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A B S T R A C T   

Lippia javanica is commonly used to treat respiratory ailments because of its rich phytochemical profile, however 
its importance as a food additive in maheu production is not known. The study was aimed at determining the 
effect of herbal Lippia javanica extract (L.J.E) on the bioactive content, functional properties, and sensorial profile 
of biofortified-orange maize based fermented maheu. The prepared orange maize gruels were mixed with 5 %, 
10 %, and 15 % v/w L.J.E and fermented spontaneously for 24 h. Total polyphenols (TP), antioxidant activity 
(AOA), β-carotene, vitamin A and vitamin C content were analysed using Folin-Ciocalteu reagent, 2,2-diphenyl- 
1-picrylhydrazyl free radical scavenging activity, ABTS (2,2′-azinobis-3-ethyl-benzothiazoline-6-sulphonate), 
HPLC, retinol activity equivalent (RAE) conversion, and dichlorophenolindophenol titration method respec
tively. Physiochemical properties, mineral content and product acceptability were analysed using standard 
AOAC methods. The β-carotene, vitamin A, and vitamin C range was 0.8–1.1 µg/g, 3.55–3.90 µREA/100g and 
6.3–11.1 mg/100g respectively. TP, AOA, total antioxidant activity range was 8.2–19.4 mg GAE/g, 28.1–41 
EC50mg/L and 31.3–48.3AE/100g respectively. The pH, total soluble sugars, and titratable acidity was 3.6–3.9, 
4–4.5 % and 0.08–0.16 %. Minerals present in maheu were zinc (0.8–1.1mg), iron (2.6–3.1mg), magnesium 
(93.2–97.1mg), calcium (80.1–89.4mg), and potassium (72.5–82mg). Maheu with 15 % v/w L.J.E had better 
improved bioactive content, functional properties and sensorial profile.   

1. Introduction 

The use of the medicinal plant in food processing to enhance food 
quality and human health is expanding in many parts of the world 
(Chawafambira, 2021). Lippia javanica, an underutilized indigenous 
medicinal plant, has gained popularity as a tisane in Sub-Saharan Africa 
(SSA) (Maroyi, 2017). The herb is referred to as umsuzwane or Zumbani 
in Zimbabwe and has a long history of traditional uses as an indigenous 
herbal tea, a food additive, a health drink, and a plant that promotes 
health when ingested (Bhebhe et al., 2016). Carvone, caryophyllene, 
ipsdienone, ipsenone, limonene, linalool, myrcenone, myrcene, ocime
none, piperitenone, p-cymene, tagetenone, and sabinene are the most 
abundant volatile oils in L. javanica (Chagonda & Chalchat, 2015). This 
herbal plant is rich in polyphenols, a group of phytochemical molecules 
which act as antioxidants (Mfengu et al., 2021). The presence of both 
volatile and non-volatile secondary metabolites such alkaloids, 

flavonoids, amino acids, triterpenes, iridoids, and minerals has been 
reported (Maroyi, 2017). The herb becomes an important ingredient in 
food synergies especially with cereals which lack these nutrients. 

Maheu is a traditionally fermented non-alcoholic gruel beverage of 
pH 3.6 to 4.0 made mainly from white maize meal and lactic acid bac
teria (Weissella species, Pediococcus pentosaceus, Lactococcus lactis, Leu
conostoc lactis, and Lactococcus species) in Southern African (Pswarayi & 
Ganzle, 2019). Many bacteria from the yeast species have been reported 
to cause end fermentation in mahewu production (Solange et al., 2014). 
Maize (Zea mays L.) is the staple meal in large swaths of Sub-Saharan 
Africa, with daily intake of up to 450 grams per person (Ekpa et al., 
2019). Maize also contains phenolics, carotenoids (orange maize), an
thocyanins (blue maize), phlobaphenes (red maize), insoluble and sol
uble dietary fiber, and polar and nonpolar lipids, all of which are proven 
to improve health and prevent disease (Serna-Saldivar, 2016; ŽIlić et al., 
2012). Orange maize produced from conventional breeding by 
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HarvestPlus Program mainly for food and nutritional security in Africa 
(Akinsola et al., 2021) can be used to produce traditional maheu. 
Nutritionally, orange maize contains carotenoids; lutein (2.6–9.6 μg/g), 
zeaxanthin (2.1–9.7 μg/g), β-cryptoxanthin (0.8–2.9 μg/g), β-carotene 
(1.4–4.1 μg/g), total xanthophyll’s (5.4–17.1 μg/g), provitamin A ca
rotenoids (1.4–4.1 μg/g), tannins (2.1–7.3 mg/g), phytate (0.4–7.1 %) 
(Elemosho et al., 2020). This study used orange maize because of its 
better provitamin A carotenoid content as compared to yellow and white 
maize (Muzhingi et al., 2008) and better vitamin C, calcium and car
bohydrate compared to yellow maize (USDA & NIH, 2020). Further, 
orange maize contains a starch, amylose, amylopectin and free sugar 
content range of 40.1–88.9 %, 15–34.1 %, 65.9–85.0 %, and 1.09–6.5 %, 
respectively (Elemosho et al., 2020). 

The fermented mahewu product is popular in most Southern African 
countries with many names such as amaheu (in South Africa and 
Swaziland) (Fernandesa et al., 2021; Simatende et al., 2015), and maxau 
(in Namibia) (Misihairabgwi & Cheikhyoussef, 2017). In its production, 
cooked and gelatinised starches from maize meal are cooled to room 
temperature, inoculated with grain malt (2–4 %) and naturally fer
mented using lactic acid for up to 72hrs (Kayitesi et al., 2017). Addi
tionally, sorghum, and grain malts (made from sorghum and millet) are 
normally used to make maheu (Salvador et al., 2016). In industrial 
production of mahewu, Lactobacillus bulgaricus var delbrueckii and 
Lactobacillus brevis cultures are used (Nyanzi et al., 2010). Traditional 
fermented foods have recently gained popularity among consumers due 
to their cultural, healthy, and excellent culinary and preservation ben
efits (Banwo et al., 2021, 2022). This is because of COVID-19 pandemic 
that caused a significant negative impact on the global food and nutri
tion security, particularly in Southern Africa (SADC, 2020). Therefore, 
the utilisation of herbal plants as food sources in food formulations can 
possibly improve the nutrient profile of fermented maheu. 

Maheu has been produced from cassava and the addition of moringa 
oleifera leaf powder (Olusanya et al., 2020), aloe barbadensis powder 
(Mashau et al., 2020), beta vulgaris L (Boyiako et al., 2020), and provi
tamin A-biofortified maize (Awobusuyi et al., 2016). However, pro
duction of maheu using these food materials is low and limited hence 
this study utilised orange maize in the production of traditional maheu 
with added herbal L.J.E to increase maheu consumption. Further, the 
benefits of utilisation of herbal L.J.E as an ingredient incorporated in 
food synergies is not available. Herbal L.J.E has the potential to be used 
as a food additive in the development of novel food products such as 
fermented beverages because its good source of phytochemicals, vita
mins and minerals. This study was aimed at determining the effect of 
herbal L.J.E on the bioactive content, functional properties, and senso
rial profile of biofortified-orange maize based fermented maheu. 

2. Materials and methods 

2.1. Sample collection 

Orange maize variety (ZS242) was obtained from the International 
Maize and Wheat Improvement Center (CIMMYT) in Zimbabwe. Finger 
millet flour and L. javanica leaves were purchased from a local market in 
Chinhoyi. 

2.2. Preparation of L. javanica extracts 

The extraction was done using the water extraction technique 
described by Bhebhe et al. (2016) with modifications. Sun-dried 
L. javanica leaves were separated, cleaned and then milled into pow
der using a laboratory mill (Model RLA, 201–80014, Hammer mill, UK). 
The ground powder was then mixed with boiled deionised water. The 
mixture was then stirred with a magnetic stirrer for 15 min and then 
steeped for 35 min. The mixture was strained using a fine mesh tea 
strainer and then filtered through a Whatman No. 1 filter paper under 
vacuum to obtain extract. The collected extract was then stored under 
refrigeration temperatures and used in the formulations. 

2.3. Experimental design 

The experimental design was adopted from Maakelo et al. (2021). In 
this study finger millet was used as an inoculum and L.J.E was added in 
this experimental design. 

2.4. Processing and fermentation 

The recipe of a typical traditional fermented maheu consumed by 
most people in rural areas of Zimbabwe was standardised with the help 
of three experienced women in the laboratory. The final recipe used in 
the experimental design is shown in Table 1.The orange maize grains 
were cleaned, milled using a laboratory mill (Model RLA, 201–80014, 
Hammer mill, UK) and sieved through a size 800 µm (Model. HL 20, 
Gallenkamp and Co Ltd) sieve to obtain maize flour. The production of 
fermented and control maize maheu samples was carried out using a 
method described by Maakelo et al. (2021) with few modifications in 
processing temperatures as represented in Figs 1 and 2.In this study the 
cooking, cooling, fermentation and pasteurisation temperatures were 
98 ◦C, 25 ◦C, 45 ◦C and 95 ◦C respectively. Using the modified method, 
the orange maize meal was reconstituted by mixing with water (1:9, 
w/w, 98 ◦C) and boiled in a pot to make a smooth slurry with occasional 
stirring to avoid formation of lumps. After mixing well, the heat was 
reduced, and the gel was left to simmer for 30 min at 80 ◦C with occa
sional stirring until cooked. The cooked smooth porridge was then 
cooled to about 25 ◦C and transferred to a fermentation container and 2 
% of finger millet flour was added as an inoculum. The L.J.E were then 
added at 5 %, 10 %, and 15 % v/w. The mixture was placed in an 
incubator (Panasonic Healthcare Co., Ltd, Japan) set at 45 ◦C to ferment 
for 24 h. After fermentation, 2 % sugar was added, and the maheu 
samples were pasteurized at 95 ◦C for 1 minute and packaged in a clean 
glass bottle with a lid. Physicochemical, bioactive compounds and sen
sory evaluation analysis were done on the maheu samples. 

2.5. Moisture content, pH, Titratable acidity, total soluble sugars and 
minerals 

The Association of Official Analytical Chemists (AOAC) (AOAC 
method 925.45), dry ashing (AOAC method 938.08), and Inductively 
Coupled Plasma-Optical Emission Spectrometer (ICP-OES) (Agilent 
5100, Agilent Technologies, Santa Clara, California, USA) were used to 
determine the moisture content, ash content, and mineral content, 
respectively (Dhlakama & Chawafambira, 2022). Total soluble sugars 
were determined sing a digital refractometer (MA871, North Carolina, 
Milwaukee Instruments, USA) at 20 ◦C in (◦Brix). A digital pH meter 
(BT-675, BOECO, Hamburg, Germany) that was calibrated with pH 4.0 
and 7.0 in accordance with the method described by Dhlakama and 
Chawafambira (2022), was used to measure pH. Vitamin C content was 
determined using the Dichlorophenolindophenol (DCPIP) titration test. 
Maheu samples for mineral analysis were first digested using concen
trated HNO3 and H2SO4, followed by the addition of ultrapure H2O2 to 
complete digestion. The mineral content was then determined using a 
method adopted from the Standards Association of Zimbabwe Test 

Table 1 
Experimental design for the maheu formulations.  

Formulations Orange maize meal L.J.E Finger millet Sugar 

Control 100g 0g 2g 2g 
Treatment 1 100g 5g 2g 2g 
Treatment 2 100g 10g 2g 2g 
Treatment 3 100g 15g 2g 2g  
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Method CF-TM-054 using an Inductively Coupled Plasma-Optical 
Emission Spectrometer (ICP-OES) (ICAP 6500 Radial, ICP - 20104501, 
England, United Kingdom). The standard procedure by AOAC was used 
to determine titratable acidity (TA) (AOAC, 2005). 

2.6. Total polyphenols 

Total polyphenols were determined using a method described by 
Dhlakama and Chawafambira (2022). Using a standard equation 
y=0.5742x+0.1193, R2=0.9985, results were reported as milligrams of 
gallic acid equivalents per 100 g of sample (mg GAE/100 g). 

2.7. Antioxidant radical scavenging and total antioxidant activity assay 

The antioxidant activity was carried out using a modified 2, 2- 
diphenyl-1-picrylhydrazyl free radical scavenging activity technique 
described by Dhlakama and Chawafambira (2022). The results were 
reported as mg of Trolox equivalent per 100 g sample. 

The total antioxidant activity was calculated using the ABTS (2,2′- 
azinobis-3-ethyl-benzothiazoline-6-sulphonate) technique reported by 
Chawafambira et al. (2022). Ascorbic acid was used as a standard and 
results represented as µmol AE /100 g of the sample. 

2.8. β-carotene and Vitamin A content 

Extraction of carotenoids (β-carotene) was conducted using a 
modified method first reported by Rodriguez-Amaya and Kimura 
(2004), and then by Dhlakama and Chawafambira (2022). Individual 
carotenoids were measured using a formula adapted from Chawa
fambira et al. (2021) as follows: 

C
(

μg
g

)

=
AX × CS × V(ml)

AS × Pg  

where: Ax = Carotenoid peak area; Cs = Standard concentration; As =

Standard area; V = Total extract volume and P = Sample weight. In 
vitamin A determination, an FDA guideline with the relationship 1 µg 
RAE = 12 µg beta-carotene was used. The result was presented as µg RAE 
(Chawafambira et al. 2021). 

2.9. Sensory evaluation 

Ethical consideration were applied in the selection of volunteer 
panellists (n = 85). Ethical clearance for the sensory evaluation process 
was granted and the panelist were first asked to prepare written consent 
letters prior to their inclusion in the sensory evaluation process. The 
prepared maheu samples were coded using a unique three digit code to 
remove bias. After recruitment and selection of panelist, a sensory 
evaluation score card, a pen and a bottle of water to rinse their mouth 

Fig. 1. Processing flowchart for control sample of fermented maize maheu.  
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after each analysis were given. A 5–point hedonic scale (1=Very bad, 
2=Bad, 3=Average, 4=Good, 5=Very good) was designed according to 
Maakelo et al., (2021) and then translated into local language “Shona” 
for easy understanding of the sensory process. The panelists were given 
the prepared maheu samples in coded cups and asked to evaluate the 
taste, colour, texture, aroma, appearance, overall acceptance and pref
erence (paired comparison) in individual testing booths. In addition, 
Focus group discussion were conducted and panelists were asked to 
indicate their mostly consumed plant food sources and consumption 

patterns of other orange maize based products other than maheu using a 
translated food frequency questionnaire. Panelists were not allowed to 
discuss their responses during the sensory evaluation exercise. 

2.10. Statistical analysis 

The data was expressed as mean ± standard deviation (SD) and 
analysed using One-way Analysis of Variance (ANOVA) by IBM Corpo
ration (2017) SPSS® Statistics Version 25 (USA). The Friedman’s test on 

Fig. 2. Processing flowchart for orange maize maheu with added L.J.E.  

Table 2 
Proximate composition, pH, total soluble sugars, titratable acidity, and vitamin C contents (wet basis) of orange maize maheu mixed with L.J.E.  

Treatment M (%) β-carotene 
(µg/g w.b) 

Ash 
(%) 

pH TA (%) TSS (%) Vitamin C 
(mg/100g w.b) 

Control 84.4 ± 1.3a 0.8 ± 0.00a 0.8 ± 0.05a 3.9 ± 0.01a 0.08 ± 0.01a 4.0 ± 0.1a 6.3 ± 0.05a 
T1 87.3 ± 0.1b 0.9 ± 0.01a 0.9 ± 0.01a 3.8 ± 0.00a 0.18 ± 0.00ab 4.2 ± 0.1ab 7.8 ± 0.01a 
T2 86.1 ± 0.3ab 1.0 ± 0.01a 1.0 ± 0.02ab 3.7 ± 0.01ab 0.2 ± 0.02b 4.3 ± 0.01b 9.2 ± 0.02ab 
T3 88.8 ± 2.1c 1.1 ± 0.00b 1.2 ± 0.01cb 3.6 ± 0.01b 0.36 ± 0.01b 4.5 ± 0.0c 11.1 ± 0.05b 
Range 84.4–88.8 0.8–1.1 0.8–1.2 3.6–3.9 0.08–0.36 4.0–4.5 6.3–11.1 

Where M = moisture, TA = titratable acidity, TSS = total soluble sugar content, T1 = 100 g cooked orange maize gel + 5 % L.J.E, T2 = 100 g cooked orange maize gel 
+ 10 % L.J.E and T3 = 100g g cooked orange maize gel +15 % L.J.E. Mean values in a column followed by different letters are significantly different at p < 0.05. 
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mean sensory attributes scores and Pearson chi-square test was used to 
analyse the paired preference at 5 % level of significance. 

3. Results and discussion 

3.1. Moisture content 

The prepared orange maize maheu samples had moisture content 
that varied from 84.4 to 88.8 % (Table 2). Similar moisture content 
results were observed by Fadahunsi and Soremekun (2017), in maheu 
with added different concentrations of moringa oleifera leaf powder 
(Idowu et al., 2016). Foods with a high moisture content have a shorter 
shelf life because of the high water activity (>80 %) which promotes 
microbial growth and chemical reactions among the components of 

maheu (Maakelo et al., 2021). 

3.2. Ash content 

The maheu samples had an ash content that ranged from 0.8–1.2 %. 
A significant increase (p < 0.05) in the ash concentration was observed 
as the L.J.E concentration increased from 5 % to 15 % in the samples. 
Ash content increased by 50 % from the control maheu with the addition 
of 15 % L.J.E. The outcome suggests that L.J.E might have supplied some 
minerals in the fermented maheu because previous studies have re
ported an ash content of 6.1 ± 1.3 % in L. javanica leaves (Chawa
fambira, 2021). Similar trends in increase in ash content were observed 
by Olusanya et al. (2020) in maheu fortified with 2, 4, and 6 % Moringa 
oleifera leaf powder. But the ash content found in this study was less 
than the ash contents (1.34–1.50 %) and (1.66–2.27 %) reported for 
maize maheu by Idowu et al. (2016). This was ascribed to the use of 
milled whole grain maize as an ingredient in the formulations, while in 
this study, refined orange maize meal was used in the recipe, and the 
refining process during milling had removed the bran and most minerals 
(Maakelo et al., 2021). The process of catalysing phytic acid by the 
fermenting microorganisms’ phytase enzymes has also been reported to 
cause an increase in the ash content and the bioavailability of minerals 
during the fermentation process (Maakelo et al. 2021; Idowu et al., 
2016). 

3.3. pH and TA content 

The pH of the maheu samples ranged between 3.6–3.9 and there was 
a significant difference (p < 0.05) in the pH among the control sample 
and maheu samples with 10 % and 15 % L.J.E (p < 0.05). The observed 
pH values in this experiment were lower as compared to other pH values 
on maheu obtained in previous studies (Fadahunsi & Soremekun, 2017; 
Olusanya, 2018, Chawafambira & Mkungunugwa, 2021; Mashau et al., 

Table 3 
Total polyphenols, AOA, Total antioxidant activity and vitamin A contents of 
orange maize maheu mixed with L.J.E.  

Treatment Total 
polyphenols 
(mg GAE/g) 

AOA 
(EC50mg/ 
L) 

Total Antioxidant 
activity (µmol AE/ 
100g) 

Vitamin A 
(µREA/100g 
w.b) 

Control 8.2 ± 0.7a 28.1 ±
2.2a 

31.3 ± 2.1a 3.90 ± 0.01a 

T1 13.4 ± 1.1b 33.4 ±
1.3b 

38.1 ± 1.1a 3.81 ± 0.01a 

T2 18.7 ± 0.6c 38.1 ±
3.1c 

40.1 ± 3.1b 3.60 ± 0.00a 

T3 19.4 ± 1.4c 41.0 ±
2.1c 

48.3 ± 1.4bc 3.55 ± 0.02b 

Range 8.2–19.4 28.1–41 31.3–48.3 3.55–3.90 

Where AOA = antioxidant activity, T1 = 100 g cooked orange maize gel + 5 % L. 
J.E, T2 = 100 g cooked orange maize gel + 10 % L.J.E and T3 = 100g cooked 
orange maize gel +15 % L.J.E. Mean values in a column followed by different 
letters are significantly different at p < 0.05. 

Table 4 
Mineral content and recommended dietary allowance (RDA) of orange maize maheu mixed with L.J.E.  

Treatment Iron 
(mg / 100g w.b) 

Calcium 
(mg / 100g w.b) 

Zinc 
(mg / 100g w.b) 

Potassium 
(mg / 100g w.b) 

Magnesium 
(mg / 100g w.b) 

Sodium 
(mg / 100g w.b) 

Control 2.6 ± 0.01a 80.1 ± 0.01a 0.8 ± 0.01a 72.5 ± 2.2a 93.2 ± 2.1a 2.6 ± 0.5a 
T1 2.7 ± 0.02ba 86.2 ± 0.01b 0.9 ± 0.01a 74.1 ± 1.4a 94.2 ± 1.2a 2.8 ± 0.3a 
T2 2.8 ± 0.01ab 88.2 ± 0.01b 1.0 ± 0.05ab 80.2 ± 0.8b 95.2 ± 2.1a 2.9 ± 0.1a 
T3 3.1 ± 0.02c 89.4 ± 0.01b 1.1 ± 0.02b 82.0 ± 1.2b 97.1 ± 2.6b 3.1 ± 0.4b 
Range 2.6–3.1 80.1–89.4 0.8–1.1 72.5–82 93.2–97.1 2.6–3.1 
Where T1 = 100 g cooked orange maize gel + 5 % L.J.E, T2 = 100 g cooked orange maize gel + 10 % L.J.E and T3 = 100g cooked orange maize gel +15 % L.J.E. Mean values in a column 

followed by different letters are significantly different at p < 0.05 
RDAs for minerals in children (mg/day) 
RDA children (1–9yrs) 7 100 5 3800 130 120 
% contribution of maheu 37–44 8–9 16–22 1.9–2.2 72–75 0.2–0.3  

Table 5 
Major plants consumed as Food Resources by the panellists.  

Local Name Botanical Name Family Use Rank Consumption ( %) 

Crops Cereals:      
Maize/corn (Eng); chibage (Sh);umumbu (Nd) Zea mays Gramineae Food and animal feed 1 100 
Sorghum (Eng); mhunga (Sh), amabele (Nd) Pisum sativum L. Poaceae Food, fodder, brewing 2 82 
Finger millet (Eng); zviyo/ rukweza (Sh); uphoko (Nd). Eleusine coracana Poaceae/ Gramineae Food, brewing, baking, malt flour 3 76 
Legumes:      
Groundnuts (Eng);nzungu (Sh); amazambane(Nd) Arachis hypogaea Fabaceae Food 4 68 
Roundnuts (Eng); nyimo (Sh); indlubu (Nd). Vigna subterranea Fabaceae Food, a relish 5 60 
Wild fruits      
Wildloquat,(Eng);mushuku/muzhanje (Sh); umhobohobo (Nd) Uapaca kirkiana Euphorbiaceae Fruit eaten raw. 1 76 
Chocolate berry (Eng); mutsubvu, (Sh); umtshwankela (Nd) Vitex payos Lamiaceae Fruit pulp raw 2 60 
Monkey orange(Eng); mutamba (Sh); umkhemeswane(Nd) Strychnos cocculoides Strychnaceae Fruit eaten raw 3 53 
Bird plum (Eng); munyii (Sh); 

umnyiyi (Nd) 
Berchemia discolor Rhamnaceae Fruit pulp eaten raw. 4 51 

Bakota plum (Eng); munhunguru (Sh), umqokolo (Nd) Flacourtia indica Salicaceae Fruit eaten raw 5 48 

Key: Eng = English, Sh = Shona, Nd = Ndebele. 
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2020). The TA ranged between 0.08–0.36 % in maheu samples. The TA 
is a measurement of the lactic acid produced as the sugar is broken down 
during fermentation. The addition of L.J.E might have provided the 

sugars as a substrate. This can be supported by results observed on total 
sugars (1.1 ± 0.03 g) in L.J.E in previous studies (Chawafambira, 2021). 
The TA increased as the pH was decreasing and was comparable with 
other previous studies. For example, a TA of 0.30 % for 36 h fermen
tation, 0.2–0.6 % for 72 h fermentation and 0.23–1.50 % for 24–36h 
fermentation were reported by Chawafambira and Mkungunugwa 
(2021), Mashau et al. (2020) and Idowu et al. (2016) respectively. The 
pH (<4.0) and TA (0.1 %) were reported to inhibit the growth and 
survival of Bacillus cereus, a prevalent pathogen in cereal products 
(Maakelo et al. 2021; Byaruhanga et al., 1999). The observed decrease in 
pH and increase in acidity in this study suggests the production of lactic 
acid (Maakelo et al. 2021) and other secondary products during 
fermentation at 45◦C for 24 h. The secondary products of lactic acid 
fermentation include acetic, butyric, propionic acids and can result in 
the reduction of the pH and acidification of almost 0.6 % (Chawa
fambira and Mkungunugwa, 2021). The fermentation temperature of 
45 ◦C used in this study was beyond the optimum temperature 
(30–32 ◦C) for lactic acid (Sharma et al., 2020). This is because at a 
temperature and pH combination of 45–65 ◦C and pH 5.0–7.0 which is 
above the said optimum temperatures from literature, most lactic acid 
bacteria phytases enzyme activity increases and results in improved 
breakdown of phytic acid present in the orange maize, mineral 
bioavailability and protein digestibility (Maakelo et al. 2021; Idowu 
et al., 2016). Kayitesi et al. (2017) reported an adaptation temperature 
of 51 ◦C for pure cultures of Lactobacillus acidophilus, L. bulgaricus, and 
Streptococcus lactis on maize meal substrate used in mageu production. 

3.4. Total Soluble Sugars (TSS) content 

The TSS content for the maheu samples ranged from 4.0–4.5 % and 
showed significant difference (p > 0.05) among treatment samples. The 
TSS indicates the soluble sugars content. The relative high %TSS 
observed in this study is attributed to the total soluble sugar in the L.J.E 
and 2g of table sugar added after fermentation. A previous study on L.J.E 
reported a 4.1 ± 1.01 % total soluble sugar content (Chawafambira, 
2021). Also, Maakelo et al. (2021) reported an increase in TSS in maheu 
due to the addition of table sugar in maheu. This might support our 
observed results. In other researches on the addition of 10g of Aloe vera 
powder in maheu (Maakelo et al. 2021), the use of provitamin A-bio
fortified maize grains in maheu, and the use of probiotics resulted in a 
TSS range of 4.7–5.4 % (Chawafambira and Mkungunugwa, 2021), 
1.9–4.0 % (Awobusuyi et al., 2016) and 4.8 ◦Brix (Chawafambira and 

Table 6 
Knowledge and consumption of orange maize products other than maheu.   

Panellists 
Group 1 
(n =
23) 

Group 2 
(n =
30) 

Group 3 
(n =
27) 

Group 4 
(n =
20) 

Group 5 
(n =
25) 

Having knowledge of orange maize (%) 
Varieties 11.1 14.2 10.3 11.4 8.2 
Production 1.0 1.4 1.1 1.0 <1 
Consumption 82.5 78.4 71.6 64.5 55.6 
Nutritional data 1.0 1.2 0.0 2.1 0.0 
Access to nutritional 

education 
3.7 6.1 8.1 11.2 4.5 

Orange maize products consumed at least once a day throughout the year (%) 
Maize meal (sadza) 37.2 14.1 36.2 20.2 42.3 
Maize porridge 62.2 44.1 64.5 58.1 31.0 
Green maize (roasted) 36.2 33.3 28.6 34.1 41.2 
Green maize (boiled) 33.2 54.6 34.2 54.2. 41.2 
*Other maize products 35.1 39.7 40.1 34.8 45.6 

*Other products excluding fermented maize based foods include: roasted dried 
maize grains (maputi); maize grains are pounded and boiled (manhuchu); dry 
maize grain are boiled (mangai); and boiling of maize grains, peanuts, and 
cowpeas mixture (mutakura). 

Table 7 
Number and percentages of panellists who gave the different ratings for the 
sensory attributes evaluated (n = 85).  

Treatment Rating Taste Aroma Texture Colour Overall 
Acceptance 

Control Very 
bad 

0a 

(0.0)b 
0 (0.0) 1 (1.1) 0 (0.0) 0 (0.0) 

Bad 5 (5.8) 7 (8.2) 5 (5.8) 4 (4.7) 2 (2.3) 
Average 18 

(21.1) 
23 
(27.0) 

22 
(25.8) 

21 
(24.7) 

25 (29.4) 

Good 44 
(51.7) 

46 
(54.1) 

41 
(48.2) 

48 
(56.4) 

47 (55.2) 

Very 
good 

18 
(21.1) 

10 
(11.7) 

16 
(18.8) 

12 
(14.1) 

11 (12.9) 

T1 Very 
bad 

0 (0.0) 1 (1.1) 1 (1.1) 2 (2.3) 0 (0.0) 

Bad 3 (3.5) 4 (4.7) 5 (5.8) 9 
(10.5) 

3 (3.5) 

Average 23 
(27.0) 

19 
(22.3) 

16 
(18.8) 

23 
(27.0) 

21 (24.7) 

Good 45 
(52.9) 

47 
(55.2) 

44 
(51.7) 

39 
(45.8) 

49 (57.6) 

Very 
good 

14 
(16.4) 

14 
(16.4) 

16 
(18.8) 

12 
(14.1) 

12 (14.1) 

T2 Very 
bad 

0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0) 0 (0.0) 

Bad 2 (2.3) 1 (1.1) 0 (0.0) 1 (1.1) 2 (2.3) 
Average 21 

(24.7) 
23 
(27.0) 

24 
(28.2) 

27 
(31.7) 

22 (25.8) 

Good 46 
(54.1) 

47 
(55.2) 

49 
(57.6) 

45 
(52.9) 

50 (58.8) 

Very 
good 

15 
(17.6) 

14 
(16.4) 

11 
(12.9) 

12 
(14.1) 

11 (12.9) 

T3 Very 
bad 

1 (1.1) 0 (0.0) 1 (1.1) 4 (4.7) 0 (0.0) 

Bad 3 (3.5) 5 (5.8) 4 (4.7) 3 (3.5) 2 (2.3) 
Average 22 

(25.8) 
24 
(28.2) 

20 
(23.5) 

23 
(27.0) 

24 (28.2) 

Good 42 
(49.4) 

44 
(51.7) 

46 
(54.1) 

40 
(47.0) 

48 (56.4) 

Very 
good 

17 
(20.0) 

12 
(14.1) 

14 
(19.2) 

15 
(17.6) 

11 (12.9)  

a Number of subjects. 
b Percentage of total number of panellists; Acceptability rating 1–5: 1 = very 

bad; 5 = very good. 

Table 8 
Differences in paired preference with gender (n = 85).  

Gender Treatments  
Control T1 T2 T3 

Women 36a (62.0)b 22 (37.9) 38 (65.5) 20 (34.4) 
Males 15 (55.5) 12 (44.4) 8 (29.6) 19 (70.3) 
Total number of panellists 51 (60)c 34 (40) 46 (54) 39 (46)  

a Number of panellists. 
b Percentage (%) of the sample within a gender group. 
c Percentage (%) of the total number of panellists. 

Table 9 
Preference of maheu samples across age groups.    

n 
Treatments 

Age group Control T1 T2 T3 

20–34 16 4a (25)b 5 (31.2) 9 (56.2) 7 (43.7) 
35–44 18 5 (27.7) 6 (33.3) 11 (61.1) 9 (50) 
45–54 32 20 (62.5) 14 (43.7) 17 (53.1) 23 (71.8) 
55+ 19 10 (52.6) 9 (47.3) 9 (47.3) 12 (63.1) 
Total participants 85 39 (45.8) 34 (40) 46 (54.1) 51 (60)  

a Number of participants. 
b Percentage (%) preference of the sample within an age group. 
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Mkungunugwa, 2021) respectively. The starch from the orange maize 
meal was hydrolysed into simple sugars and also other sugars from L.J.E 
might have not been completely utilized by the natural fermenting mi
croorganisms. These sugars might have also contributed to the results on 
TSS. The sugars acted as a substrate during fermentation and resulted in 
the production of organic acids. The TSS has a very significant positive 
correlation with the observed TA values in the maheu samples (Table 2). 

3.5. Vitamin C content 

Vitamin C (L-ascorbic acid) is a potent antioxidant and free radical 
scavenger, improves the absorption of inorganic iron, reduces the risk of 
sepsis, and inhibits the production of nitrosamines in the stomach 
(Timoshnikov et al., 2020). The vitamin C content was 6.3 to11.1 
mg/100g in maheu samples. Maheu samples with 15 % L.J.E had a high 
vitamin C content. Vitamin C content increased by 76 % from the control 
maheu with the addition of 15 % L.J.E. This can be attributed to the 
observed vitamin C (17.2mg/100g w.b) content in L.J.E (Chawa
fambira, 2021). Further, the process of anerobic fermentation could 
have resulted in the production of metabolic acids such as ascorbic acid 
at varying concentrations during fermentation (Wang et al., 2021). This 
can be used to explain the slight increases in vitamin C content in the 
maheu. Conversely, the limited degradation of vitamin C can be 
attributed to the reduced activity of the enzyme L-ascorbate oxidase 
found present in cereals. During fermentation, the enzyme might have 
been produced by the fermentation microorganism but its activity was 
reduced due to the inhibiting conditions created during fermentation. 
The high cooking temperatures (98◦C) employed in the study and pH of 
3.5 in maheu inhibits the activity of L-ascorbate oxidase. The optimum 
conditions of the enzyme L-ascorbate oxidase is pH 5.6 and 30◦C (EFSA, 
2019). 

The observed vitamin C contents in the fermented maheu samples 
could be attributed to the action of lactic acid bacterial and some yeast 
fermentations (Maakelo et al., 2021; Nkhata et al., 2018). Possibly the L. 
J.E also could have provided the available simple sugar (1.1 ± 0.03g of 
total sugars) (Sharma et al., 2020) during gelatinisation process and the 
glucose might have acted as a precursor for the biosynthesis of 
L-ascorbic acid during fermentation by fermenting microorganisms in 
the maheu samples (Nkhata et al., 2018). That fermentation resulted in a 
slight increase in the vitamin C content is in line with previous re
searchers’ findings. Vitamin C content of okra seeds, citrus peels and 
white cabbage increased with fermentation (Adetuyi et al., 2014; Oboh 
et al., 2011; Kusznierewicz et al., 2008). In contrast, other authors have 
found noticeable reduction in vitamin C content of Lupinus albus during 
fermentation (Frias et al., 2005) 

3.6. Total polyphenols and AOA 

The total polyphenols of the maheu samples ranged between 
8.2–19.4 mg GAE/g and there was a significant difference (p < 0.05) 
among maheu samples (Table 3). The total polyphenols increased by 63 
% from the control maheu and more than 100 % with addition of 10 % L. 
J.E and 15 % L.J.E in the maheu samples. The increase in total poly
phenols could be ascribed to the presence of phenolic compounds in the 

L.J.E. The presence of phenolic compounds and their derivatives in L.J.E 
such as 3,4-dihydroxy-β-phenylethoxy-O-(6ʺ-β-caffeoyl-α-rhamnopyr
anosyl-(1ʺʹ,3ʺ)-O-β-glucpyranoside) commonly known as isoverbasco
side 3 and coumarin 1, 3,4-dihydroxy-β-phenylethoxy-O-(4ʺ-β-caffeoyl- 
α-rhamnopyranosyl-(1ʺʹ,3ʺ)-O-β-glucopyranoside), commonly known as 
verbascoside 2 have been reported by Olivier et al. (2010). Further, the 
different flavanones such as 6-methoxyluteolin 3ʹ, 4ʹ, 7-trimethyl ether 
10, 6 methoxyluteolin 4ʹ-methyl ether 9, cirsimaritin 8, and apigenin 7 
have also been reported in L.J.E (Mujovo et al., 2008). 

The antioxidant activity of the fermented maheu samples was 28–41 
EC50mg/L. There was significant increase in AOA with an increase L.J.E 
addition in maheu samples. This could be explained by the presence of 
dietary phytonutrients such as phenolics and vitamins in the L.J.E. A 
wide range of flavonoids and phenolic glycosides that include chrys
oeriol 14, crassifolioside 11, luteolin 12, tricin 15, isothymusin 16, 
diosmetin 13, eupatorin 17, 5-dimethyl noboletin 18, salvigenin 20, 
genkwanin 19, and an alkaloid xanthine 22 were identified in L. javanica 
by Madzimure et al. (2011) and their presence might explain the re
ported AOA in maheu samples in this study. Olivier et al. (2010) re
ported high levels of verbascoside 2 (1.5 mg/g dry weight) and 
Shikanga et al. (2010) observed an AOA value of 358 EC50µg/mL and a 
total phenolic content of 14.8 mg GEA /mL of dry weight in L.J.E. 
Further, Muchuweti et al. (2006) reported a 74.4 % inhibition of the 
DPPH radical by methanolic L.J.E and this characteristic can also 
explain the observed AOA of the fermented maheu samples. 

3.7. β-carotene and Vitamin A content 

The β-carotene and Vitamin A content in the fermented maheu range 
was 0.8-1.1 µg/g and 3.55–3.90 µREA/100g w.b respectively. The pro
vitamin A carotenoid, beta-carotene found in orange maize is converted 
into vitamin A in the intestines once consumed in a diet. This study 
showed a relatively low β-carotene content in the fermented maheu 
samples and this could be attributed to the effect of processing (heating 
and fermentation) and genetic characteristics of the orange maize that 
determine the carotenoids in the grains. Chawafambira et al. (2021) 
reported the presence of β-Cryptoxanthin (1.21 ± 0.01 µg /g DW), 
13-cis-β-carotene (0.02 ± 0.02 µg /g DW), α-Carotene (0.82 ± 0.01 µg 
/g DW), 9-cis-β-carotene (0.80 ± 0.01 µg /g DW), All-trans-β-carotene 
(0.85 ± 0.01 µg /g DW), lutein (7.56 ± 0.60 µg /g DW) and zeaxanthin 
(1.52 ± 0.01 µg /g DW) in orange maize. Further, the total carotene 
content was 12.78  ± 0.5µg/g DW in orange maize (Chawafambira 
et al. 2021). The orange maize variety used in this study. Carotenoids 
could have been degraded during cooking. This is because the heat 
treatment process has been reported to cause the isomerization of 
trans-carotenoids to their cis-isomers and affects their biological activity 
(Chawafambira et al., 2022, 2021). This could have contributed to the 
observed relatively low vitamin A content observed in this study. 

3.8. Mineral content 

Maheu samples are a good source of healthy beneficial minerals 
needed for the proper functioning of the body as shown in Table 4. There 
was an increase in mineral content in maheu samples due to addition of 

Table 10 
Mean scores for the sensory evaluation of fermented maheu samples with L.J.E (n = 85).  

Treatment Taste Colour Texture Aroma Appearance Overall Acceptability 

Control 3.9 ± 0.1 3.8 ± 0.1 3.8 ± 0.2 3.6 ± 0.1 3.9 ± 0.2 3.9 ± 0.1 
T1 3.9 ± 0.1 3.9 ± 0.2 3.8 ± 0.1 3.9 ± 0.2 3.9 ± 0.1 3.9 ± 0.1 
T2 4.0 ± 0.1 4.0 ± 0.1 3.9 ± 0.1 4.0 ± 0.1 4.0 ± 0.2 4.1 ± 0.1 
T3 3.8 ± 0.1 3.9 ± 0.1 3.9 ± 0.2 4.0 ± 0.1 4.0 ± 0.1 4.1 ± 0.1 
p–valuea <0.05 <0.05 ns <0.05 ns <0.05 

Mean  ± standard deviations are reported. 
a Friedman’s test, ns = not significant. 
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L.J.E when compared to the control sample. This could be attributed to 
the good mineral content in L.J.E. A previous study by Chawafambira 
(2021) reported an iron, magnesium, calcium, zinc, potassium and so
dium content of 77.3, 267, 485, 3.8, 1631, and 1 mg/100g in L.J.E 
respectively. Also, the addition of finger millet as an inoculum might 
have contributed to the increase in mineral content. Finger millet is a 
good source of zinc (2.3 mg), iron (3.3–14 mg), phosphorus (130–250 
mg), calcium (398 mg), potassium (430-490 mg), and sodium 49 mg 
(Ramashia et al. 2018). The calculations on the estimated contribution 
of maheu on the RDA for minerals in children (1–9years) showed that 
maheu samples with 15 % L.J.E could potentially contribute about 
72–75 % of the RDA for magnesium (130 mg / day), 1.9–2.2 % of the 
RDA for potassium (3800 mg / day), 37–44 % of the RDA for iron (7 mg / 
day), 22–26 % of the RDA for sodium (120 mg / day), and 16–22 % of 
the RDA for zinc (5 mg / day) in children (1–9 years) when consumed as 
part of the diet. Our RDA results were higher as compared to a study by 
Buzigi (2020) who reported a contribution 19 % towards meeting the 
RDA for iron and zinc in children 2 years old in a homemade comple
mentary food produced from a blend of bean and pumpkin. Further, in 
this study, maheu samples were prepared mimicking the traditional 
process as compared to the international process prescribed by the 
Codex Alimentarius on fermented foods for children up to 2 years. This 
might have resulted in the variations observed in the nutritional content 
(Buzigi, 2020) in our study. 

3.9. Consumption and Utilisation patterns of orange maize based products 

The major plants used as food resources by the panellists are repre
sented in Table 5. Maize was widely consumed and used to sustain their 
livelihoods. This is because it is the local staple food in Zimbabwe. In 
addition, different wild fruits were reported as important to supplement 
diets in times of droughts and food shortages. Similar results were 
observed by Mudzengi et al. (2012). A wild fruit/traditional fruits is 
defined as fruits that grow naturally from wild plants, are culturally 
recognized as local food, and have been consumed for generations 
(Nemapare et al., 2023). Wild loquat fruits were most consumed wild 
fruits. The high consumption level of wild fruits can be explained by 
their rich nutrients content (Nachvak et al., 2020) and as a 
hunger-resisting survival method by the locals. In contrast to herbal 
plants, most indigenous fruits are either consumed fresh or proc
essed/preserved for subsequent use. The knowledge and consumption of 
orange maize products by panellists other than maheu is shown in 
Table 6. Food group discussions showed that participants had some 
knowledge on the traditional fermented foods including maheu. This 
study observed that there is low information among the participants on 
orange maize varieties, nutritional data and access to nutritional edu
cation. This can be attributed to the level of education among the par
ticipants and limited information on the characteristics and benefits of 
orange maize in the society. It is therefore important for policy makers in 
government to support the production initiatives and increase aware
ness on the utilisation of orange maize in the country. These findings can 
explain the possibility for high uptake on the utilisation of orange maize 
in preparation of maheu synergised with L.J.E. 

3.10. Sensory analysis 

Table 7 indicate the percentages of panellists who gave the different 
ratings for the sensory attributes of the fermented maheu samples. Most 
of the participants rated taste, texture, and colour of maheu samples as 
“good” compared to the control samples. Deferent test results showed 
that women had a high percentage score than males for the fermented 
maheu samples (Table 8). The percentage of the sample within a gender 
group explained the number of panelist that scored “good and/above” 
and preferred the maheu sample as compared to another product on the 
market. Chowdhury et al. (2011) reported that customer acceptance is 
negatively affected by introducing an unfamiliar food product. This 

could suggest the difference results observed in this study. 
Govender et al. (2014) reported an undesirable colour and poor 

acceptability of maheu samples due to the presence of carotenoids 
(Govender et al., 2014). The process of bio-fortifying maize can affect 
the grain colour as well as the flavour and aroma (Awobusuyi et al. 
2016). Nevertheless, the presence of carotenoids pigments in orange 
maize did not affect the ratings on colour of the prepared maheu in this 
study. In this study, maheu fermented from orange maize with addition 
of L.J.E was well accepted by the panellists. The age of the panellist 
might have effected their ratings on preferences and acceptability in this 
study (Table 9). Other authors have reported the effect of age of con
sumers on that preference of foods prepared using yellow maize (Pillay 
et al., 2011). 

The mean scores for the sensory attributes of the maheu with L.J.E 
are presented in Table 10. The results observed in this study were 
encouraging because the sensory attributes of the maheu samples were 
rated as good by most of the panellists. The ratings of taste and aroma 
could be attributed presence of volatile compounds that are produced 
during fermentation. Spontaneous fermentation process by Leuconostoc 
spp., Lb. delbrueckii, L. lactis, S. lactis (Franz et al., 2014) and Pediococcus 
pentosaceus (Gadaga et al., 1999) could have produced the perceived 
flavour and aroma compounds. These volatile compounds include acids, 
ketones, esters, aldehydes, alcohols, and hydrocarbons (Chaves-López 
et al., 2020). Malted millet used as an ingredient in the production of 
maheu is a possible source of fermentation microorganisms (Pswarayi & 
Ganzle, 2019). Uzogara et al. (1990) reported an improvement in 
textural characteristics of maize-based products due to fermentation. 
This could explain the favourable ratings in texture of the maheu sam
ples in this study. 

The overall acceptance of maheu samples with L.J.E was good when 
compared control sample. However, it is important to provide nutri
tional education and health benefits of maheu produced from orange 
maize with addition of L.J.E. 

4. Conclusion 

Traditionally fermented maheu was successfully produced from or
ange maize mixed with different concentrations of L.J.E. The addition of 
L.J.E in orange maize based fermented maheu showed positive effects on 
ash, vitamin and mineral content. Also, the addition of 15 % L.J.E 
improved the total polyphenols, AOA, and total antioxidant activity in 
maheu. RDAs for minerals in children, especially iron, magnesium and 
zinc improved in maheu samples with 15 % L.J.E. Further, the utilisation 
of 15 % L.J.E in maheu improved the sensory attributes (appearance, 
colour, texture) and overall acceptability of maheu. The study recom
mends the potential to utilising herbal L.J.E in the production of novel 
fermented food products with improved bioactive compounds, func
tionality, and sensory characteristics. 
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heating and fermenting on antioxidant properties of white cabbage. Food Chemistry, 
108(3), 853–861. 

Maakelo, P. K., Bultosa, G., Kobue-Lekalake, R. I., Gwamba, J., & Sonno, K. (2021). 
Effects of watermelon pulp fortification on maize mageu physicochemical and 
sensory acceptability. Heliyon, 7(5). 

Madzimure, J., Nyahangare, E. T., Hamudikuwanda, H., Hove, T., Stevenson, P. C., 
Belmain, S. R., & Mvumi, B. M. (2011). Acaricidal efficacy against cattle ticks and 
acute oral toxicity of Lippia javanica (Burm F.) Spreng. Tropical Animal Health and 
Production, 43, 481–489. 

Maroyi, A. (2017). Lippia javanica (Burm. F.) Spreng.: traditional and commercial uses 
and phytochemical and pharmacological significance in the African and Indian 
subcontinent. Evidence-Based Complementary and Alternative Medicine, 2017. 

Mashau, M. E., Jideani, A. I. O., & Maliwichi, L. L. (2020). Evaluation of the shelf-life 
extension and sensory properties of mahewu–A non-alcoholic fermented beverage by 
adding Aloe vera (Aloe barbadensis) powder. British Food Journal, 122(11), 
3419–3432. 

Mfengu, M. O., Shauli, M., Engwa, G. A., Musarurwa, H. T., & Sewani-Rusike, C. R. 
(2021). Lippia javanica (Zumbani) herbal tea infusion attenuates allergic airway 
inflammation via inhibition of Th2 cell activation and suppression of oxidative 
stress. BMC Complementary Medicine and Therapies, 21(1), 1–14. 

Misihairabgwi, J., & Cheikhyoussef, A. (2017). Traditional fermented foods and 
beverages of Namibia. Journal of Ethnic Foods, 4(3), 145–153. 

Muchuweti, M., Nyamukonda, L., Chagonda, L. S., Ndhlala, A. R., Mupure, C., & 
Benhura, M. (2006). Total phenolic content and antioxidant activity in selected 
medicinal plants of Zimbabwe. International Journal of Food Science & Technology, 41, 
33–38. 

Mudzengi, B. K., Ejide, B., Tamuno, S. O., Iroh, W. O., Muchenje, F., Moruff, M., & 
Salam, A. (2012). An assessment of the socio-economic impacts of the construction 
of Siya dam in the Mazungunye area: Bikita district of Zimbabwe. Journal of 
Sustainable Development in Africa, 14(4), 1–17. 

Mujovo, S. F., Hussein, A. A., Meyer, J. M., Fourie, B., Muthivhi, T., & Lall, N. (2008). 
Bioactive compounds from Lippia javanica and Hoslundia opposita. Natural product 
research, 22(12), 1047–1054. 

Muzhingi, T., Langyintuo, A. S., Malaba, L. C., & Banziger, M. (2008). Consumer 
acceptability of yellow maize products in Zimbabwe. Food Policy, 33(4), 352–361. 

Nachvak, S. M., Sadeghi, O., Moradi, S., Esmailzadeh, A., & Mostafai, R. (2020). Food 
groups intake in relation to stunting among exceptional children. BMC Pediatrics, 20 
(1), 1–8. 

Nemapare, P., Gadaga, T. H., & Mugadza, D. T. (2023). Edible indigenous fruits in 
Zimbabwe: A review on the post-harvest handling, processing, and commercial 
value. Cogent Social Sciences, 9(1), Article 2229686. 

Nkhata, S. G., Ayua, E., Kamau, E. H., & Shingiro, J. B. (2018). Fermentation and 
germination improve nutritional value of cereals and legumes through activation of 
endogenous enzymes. Food Science & Nutrition, 6(8), 2446–2458. 

Nyanzi, R., Jooste, P. J., Abu, J. O., & Beukes, E. M. (2010). Consumer acceptability of a 
synbiotic version of the maize beverage mageu. Development Southern Africa, 27(3), 
447–463. 

Oboh, G., Ademosun, A., Adefegha, S., & Lajide, L. (2011). Enhancement of antioxidant 
properties and neuroprotective potentials of citrus peels using Aspergillus niger solid 
substrate fermentation technology. Fermentation Technology and Bioengineering, 1 
(24), 49–61. 

Olivier, D. K., Shikanga, E. A., Combrinck, S., Krause, R. W. M., Regnier, T., & 
Dlamini, T. P. (2010). Phenylethanoid glycosides from Lippia javanica. South African 
Journal of Botany, 76(1), 58–63. 

Olusanya, R. N. (2018). The nutritional composition and acceptability of moringa oleifera leaf 
powder (MOLP)-supplemented mahewu: A maize meal-based beverage for improved food 
and nutrition security (Doctoral dissertation). 

Olusanya, R. N., Kolanisi, U., Van Onselen, A., Ngobese, N. Z., & Siwela, M. (2020). 
Nutritional composition and consumer acceptability of Moringa oleifera leaf powder 
(MOLP)-Supplemented mahewu. South African Journal of Botany, 129, 175–180. 

Pillay, K., Derera, J., Siwela, M., & Veldman, F. J. (2011). Consumer acceptance of 
yellow, provitamin A-Biofortified maize in KwaZulu-Natal. South African Journal of 
Clinical Nutrition, 24(4), 186–191. 

Pswarayi, F., & Gänzle, M. G. (2019). Composition and origin of the fermentation 
microbiota of mahewu, a Zimbabwean fermented cereal beverage. Applied and 
Environmental Microbiology, 85(11). e03130–18. 

Ramashia, S. E., Gwata, E. T., Meddows-Taylor, S., Anyasi, T. A., & Jideani, A. I. O. 
(2018). Some physical and functional properties of finger millet (Eleusine coracana) 
obtained in sub-Saharan Africa. Food Research International, 104, 110–118. 

A. Chawafambira and T.Z. Jombo                                                                                                                                                                                                          

http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0001
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0001
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0001
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0002
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0002
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0002
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0002
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0004
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0004
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0004
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0004
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0005
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0005
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0005
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0006
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0006
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0006
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0006
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0007
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0007
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0007
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0008
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0008
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0009
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0009
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0009
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0010
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0010
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0010
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0011
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0011
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0011
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0012
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0012
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0013
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0013
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0013
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0015
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0015
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0015
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0016
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0016
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0016
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0017
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0017
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0017
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0017
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0018
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0018
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0018
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0020
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0020
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0020
http://refhub.elsevier.com/S2772-5022(23)00104-X/optSS79RRgK16
http://refhub.elsevier.com/S2772-5022(23)00104-X/optSS79RRgK16
http://refhub.elsevier.com/S2772-5022(23)00104-X/optSS79RRgK16
http://refhub.elsevier.com/S2772-5022(23)00104-X/optSS79RRgK16
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0021
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0021
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0021
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0023
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0023
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0024
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0024
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0024
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0025
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0025
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0025
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0026
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0026
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0026
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0027
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0027
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0027
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0028
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0028
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0029
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0029
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0029
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0030
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0030
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0030
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0031
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0031
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0031
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0033
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0033
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0033
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0034
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0034
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0034
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0034
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0035
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0035
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0035
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0036
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0036
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0036
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0036
http://refhub.elsevier.com/S2772-5022(23)00104-X/optIqAJxc9w3w
http://refhub.elsevier.com/S2772-5022(23)00104-X/optIqAJxc9w3w
http://refhub.elsevier.com/S2772-5022(23)00104-X/optIqAJxc9w3w
http://refhub.elsevier.com/S2772-5022(23)00104-X/optIqAJxc9w3w
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0037
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0037
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0038
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0038
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0038
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0038
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0039
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0039
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0039
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0039
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0040
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0040
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0040
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0041
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0041
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0042
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0042
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0042
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0043
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0043
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0043
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0044
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0044
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0044
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0045
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0045
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0045
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0046
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0046
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0046
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0046
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0047
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0047
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0047
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0048
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0048
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0048
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0049
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0049
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0049
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0050
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0050
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0050
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0051
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0051
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0051
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0052
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0052
http://refhub.elsevier.com/S2772-5022(23)00104-X/sbref0052


Applied Food Research 4 (2024) 100367

10

Rodriguez-Amaya, D. B., & Kimura, M. (2004). HarvestPlus handbook for carotenoid 
analysis (p. 63). Washington: International Food Policy Research Institute (IFPRI). 
Vol. 2. 

SADC, Regional. (2020). Food security update: SADC food security quarterly update. 
Agricultural Season. Issue 3: January to March 2020 http://www.sadc.int/fanr 
(Accessed 13 May 2023). 

Salvador, E. M., McCrindle, C. M. E., Buys, E. M., & Steenkamp, V. (2016). 
Standardization of cassava mahewu fermentation and assessment of the effects of 
iron sources used for fortification. African Journal of Food, Agriculture, Nutrition and 
Development, 16(2), 10898–10912. 

Serna-Saldivar, S. O. (2016). Cereal grains: Properties, processing, and nutritional attributes. 
CRC press.  

Sharma, N., Angural, S., Rana, M., Puri, N., Kondepudi, K. K., & Gupta, N. (2020). 
Phytase producing lactic acid bacteria: Cell factories for enhancing micronutrient 
bioavailability of phytate rich foods. Trends in Food Science & Technology, 96, 1–12. 

Shikanga, E. A., Combrinck, S., & Regnier, T. (2010). South African Lippia herbal 
infusions: Total phenolic content, antioxidant and antibacterial activities. South 
African Journal of Botany, 76(3), 567–571. 

Simatende, P., Gadaga, T. H., Nkambule, S. J., & Siwela, M. (2015). Methods of 
preparation of Swazi traditional fermented foods. Journal of Ethnic Foods, 2(3), 
119–125. 

Solange, A., Geogette, K., Gilbert, F., marcellin, D. K., & Bassirou, B. (2014). Review on 
African traditional cereal beverages. American Journal of Research Communication, 2 
(5), 103–153. 

Timoshnikov, V. A., Kobzeva, T. V., Polyakov, N. E., & Kontoghiorghes, G. J. (2020). 
Redox interactions of Vitamin C and iron: Inhibition of the pro-oxidant activity by 
deferiprone. International Journal of Molecular Sciences, 21, 3967. https://doi.org/ 
10.3390/ijms21113967 

USDA & NIH, (2020). Food Data Central. www.fdc.nal.usda.gov. 
Uzogara, S. G., Agu, L. N., & Uzogara, E. O. (1990). A review of traditional fermented 

foods, condiments and beverages in Nigeria: Their benefits and possible problems. 
Ecology of Food and Nutrition, 24(4), 267–288. 

Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M., Wang, J., … Geng, W. (2021). 
Metabolism characteristics of lactic acid bacteria and the expanding applications in 
food industry. Frontiers in Bioengineering and Biotechnology, 9, Article 612285. 
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