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Abstract: Introduction: In developing countries including Tanzania, complementary foods fed to children are often 

carbohydrate-based and lack sufficient protein, energy, vitamins and micronutrients. Evidence suggests that the iron contained 

in foods such as cereals is not fully absorbed and will collect in the colon with the possibility of free radical generation and 

intestinal inflammation. Plant-based complementary foods have been reported to contain high levels of phytate and phenolic 

compounds, which impact on iron bioavailability. Phenolic compounds have an inhibitory effect on non-heme iron, making it 

unavailable for absorption in the intestinal tract. Traditional processing technologies (soaking and germination) are widely used 

in the Iringa District for making local ‘brews’. Objective: The objective of the study was to determine the influence of soaking 

and germination on the iron, phytate and phenolic contents of maize used for complementary feeding in rural Tanzania. 

Materials and Methods: Maize grains collected from five Wards in the Iringa District were soaked in distilled water, drained 

and germinated at 0, 36, 48 and 72 hours then processed into flour. Iron, phytate and phenolic contents were analyzed. Results: 

Iron content fluctuated with germination time, however a significant (P ˂ 0.05) increase was observed at the 72-hour. 

Significant (p˂ 0.05) reductions in the mean phytate contents of the samples (ranging from 8.3 to 34.1% reductions) were 

observed at the 72-hour germination time. Phenolic contents increased with germination time; there was a significant (P ˂ 

0.05) increase at the 72-hour germination time for the samples from all locations. Increases in phenolic contents in the soaked 

germinated maize ranged from 76.7 to 86.3%. Conclusion: The processing technologies of soaking and germination commonly 

used in the Iringa District for making local ‘brews’ could be utilized to enhance the nutritional properties of complementary 

foods used by infants and young children. An awareness and education program to inform community members about 

transferring this technology and its usefulness to complementary feeding is recommended.  
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1. Introduction 

Complementary feeding means giving other foods in 

addition to breast milk. The gradual shift from breast milk to 

solid foods is a transition period, which begins after an infant 

reaches six months of age and continues until the age of 24 

months or more [1, 2]. According to the World Health 

Organization (WHO), complementary foods (CFs) are 

introduced to infants after the first six months of life to 

augment energy and nutrient intake to satisfy the infant’s 

total nutritional requirements [2]. During the time they are 

consumed, CFs comprise a large proportion of the infant’s 

diet and contribute a significant amount of the nutrients, 

which are necessary for growth and development [3]. As 

such, CFs must contain adequate quantities of the essential 

nutrients to complement milk. During complementary 

feeding period infants are said to be nutritionally vulnerable 

[1]. Infants who do not receive enough CFs may be stunted 
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or malnourished or both [3].  

During the first year of life, nutritional requirements are at 

their highest in the entire life cycle. Deficiency in energy or 

any of the essential nutrients could have catastrophic effects, 

some of which are long-lasting. In developing countries, CFs 

fed to children are often carbohydrate-based and lack 

sufficient protein, energy, vitamins and micronutrients. 

Nutritional problems associated with the use of starch staples 

in weaning foods are widely reported [4]. Traditional infant 

foods made of cereals or tubers are associated with bulkiness, 

high concentrations of fiber and inhibitors, which reduce 

their nutritional benefits [5-8]. 

Maize is the staple food for most families in many African 

countries including Tanzania. Maize flour serves as raw 

material for stiff porridges and weaning gruel [9]. 

Approximately 33% of Tanzanian children ages six to 59 

months are iron and vitamin A deficient and 69% are anemic. 

Mosha et al. [4] have established that the majority of children 

in Tanzania are born with weights well above the 

recommended level of 2.5 kg, and begin life in sound health. 

The researchers posited that growth starts to falter during 

and/or after the introduction of complementary foods.  

Tanzania is dependent on cereal and root crop-based 

traditional weaning foods from maize, sorghum, millet, rice, 

cassava, potatoes, yams and plantains [10]. Mamiro et al. 

reported that among children aged three to 23 months in 

Kilosa District and Morogoro Region, Tanzania, plain maize 

porridge, finger millet, rice and peanut composite flour 

porridge, beans and sardines were the main complementary 

foods. Furthermore, older data from Tanzania standard (TZS 

180: 1983) for processed cereal-based weaning foods [11] 

and Codex Alimentarius standards for cereal/milk based 

weaning/follow-up foods indicate that the majority of locally 

formulated complementary foods, as well as some 

commercial complementary foods used in Tanzania do not 

fulfill quality attributes, especially in terms of energy and 

micronutrient. 

Iron is an essential mineral, which is needed for a number 

of highly complex processes such as oxidative metabolism, 

cellular proliferation and production of red blood cells [12]. 

It is also part of hemoglobin, which transports oxygen 

throughout the body [12]. Additionally, the immune system is 

dependent on iron for its efficient functioning [13]. Infancy is 

a time of rapid physical growth as well as physiological, 

immunological, and mental development. Iron must be 

judiciously regulated to promote optimal conditions that 

preserve the health of growing young children. Many factors 

are responsible for iron deficiency (ID) and iron deficiency 

anemia (IDA), however, one of the main causes of this 

nutritional problem in developing countries is the poor 

bioavailability of dietary iron [14]. In general, evidence 

suggests that the iron contained in foods such as cereals is 

not fully absorbed and will collect in the colon with the 

possibility of free radical generation and intestinal 

inflammation [15]. 

 Plant-based complementary foods have been reported to 

contain high levels of phytate and phenolic compounds, 

which impact on iron bioavailability [16]. Prolonged 

consumption of maize porridge by infants and young children 

as their primary food puts them at high risk for developing 

ID and IDA [17]. In Tanzania, it is estimated that 50% of the 

cases of anemia are due to ID [7]. The low bioavailability of 

nutrients, arising from the presence of phytate, polyphenols, 

and oxalate, is a primary factor, which limits the quality of 

predominantly plant-based diets used for complementary 

feeding [9, 16].  

Phytic acid also known as myo-inositol hexaphosphate or 

phytate when in the salt form is a naturally occurring 

compound found in many plant tissues [18]. Phytic acid is a 

good chelator of diatomic metals such as iron, zinc, 

magnesium and calcium [19]. Chelation of metal ions forms 

insoluble complexes in the gastrointestinal tract, which 

cannot be absorbed by the body [20]. Polyphenols are group 

of natural compounds with phenolic structural features. 

Polyphenols are the largest group of phytochemicals and are 

found mainly in plant-based foods [21, 22]. Polyphenols also 

have an inhibitory effect on non-heme iron, hence making it 

unavailable for absorption in the intestinal tract [12].  

The high cost and inaccessibility of commercially 

formulated CFs put them out of reach to low-income 

Tanzanian households. Therefore, accessibility of iron-

fortified foods by people in rural areas is low. A simple 

soaking procedure appropriate for rural subsistence 

households has been developed; it can reportedly reduce the 

phytate content of unrefined maize flour by 50%. Also, the 

Food and Agriculture Organization (FAO) [23] has 

encouraged the use of affordable processing techniques such 

as soaking, germination and fermentation to increase nutrient 

bioavailability in plant- based CFs. Traditional processing 

technologies (soaking and germination) have always been 

widely used in the Iringa District for making local ‘brews’ 

[24]. Soaking and germination is carried out at low cost 

without the use of any sophisticated and expensive 

equipment. Germination reduces phytate, thus improving 

nutritional properties of the food [25].  

The need still exists to promote the use of traditional 

processing technologies to enhance availability of nutrients 

in complementary foods used by infants and young children 

living in resource-poor Tanzanian families [22]. Therefore, 

the objective of the study was to determine the influence of 

soaking and germination on the iron, phytate and phenolic 

contents of maize used for complementary feeding in rural 

Tanzania.  

2. Material and Methods 

2.1. Research Setting 

The research was undertaken in the United Republic of 

Tanzania located in East Africa. Tanzania is bordered by 

Kenya and Uganda to the north; Rwanda, Burundi, and the 

Democratic Republic of the Congo to the west; and Zambia, 

Malawi, and Mozambique to the south. The country's eastern 

border is formed by the Indian Ocean. Iringa is one of 
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Tanzania's 30 administrative regions (Figure 1). The regional 

capital is Iringa and the region is divided into four districts, 

namely: Iringa Urban District, Iringa District, Kilolo District 

and Mufindi District. According to Tanzania’s 2012 census, 

Iringa District has 25 Wards and a population of 254,032. 

 

Figure 1. Map of Tanzania, showing the administrative regions, Iringa Region is highlighted in green (Source: http://www.pesptz.org). 

 
Figure 2. Schematic of sample collection locations. 

2.2. Sample Collection 

Maize (Zea mays) grains were collected from five Wards 

in Iringa District, Iringa Region, Tanzania for the study. 

Selection of the Wards was based on IDA prevalence that is, 

Wards with high prevalence of IDA, which had maize as the 

main diet were selected. Mseke, Ifunda, Nzihi, Nduli-

Kising’a and Luhota were the five Wards selected as they 

met the criteria. Two villages were chosen from each ward 

making a total of 10 villages used for sample collection 

(Figure 2). The samples (maize grains) were purchased from 
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the Ward selling centers/warehouses. The collected maize 

grains were packed in bags/sacks and transported to the Food 

Science Laboratory at Sokoine University of Agriculture 

(SUA), Morogoro.  

2.3. Sample Preparation 

White maize kernels were sorted and winnowed manually 

to remove defective kernels, small sand particles, dust, stones 

and other extraneous materials. The cleaned maize kernels 

were soaked in distilled water for 24 hours with a ratio of 2/4 

(w/v). Well-made baskets were used for germinating the 

soaked maize; a moistened cotton cloth (0.5m x 0.5m) was 

placed inside the basket and folded to cover the base 

circumference. Soaked maize grains were spread on the cloth 

and covered by another cloth of the same length on top.  

The baskets were arranged along a well cleaned channel to 

allow draining. The maize grains were germinated at 0, 36, 

48 and 72 hours. Sodium chloride (table salt) solution (3% 

w/v) was spread over the germinating maize to control mold 

growth. The baskets were covered with a black cloth to 

protect the photosynthetic light while maintaining warmth to 

facilitate sprouting. The germinated maize was spread on 

wire mesh and dried in Advantec Forced Convection Oven 

FC-612 (Toyo Seisakusho CO, Ltd) at 50°C for 36 hours. 

The samples were ground in a hammer mill (Christy Hunt 

Engineering Ltd, Coldhester Essex CO6 2EP, England) into 

flour. The maize flour was packed in Ziploc® bags and 

sealed with a Plastic Film Sealer Machine (PFS-250). The 

sealed samples were kept in a freezer at -18°C until further 

analysis.  

2.4. Chemical Analysis 

Total iron determination 

Total iron was determined following the procedures 

described by Tee et al. [26]. The samples (5 g) were 

measured and blended. After homogenization, the samples 

were dried in an air oven at 105°C
 
for 3 hours until it ceased 

to smoke. The charred sample was ashed in a muffle furnace 

(Carbonite Aston Lane Hope, Shelfield, England) at 550°C. 

The ash was treated with concentrated hydrochloric acid 

(HCl), transferred to a 50 mL volumetric flask and diluted to 

the mark. The aliquot of the ash solution was used for 

determination of iron by Atomic Absorption 

Spectrophotometer (UNICAM 919 AA Spectrophotometer) 

at 248.3 nm.  

Phytic acid determination 

Phytic acid was determined following the method 

described by Wheeler and Ferrel [27] with minor 

modifications. A standard solution was prepared using ferric 

nitrate Fe(NO3)3. The color was read immediately at 480 nm 

within 1 minute and the standard curve was drawn. 

Phenolic compounds determination 

Phenolic compounds/polyphenols were determined 

following the procedures described by Ragazzi and Veronese 

[28]. Gallic acid (0.5 mg/mL) was prepared in 80% methanol 

for standard curve. Five serial dilutions were made, 100 µL 

Folin-Ciocalteus phenol reagent (Southend-On-Sea 

Pharmacos Ltd., Essex, England) was added and mixed. 

Within 3 seconds and 8 minutes, 300 µL sodium carbonate 

(E-Merck-D-600 Darmstadt, Germany) were added and 

mixed. The absorbance was read at 765nm (Jenway 6405 

UV/Vis Spectrophotometer, Japan).  

Statistical Analysis  

The experiment was performed in duplicate. The mean and 

standard deviation of means were calculated. The data were 

analyzed by one-way analysis of variance (ANOVA). 

Duncan’s multiple range test was used to separate means. 

Significance was accepted at probability p<0.05. Data were 

analyzed with Statistical Analysis System (SAS) 9.1 

3. Results and Discussion 

Total iron 

Iron content fluctuated with germination time for the 

maize obtained from all Wards (Table 1). The samples from 

LHW showed a significant decrease in iron content at the 36 

and 48-hour compared to the control with 0-hour germination 

time, but were similar to the control at the 72-hour (Table 1). 

Increases in iron content in the four other Wards ranged from 

2.4 to 12.8%. The beneficial effect of germination on iron 

may probably be attributed to the decrease in phytate content 

as a result of soaking and germination. It was also observed 

that the maize obtained from Kising’a ward (KSW) had low 

iron content (0.91±0.6mg to 1.09±0.8mg) as compared to 

those obtained from the other Wards (Table 1). The variation 

of iron content in the given locations, may be attributed to 

other factors such as soil and fertilizer, however the reasons 

for these variations are unclear. Soaking and germination 

showed a positive impact on iron solubility as iron increased 

significantly (P<0.05) from 1.4 mg/100 g at the 0-hour to 2.0 

mg/100 g at the 72-hour (Table 2a).  

Table 1. Interactive effect of location and germination on total iron content 

(mg/100 g) of soaked and germinated maize. 

Location Germination time (h) 

 0 36 48 72 

IFW 1.2±0.2b 1.1±0.01c 1.2±0.4b 1.3±0.7a 

KSW 0.9±0.2b 0.9±0.01b 0.9±0.6b 1.1±0.8a 

LHW 1.2±0.1a 1.1±0.2b 1.1±0.5b 1.2±0.6a 

MSW 1.2±0.1b 1.2±0.1b 1.2±0.8b 1.3±0.5a 

NZW 1.2±0.1b 1.2±0.3b 1.2±0.1b 1.3±0.8a 

Values are means ± SD (standard deviation) of duplicate determination. 

Means with the same superscripts within the same row are not significantly 

different (P<0.05). IFW- Ifunda Ward; KSW – Kising’a Ward; LHW – 

Luhota Ward; MSW – Mseke Ward; NZW – Nzihi Ward. 

Table 2a. Effect of soaking and germination on iron content (mg/100 g) of 

soaked and germinated maize. 

Germination time (h) 0 36 48 72 

Total iron (mg/100 g) 1.4a 1.5b 1.8c 2.1d 

SEM 0.14    

P-value 0.0001    

Phytates 

There was a significant (P˂ 0.05) decrease of phytates in 
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soaked and germinated maize from all Wards (Table 2b). In 

general, much of the phytates were efficiently removed at the 

72-hour germination time (Table 2). Significant (P˂ 0.05) 

reduction in phytate from 41.7±4.5 mg/100 g at 0 hour to 

27.5±0.5 mg/100g at the 72-hour was recorded in one Ward, 

that is a 34.1% reduction. In this study, all the maize had 

equal soaking time. Phytate is water soluble; therefore 

soaking the grains in water resulted in its passive diffusion 

[29]. A significant phytate reduction can be realized by 

discarding the soak water [29]. As seen in the current study, 

soaking usually forms an integral part of the germination 

process. Hotz and Gibson [30] have developed a simple 

soaking procedure appropriate for rural subsistence 

households, which can reportedly reduce the phytate content 

of unrefined maize flour by 50%. In the current study, 

phytate content of soaked and germinated maize flour was 

reduced by 8.3% in IFW to 34.1% in KSW.  

Generally, germination improves the nutritional quality of 

foods by increasing their nutrient content and digestibility 

[31]. Several studies reported on the decrease of phytates in 

soaked and germinated maize. For example, Sokrab et al. 

[32], observed a decrease in phytate content in high and low 

phytate corn genotypes soaked for 12 hours and germinated 

for 2, 4 and 6 days at room temperature of 32°C to 38°C. 

Also, Egli et al, [33] reported a decrease of phytate content 

from 1.2 mg/100 g to 0.8 mg/100 g in whole maize grain 

soaked for 16 hours and germinated for 24, 48 and 72 hours.  

Table 2b. Effect of location and germination on phytate content (mg/100 g) 

of soaked and germinated maize grains. 

Location Germination time (h) 

 0 36 48 72 

IFW 42.0±1.2a 40.6±0.01b 39.7±0.5b 38.5±0.1c 

KSW  41.7±4.5a 40.6±4.3b 39.0±1.5b 27.5±0.5c 

LHW 45.3±1.2a 41.1±1.6b 35.7±2.2c 34.6±3.8d 

MSW 41.4±6.4a 38.1±0.3b 37.7±0.02b 36.9±0.2c 

NZW 28.0±1.7a 26.6±0.4b 26.3±0.4b 24.9±0.9c 

Values are means ± SD (standard deviation) of duplicate determination. 

Means with the same superscripts within the same row are not significantly 

different (P<0.05). IFW- Ifunda Ward; KSW – Kising’a Ward; LHW – 

Luhota Ward; MSW – Mseke Ward; NZW – Nzihi Ward 

The reduction in the phytate content during germination 

could be attributed to an increase in the activity of 

endogenous phytase, which hydrolyzes phytic acid in maize 

[34, 35]. It has been generally accepted that during 

germination, de novo synthesis and activation of endogenous 

phytases with concurrent reduction in phytate content occurs 

in cereals [31]. Phytins are broken down by endogenous 

phytase enzymes, releasing their P, myo-inositol and mineral 

contents for use by the growing seedling [36]. The extent of 

the phytate hydrolysis varies with the species and variety, the 

stage of germination, pH, moisture content, temperature, 

solubility of phytate and the presence of certain inhibitors 

[33]. Another beneficial effect of germination of cereals is 

the increased activity of α-Amylase. α-Amylase hydrolyzes 

amylase and amylopectin to dextrins and maltose, this 

reduces the viscosity of thick cereal porridges without 

dilution with water while concurrently improving their 

energy and nutrient densities [37]. 

Abd El Rahaman et al. [38] and Vadivel et al. [39] 

revealed that the decrease in the level of phytic acid during 

soaking may be attributed to leaching out of the acid into 

water. Also, Suma and Urooj [25] have reported drastic 

reductions, approximately 50% of phytate in pearl millet 

upon germination. Therefore, soaking and germination can 

reduce significantly the levels of phytates in maize-based 

complementary foods hence increasing nutrient 

bioavailability, particularly iron. In the present study, 

significant (P ˂ 0.05) phytate reductions in soaked and 

germinated maize ranged from 10.9 to 34.1% at the 72-hour. 

Phenolic/polyphenolic compounds 

The polyphenolic compounds was significantly (P ˂ 0.05) 

increased at the 72-hour for the maize obtained in all Wards 

(Table 3). Maize from all the Wards except IFW showed 

significant (P˂ 0.05) decreases in phenolic compounds from 

the 0 to 36-hour and increased thereafter. Tordorvi et al. [40] 

reported a similar situation where maize seeds in germination 

process initially showed no change in the concentration of 

phenolics, followed by a small decrease, then an overall large 

increase. It was also observed that the maize obtained from 

MSW Ward produced higher amounts of phenolic 

compounds (1268.38mg/100g) at the 72-hour, an 86% 

increase compared to the other samples (Table 3). In general, 

the increases in phenolic contents ranged from76.7 to 86.3%. 

The lowest overall increase in phenolics at the 72-hour was 

seen in maize from the NZW location. The increase in 

polyphenols could be attributed to solubilization of 

condensed tannins when seeds are soaked in water and its 

movement to the outer layer during seed germination.  

Table 3. Effect of germination on phenolic compound content (mgGAE/100 

g) of soaked and germinated maize grains.  

Location Germination time (h) 

 0 36 48 72 

IFW 143.6d 174.5c 329.3b 789.9a 

KSW 178.7b 145. 0d 176.5c 827.4a 

LHW 155.8c 149.1d 197.4b 839.9a 

MSW 174.4c 169.3d 848.2b 1268.4a 

NZW 177.4b 150.9d 163.3c 760.5a 

Values are means ± SD (standard deviation) of duplicate determination. 

Means with the same superscripts within the same row are not significantly 

different (P<0.05). IFW- Ifunda Ward; KSW – Kising’a Ward; LHW – 

Luhota Ward; MSW – Mseke Ward; NZW – Nzihi Ward.  

The variation in the overall phenolic compounds among 

the Wards might be due to fact that storage conditions and 

drying methods used by the farmers or households differed. 

Also, the stage of maturation of the maize could have 

differed from place to place. However our findings are 

consistent with those reported by Sokrab et al. [32] who 

observed an increase in polyphenols of high and low phytates 

corn genotypes soaked for 12 hours and germinated for 2, 4 

and 6 days. The beneficial effect of phenolic compounds has 

been reported by some studies as being protective of infants 

and young children from food allergies and inflammation. 
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For example, Yao et al. [41] reported that phenolic 

compounds such as flavonoids have anticancer, antioxidant, 

anti-inflammatory anti-allergic, cholesterol lowering and 

anti-ulcerogenic properties. Ardekan et al., [42], reported that 

consumption of foods with high phenolic content is 

correlated with reduced cardiovascular diseases, type II 

diabetes, inflammation and cancer. 

In sum, the soaked and germinated maize from MSW had 

the highest increase in phenolic content (83.6%), a 10.9% 

reduction in phytate and an 11.4% increase in iron content. 

Soaked and germinated maize from IFW had an 82% 

increase in phenolic content, 8.3% reduction in phytate and 

2.4% increase in iron content. In terms of phenolic 

concentrations, the soaked and germinated maize from NZW 

had a 76.7% increase, 11.1% reduction in phytate and 9.0% 

increase in iron. A 78.4% increase in phenolic compounds, 

34.1% reduction in phytate and 12.8% increase in iron 

content were observed in soaked and germinated maize from 

KSW. For the soaked and germinated maize from LHW, 

there was a 4.1% reduction in iron content, 81.5% increase in 

phenolic content and 23.6% reduction in phytate at the 72-

hour germination.  

4. Conclusion 

The present study showed that mostly iron content 

increased at the 72-hour germination time for the maize. The 

findings also revealed significant reductions of phytate in 

soaked and germinated maize. Such reductions may have 

contributed to the increases in iron content observed. On the 

other hand, polyphenol contents increased with germination 

time, most significantly at the 72-hour. It is clear that the 

traditional processing technologies of soaking and 

germination, which are commonly used in the Iringa District, 

Tanzania for making local ‘brews’ could be utilized to 

enhance the nutritional properties of complementary foods 

used by infants and young children living in the resource-

poor communities studied. The commonly used technology is 

low cost and does not require any sophisticated and 

expensive equipment. An awareness and education program 

to inform community members about transferring this 

technology and its usefulness to complementary feeding is 

recommended.  
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