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1. Introduction

   With the ongoing attrition of cultures in Southern Africa in 

favour of western lifestyles, fermented products have remained 

central to diets in the region. Traditional fermented products are 

widely consumed in Zimbabwe, especially by the rural folks. 

Examples of traditional fermented products that are consumed 

in Zimbabwe include fermented maize porridges [mutwiwa 

(Shona)/ilambazi lokubilisa (Ndebele)], fermented milk products 

[sour milk (English)/mukaka wakakora/hodzeko (Shona)/amasi 

(Ndebele)], non-alcoholic cereal-based beverages (mahewu, tobwa 

and mangisi), alcoholic beverages from sorghum or millet malt 

[chi ‘seven days’ (colloquial)/mupeta/doro remasese/chikokiyana/

chi ‘one day’ (colloquial) (Shona)/utshwala (Ndebele); masawu 

beer (Shona)], distilled spirits (kachasu), fermented fruit mashes 

(makumbi)[1], a cake made from fermented fruits of Parinari 

curatellifolia (P. curatellifolia) [chambwa (Shona)][2]. A number 

of commercial/modern fermented products are also available in 

the country, especially sour milk brands including Lacto sour milk 

(Dairibord, Zimbabwe), Probrand sour milk (Probrand, Zimbabwe), 

Vuka vuka cheese (Kefalos, Zimbabwe), Kefalos Yoghurts (Kefalos, 

Zimbabwe), Lancewood sour cream (Lancewood, George, South 

Africa), Amasi hodzeko (CBS Foods, Zimbabwe), Limpopo sour 
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milk, Mnandi sour milk (Zimbabwe), and alcoholic beverages, 

particularly traditional sorghum beer and Chibuku sorghum opaque 

beer (Delta Zimbabwe Limited). 

   Probiotic microorganisms have been shown to have prophylactic 

and therapeutic effects against gastrointestinal diseases, particularly 

diarrhoea. With a high HIV prevalence rate (15.2% in the 15–49 

years age group; 2015 data)[3], erratic outbreaks of diarrhoeal 

diseases[4,5] and high prevalence of sexually transmitted infections[6] 

that collectively co-occur with poverty[7], the use of complementary 

diets and medicines has remained central to maintaining wellness 

and treatment of diarrhoea among many residents of Zimbabwe. 

   Candida species, Rhodotorula mucilaginosa and Cryptococcus 

neoformans are among the most frequent opportunistic yeast 

infections among HIV infected individuals[8]. Oral candidiasis has 

been shown to be one of the most common among all lesions among 

HIV-infected women (25%) who visited a health clinic in Zimbabwe 

in 2008[9]. Members of the genus Rhodotorula, frequently isolated 

in human environments, foods and beverages[10,11], have recently 

emerged as pathogens in HIV infected persons that present with 

meningitis[12,13]. Rhodotorula is one of the infrequent infections of 

the oral cavity, and can cause meningitis, endocarditis, ventriculitis, 

peritonitis, fungaemia, central venous catheter infection and 

keratitis[12]. While Rhodotorula is an uncommon opportunistic 

infection, it has emerged as a major cause of meningitis in HIV 

infected individuals[12]. With the high prevalence of HIV and the 

associated opportunistic infections that are frequently resistant to 

antibiotics, the discovery of novel complementary control measures 

is long overdue.

   Despite the widespread use of fermented products in the country, 

the relative contributions of the complement of such foods to human 

health have remained unappraised. We sought to determine the 

antimicrobial activities of putative lactic acid bacteria (LAB) that 

are present in traditional and commercial fermented products, and a 

selection of environments against a strain of Salmonella spp., a strain 

of Escherichia coli and two cultures of yeasts [Candida albicans (C. 

albicans) and Rhodotorula spp.].       

     

2. Materials and methods

2.1. Yeast isolates

   Swab samples were collected from a female bathroom at Bindura 

University of Science Education. The samples were swabbed on 

potato dextrose agar (PDA), then the plates were incubated at 35 °C 

for 48 h. Isolation involved the streak plate procedure on PDA, simple 

staining with methylene blue and observation of peculiar oval shaped 

cells under a light microscope. The yeast isolates were identified 

using the conventional methods as described elsewhere[11,14]. 

Physiological and biochemical tests were used to characterise the 

putative yeast samples, including a gallery of fermentation of sugars, 

liquid assimilation of carbon compounds, assimilation of nitrogen 

compounds, growth at 25, 30, 37, 40, 42 and 45 °C, growth in 

vitamin free media, cycloheximide resistance, urease test and growth 

at high sugar concentrations. Following identification, isolates of 

C. albicans (Figure 1) and one of Rhodotorula spp. (Figure 2) were 

streaked on PDA slants and incubated under the same conditions as 

above, following which they were stored under 4 °C until time of 

antimicrobial testing.  

Figure 1. An isolate of C. albicans on PDA.

Figure 2. An isolate of Rhodotorula species on PDA.

2.2. Preparation of supernatant-free microbial pellets (SFMP) 
and cell-free culture supernatants (CFCS) of LAB

   Our selection of fermented products, namely, commercial and 

traditionally fermented milk products, ‘chambwa’ cake, traditional 

and commercial sorghum beer, ‘masawu’ beer, rotten tomatoes and 

an extract from Melia azedarach (M. azedarach) plant (Table 1), 

were aseptically inoculated into de Man, Rogosa and Sharpe (MRS) 

broth medium (Oxoid, Basingstoke, United Kingdom). The MRS 

tubes were incubated in an anaerobic jar at 37 °C for 48 h. Each 

culture was neutralised to pH 7.0 by addition of 1 mol/L NaOH. The 

CFCS and SFMP were separated by centrifugation at 2 000 r/min for 

20 min. The pellet was washed twice with sterile ¼ Ringer’s solution 
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(Sigma-Aldrich, Gillingham, UK), re-suspended in 3 mL of Ringer’s 

solution and stored at 4 °C until time of use. The CFCS were passed 

through 0.22 µm pore size filters and stored at 4 °C until time of use. 

A proportion of the CFCS in Ringer’s solution was collected, and 

that of the SFMP was mixed with 10% sterile glycerol and both were 

stored at –20 °C for subsequent characterisation. As back-up, part of 

the SFMP was streaked on MRS slants, incubated as described above 

(for LAB) and subsequently stored at 4 °C. 

2.3. Isolation and characterisation of putative LAB

   Crude culture of putative LAB was streaked on MRS agar (Oxoid, 

Table 1
Description of products used as sources of potential antifungal LAB.

Abbreviation 
used

Local name of 
product 

English/Latin name Uses Source Known microbial composition/Description

MAH Homemade 
mahewu 

– Traditional beverage Mutoko, Zimbabwe; 
consumed around 
Zimbabwe

Naturally fermented beverage made from sorghum  

SMH Hodzeko sour 
milk

Sour milk Traditional beverage/
relish

Mutoko, Zimbabwe; 
consumed around 
Zimbabwe

Naturally fermented cows’ milk

MAE Fermenting M. 
azedarach extract

Chinaberry tree, pride of India, bead-
tree, Cape lilac, syringa berry tree, 
Persian lilac, Indian lilac

Traditional medicine 
against sexually 
transmitted diseases

Goromonzi, Zimbabwe; 
used around Zimbabwe

An extract from M. azedarach 

ZMB Masawu beer Jujube beer Lightly alcoholic/non-
alcoholic beverage 

Mutoko, Zimbabwe; 
consumed around 
Zimbabwe

Alcoholic beverage made from fruits of Z. 
mauritiana/Ziziphus jujuba (L.) Lam. beer 

FZMF Masawu fruit Jujube fruits Traditional food/wild 
fruit 

Mutoko, Zimbabwe; 
consumed around 
Zimbabwe

Z. mauritiana/Ziziphus jujuba (L.) Lam./Jujube 
fruits

PCFC P. curatellifolia 
fruit cake 

Chambwa (Shona), cake from Hissing 
tree fruit/Mobola plum cake (English)

Cake (food) Mutoko, Zimbabwe; 
consumed in Mashonaland 
East Province (primarily 
Mutoko), Zimbabwe

A cake made from an extract from P. curatellifolia 
Planch. ex Benth. fruits, finger millet powder and 
water

DTOM Decomposing 
tomatoes

Tomatoes Food Mutoko, Zimbabwe; 
frequently used around 
Zimbabwe

Rotten tomatoes (Solanum lycopersicum)

KCC Kefalos cheddar 
cheese

Commercial cheese Cheese/food Manufactured by Kefalos, 
Harare, Zimbabwe  

A cheese made from cows’ milk fermented using 
an unknown microbial culture 

LSC Lancewood sour 
cream

Sour cream Sour cream/food Manufactured by 
Lancewood, George, South 
Africa, sold in Zimbabwe

Cream made from cows’ milk fermented using an 
unknown microbial culture 

AHSM Amasi hodzeko Sour milk Beverage/relish (food) Manufactured by CBS 
Foods, Harare, Zimbabwe  

Sour milk product made from cows’ milk 
fermented using an unknown microbial culture

LLSM Limpopo sour 
milk

Sour milk Beverage/relish (food) Sour milk product made from cows’ milk 
fermented using an unknown microbial culture 

MDSM Mnandi sour milk Sour milk Beverage/relish (food) Sour milk product made from cows’ milk 
fermented using an unknown microbial culture 

TOB Traditional 
opaque beer

chi ‘seven days’ (colloquial)/mupeta/
doro remasese/chikokiyana/chi ‘one 
day’(Shona)/utshwala (Ndebele)

Alcoholic beverage 
(opaque beer) 

Mutoko, Zimbabwe A traditional opaque beer brewed primarily from 
sorghum and maize

PCF P. curatellifolia 
fruit

Hissing tree, Mobola plum (English) 
Mubuni, Muchakata, Muhacha, 
Muisha (Shona), Umkhuna (Ndebele)

Food Mutoko, Zimbabwe Fruits consumed in Zimbabwe when ripe as fruits 
or used to make products such as ‘chambwa’ cake 
in Mutoko area of Zimbabwe

MDL Maaz Dendairy 
Lacto sour milk

– Beverage/relish (food) Kwekwe, Zimbabwe Sour milk product made from cows’ milk 
fermented using an unknown microbial culture 

KVC Kefalos Vuka 
vuka cheese

– Cheese/food Harare, Zimbabwe A cheese made from cows’ milk fermented using 
an unknown microbial culture 

CHOB Chibuku opaque 
beer

‘Super beer’ in Zimbabwe; doro 
remasese/hwahwa (Shona); utshwala 
(Ndebele)

Alcoholic beverage 
(opaque beer) 

Harare, Zimbabwe A commercial opaque beer brewed primarily 
from sorghum and maize, manufactured by Delta 
Corporation, Harare, Zimbabwe

WAYA LGG WAYA LGG Antimicrobial probiotic product A commercial 
probiotic antidiarrheal 
product

Available from Medis 
d.o.o., Slovenia and 
internationally

An antimicrobial probiotic product available from 
Medis d.o.o., Slovenia, containing L. rhamnosus 
LGG, which is sold internationally with claims 
that it has antimicrobial activities against agents of 
gastroenteritis infections

PL Prolife – A commercial 
probiotic 
antidiarrhoeal product

Manufactured by Jadran-
Galenski Laboratorij d.d., 
Rijeka, Croatia

A probiotic product containing 2.6 × 108 
living bacterial cells/mL (Bacillus coagulans, 
Lactobacillus acidophilus, Streptococcus 
thermophilus and Lactobacillus bulgaricus, 
Bifidobacterium bifidum)

PJ Probio Junior – A commercial 
probiotic 
antidiarrhoeal product

Manufactured by Fidimed, 
Trzin, Slovenia

Containing 1 × 109 CFU per bag, namely, 
Lactobacillus casei, L. rhamnosus, Streptococcus 
thermophilus, Bifidobacterium breve, Lactobacillus 
acidophilus, Bifidobacterium infantis and 
Lactobacillus bulgaricus

BG BioGaia – A commercial 
probiotic 
antidiarrhoeal product

Manufactured by BioGaia 
AB, Stockholm, Sweden

Containing 2 × 109 CFU/mL, sunflower oil, 
medium chain triglyceride oil and Lactobacillus 
reuteri DSM 17938 (Lactobacillus reuteri 
Protectis)

Z. mauritiana: Ziziphus mauritiana Lam.; L. rhamnosus: Lactobacillus rhamnosus.
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Basingstoke, United Kingdom), following which the plates were 

incubated in an anaerobic jar at 37 °C for 48 h. Isolated colonies 

that showed different characteristics were purified on MRS agar then 

incubated as described above. After 48 h incubation, colonies were 

stained following the classic Gram staining protocol. All isolates 

that were deemed typical of LAB were collected and inoculated on 

slants of MRS agar and in MRS broth. The slants and broth tubes 

were incubated under the same conditions as above, following which 

the former was stored at 4 °C and the latter at –20 °C in 10% sterile 

glycerol.   

2.4. Acid tolerance

   The acid tolerance assay was tested in accordance with a protocol 

described by Lee et al.[15] with modifications. Briefly, each crude or 

LAB isolates (SFMP) were re-suspended in sterile Ringer’s solution 

(in triplicate) and concentrations were adjusted to an optical density 

(OD) of 0.2 at 620 nm using a Biobase EL 10B Microplate Reader 

(Jinan, China) (equivalent to a concentration lying between 7 to 8 

log CFU/mL). The acid tolerance test was studied in MRS with pH 

adjusted to 4, 5 and 7. Each broth containing tube was inoculated 

with 1 mL of each culture. 100 μL of each culture was inoculated in 

the MRS broth tubes incubated anaerobically at 37 °C for 18 h. After 

incubation, growth of the cultures was measured at 620 nm using 

Biobase EL 10B Microplate Reader (Jinan, China). Tolerance to 

acidic condition was estimated by comparing log 10 OD values after 

exposure to acidic (pH 4.0 and pH 5.0) and normal (pH 7/control) 

conditions. The following equation was used[15]: 

Acid tolerance = [(Log OD (620 nm after 18 h of exposure) – Log 

OD (620 nm at 0 h of exposure)/Log OD (620 nm at 0 h of exposure] 

× 100

2.5. Antifungal activity

   A strain of Rhodotorula spp. and C. albicans was inoculated into 

potato dextrose broth and incubated as described above. After 48 

h, absorbance of the yeast cultures was adjusted to a McFarland 

equivalent of 0.2 at 620 nm in a Biobase EL 10B Microplate Reader 

(Jinan, China). The adjusted cultures were swabbed on PDA. Wells 

were then drilled into the agars using an auger (9 mm). Then, 

60 μL of CFCS or pellet cultures from the fermented products were 

introduced into triplicate wells. The plates were dried for 30 min 

at room temperature and then incubated aerobically at 37 °C for 

48 h. Antimicrobial activities were evaluated in terms of the zones 

of clearance as follows: inhibition zones greater than 20 mm, 10 to 

20 mm, and less than 10 mm were considered strong, intermediate, 

and low inhibitions, respectively.

 

3. Results

   As shown in Figures 1 and 2, C. albicans and Rhodotorula species 

were successfully isolated on PDA which supported the growth 

of yeast. Putative LAB from a fermented extract of M. azedarach, 

Amansi hodzeko sour milk, Mnandi sour milk (MNSM), fermenting 

P. curatelifolia fruits (FPCF) and Maaz Dendairy sour milk showed 

‘strong inhibition’ against a strain of Rhodotorula spp. and one of 

C. albicans. SFMP and CFCS from the same products above (AME, 

AHSM, MNSM, FPCF, MDSM) and Kefalos cheddar cheese had 

significantly greater inhibition than those from control antimicrobial 

products (WAYA LGG, Prolife, Probio Junior and BioGaia) and a 

pure culture of L. rhamnosus LGG strain (P < 0.05). Washed LAB 

cells from mahewu (a lightly-alcoholic beverage), M. azedarach, Z. 

mauritiana beer, fermenting Z. mauritiana fruit, a cake made from 

fermented fruits of P. curatelifolia and Kefalos Vuka Vuka cheese 

showed significantly greater inhibitory activity against C. albicans 

than CFCS; and those from M. azedarach, fermenting Z. mauritiana 

fruit and P. curatelifolia fruit cake had significantly greater inhibitory 

activity than CFCS against Rhodotorula spp. (P < 0.05) (Figure 3). 

   Cultures of LAB from fermented Z. mauritiana, Amansi hodzeko 

sour milk, and Maaz Dendairy sour milk showed similar acid 

tolerance (greater or insignificantly lower) to pH 4.0 as WAYA LGG, 

while fermented Z. mauritiana, Amansi hodzeko sour milk, Maaz 

Dendairy sour milk and Z. mauritiana (ZMD) showed similar acid 

tolerance to pH 5.0 as WAYA LGG (Figure 4).  

MAH     SMH   MAE     ZMB   FZMF  DTOM  KCC    LSC     AHSM   LSM   MNSM  TOB   FPCF   MDSM  KVC  CHOB WAYA LGG PL     PJ          BG      LGG
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Figure 3. Inhibition of putative isolates of C. albicans and Rhodotorula species by washed pellet cultures and CFCS of LAB from samples of fermented 
food/beverages enriched in MRS broth. 
Inhibition was classified as follows: strong (mean clearance zone ≥ 20 mm), intermediate (mean clearance zone lying between 10 and 20 mm) and low 
(mean clearance zone lying between 10 and 20 mm). 
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4. Discussion

   Antimicrobial activities of SFMP and CFCS from a selection of 

fermented products showed variable activities, with those from a 

fermented extract of M. azedarach, Amansi hodzeko sour milk, 

MNSM, FPCF and Maaz Dendairy sour milk which showed ‘strong 

inhibition’ against a strain of Rhodotorula spp. and one of C. 

albicans. Additionally, SFMP and CFCS from AME, AHSM, MNSM, 

FPCF, MDSM and Kefalos cheddar cheese exhibited significantly 

greater inhibition than those from control antimicrobial products 

(WAYA LGG, Prolife, Probio Junior and BioGaia) and a pure 

culture of L. rhamnosus LGG strain (P < 0.05). Washed LAB cells 

from mahewu (a lightly-alcoholic beverage), M. azedarach, Z. 

mauritiana beer, fermenting Z. mauritiana fruit, a cake made from 

fermented fruits of P. curatelifolia and Kefalos Vuka vuka cheese 

showed significantly greater inhibitory activity against C. albicans 

than CFCS; and those from M. azedarach, fermenting Z. mauritiana 

fruit and P. curatelifolia fruit cake had significantly greater 

inhibitory activity than CFCS against Rhodotorula spp. (P < 0.05) 

(Figure 3). Antimicrobial activity of LAB isolated from fermented 

foods has also been reported in studies on LAB strains isolated from 

fermented foods elsewhere, particularly tarhana[16], katak[17] and 

kefir[18]. Katak is a Bulgarian dairy product with strong inhibition 

activity against fungal growth, particularly mycelial growth[17]. 

Kefir, a fermented milk product with origins in Northern Ossetia 

within the Caucasus Mountains region, is known to harbour strong 

antimicrobial activities similar to those of ampicillin, azithromycin, 

ceftriaxone, amoxicillin, and ketoconazole[18]. 

   To the best of our knowledge, the current report is first to show 

antimicrobial activities of fermented products in Zimbabwe, let 

alone the direct inhibition of yeasts by non-replicating cells of LAB 

in vitro.  

   CFCS of cultures from Amasi hodzeko sour milk, MNSM, Maaz 

Dendairy sour milk and a control isolate of L. rhamnosus GG 

(ATCC 53103) showed significantly greater inhibitory activity than 

washed cells against the two yeasts (P < 0.05), implying the LAB 

that were cultured from these products released metabolites with 

high antimicrobial activity against the yeasts. Cell free supernatants 

of cultures from the fermented dairy products above are thought to 

have exerted their antimicrobial activities through the modulation of 

pH and activities of microbial metabolites such as bacteriocins that 

accumulate during fermentation[19].     

   Based on this preliminary finding, we hypothesise that the LAB in 

our selection of fermented products may exert their antimicrobial 

activities via (i) direct inhibition of yeasts (antagonism), perhaps 

through competitive exclusion, (ii) release of antimicrobial 

metabolites, or (iii) quorum sensing based exclusion. A recent 

study has shown that Lactobacillus species possess a strain 

specific spectrum and mechanism of inhibitory activities against 

different moulds based on various factors such as release of 

organic acid such as lactic acid, hydrogen peroxide production 

and protein compounds[16]; it is however important to isolate 

specific strains from samples to determine their mechanism of 

inhibition in vitro. The inhibition of fungi by LAB from different 

environments including fermented milk products has been shown 

elsewhere[16,17,20,21]. 

   Our results also showed similar acid tolerance of LAB cultures 

obtained from fermented Z. mauritiana, Amansi hodzeko sour milk 

and Maaz Dendairy sour milk to pH 4.0 compared to that of WAYA 

LGG. Further, LAB cultures from fermented Z. mauritiana, Amansi 

hodzeko sour milk, Maaz Dendairy sour milk and Z. mauritiana 

beer showed similar acid tolerance to pH 5.0 compared to that of 

WAYA LGG. Acid tolerance in LAB strains isolated from fermented 

foods has been reported in other studies[22].

   Based on our findings, we report high antimicrobial activities 

of a crude supernatant-free microbial culture obtained from a 

fermented extract of M. azedarach showing significant inhibition, 

compared to control antimicrobial cultures (WAYA LGG, PL, PJ 

and BG) against Rhodotorula spp. and C. albicans strains (P < 

0.02). Further, CFCS from M. azedarach (natural product), Amansi 

hodzeko sour milk (commercial Zimbabwean product) and Mnandi 

sour milk (commercial Zimbabwean product) had significant 

inhibitory effect against a strain of Rhodotorula spp. (P < 0.02), 

while Amansi hodzeko sour milk, Mnandi sour milk and fermenting 

P. curatelifolia fruits (a natural product) showed significant effect 

against a strain of C. albicans (P < 0.04). Similarly, crude cultures 

of LAB from fermented Z. mauritiana, Amansi hodzeko sour milk 

and Maaz Dendairy sour milk showed reasonably high tolerance 
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to pH 4, and those from these three cultures and one from Z. 

mauritiana beer had reasonably high tolerance to pH 5, which were 

comparable to that of WAYA LGG. Cultures of LAB that are present 

in a selection of fermented Zimbabwean products can be useful as 

therapy/prophylaxis against yeast infections that are frequent in HIV 

infected individuals in Zimbabwe and Southern Africa.

   Our collection of crude LAB obtained from two Zimbabwean 

natural products, namely, a fermenting extract from M. azedarach 

and fermenting P. curatelifolia fruits, and two commercial products, 

namely, Amansi hodzeko sour milk and Mnandi sour milk could be 

useful in the management of yeast infections. The LAB containing 

fermented milk and plant products can be useful in functional 

foods that can help in the management of yeast infections that 

are frequent among immunocompromised individuals, especially 

people living with HIV, in Southern Africa. Our selection of 

LAB cultures has been shown to maintain viability under acidic 

conditions that are found in the human/animal stomach (average 

pH 4.0). Further studies are underway to establish the mechanisms 

by which consortia of LAB from our selection of Zimbabwean 

fermented products exert their antimicrobial activities. Studies on 

the population dynamics and viability under various conditions in 

vitro and in vivo are also underway.    
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