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Abstract: It has been suggested that iron fortification could reduce dietary anaemia in women of childbearing age and 

preschool children in Mozambique, where cassava root, the staple carbohydrate, is deficient in iron. Mahewu is a traditional 

non-alcoholic, beverage made from fermented cassava roots (Manihot esculenta, Crantz). This study used Luten’s in vitro 

dialysis method to compare the bioaccessibility of ferrous sulfate and ferrous fumarate added to mahewu made from sweet and 

bitter cassava varieties, at two different stages of fermentation. Iron concentration was measured using an Inductively Coupled 

Plasma-Optical Emission Spectrometer. Neither the stage of fortification nor the iron salt used affected the concentration of iron. 

A significant (p<0.05) difference was observed in the proportion of bioaccessible iron in mahewu fortified with either ferrous 

sulfate or ferrous fumarate. A higher proportion of iron was found to be bioaccessible in mahewu fortified with ferrous sulfate. 

However, the concentration of both total and proportional bioaccessible iron was significantly higher (p<0.05) when ferrous 

sulfate was used, compared to ferrous fumarate. It is recommended that ferrous sulphate be used for both household and 

commercial fortification of mahewu in Mozambique. 
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1. Introduction 

The prevalence of under-nutrition in the Mozambican 

population is approximately 38%; throughout the country it is 

estimated that 43% of children younger than 5 years of age are 

moderately undernourished, 20% chronic and 8% acutely 

undernourished [1]. In Mozambique anaemia due to dietary 

iron deficiency is of public health concern [2]. Furthermore, 

the prevalence of anaemia in children younger than five years 

of age is estimated to be 69%; of which 26% are mildly 

anaemic, 39% moderately and 4% severely anaemic [1]. 

Cassava is a staple food in Mozambique, widely cultivated 

across the country, mainly by small-scale farmers [3]. 

Approximately 94% of cassava production is consumed by 

humans, with 4% made available for animal feed and 

industrial use [4]. While cassava is an excellent source of 

carbohydrates it contains low levels of protein and the levels 

of essential micronutrients such as iron are insignificant [5]. 

Cassava roots are consumed in various forms: stiff porridge 

(karakata); roasted cassava or rale [6]; bread and other baked 

products [7]; cooked with vegetables and peanuts (xiguinha) 

and the non-alcoholic fermented traditional beverage mahewu 

[8]. Cassava mahewu is made from the roots of both bitter and 

sweet varieties and it is often sweetened with sugar just before 

consumption. Maize mahewu has been fortified with 

micronutrients, including iron, at industrial level in other 

countries [9]. 

It has been suggested that communities whose major dietary 

intake is dependent on plant-derived foods, should consider 

iron fortification [10]. The World Health Organization (WHO) 
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recommends ferrous sulfate, ferrous fumarate and sodium iron 

EDTA (NaFeEDTA) for the fortification of wheat and maize 

[11]. Iron fortification of cassava mahewu could alleviate 

dietary iron deficiency anaemia in vulnerable populations 

such as women of child-bearing age and young children in 

Mozambique [8]. Fortification of cassava mahewu has been 

further supported by a report maintaining that populations 

consuming cassava as their basic energy source are at risk of 

deficient iron intake [12]. The aim of this study was to 

compare the in vitro bioaccessibility of iron in mahewu made 

from sweet or bitter cassava varieties, fortified with either 

ferrous sulfate or ferrous fumarate, at two different stages of 

fermentation. 

2. Materials and Methods 

2.1. Cassava 

Cassava roots were collected in May 2013 from small scale 

farmers in four Districts of Mozambique. Five samples were 

collected of each variety per district. Sweet cassava roots 

(varieties Calamidade and Munhaca) were collected from 

Meconta and Zavala Districts located in Nampula and 

Inhambane provinces, respectively. Bitter cassava roots 

(varieties Tomo and Incirricano) were collected from Rapale 

and Alto Molocue Districts situated in Nampula and Zambézia 

provinces, respectively. 

2.2. Cassava Flour Preparation 

To prepare the flour, cassava roots were peeled, washed 

with tap water, grated and sun-dried, as done traditionally in 

villages in Mozambique. Flour was made by pounding the 

dried chips with a pestle and mortar. All instruments and 

containers used for flour preparation were made from plastic 

or wood material in order to prevent contamination with 

metals. 

2.3. Mahewu Preparation 

Flour from the bitter types of cassava roots were mixed in 

equal ratios and the same procedure repeated for flour made 

from sweet cassava roots. The flour was mixed with water, 

cooked to form a porridge and fermented under controlled 

conditions, following the method used by Bvochora et al. [13] 

for maize mahewu, with minor modifications. During the pilot 

study mahewu was fermented at 45°C and changes in pH were 

assessed at different intervals during the fermentation period 

of 3 days (Figure 1). An end-point of approximately pH 4.5 

was consistently reached after 24 h at 45
o
C. 

In the laboratory, the sweet and bitter cassava flours (20 g) 

were each mixed with distilled water (49 ml) then added to 

150 mL boiling water. The mixture was boiled on a magnetic 

stirrer/hotplate, (FMH Electronics, STR-MH, F1093-0207, 

230V ± 1050 HZ 500 watt, Durban, South Africa) for 10 min 

and then set aside to cool to 25°C. This porridge was then 

transferred to a 250 mL glass Erlenmeyer flask and 1.25 g of 

starter culture (freeze-dried cassava mahewu previously 

prepared in the traditional manner), was added and mixed 

thoroughly. The broth was left to ferment in a Labcon Standard 

Incubator, (Forced Circulation incubator, FSIM, Maraisburg, 

South Africa) at 45°C for 24 h. The effect of the 24 h 

fermentation on the pH, titratable acidity and total solids (% 

solids after drying) were determined using the methods 

described by James [14]. 

 

Figure 1. Changes in pH during the fermentation period. 

2.4. Iron Fortification of Mahewu 

Cassava mahewu was fortified with two different iron 

sources, ferrous sulfate (FeSO4.7H2O), (EMSURE
®
, CAS-NO 

7782-63-0, Darmstadt, Germany) and ferrous fumarate 

(C4H2FeO4), (ALFA AESAR, LA32XY, UK, England) at two 

different stages; the beginning (0 hour when the starter culture 

was added) and end of fermentation (24 hours). The selection 

of different stages of fortification was to determine whether 

cassava mahewu should be fortified at household or 

commercial level. 

The amount of iron added to cassava mahewu (68 mg/100 g) 

was based on the average of the prescribed range of iron used 

to fortify maize meal (2.9 mg/100 g to 5.7 mg/100 g) [15]. The 

“overage”, which is the additional amount of the fortificant 

added to the flour, to compensate for storage and processing 

losses, was calculated as 1.2 mg [15]. Ferrous sulfate (6.8 g) or 

ferrous fumarate (3.8 g) was diluted in 100 mL of distilled 

water then 1 mL of the solution added to the mahewu for the 

fortification at the beginning of fermentation (0 h). For 

fortification at the end of the fermentation process (24 h), 6.2 g 

of ferrous sulfate or 3.45 g of ferrous fumarate, was dissolved 

in 100 mL distilled water and 1 mL of the solution added to the 

mahewu. Figure 2 represents the schematic flow of cassava 

mahewu preparation and indicates the stage at which iron was 

added. 

2.5. Iron Concentration and In Vitro Iron Bioaccessibility 

Iron concentration in the cassava flour and fortified 

mahewu was analyzed using an Inductively Coupled 

Plasma-Optical Emission Spectrometer (ICP-OES) (Spectro 

Arcos, Kleve, Germany). In vitro bioaccessibility of iron from 

fortified cassava mahewu was determined using the dialysis 

method described by Luten et al. [16]. The iron concentration 

in the dialysate was also assessed using ICP-OES. Working 

multi-element standard solutions were prepared by dilution of 
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the stock standard solutions (1000 mg/L, Merck, Germany) to 

the desired concentration. The ranges of the calibration 

standards were selected to match expected concentrations of 

iron in the samples analyzed by ICP-OES. Digestive enzymes 

used were pepsin (P-7000), pancreatin (P-1750) and bile 

extract (B-8631); procured from Sigma (Johannesburg, South 

Africa). Dialysis tubing used was Spectra/Por 7 (Ø = 20.4 mm) 

with a molecular weight cut-off (MWCO) of 10 kDa (G.I.C. 

Scientific, Johannesburg, South Africa). 

 

Figure 2. Schematic presentation of the preparation of cassava mahewu and indication of the stage at which the iron compound was added. 

2.6. Statistical Analysis 

Samples of cassava mahewu were homogenized 

independently and duplicated at the gastric stage. At the 

intestinal stage, the duplicated homogenized samples were 

replicated to a final five repetitions. All data was analyzed 

using STATA version 12 with one way and/or multifactor 

analysis of variance (ANOVA) at 95% confidence level. 

3. Results and Discussion 

3.1. Chemical Characteristics of Cassava Mahewu Before 

and After Fortification with Iron 

The chemical characteristics of cassava mahewu before and 

after fortification with iron are presented in Table 1. 

Cassava Roots

Cassava roots washed with tap water

Cassava roots grated with plastic grater

Grated cassava roots were sun dried on a plastic surface 

Sun dried cassava roots were powdered using wood pestle and mortar

Powdered cassava roots sieved using a plastic sieve

Cassava flour

Cassava flour (20 g) + 49 mL distilled water

Boiled water 150 mL

Cooking (10 min)

Cooling 25°C

Cooked porridge + starter 

culture (1.25 g) + iron 

fortification

Cooked porridge + 

starter culture (1.25 g)

Analysis (pH, 

titratable acidity 

and microbial)

Analysis (pH, 

titratable acidity 

and microbial)Fermentation 45°C Fermentation 45°C

Cassava mahewu fortified 

with iron at the beginning of 

fermentation 

Analysis (pH, 

titratable acidity 

and microbial)

Fermented cooked 

porridge

Cassava mahewu

fortified with iron at the 

end of fermentation 

Iron fortification

Analysis (pH, 

titratable acidity 

and microbial)
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Table 1. Chemical characteristics of cassava mahewu before and after 

fortification with iron. 

Independent 

variables 
 Acidity (%) pH 

Total 

solids (%) 

Stage of 

fortification 

Beginning 0.06a 6.0b * 

End 0.30b 4.4a 9.6a 

Type of cassava 
Bitter 0.30a 4.4a 9.5a 

Sweet 0.30a 4.4a 9.6a 

Iron source 

Ferrous sulfate 0.30a 4.5b 9.5a 

Ferrous fumarate 0.31a 4.3a 9.6a 

Control 0.31a 4.3 a 9.4a 

a, b – Values within the same independent variable with different superscripts 

differ significantly (p ≤ 0.05) 

The % of total solids, was not measured at the beginning of fermentation 

A significant (p<0.05) difference was found between the 

acidity and pH at the beginning and end of fermentation of 

cassava mahewu (Table 1). These findings were similar to 

those described for maize mahewu [13]. The changes were 

ascribed to multiplication of lactic acid bacteria (LAB) and 

yeast, which converted the starch into sugars to produce lactic 

acid, leading to a decrease in pH [17], also confirming 

fermentation after addition of the starter culture. Although 

there were some significant changes in the chemical 

characteristics of cassava mahewu, the independent variables 

(Table 1) did not significantly (p > 0.05) affect the acidity, pH 

or total solid content. A reduction in pH has been reported to 

result from antimicrobial action in fermented food [18]. The 

product of fermentation, lactic acid, has also been shown to 

have antimicrobial activity [19]. Traditionally cassava 

mahewu has been considered safe for consumption, when 

consumed within two days after fermentation, if kept at room 

temperature. Pasteurized maize mahewu (pH ~3.5) has been 

reported to be safe for consumption up to 21 days after 

production if stored at 4°C [20]. 

3.2. Total Iron Concentration in Fortified Cassava Mahewu 

It had been previously determined that iron concentrations 

in cassava roots from Mozambique contained little or no 

intrinsic iron; which is in line with findings in other parts of 

the world [21]. Total and proportional iron concentration and 

bioaccessibility after fortification of cassava mahewu with 

iron compounds at different stages of fermentation are 

presented in Table 2. 

Table 2. The effect of iron on fortification process. 

Fortificant Cassava type Stage of fortification 
Total iron concentration 

(mg/100 g, db) 

Proportion of iron 

bioaccessibility (%) 

Bioaccessible iron 

concentration (mg/100 g, db) 

Ferrous sulfate 

Bitter 
Beginning of fermentation 10.0c ± 0.0 26.3e ± 1.8 2.63d ± 0.2 

End fermentation 11.4c ± 0.7 21.4d ±1.8 2.43d ± 0.2 

Sweet 
Beginning of fermentation 18.2d ± 1.5 4.9a ± 0.4 0.88c ± 0.04 

End fermentation 17.9d ± 2.6 5.2a ± 0.4 0.94c ± 0.04 

Ferrous fumarate 

Bitter 
Beginning of fermentation 8.1bc ± 2 7.8b ±1.1 0.63b ± 0.1 

End fermentation 6.1ab ± 2.4 4.4a ± 1.7 0.26a ± 0.2 

Sweet 
Beginning of fermentation 4.0a ± 1.2 12.7c ± 1.1 0.50b ± 04 

End of fermentation 4.5a ± 2.3 10.5c ± 2.7 0.47b ± 0.3 

a, b, c, d – Values within the same column with different superscripts differ significantly (p ≤ 0.05), db – dry bases 

The total iron concentration of mahewu made from either 

bitter or sweet cassava, fortified with ferrous sulfate or ferrous 

fumarate, was similar at both stages of fortification, for each 

iron source (ferrous sulfate or ferrous fumarate) (Table 2). 

However, a significant (p<0.05) difference in the total iron 

concentration was observed between mahewu made from 

bitter cassava, fortified with ferrous sulfate and mahewu made 

from the sweet type, fortified with ferrous fumarate; and vice 

versa. The stage of fortification did not have an effect on the 

total iron concentration of fortified mahewu, after fortification 

with either ferrous sulfate or ferrous fumarate. The difference 

in total iron concentration between mahewu made from bitter 

or sweet varieties of cassava fortified with ferrous sulfate or 

ferrous fumarate may be due to the difference in nutritional 

and ant-nutritional substances found between the varieties 

[22]. 

A significant (p<0.05) difference in total iron concentration 

was found between the mahewu fortified with ferrous sulfate 

and ferrous fumarate (Table 3). Higher levels of total iron 

concentration were observed in mahewu fortified with ferrous 

sulfate. This difference is likely due to the solubility of ferrous 

sulfate and ferrous fumarate in water. Ferrous sulfate is 

reported to be more soluble in water than ferrous fumarate 

[23]. In the present study fortification was carried out using 

aqueous solutions of sulfate and fumarate. 

The total iron concentration of mahewu fortified with 

ferrous sulfate or fumarate was below 68 mg/100 g, the initial 

concentration of added iron (Table 2). This finding is in 

agreement with Ikpeme-Emmanuel et al. [24], where cassava 

meals (gari and fufu) fortified with 20 mg/100 g of ferrous 

sulfate (FeSO4), iron (III) sulfate (Fe2(SO4)3) and ferric alum 

(NH4Fe(SO4)2·12 H2O-FA) were found to have an iron 

concentration for gari of 10.70 mg/100 g (FeSO4), 8.80 

mg/100 g (Fe2(SO4)3) and 12.40 mg/100 g (FA); and for fufu 

of 13.40 mg/100 g (FeSO4), 14.76 mg/100 g (Fe2(SO4)3) and 

13.85 mg/100 g (FA) after fortification [24]. This decrease in 

iron concentration may be ascribed to changes in the oxidation 

state of iron losses, during the fortification stage or the 

processing procedure. 

3.3. Bioacessibility of Iron in Fortified Cassava Mahewu 

Iron bioaccessibility is expressed as the concentration 
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(mg/100 g, db) of bioaccessible (dialysable) iron in the sample 

and the percentage (%) bioacessibility of iron in the dialysate, 

relative to respective total iron concentration. A significant 

(p<0.05) difference was observed in the proportion of 

bioaccessible iron in mahewu fortified with either ferrous 

sulfate or ferrous fumarate (Table 2). A higher percentage of 

iron was bioaccessible in mahewu fortified with ferrous sulfate. 

The difference in bioaccessibility of ferrous sulfate and ferrous 

fumarate is well known [25] and confirms the present results. 

With regards to the variety of cassava used to make mahewu, 

the proportion of bioaccessible iron when fortified with 

ferrous sulfate was significantly (p<0.05) higher in mahewu 

made from the bitter cassava, whereas the percentage of 

bioaccessible iron after ferrous fumarate fortification was 

significantly (p<0.05) higher in the mahewu made from the 

sweet cassava (Table 2). This may be due to the fermentation 

process, as it is known to cause changes in physicochemical 

and functional characteristics of cassava [26]. 

Ferrous sulfate in mahewu made from the bitter cassava was 

found to be more bioaccessible (Table 2 and Table 3). The 

stage of fortification (beginning or end) affected neither the 

iron concentration in the dialysate, nor the total concentration 

or proportion of bioaccessible iron (Table 3). Although, the 

fortification of cassava mahewu could be done either at the 

beginning or at the end of the fermentation process, it is 

proposed that fortification at the end of fermentation would be 

better for mahewu production at household level. The use of 

sachets containing micronutrients which could be added to 

semi-solid foods have been reported previously [27]. Mahewu 

fortification of micronutrients using sachets is a possibility, 

which could be carried out through partnerships. These 

partnerships could be between public and private sectors and 

involve non-government organizations. A public-private 

partnership for mass fortification of food has recently been 

introduced in Mozambique [28]. At the commercial level, 

fortification at the beginning of fermentation is recommended. 

Fortified cassava flour could be used for mahewu preparation 

or in other cassava foods. Cassava flour has previously been 

fortified with iron in Brazil, where a reduction in the 

prevalence of anaemia in school children consuming food 

products from the fortified cassava flour was reported [29]. 

Table 3. The effect of cassava mahewu iron fortification process. 

Independent variables 
Total iron concentration 

(mg/ 200 g edible portion) 

Bioaccessible iron 

(mg/200 g edible portion) 
% bioaccessible iron 

Stage of fortification 
Beginning of fermentation (0 hr) 1.9a 0.17a 11.7a 

End of fermentation (24 hr) 1.9a 0.20a 9.4a 

Type of cassava 
Bitter 1.6a 0.25b 13.2b 

Sweet 2.1a 0.13a 8.3a 

Iron Source 
Ferrous sulfate 2.9b 0.30b 12.6a 

Ferrous fumarate 1.1a 0.09a 8.8a 

a, b, c – Values within the same independent variable with different superscripts differ significantly (p ≤ 0.05) 

3.4. Possible Contribution of Fortified Cassava Mahewu to 

RDA and Absolute Requirement of Vulnerable 

Populations 

In the present study, the size of the edible portion of 

fortified cassava mahewu was taken as 200 g. The percentage 

contribution of iron was calculated, based on the 

recommended daily allowances (RDA) of iron for women 

and children below five years of age [30, 31]. Results from 

this study have indicated that fortification of cassava mahewu 

could be helpful to increase dietary iron. 

Based on this, the amount of iron in 200 g of fortified 

cassava mahewu would be sufficient to provide the RDAl 

(Tables 3 and 4), with the major benefit being to children 

(Table 4). In a previous study it was found that 100 g of 

processed cassava used in food could contribute to between 6 

and 14% of RDA iron [32]. The WHO has noted that iron 

fortification could result in toxicity if the food staple fortified 

already contains concentrations of iron approaching the RDA 

[11]. As mentioned previously, the concentration of iron in 

cassava roots analysed in Mozambique, were below the limit 

of detection, therefore fortification would not result in 

consumption of iron in excess of the RDA. 

Table 4. The possible contribution that bitter and sweet cassava mahewu fortified with ferrous sulfate and ferrous fumarate can make towards the iron RDA and 

absolute requirements of vulnerable populations. 

Independent variables 
% of iron RDA 

for women 

% of iron RDA for 

children younger 5 Yr 

% of highest absolute iron 

requirement for women 

% of highest absolute 

iron requirement for 

children younger 5 Yr 

Type of cassava 
Bitter 9.5a 15.5a 9.3a 39.0b 

Sweet 11.7a 19.1a 19.2a 18.9a 

Iron Source 
Ferrous sulfate 15.2b 24.8b 22.5b 45.6b 

Ferrous fumarate 6.0a 9.8a 6.1a 12.3a 

a,b – Values within the same dependent variable with different superscripts differ significantly (p≤0.05). 

It was estimated that the difference in the percentage 

contribution that fortified mahewu from bitter and sweet 

cassava could make to iron RDA for children younger than 

five years old, was not significant (Table 4). In children 

younger than five years, the percentage contribution that 

fortified bitter cassava mahewu could make towards absolute 
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iron requirements was higher than that from sweet cassava. 

Mahewu fortified with ferrous sulfate would contribute more 

to RDA if fortified with ferrous fumarate. It was estimated that 

mahewu fortified with ferrous sulfate would provide 

approximately 2.5 times more dietary iron to women and 

children than mahewu fortified with ferrous fumarate. This 

means that it would contribute almost 4 times more to the 

absolute iron requirements. 

4. Conclusions 

It is evident that fortification of cassava mahewu with iron 

is feasible. Fortification could take place at either the 

beginning or end of fermentation. Fortified bitter varieties 

would deliver more bioaccessible dietary iron to the consumer. 

Ferrous sulfate seems to be a more suitable source of iron for 

cassava mahewu fortification than ferrous fumarate. Based on 

this, it is suggested that mass fortification of cassava mahewu 

should be carried out using ferrous sulfate and bitter varieties 

of cassava. Of importance is that bitter varieties of cassava are 

more easily cultivated and offer many advantages including 

resistance to pests and drought, as well as a higher yield when 

compared to the sweet varieties [3]. Cassava mahewu fortified 

with iron would contribute to iron RDA and absolute iron 

requirement of the vulnerable women and children. It is 

recommended that further studies be carried out to determine 

if cooking and fermentation of mahewu denatures cardiac 

glycosides in bitter cassava. 
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