

65 Western Cape Sedgefield Dune fynbos 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

66 Western Cape Simondium Echium 20.83 ± 7.22 25.00 ± 0.00 20.83 ± 7.22 22.22 ± 5.51 

67 Western Cape Stanford 
Overberg 

fynbos 
>50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 >50.00 ± 0.00 

68 Western Cape Stanford 
Mixed urban 

forage 
25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 25.00 ± 0.00 

69 Western Cape Swellendam Canola 25.00 ± 0.00 41.67 ± 14.43 25.00 ± 0.00 30.56 ± 11.02 

70 Western Cape Swellendam 
River red gum 

/ African basil 
6.25 ± 0.00 10.42 ± 3.61 6.25 ± 0.00 7.64 ± 2.76 

71 Western Cape Tesselaarsdal 
Canola / 

fynbos 
12.50 ± 0.00 25.00 ± 0.00 12.50 ± 0.00 16.67 ± 6.25 

72 Western Cape Touwsrivier Karoo veld 33.33 ± 14.43 50.00 ± 0.00 25.00 ± 0.00 36.11 ± 13.18 

73 Western Cape Wellington Almonds 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 12.50 ± 0.00 

74 Western Cape West Coast 
West Coast 

wild flora 
25.00 ± 0.00 41.67 ± 14.43 25.00 ± 0.00 30.56 ± 11.02 

75 Western Cape Wilderness Unknown 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

76 Western Cape Yzerfontein 
West Coast 

fynbos 
12.50 ± 0.00 16.67 ± 7.22 12.50 ± 0.00 13.89 ± 4.17  
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Honey 

sample 
Province Specific area 

Perceived 

floral source 
Strain 1 Strain 2 Strain 3 Mean 

A1 - Malawi 
Indigenous 

flora 
25.00 ± 0.00 50.00 ± 0.00 25.00 ± 0.00 33.33 ± 12.50 

A2 - Malawi 
Red forest 

gum 
50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

A3 - Malawi 
Indigenous 

flora 
50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 50.00 ± 0.00 

A4 - Mozambique Macadamia 33.33 ± 14.43 50.00 ± 0.00 50.00 ± 0.00 44.44 ± 0.00 

        

M - New Zealand Manuka 6.25 ± 0.00 12.50 ± 0.00 6.25 ± 0.00 8.33 ± 3.13 

a Noteworthy antimicrobial activity (≤ MIC of Manuka honey) denoted in bold. 

b Specific area not specified.   

 

Most samples with noteworthy activity were of Western Cape origin. The Cape is noted 

to house one of the most diverse temperate florae in the world, with over 3000 plants recorded 

for therapeutic use (Goldblatt and Manning, 2002; van Wyk et al., 2009). Perceived floral 

sources of honey with noteworthy activity included African basil, coriander, citrus, plum, 

various fynbos such as coastal and mountain fynbos, and buchu. While African basil- or 

coriander-derived honey samples were not previously investigated against H. pylori, plant 

extracts of African basil (Ocimum suave L.) and coriander (Eryngium foetidum L.) have 

previously shown antimicrobial activity against H. pylori (Tan et al., 2011; Kouitcheu Mabeku 

et al., 2016). 

Citrus-derived honey was previously reported as one of the most active honeys 

investigated against H. pylori, with MIC values ranging from 0.01 – 10.00% v/v and was found 

to inhibit the enzyme urease, an enzyme used by H. pylori during growth and when colonizing 

the gastric mucosa (Kusters et al., 2006; Matongo, 2012; Manyi-Loh et al. 2013). This supports 

the results of this study, where citrus-derived honey had an average MIC of 6.25% v/v. 

Inhibition of urease could thus be a potential mechanism of the antimicrobial activity of honey 

noted against H. pylori.  

Fynbos-derived honey has previously shown antimicrobial activity against clinical H. 

pylori strains at a range of concentrations (10.00 – 50.00% v/v) (Manyi-Loh et al. 2013), 

supporting the results of this study, where fynbos-derived honey inhibited clinical H. pylori 

strains at various concentrations (6.25 – 50.00% v/v). Fynbos-derived honey also showed 

varying antimicrobial activity against various Streptococcus species as well as against common 

bacterial wound pathogens (Basson and Grobler, 2008; Khan et al., 2014). The wide variation 

of activity observed in fynbos-derived honey could be the result of differences in geographic 

location, or variable species of fynbos used as the floral sources. Whilst buchu-derived honey 
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has not previously been studied against H. pylori, buchu (Agathosma betulina (P.J. Bergius) 

Pillans and Agathosma crenulata (L.) Pillans) has been used traditionally in South Africa for 

treating gastric ulcers and has been shown to have anti-inflammatory activity (De Beer and van 

Wyk, 2011; Brendler and Abdel-Tawab, 2022). 

The honey samples investigated from other African countries in this study showed 

moderate anti-H. pylori activity. A mean MIC of 44.44% was recorded for the Mozambican 

macadamia-derived honey (sample A4), whereas the South African Gauteng macadamia-

derived honey (sample 19) had a mean MIC of 25.00%. This could be attributed to the 

difference in biomes and climates between the regions from which the samples were harvested, 

as Mozambique is predominantly made up of Savannah biomes and has a warmer, wetter 

climate, while Gauteng is predominantly made up of Grassland, with a comparatively cooler, 

drier climate (Jury, 2013; Neumann and Bamford, 2015). Interestingly, the South African 

Mpumalanga macadamia-derived honey (sample 29) showed similar activity (>50.00 % v/v) 

to that of the Mozambique sample. This could be due to the close proximity of the regions of 

origin, as the area of origin of sample 29, Barberton, is geographically close to Mozambique. 

African honey has been little explored for its antimicrobial activity against H. pylori 

(Dinat et al., 2023). In a study investigating several Nigerian honey variants, H. pylori was 

found to be the most susceptible (Ademokoya, 2017). The results from this study as well as 

that of Ademokoya (2017) show the potential of African honey to be utilised in treating H. 

pylori infections.  

 

3.2. Anti-H. pylori assay of honey-probiotic combinations 

 

The combination of probiotic species with honey was investigated for antimicrobial 

activity against H. pylori (Table 2). The overall trend showed an increase in the anti-H. pylori 

activity when probiotic species were combined with honey, compared with that of the honey 

alone when exposed to H. pylori. Complete inhibition was observed for the positive control. 

No growth was observed for the negative controls, where selective CBA was inoculated with 

each Lactobacillus species. The culture controls, where H. pylori alone was inoculated onto 

selective CBA, showed growth. These results indicated that the selective CBA allowed for the 

growth of H. pylori only, and not the Lactobacillus species, when results of the combination 

assays were recorded.  
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Table 4 

The minimum inhibitory concentrations in % v/v of honey combined with one of three Lactobacillus probiotic species against three H. pylori 

strains and the mean across all strains. 

Honey 

sample 
Province Specific area 

L. acidophilus  L. casei  L. rhamnosus 

strain 

1 

strain 

2 

strain 

3 
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

1 Gauteng Randburg 12.50 12.50a 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

2 Gauteng 
Sandton, IDC 

Grayston Drive 
6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 6.25 12.50 6.25 8.33 

3 Gauteng Sandton, Paulshof 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

4 Gauteng Sandton, Riverclub 20.83 12.50 25.00 19.44 6.25 8.33 6.25 6.94 6.25 12.50 6.25 8.33 

5 Gauteng 

Sandton, 

Woodlands Eco 

Park 

25.00 12.50 25.00 20.83 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 

6 Gauteng SANSb 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 

7 Gauteng SANS 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

8 Gauteng SANS 6.25 6.25 6.25 6.25 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 

9 Gauteng SANS 12.50 6.25 10.42 9.72 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

10 Gauteng SANS 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 

11 Gauteng SANS 25.00 12.50 20.83 19.44 6.25 8.33 6.25 6.94 6.25 12.50 6.25 8.33 

12 Gauteng SANS 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

13 Gauteng SANS 12.50 12.50 12.50 12.50 3.13 5.21 3.13 3.82 3.13 6.25 3.13 4.17 

14 Gauteng SANS 12.50 12.50 12.50 12.50 6.25 6.25 6.25 6.25 6.25 12.50 6.25 8.33 
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Honey 

sample 
Province Specific area 

L. acidophilus  L. casei  L. rhamnosus 

strain 

1 

strain 

2 

strain 

3 
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

15 Gauteng SANS 25.00 12.50 25.00 20.83 6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 

16 Gauteng SANS 25.00 25.00 25.00 25.00 12.50 20.83 12.50 15.28 12.50 12.50 12.50 12.50 

17 Gauteng SANS 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

18 Gauteng SANS 25.00 12.50 25.00 20.83 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 

19 Gauteng SANS 25.00 25.00 25.00 25.00 12.50 20.83 12.50 15.28 12.50 12.50 12.50 12.50 

20 Gauteng SANS 12.50 25.00 12.50 16.67 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

21 Gauteng SANS 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

22 Kwa-Zulu Natal Ladysmith 12.50 12.50 12.50 12.50 25.00 20.83 25.00 23.61 25.00 25.00 25.00 25.00 

23 Kwa-Zulu Natal Midlands 6.25 6.25 6.25 6.25 12.50 8.33 12.50 11.11 3.13 6.25 3.13 4.17 

24 Kwa-Zulu Natal Pietermaritzburg 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

25 Limpopo 
Amandelbult, 

Apiary 1 
12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

26 Limpopo 
Amandelbult, 

Apiary 2 
6.25 12.50 6.25 8.33 6.25 12.50 6.25 8.33 6.25 12.50 6.25 8.33 

27 Limpopo SANS 12.50 6.25 12.50 10.42 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

28 Limpopo SANS 6.25 12.50 6.25 8.33 6.25 8.33 6.25 6.94 12.50 12.50 12.50 12.50 

29 Mpumalanga Barberton 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 

30 Mpumalanga Kiepersol 12.50 12.50 12.50 12.50 25.00 12.50 25.00 20.83 25.00 25.00 25.00 25.00 

31 Mpumalanga Malelane 25.00 25.00 25.00 25.00 6.25 12.50 6.25 8.33 12.50 25.00 12.50 16.67 
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Honey 

sample 
Province Specific area 

L. acidophilus  L. casei  L. rhamnosus 

strain 

1 

strain 

2 

strain 

3 
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

32 Western Cape Barrydale 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 12.50 12.50 12.50 12.50 

33 Western Cape Belvedere 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

34 Western Cape Bonnievale 6.25 12.50 8.33 9.03 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

35 Western Cape Brenton-on-sea 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

36 Western Cape Brenton-on-sea 25.00 12.50 16.67 18.06 25.00 16.67 16.67 19.44 12.50 12.50 12.50 12.50 

37 Western Cape 
Ceres, Bo-

Swaarmoed 
50.00 50.00 50.00 50.00 25.00 41.67 25.00 30.56 25.00 50.00 25.00 33.33 

38 Western Cape De Hoop 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

39 Western Cape De Hoop 6.25 12.50 8.33 9.03 6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 

40 Western Cape Gouritsmond 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 6.25 12.50 10.42 9.72 

41 Western Cape Grabouw 25.00 25.00 25.00 25.00 6.25 12.50 6.25 8.33 16.67 25.00 12.50 18.06 

42 Western Cape Grabouw 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 

43 Western Cape Heidelburg 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

44 Western Cape Heidelburg 12.50 12.50 12.50 12.50 25.00 12.50 20.83 19.44 6.25 12.50 6.25 8.33 

45 Western Cape Klaasvoogds 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

46 Western Cape Knysna 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 3.13 6.25 3.13 4.17 

47 Western Cape Knysna, Pezula 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

48 Western Cape Montagu 12.50 12.50 12.50 12.50 6.25 8.33 6.25 6.94 12.50 12.50 12.50 12.50 

49 Western Cape Muldersvlei 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 



73 

 

Honey 

sample 
Province Specific area 

L. acidophilus  L. casei  L. rhamnosus 

strain 

1 

strain 

2 

strain 

3 
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

50 Western Cape Napier 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 6.25 8.33 6.25 6.94 

51 Western Cape Oudtshoorn 12.50 12.50 12.50 12.50 6.25 10.42 6.25 7.64 6.25 6.25 6.25 6.25 

52 Western Cape Penhill 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

53 Western Cape 
Plettenburg, 

Wittedrif 
12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

54 Western Cape Robertson 25.00 12.50 20.83 19.44 25.00 16.67 20.83 20.83 12.50 12.50 12.50 12.50 

55 Western Cape SANS 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

56 Western Cape SANS 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

57 Western Cape SANS 6.25 12.50 6.25 8.33 3.13 5.21 3.13 3.82 3.13 6.25 3.13 4.17 

58 Western Cape SANS 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

59 Western Cape SANS 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

60 Western Cape SANS 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

61 Western Cape SANS 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

62 Western Cape SANS 25.00 12.50 16.67 18.06 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

63 Western Cape SANS 6.25 12.50 6.25 8.33 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

64 Western Cape SANS 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

65 Western Cape Sedgefield 12.50 12.50 8.33 11.11 25.00 20.83 25.00 23.61 12.50 12.50 25.00 16.67 

66 Western Cape Simondium 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

67 Western Cape Stanford 12.50 25.00 12.50 16.67 12.50 25.00 12.50 16.67 12.50 25.00 12.50 16.67 

68 Western Cape Stanford 12.50 12.50 12.50 12.50 12.50 12.50 8.33 11.11 6.25 12.50 6.25 8.33 

69 Western Cape Swellendam 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

70 Western Cape Swellendam 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

71 Western Cape Tesselaarsdal 12.50 12.50 12.50 12.50 6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 

72 Western Cape Touwsrivier 12.50 25.00 16.67 18.06 12.50 12.50 12.50 12.50 12.50 20.83 12.50 15.28 

73 Western Cape Wellington 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

74 Western Cape West Coast 6.25 12.50 6.25 8.33 6.25 12.50 6.25 8.33 6.25 6.25 6.25 6.25 

75 Western Cape Wilderness 6.25 10.42 6.25 7.64 3.13 6.25 3.13 4.17 3.13 6.25 3.13 4.17 
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Honey 

sample 
Province Specific area 

L. acidophilus  L. casei  L. rhamnosus 

strain 

1 

strain 

2 

strain 

3 
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

strain 

1  

strain 

2  

strain 

3  
mean  

76 Western Cape Yzerfontein 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

               

A1 - Malawi 12.50 12.50 12.50 12.50 25.00 25.00 25.00 25.00 6.25 12.50 6.25 8.33 

A2 - Malawi 25.00 12.50 20.83 19.44 25.00 25.00 25.00 25.00 12.50 25.00 16.67 18.06 

A3 - Malawi 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

A4 - Mozambique 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 

               

M - New Zealand 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 

stdevc   0.00 – 6.59 0.00 – 11.02 0.00 – 12.67 

a MIC values of combinations that are lower than the MIC of that honey alone are denoted in bold. 

b Specific area not specified.  

c Standard deviations represented as a range.  
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The increase in the anti-H. pylori activity seen when honey was combined with 

probiotic species indicates that the probiotics are inhibiting H. pylori growth. This was also 

seen when the Lactobacillus species were investigated against H. pylori alone. The greatest 

increase in antimicrobial activity was seen in combinations with L. casei, where 82.50% of 

honey samples combined with L. casei had better activity than the respective honey alone 

against at least one strain. Up to a four-fold increase in activity was noted for four honey 

samples when combined with L. casei.  

Probiotics, such as Lactobacillus species, inhibit the growth of H. pylori by producing 

antimicrobials including lactic acid and H2O2. Lactic acid was found to inhibit urease, while 

H2O2 was noted to damage bacterial cell walls and membranes (Mestre et al., 2022). Several 

studies have investigated the anti-H. pylori activity of probiotics combined with standard 

therapy, and found that the combinations improved H. pylori eradication, and reduced side 

effects (Felley and Michetti, 2003; Goderska et al., 2018; Mestre et al., 2022). The use of 

probiotics, however, was determined to be strain-specific (Mestre et al., 2022), which could 

account for the greater anti-H. pylori activity noted for combinations with L. casei. 

While honey combined with probiotics was not found to be previously studied against 

H. pylori, honey combined with Lactobacillus plantarum was found to inhibit wound 

pathogens both in vitro and in vivo, as well as accelerate wound healing (Li et al., 2013). A 

microbiota of diverse lactic acid bacteria, including Lactobacillus, was found abundantly in 

bee honey crops, a key bee organ used during nectar collection and honey production. These 

lactic acid bacteria act as symbionts for bees, protecting them against microbial infections 

(Vásquez et al., 2012). These symbionts are found abundantly in honey, where they were 

shown to produce a variety of extra-cellular proteins and antimicrobials (Butler et al., 2013). 

The increase in anti-H. pylori activity observed from the honey-probiotic combinations 

investigated in this study could thus be attributed to the longstanding symbiotic relationship 

between honeybees, the honey produced, and Lactobacillus species.  

  

3.3. Hydrogen peroxide content  

 

The H2O2 concentrations were determined in selected honey samples (Table 3), with 

honey from bluegum, citrus, plum and coriander floral sources showing the highest 

concentrations of H2O2. A strong positive correlation between the antimicrobial activity against 

H. pylori and H2O2 concentration of tested honey samples was noted (R2= 0.76) (Fig. 3). Honey 

samples with MIC values of ≥ 50.00% v/v held H2O2 concentrations between 0.00 – 5.00 
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mg/mL/h, while H2O2 concentrations of samples with noteworthy MIC values ranged from 

10.00 – 50.00 mg/mL/h. No detectable H2O2 concentration was recorded for the Manuka honey 

sample.  

Significant correlations between H2O2 concentrations and MICs have been previously 

reported (Brudzynski, 2020). A maximum H2O2 concentration of 0.93 ± 0.12 mM was recorded 

for Australian honey of Eucalyptus floral source (Guttentag et al., 2021), while 1.25 mg/mL/h 

was observed for the South African honey sample of Eucalyptus floral source in this study. No 

detectable H2O2 was recorded for the South African orange blossom honey sample in this study. 

Similarly, low concentrations (0.01 ± 0.00 to 0.05 ± 0.01 mM) were recorded for orange 

blossom honey samples from Crete, Greece (Alygizou et al., 2021). A study investigating 

Nigerian honey found that honey diluted with water was more effective against H. pylori 

compared with the undiluted sample (Ademokoya, 2017). This activity could be attributed to 

H2O2, as H2O2 is produced when honey is diluted with water (White et al., 1964; Kwakman et 

al., 2010). 

While other compounds and physicochemical factors of honey can contribute to 

antimicrobial activity, only two honey compounds, H2O2 and methylglyoxal, are classified as 

true antibacterials (Brudzynski, 2020). The Manuka honey sample investigated in this study 

had no detectable H2O2. Manuka honey has been noted to contain little to no detectable H2O2, 

with antimicrobial activity attributed to the high levels of methylglyoxal present (Majtan et al., 

2014; Lehmann et al., 2019).  

A wide variation was observed between the H2O2 concentrations recorded for the South 

African honey samples. Hydrogen peroxide content has previously been noted to vary between 

honey samples, even when derived from the same floral source (Guttentag et al., 2021). Factors 

affecting H2O2 accumulation include the age, storage and processing of the honey, as glucose 

oxidase is sensitive to heat and light, as well as bee diet and health (Guttentag et al., 2021). 

The presence of other compounds, such as catalase, metalloenzymes, and ascorbic acid, were 

found to reduce H2O2 accumulation in honey. Variation in H2O2 concentrations could also be 

the result of varying amounts of glucose oxidase present in the honey samples, as glucose 

oxidase is produced by bees during nectar collection and is thus dependent on bee health 

(Brudzynski, 2020). 
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Table 3 

The hydrogen peroxide (H2O2) content in mg/mL/h of selected honey samples. 

Honey sample Province Origin area H2O2 (mg/mL/h) 

3a Gauteng Sandton, Paulshof 25.00a 

4 Gauteng Sandton, Riverclub 10.00 

7 Gauteng SANSb 20.00 

8 Gauteng SANS 20.00 

13 Gauteng SANS 17.50 

15 Gauteng SANS 0.00 

21 Gauteng SANS 25.00 

22 Kwa-Zulu Natal Ladysmith 0.00 

26 Limpopo Amandelbult, Apiary 2 25.00 

28 Limpopo SANS 30.00 

29 Mpumalanga Barberton 5.00 

34 Western Cape Bonnievale 0.00 

35 Western Cape Brenton-on-sea 30.00 

36 Western Cape Brenton-on-sea 2.00 

37 Western Cape Bo-Swaarmoed, Ceres 0.50 

43 Western Cape Heidelburg, Cape 50.00 

52 Western Cape Penhill 0.25 

54 Western Cape Robertson 1.25 

59 Western Cape SANS 25.00 

61 Western Cape SANS 17.50 

62 Western Cape SANS 2.50 

63 Western Cape SANS 15.00 

64 Western Cape SANS 25.00 

67 Western Cape Stanford 2.50 

70 Western Cape Swellendam 17.50 

M - New Zealand 0.00 

a Samples with noteworthy MIC values denoted in bold.  

b Specific area not specified.  
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Fig. 3. Correlation between the mean MIC values in % v/v of South African honey samples 

and the concentration of H2O2 in mg/mL/h. 

 

4. Conclusion 

 

This study presents the anti-H. pylori activity of a comprehensive range of South 

African honey samples. Varying antimicrobial activity against H. pylori was observed, with a 

third of the honey variants showing activity comparable with that of Manuka honey. Honey of 

fynbos, citrus, and coriander floral sources were found to possess the best anti-H. pylori 

activity. When the honey samples were combined with probiotic Lactobacillus species, the 

activity against H. pylori greatly increased, with combinations of honey and L. casei showing 

the greatest increase in antimicrobial activity. The anti-H. pylori activity of the South African 

honey samples investigated can be attributed to the H2O2 content present. The results of this 

study present a possible treatment option for H. pylori infections and related ailments, by 

simultaneously inhibiting H. pylori growth, supporting the overall gut microbiome, and 

minimizing side effects.  
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Additional studies 

5.1. Introduction 

 

Chemometric analysis was performed on the South African honey samples collected (Dinat et 

al., 2024c) and further studies aimed to investigate any correlation among the chemical profiles 

of the honey samples from different geographic regions. Correlations between the chemical 

profiles and the anti-H. pylori activity of the honey samples were also investigated. As no 

conclusive correlations between the chemical profiles and anti-H. pylori activity of the 

investigated honey were observed, this data was not published (Dinat et al., 2024c). While 

investigation into the correlation between the geographic region of origin and chemical profiles 

provided some insight into the variation observed between samples, this correlation was 

moderate to weak, and hence was not included in the publication.  

 

5.2. Materials and methods  

 

5.2.1. Sample preparation 

 

Solid phase extraction was carried out when preparing the honey samples for chemical analysis 

to reduce the amount of sugar present in the samples (Department of Pharmaceutical Sciences, 

Tshwane University of Technology). Honey samples were diluted with distilled water (2 g of 

honey in 15 mL of water), centrifuged at 14 000 rpm for 4 min at 4°C, and the resulting pellets 

discarded. The remaining supernatants were loaded onto 6 cc HLB cartridges (Waters Oasis – 

186000115) that had been conditioned with methanol and water. The cartridges were washed 

with 15 mL water and eluted using 15 mL methanol. The resulting analytes were then 

investigated using ultra performance liquid chromatography-mass spectrometry.  

 

5.2.2. Chemical analysis using UPLC-MS 

 

Chemical analyses were performed on Waters Acquity UltraPerformance Liquid 

Chromatographic system with PDA detector (Waters, Milford, MA, USA) (Department of 

Pharmaceutical Sciences, Tshwane University of Technology). Chromatographic separation 

was achieved on a Kinetex C18 column (150 mm × 2.1 mm, i.d., 1.7 μm particle size, 

phenomenex) maintained at 35°C. The mobile phase consisted of 0.1% formic acid in water 

(solvent A) and acetonitrile (solvent B) at a flow rate of 0.3 mL/min, and a gradient elution 
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was as follows: 95% A:5% B to 50% A:50% B in 1 min, changed to 10% A:90% B in 9 min, 

held for 2 min, back to initial ratio in 0.5 min and equilibrating the system for 1.5 min. The 

total running time was 14 min. The extracts were injected in the mobile phase with an injection 

volume of 2.0 μL (full-loop injection). Data were collected and processed by chromatographic 

software Masslynx 4.1. The same column, elution gradient and flow rate were used for the 

UPLC-MS analysis. Mass spectrometry was carried out in the positive ion electrospray mode. 

Nitrogen was used as the desolvation gas at a flow rate of 500 L/h, while maintaining a 

desolvation temperature of 400°C. The source temperature was 100°C and the capillary and 

cone voltages were set to 3500 and 40 V, respectively. Data, collected over the range m/z 100 

to 1000, were centroided during acquisition using independent reference lock-mass ions via the 

LockSprayTM interface to ensure mass accuracy and reproducibility. 

 

5.2.3. Chemometric analysis 

 

A metabolomic approach was used to generate chemometric models (Department of 

Pharmaceutical Sciences, Tshwane University of Technology). The software Simca-P+ 13.0 

(Umetrics, Umeå, Sweden) was used and multivariate data analysis tools applied to the UPLC-

MS data, with the corresponding MIC values serving as biomarkers (Dinat et al., 2024c). The 

MIC values were assigned to one of two classes, where values of 8.00% v/v or less were 

designated as class 1 (active samples), and values greater than 8.00% v/v were designated as 

class 2 (poor activity). A dummy Y-variable was assigned to these classes, while the UPLC-

MS data served as the X-data. This allowed for an orthogonal projection to latent structures 

(OPLS). Principle component analysis (PCA) was performed on the X-data to observe 

chemical variation among the samples. No transformation was used except for pareto scaling. 

An OPLS model was constructed following PCA. This is a supervised classification algorithm 

that investigates any correlation between the antimicrobial data and the chemical variations 

found in the UPLC-MS data. Score scatter plots were generated to identify any correlations by 

observing clustering patterns (Suleman et al., 2015).  

 

5.3. Results and discussion 

 

Correlations between the geographical origins and the chemical profiles of the honey samples 

were investigated. Based on the chromatographic profiles of the honey samples (Figure 5.1.), 

PCA scatter plots (Figure 5.2.) were modelled. The PCA plot showed most of the samples 
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tightly clustered together, indicating similar chemical profiles. Most of the samples from 

Western Cape and Kwa-Zulu Natal fell outside of the main cluster, with six samples falling 

outside the Hotelling’s T2 (95% CI) in the 1st and 2nd quadrants. All samples from inland 

provinces were tightly grouped in the main cluster, indicating chemical variation between 

inland samples and coastal samples, such as Western Cape and Kwa-Zulu Natal samples. 

Chemical variability was present between the different Western Cape samples, as seen from 

the spatial distribution in the 1st quadrant.  

 

The correlation between the anti-H. pylori activity and chemical profiles of the investigated 

honey samples are shown using an OPLS scores scatter plot (Figure 5.3.). The OPLS model 

differentiates between the active class (blue) and poorly active class (green) along the 

predictive component (tp1) with 4.72% chemical variation (R2X = 0.0472). As only 4.72% of 

the variation in the data was a result of the principal components, no further analysis was 

undertaken with the use of S-plots to determine the chemical components responsible for the 

anti-H. pylori activity observed.  

 

Variation was observed in this study between samples from inland provinces and coastal 

provinces, such as Western Cape and Kwa-Zulu Natal. The chemical variation of Western Cape 

samples from the majority of the South African honey investigated can be attributed to the 

fynbos biome that is present exclusively in this region (Rutherford et al., 2006). The inland 

provinces from which samples were sourced for this study included Gauteng, Mpumalanga, 

and Limpopo. These regions are predominantly made up of grasslands and savannah biomes 

(Rutherford et al., 2006), which are very different from that of the coastal regions. This could 

account for the chemical variation in the honey samples from different regions. Chemical 

variation dependant on geographic origin was previously reported from an analysis of Polish 

and Slovak honey samples where PCA models were used to determine correlation between 

geographic origin and physicochemical properties (Tomczyk et al., 2019). An investigation of 

Tanzanian honey reported that geographical and botanical origins impact the physicochemical 

properties of honey (Mongi and Ruhembe, 2024). This supports the results of this study, where 

chemical variation was observed based on geographic location.  
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(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

Figure 5.1: Chromatographs acquired using UPLC-MS representative of honey samples from each geographic 

region, representing Gauteng (a), Mpumalanga (b), Limpopo (c), Kwa-Zulu Natal (d), Western Cape (e), 

Mozambique (f), Malawi (g), and Manuka (h).  
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Figure 5.2: The PCA score scatter plots showing an unscaled model (a), and a pareto scaled 

model (b), of the separation of the honey samples based on geographic origin. Geographic 

origins are colour coded, with Gauteng (GP) represented as green, Kwa-Zulu Natal (KZN) as 

dark blue, Limpopo (LM) in light blue, Mpumalanga (MP) as purple, Western Cape (WC) as 

pink, Malawi (UN) as orange, and Mozambique (X) as brown. 

 

(a) 

(b) 
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Figure 5.3: An OPLS scores scatter plot representing the correlation between the chemical 

profiles of South African honey and the anti-H. pylori activity, with active samples represented 

in blue and samples with poor activity represented in green.    
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CHAPTER 6: CONCLUSION 
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6.1. Overview and highlights 

 

This study aimed to investigate South African natural products for their antimicrobial activity 

against H. pylori, as well as the effects of natural products on common gut microbiome species. 

Medicinal plants (Dinat et al., 2024a), propolis (Dinat et al., 2024b), and honey (Dinat et al., 

2024c) of South African origin were investigated. 

 

Based on the findings of the literature review describing natural products used traditionally for 

gastric ulcer treatment, it was observed that very few natural products of African regions were 

investigated for their anti-H. pylori activity. Several points can also be emphasized: 

o A total of 122 different plants species were investigated for anti-H. pylori activity in 

Africa.  

o Only 11.23% of the total plant species used traditionally for gastric ulcer treatment were 

investigated for anti-H. pylori activity.  

o The medicinal plants Hibiscus sabdariffa and Piper longum were most effective against 

H. pylori (MIC values of 0.01 mg/mL each).  

o Only 11 medicinal plant species were assessed in vivo and were found to inhibit H. 

pylori growth or reduce gastric lesions.  

o Very few studies were identified in which bee products were investigated for their anti-

H. pylori activity, where only a small selection of honey and propolis from South Africa 

and Nigeria were investigated. 

In summary, this review highlighted the need for investigation into African natural products in 

the context of H. pylori infections and gastric ulcers, as despite a wide variety of natural 

products being used traditionally, very little scientific validation was carried out.  

 

Medicinal plants used traditionally for treating gastric ulcers were identified and investigated 

for their antimicrobial activity against H. pylori, as well as their effects on probiotic 

Lactobacillus species. This study also highlights that:  

o All organic extracts of the medicinal plants were found to inhibit H. pylori. 

o Aqueous extracts of the medicinal plants were noted to possess the most noteworthy 

activity against H. pylori, had little to no effect on Lactobacillus species, and held the 

least toxicity.  
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o The results from investigations of aqueous extracts support the traditional use of these 

medicinal plants, as traditional preparation would make use of water through boiling, 

steeping, and decoctions.  

o Extracts of the plant species Dodonea viscosa and Sansevieria hyacinthoides held the 

greatest potential as treatment options for H. pylori infections.  

o Aqueous extracts of the medicinal plants were combined with Lactobacillus species, 

and the combinations showed much greater anti-H. pylori activity than the medicinal 

plants alone.  

The results of this study provide in vitro evidence for the traditional use of these medicinal 

plants and demonstrates the positive effects of maintaining a balance with the gut flora, while 

also providing an alternative to antibiotic treatment.  

 

While propolis has been extensively investigated, very little attention had been paid to its 

antimicrobial properties against H. pylori, especially regarding South African propolis. This 

study determined the anti-H. pylori activity of South African propolis, and the following 

findings are highlighted: 

o The majority of ethanolic propolis extracts had noteworthy activity, comparable to that 

of the gold standard, Brazilian propolis.  

o The compounds pinocembrin, 3-O-acetylpinobanksin, and pinobanksin were most 

abundantly present in propolis samples with the best anti-H. pylori activity. 

o All propolis samples investigated held little to no toxicity.  

This study provides novel evidence for the potential of utilizing South African propolis as 

possible treatment options for H. pylori infections and related ailments and highlights the 

compounds that could be responsible for the activity seen.  

 

While various honeys have been investigated for their anti-H. pylori activity globally, 

investigation of South African honey has been limited. This study investigated the anti-H. 

pylori activity of South African honey and its effects with Lactobacillus species. While 

investigations of the other natural products in this study included an assessment of toxicity, this 

was disregarded for the honey component, as honey is a well-known, commonly consumed 

food source. The following findings can be emphasized: 

o A third of the honey samples demonstrated anti-H. pylori activity similar to, or better 

than that of Manuka honey.  



93 

 

o Honey derived from fynbos, citrus, and buchu floral sources were found to possess the 

best anti-H. pylori activity.  

o When the honey samples were combined with probiotic Lactobacillus species, the 

activity against H. pylori greatly increased, with combinations of honey and L. casei 

showing the greatest increase in antimicrobial activity.  

o A positive correlation was noted between the concentration of hydrogen peroxide 

present and the anti-H. pylori activity of South African honey. 

These results demonstrate South African honey as a possible treatment option for H. pylori 

infections and related ailments, such as gastric ulcers, by simultaneously inhibiting H. pylori 

growth, supporting the overall gut microbiome, and minimizing side effects.  

 

6.2. Limitations and future recommendations 

 

Due to the sticky and viscous nature of honey, conventional methods of chemical analysis were 

found to be inconclusive, and a great deal of troubleshooting was required to identify accurate 

methodology for determining the chemical profiles of the honey. As such, no conclusive 

outcomes regarding the correlation between chemical profiles of honey and the antimicrobial 

activity could be determined.   

 

While investigation of probiotic and gut microbiome effects was carried out using 

Lactobacillus species, it was limited to three species. Further investigation is required to 

determine the effects these natural products would have on a variety of gut microbiome species, 

as well as their interactions with the gut microbiome in vivo. As the propolis samples 

investigated in this study demonstrated a wide variation in activity against the Lactobacillus 

species, further investigation is required for conclusive outcomes regarding the effects South 

African propolis would have on the gut microbiome.   

 

The results of this study demonstrated the great potential of South African natural products for 

treating H. pylori infections. Further investigation of these natural products in vivo as well as 

in clinical assessments are vital for determining true efficacy in reducing bacterial loads and 

healing gastric ulcers and could yield promising results. South African natural product 

combinations, such as medicinal plant combinations or bee product combinations, could also 

hold great potential for treating H. pylori infections.  
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6.3. Final remarks  

 

The use of South African natural products as treatment options for H. pylori infections and 

related ailments could provide an effective alternative solution to the increasing global issue of 

antibiotic resistance while supporting the gut microbiome. A review of the available literature 

and the promising results observed in this study emphasize the need for more research to 

characterize the anti-H. pylori properties of South African natural products, particularly with 

the high rates of infection reported among South African populations. This could identify 

potential treatment options, determine the efficacy of traditional medicinal treatments currently 

being used, and provide more easily accessible and cost-effective alternatives. They could also 

serve as a prophylactic to prevent the onset of gastric ulcers and other H. pylori-related 

ailments.  
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Appendix A2: Presentation 2 (oral) – 25th Indigenous Plant Use Forum; STHS Biennial 

Research Day. 

 

South African medicinal plants and probiotics: a potential solution to 

Helicobacter pylori 

 

Sarhana Dinata, Ané Orcharda and Sandy van Vuurena 

 

a. Department of Pharmacy and Pharmacology, Faculty of Health Sciences, University of the Witwatersrand, 7 York Road, Parktown, 

Johannesburg.  

 

Abstract: Numerous medicinal plants are used traditionally in South Africa for gastric ulcer 

treatment. Helicobacter pylori is known for causing inflammation and the onset of gastric 

ulcers. Probiotics are used to treat gastric ulcers and for H. pylori infection. Based on the 

ethnobotanical evidence, 21 South African medicinal plants used traditionally for treating 

gastric ulcers were collected. Their antimicrobial activity was assessed against five clinical H. 

pylori strains, and in combination with one of three Lactobacillus probiotic strains, using the 

minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 

assays. Toxicity was assessed using the brine shrimp lethality assay. Seven organic and five 

aqueous extracts showed noteworthy activity against at least one H. pylori strain. The lowest 

mean MIC of the organic extracts was from Carissa edulis Vahl (0.18 mg/ml) while that of the 

aqueous extracts was from Sansevieria hyacinthodes (L.) Druce (0.26 mg/ml). Aqueous 

extracts were combined with probiotics, and showed increased activity compared with the 

extracts alone. All Lactobacillus rhamnosus combinations showed at least a two-fold decrease 

in the MBC against all H. pylori strains tested. Lactobacillus acidophilus combined with either 

Protea repens (L.) L, Carpobrotus edulis (L.) L.Bolus or Warburgia salutaris (Bertol.f.) 

Chiov. showed the best activity (mean MBCs of 0.10 mg/ml for each combination). Only four 

organic and one aqueous extract(s) were considered toxic. These results highlight the potential 

of medicinal plants for inhibiting H. pylori growth and their role in the traditional management 

of ulcers, as well as the potential benefit of including probiotics in treatment.  
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Appendix A3: Presentation 3 (video/oral) – 14th Cross-Faculty PG Symposium. 

Plants and probiotics in the fight against Helicobacter pylori 

 

Sarhana Dinata, Ané Orcharda and Sandy van Vuurena 

 

a. Department of Pharmacy and Pharmacology, Faculty of Health Sciences, University of the Witwatersrand, 7 York Road, Parktown, 

Johannesburg.  

 

Keywords: Helicobacter pylori, gastric ulcers, medicinal plants, probiotics 

 

African traditional medicine is one of the oldest and most diverse practices for treating 

ailments.1.Numerous medicinal plants are used traditionally in South Africa for gastric ulcer 

treatment.2 Helicobacter pylori, a pathogenic bacterium residing in the human gastrointestinal 

tract, is known for causing inflammation and the onset of gastric ulcers.3 The prevalence of H. 

pylori infection is higher in developing nations, with prevalence in South African populations 

ranging from 50% to 84%.4 Conventional treatment for H. pylori infection makes use of 

multiple antibiotics and acid inhibitors, however, these treatments are increasingly losing 

efficacy as H. pylori rapidly gains resistance to these antibiotics.5 These antibiotics also target 

essential groups of bacteria that forms part of the natural flora within the gastrointestinal tract, 

resulting in the patient experiencing symptoms such as nausea, diarrhoea, vomiting, and 

affecting overall gut health.6 Ideally, alternatives to antibiotics are sought that are able to inhibit 

the growth of H. pylori while leaving the natural flora intact. This project aimed to investigate 

the anti-H. pylori properties of plants used traditionally for gastric ulcer treatment, as well as 

the effects of these plants on several probiotic bacterial strains from the natural flora within the 

human gastrointestinal tract. Based on the ethnobotanical evidence, 21 South African medicinal 

plants used traditionally for treating gastric ulcers were collected, and extracts prepared using 

water and organic solvents. Their antimicrobial activity was assessed against five H. pylori 

strains isolated from local patients with gastritis, and in combination with one of three 

Lactobacillus probiotic strains. Toxicity of the plants were assessed as well. Seven organic 

plant extracts and five aqueous (water-based) plant extracts showed noteworthy antimicrobial 

activity against at least one H. pylori strain. The plants most effective in inhibiting H. pylori 

growth were Carissa edulis (simple-spined num num) and Sansevieria hyacinthoides (mother-

in-law’s tongue), with minimum inhibitory concentrations of 0.18 mg/ml and 0.26 mg/ml 

respectively. The effects of the plant extracts on probiotic Lactobacillus bacterial strains were 
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assessed, and aqueous extracts showed no negative effect on these bacteria. As such, aqueous 

plant extracts were combined with probiotics, and this showed increased anti-H. pylori activity 

compared with the extracts alone. All combinations of plant extracts with the probiotic 

Lactobacillus rhamnosus showed at least a two-fold increase in antimicrobial activity against 

all H. pylori strains tested. Lactobacillus acidophilus combined with either of the plants Protea 

repens (sugarbush/suikerbos), Carpobrotus edulis (hottentot fig) or Warburgia salutaris 

(pepper-bark tree) showed the best anti-H. pylori activity. Only four organic extracts and one 

aqueous extract were considered toxic when assessed. These results highlight the potential of 

South African medicinal plants for inhibiting H. pylori growth and their role in the traditional 

management of ulcers. The results also demonstrated that the majority of these medicinal plants 

are non-toxic. Plant extracts prepared using water, as would be in the case of traditional use, 

had no negative effect on naturally occurring probiotic bacteria, thereby showing the potential 

to support gut health if ingested. Including probiotics in treatment also holds great potential in 

increasing the effectiveness of these medicinal plants. 
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Appendix A4: Presentation 4 (poster) – Faculty of Health Sciences Biennial Research 

Day.  
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Appendix A5: Presentation 5 (video/oral) – 15th Cross-Faculty PG Symposium.  

 

The buzz about bees: Using South African bee products against Helicobacter 

pylori  

  

S. Dinat, A. Orchard, S. van Vuuren 
Department of Pharmacy and Pharmacology, Faculty of Health Sciences, University of the Witwatersrand, 7 York Road, Parktown, 

Johannesburg.  

 

Helicobacter pylori, a pathogenic bacterium colonizing the human gastrointestinal tract, is 

known for causing inflammation and the onset of gastric ulcers.1 The prevalence of H. pylori 

infection is higher in developing nations, with prevalence in South African populations ranging 

from 50% to 84%.2 Conventional treatment for H. pylori infection makes use of multiple 

antibiotics and acid inhibitors, however, these treatments are increasingly losing efficacy as H. 

pylori rapidly gains resistance to these antibiotics.3 These antibiotics also target essential 

groups of bacteria that forms part of the natural flora within the gastrointestinal tract, resulting 

in the patient experiencing symptoms such as nausea, diarrhoea, vomiting, and affecting overall 

gut health.4 Ideally, alternatives to antibiotics are sought that are able to inhibit the growth of 

H. pylori while leaving the natural flora intact. Bee products have been used for centuries for 

medicinal purposes, including treating inflammation and gastric ulcers5,6. While several studies 

globally have investigated the anti-H. pylori properties of honey, investigation into a 

comprehensive range of southern African honey was yet to be explored7. Propolis, a resin-like 

compound, is produced by bees and used to repair and reinforce the hive and acts as an 

antiseptic in the hive.6 Propolis from different regions around the world has shown anti-H. 

pylori activity6. South African propolis, however, was yet to be explored in this context7. This 

study aimed to investigate South African honey and propolis for its antimicrobial activity 

against strains of H. pylori isolated from South African patients of gastritis. Honey (76 

samples) and propolis (51 samples) were collected directly from apiarists in different regions 

around South Africa. The broth microdilution and agar dilution assays were carried out to 

determine the minimum inhibitory concentrations (MIC) of ethanolic propolis extracts and 

honey respectively. A total of 27 propolis extracts had noteworthy antimicrobial activity 

against at least one H. pylori strain (MIC ≤ 0.51 mg/mL). All propolis extracts investigated 

were considered non-toxic when evaluated using the brine shrimp lethality assay. A third of 

the investigated honey samples demonstrated noteworthy anti-H. pylori activity (MIC ≤ 8.33% 

v/v), including honey with citrus, fynbos and buchu floral sources. Selected combinations of 
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honey with probiotics showed a greater increase in anti-H. pylori activity. The results of this 

study show the in vitro potential of utilizing honey and propolis as treatment options for H. 

pylori infections, as well as the benefit of including probiotic species as a potentiator of activity, 

offering an effective alternative that simultaneously protects the natural gut flora.  
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Appendix A6: Presentation 6 (oral) – 3 Minute Thesis.  

 

South African natural alternatives for the treatment of Helicobacter pylori and 

gastric ulcers 

 

Sarhana Dinat* 

Supervisors: Prof Sandy van Vuuren*; Dr Ané Ocrhard* 

*Department of Pharmacy and Pharmacology, School of Therapeutic Sciences, Faculty of 

Health Science, University of the Witwatersrand 

 

Helicobacter pylori is one of the most resilient human pathogens, infecting over half of the 

global population and causative in the onset of gastric ulcers. Current H. pylori treatment 

methods are losing efficacy, as H. pylori rapidly gains resistance to antibiotics. Alternative 

treatments have become paramount to curb treatment failures. Thus, natural products have 

become of interest as a treatment regimen. Numerous medicinal plants are used traditionally in 

South Africa to treat gastric ulcers. Honey and propolis have also been noted to elicit anti-ulcer 

and anti-H. pylori effects. Investigation into Southern African natural products in this context, 

however, has been neglected. This study aimed to investigate the antimicrobial activity of 

various Southern African derived natural products against both H. pylori and probiotic bacteria 

that occur naturally in the gut microbiome. Based on the ethnobotanical evidence, 21 Southern 

African medicinal plants used traditionally for treating gastric ulcers were collected. Their 

antimicrobial activity was assessed against five clinical H. pylori strains, and in combination 

with each of three Lactobacillus probiotic strains, using microdilution assays. Noteworthy 

activity was observed against at least one H. pylori strain for 12 plant species. Aqueous extracts 

were combined with each of three probiotic Lactobacillus species and demonstrated increased 

anti-H. pylori activity compared with the extracts that had not been exposed to the probiotic 

strains.  A selection of South African honey (76 samples) was collected from South African 

apiarists. Antimicrobial activity was determined using an agar dilution assay against three 

clinical H. pylori strains, and in combination with each of the three Lactobacillus species. A 

third of the investigated honey samples showed anti-H. pylori activity less than or equal to that 

of the globally sought-after Manuka honey against at least one H. pylori strain. Combinations 

of honey and Lactobacillus species showed increased anti-H. pylori activity for 82.50% of the 

honey in combination, compared with that of the honey alone. A positive correlation between 
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increased antimicrobial activity against H. pylori and increased hydrogen peroxide 

concentrations was observed (R2 = 0.76). A selection of South African propolis (51 samples) 

was collected from apiarists. Ethanolic propolis extracts were assessed using the microdilution 

broth assay for antimicrobial activity against three clinical H. pylori strains. Anti-H. pylori 

activity less than or equal to that of the highly regarded Brazilian propolis extracts was 

observed for 22 of the sample extracts. Toxicity of the plant and propolis extracts was assessed 

using the brine shrimp lethality assay. Only four organic and one aqueous plant extract(s) were 

considered toxic. No propolis extracts were considered toxic. These results highlight the 

potential of natural products for inhibiting H. pylori growth and their role in the traditional 

management of ulcers, as well as the potential benefit of including probiotics as potentiators 

for activity.   
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