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Introduction 
Iron deficiency is a major public health problem especially 
common in countries with low income.The most affected 
are South Asia and Africa with 1.62 billion people affected 
worldwide, according to the World Health Organization 
(WHO) 1993-2005 databases. The deficiency or nutri-

Consumption of low iron bioavailability foods is the main contributing factor of iron deficiency for young children, 
a major public health problem especially common in our low income African countries. This study aimed at utilizing 
traditional foodstuffs to develop nutrient dense and high iron bioavailability complementary foods in Eastern D.R. 
Congo. Nutrient and anti-nutrient contents analysis were carried out using appropriate methods. The complementary 
foods were formulated by extrusion cooking and ground into flour that could be reconstituted into porridge for child 
feeding as recommended by Codex alimentarius. In-vitro iron availability was measured as Fe (II) bioavailability obtained 
by a method combining in-vitro protein digestion and dialysis (IVPD-dialysis). Phytic acid content was done by HPLC 
analysis method of phytic acid with modifications. The foods were formulated to meet the Recommended Dietary Allowance 
(RDA) for 6 month olds. Three (3) formulated complementary foods (CF0221, CF0322 and CF0423) composed of four 
(4) selected traditional foodstuffs: non-germinated amaranth grain (Amaranthus cruentus), maize (Zea mays), termites
(Macrotermes subhylanus) and dagaa fish (Rastreneobola argentea) result in this investigation. Complementary foods
developed and precooked products contained 914.5-1234.0 mg/100g phytic acid and <5% bioavailability of non-heme
iron. Phytate/iron molar ratio was beyond the critical limits for all the foods. The foods contained up to 3.3% bioavailable
iron after pepsin digestion and up to 2.5% bioavailable iron after pepsin + pancreatin digestion. This study provides
evidence that Eastern D.R. Congo has traditional foodstuffs which are nutrient dense with bioavailable iron content. It
is therefore recommended that both traditional animal and plant foods be exploited. Facilitation to commercialize and
patent the process and products should be done to enable full exploitation.
Keywords: food processing, traditional ingredients, weaning food, nutritional value, anti-nutrient, malnutrition, anemia

ABSTRACT

tional anemias are due mainly in tropical zones to iron 
and/or folic acid deficiency (Aubry and Gaüzère, 2015). 
43% children under 5 years old in the world, and 67% chil-
dren under 5 years in sub-Saharan Africa, suffer for anemia 
(Stevens et al., 2013). This disease corresponds to a ferri-
tin level of less than 10µg/L, a Mean Corpuscular Volume 
(MCV) less than 73-75 femtoliters (fL), a coefficient of
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transferrin saturation of less than 10-12%, confirmed by 
measurement of serum iron (Sazawal et al., 2006; Beutler 
and West, 2005). The children’s anemiais associated with 
a high risk of morbidity and mortality. For infants and 
young children, anemia causes general weakness and affect 
the motor and mental development if it is not quickly cor-
rected (Stoltzfus et al., 2001). These adverse consequences 
are partly irreversible and result in absences in class, repe-
tition, and lower school performance (Bobonis et al., 2006; 
Soemantri et al., 1985). 

The medical literature points out that even if the cause of 
iron deficiency anemia in young children may be multi-
factorial, food consumption in low iron bioavailability 
of a hand is probably the main contributing factor and a 
second.Under-nutrition, which is the results from not get-
ting enough protein, energy or other micronutrients and 
vitamins: iron, folic acid, vitamins A, B6, B12, C, etc. is also 
one of the specific causes of anemia (Aubry and Gaüzère, 
2015; Earl and Woteki, 1993; Yip, 1989). 

Equally, inadequate food intake is one key cause of malnu-
trition. Usually, in resource poor settings, the availability of 
nutritionally sound complementary foods is a major lim-
itation in ensuring optimum feeding of infants and young 
children after 6 months of age when breastfeeding alone 
becomes inadequate (Dewey, 2005). In addition, comple-
mentary foods often fail to meet the nutritional require-
ments of infants (WHO, 2008) because they are mostly 
plant foods with low energy and nutrients concentration 
and contain anti-nutrient factors such as phytic acid, tan-
nins and phenolics that limit the absorption of essential 
micronutrients (Towo et al., 2006; Gibson et al., 1998a). 
Mineral deficiencies are likely to occur if these foods are 
processed in a way that does not ensure enhanced bioavail-
ability of the micronutrients (Towo et al., 2006).

Protein-energy malnutrition and micronutrient deficien-
cies begin during weaning and/or immediately thereafter 
as most foods used for weaning do not provide adequate 
amounts of energy, protein and micronutrients (Mosha 
and Bennink, 2005). In Africa, traditional weaning foods 
are based on starchy cereals such as maize (Zea mays), sor-
ghum (Sorghum bicolor L), finger millet (Eleucine coracona) 
and rice (Oryza sativa) or non-cereals such as cassava 
(Manihot esculenta), round potato (Solanum tuberosum), 
sweet potato (Ipomea batatas), yams (Dioscorea spp.) and 
plantains (Musa paradisiaca sapientum). These foods have 
been widely associated with nutrient deficiencies among 
pre-school age children (Walker, 1990).

Developing nutrient dense, low-cost weaning foods from 
the locally available food ingredients has been strongly 
recommended as a viable and sustainable approach to 
address the problem of nutrient deficiency in developing 
countries (WHO/UNICEF, 1998; Dijkhuizen, 2000; WHO, 
2002; Dewey and Brown, 2003; Lutter, 2000; Mensah and 
Tomkins 2003; Lutter 2003; Lutter and Dewey, 2003). Such 
foods would provide reliable options for many families and 
can thus contribute immensely in ameliorating protein-en-
ergy and micronutrient deficiencies among older infants 
and young children (WHO/UNICEF, 1998; Dewey and 
Brown, 2003). These nutrient dense, low cost foods must 
be stable during storage so as to allow ample time for trans-
portation, storage, and marketing while still maintaining 
their nutritional and sensory wholesomeness (King and 
Burgess, 1993). Foods should also be devoid of harmful 
germs and other microorganism-derived chemicals that 
might pose a health risk. They should also not include any 
other dangerous or harmful compounds in quantities that 
might endanger the health of newborns or young children 
(Codex, 1991). 

The potential of utilizing traditional foodstuffs and tradi-
tional food processing techniques in developing nutrient 
dense complementary foods is a viable one. Amaranth 
grain has in the recent past been promoted as a healthy food 
for lactating mothers and infants in Eastern D.R. Congo 
after years of neglect (Muyonga et al., 2008). Consumption 
of termites and dagaa fish is a common practice in Eastern 
D.R. Congo and exploiting the resource in improving 
infant and child feeding is both viable and acceptable. The 
two types of food are rich in minerals and essential fatty 
acids. 

A major contributor of the widespread childhood micro-
nutrients deficiency in Eastern D.R. Congo is inadequate 
complementary feeding both in quantity and quality due 
to over reliance on cereals for complementary feeding. 
Recent second national Demographic and Health Survey 
2013-2014 shows that 72% of infants are weaned using 
cereal based complementary foods. These foods have high 
bulk density and high anti-nutrient content and therefore 
do not offer adequate nutrient density and bioavailable 
minerals. The complementary foods are also lacking in 
animal source foodstuffs partly due to high costs, limita-
tions on processing techniques and insufficient knowl-
edge on nutritional and health benefits (EDS, 2014). With 
civilization, indigenous processing methods which are 
affordable and likely to enhance nutrient density and bio-
availability have been neglected. A strategy to combine 
plant and animal foodstuffs in development of comple-
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mentary foods will result in adequate nutrient density and 
high mineral bioavailability (Kinyuru, 2012).

WHO recommends the use of traditional foodstuffs in 
complementary feeding. Eastern D.R. Congo in general 
and the territories of South Kivu province in particular 
havediverse traditional plant and animal foodstuffs most 
of which are nutrient rich (Ombeni, 2015; Ombeni and 
Munyuli, 2016; Matabaro et al., 2017). Animal foodstuffs 
have high mineral content; the minerals are more digest-
ible and have been found to improve bioavailability of 
minerals in plant foodstuffs. Appropriate indigenous pro-
cessing techniques will reduce anti-nutrients thus further 
improve mineral bioavailability. The foodstuffs are cul-
turally acceptable and affordable in Eastern D.R. Congo 
and uptake of the developed foods will be high (Ombeni, 
2015). Traditional grains in Eastern D.R. Congo have 
anti-nutrients and reducing them is necessary before pro-
cessing to complementary foods. Germinating amaranth 
grain may reduce phytic acid further improving mineral 
bioavailability. Termite and dagaa fish can be utilized in 
processing nutrient dense and acceptable complementary 
foods (Ombeni and Munyuli, 2016). 

This study is therefore aimed at optimizing a process to 
develop a safe complementary food with high in-vitro iron 
bioavailability, because traditional foods are rich in nutri-
ents and maybe utilized in development of nutrient dense 
complementary foods.

Materials and Methods 

Study design 
The study was cross-sectional, with random sampling to 
allow for generalisation of findings. The methodologi-
cal protocol closely followed a multidisciplinary strategy 
that combined botanical inventory collection of voucher 
plant specimens, and taxonomic assessment, as well as 
semi-structured and informal interviews (Martin, 1995; 
Grenier, 1998), which resulted in a list of Bashi, Barega and 
Bafuliro (local) names of the different foods mentioned. 
Secondary data on the nutritional content of the foods was 
obtained from food composition tables.

Field survey 
This field survey targeted 50 women of child bearing age 
identified using a snow balling technique beginning with a 
Community Health Worker (CHW). The study was carried 
out in five selected communities of South Kivu province 
namely: Walungu, Kabare, Kalehe, Mwenga and Uvira. 

The purpose of the study was explained to the selected 
mothers and oral consent to participate in the study was 
sought. Only consenting mothers were included in the 
study. Some respondents’ homes and agricultural plots 
were chosen at random for food species surveys. Scrubs, 
thickets, grasslands, kitchen gardens, farmlands, built-up 
regions, hedges, and wastelands were all used to harvest 
traditional food species.

Key informant interviews 
Six (6) key informants were purposefully chosen with the 
assistance of interviewees, elders, and local administra-
tors, each representing a hamlet within the study area. The 
interviewer read out the names of items and asked why 
they were eaten. The survey tool provided a list of all plant 
and animal foods identified during the field study men-
tioned above. The goal was to discover why the previously 
mentioned foods were consumed and to establish whether 
consumption of these foodstuffs was associated with nutri-
tional and/or health benefits. The informants used phrases 
like “increase of blood levels,” “addition of energy,” and 
“enhancement of breast milk by lactating mothers” fre-
quently. Food availability and preparation methods were 
investigated.

Sampling design 
Traditional foodstuffs were obtained from the local mar-
kets within Eastern DR Congo following the field survey. 
However, sample collection spread beyond South Kivu 
province to the wider Eastern DR Congo in order to get 
a more representative picture of the foods in Eastern DR 
Congo. Six samples of foodstuff weighing 0.25kg – 2kg 
each were sampled randomly from the local markets. 
Amaranth and maize samples were packed in kraft paper 
bags and sealed to avoid loss and transported to the labo-
ratory. Insect and dagaa fish samples were packed in 300 
gauge zip-lock polythene bags, packed in cool boxes lined 
with frozen ice packs and transported by airplane to the 
food analysis laboratory at Jomo Kenyatta University of 
Agriculture and Technology, Nairobi-Kenya.

A 200 g portion of each sample was milled to a fine powder 
within 24 hours of reception at the laboratory. They were 
then stored at -20oC until analysis. Edible portions of each 
foodstuff were analyzed in duplicate. Proximate compo-
sition (moisture, protein, fat, ash, dietary fibre, available 
carbohydrates); iron, zinc and calcium content; fat com-
position; phytic acid, tannins and total free polyphenols 
in plant foods were analysed. Whole grains were analysed 
while the insects were de-winged before analysis.
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Description of food optimization methodol-
ogy 
Amaranth grain (Amaranthus cruentus), commonly 
called “Lengalenga”, white maize (Zea mays), dagaa fish 
(Rastreneobola argentea) “Ndagara, Kabuchungu’” and 
winged termite (Macrotermes subhylanus) commonly 
called “Iswa (Lega, Kiswahili), Bushoun’gwé (Mashi)” 
formed the basis forthe formulations of complementary 
foods (Photos 1, 2, 3, 4).

The selection of amaranth grain among othertraditional 
plants consumed in Eastern D.R. Congo was done accord-
ing to Kinyuru (2012) from Kenya and Mbemba (2013) 

from Bandundu-D.R. Congo, because it has lower phytic 
acid levels than other plant foods evaluated. This means 
that amaranth may be processed into complementary 
foods with high iron bioavailability compared to phytates. 
For termite and dagaa fish, as being an animal food is a 
source of more bioavailable heme iron (Kinyuru, 2012). 
Inclusion of edible termites and dagaa fish during this pro-
cessing of complementary foods is therefore a strategy to 
improve non-heme iron bioavailability abundant in plant 
foodstuffs. These animal foodstuffs according to Mbemba 
(2013) are also  major sources of iron and zinc among 
other minerals.

Photo 1. Amaranth 
plant (head loaded 
with grains) 
(Amaranthus 
cruentus)

Photo 2. White maize 
grain (Zea mays)

Photo 3. Dried dagaa 
fish (Rastreneobola 
argentea)

Photo 4. Winged 
termites (Macrotermes 
subhylanus)  

It is hoped that being animal foods, they may enhance 
non-heme iron bioavailability (Sorensen et al., 2017a). 
Therefore varying amounts of amaranth grain with termite 
and dagaa fish may achieve high iron content, low phytic 
acid content and high iron bioavailability. 

Extrusion cooking has significant nutrient retention owing 
to high temperature and short time required in addition to 
retaining natural color, flavor and reducing microbial load 
of the food (Fellows, 2000; Bhandari et al., 2001). Singh 
et al., (2007) reported that extrusion cooking has mar-
ginal effect on phytic acid and therefore its effect on phytic 
reduction was not expressly evaluated in this study. 

Pathogenic bacteria are a major health hazards in animal 
source foods such as fish (Owaga et al., 2009). The chal-
lenge is complicated by the increased manual handling 
during harvesting and drying of the dagaa fish and ter-
mite. Good harvesting practices and heat pre-treatment 
of the foodstuffs werenecessary to reduce the contamina-
tion. Blanching was utilized in order to reduce microbial 
contamination. The content of each ingredient was deter-

mined by manual iteration to optimize iron and zinc con-
tents balanced with a moderate energy and protein content 
using MS Excel (2007 version). Combinations of these 
ingredients were incorporated into the original draft set of 
complementary foods to produce alternative sets of com-
plementary foods by varying food amounts. Three foods, 
CF0221, CF0322 and CF0423 were formulated (Table 1).
Energy content of selected ingredients were obtained from 
tropical Africa food composition tables by Sehmi, (1993) 
from Kenya and Lukmanji et al., (2008) from Tanzania 
(constituent of our Secondary 

were formulated to meet the RDA for 6 month olds as fol-
lows; energy 400 Kcal, Protein 9.1 g, iron 9.3 g, zinc 4.6 g 
and calcium 400g (Codex 1991; WHO, 1998; FAO/WHO, 
2002; FAO/WHO, 2004).

data) while other nutrients values were results of analysis 
in this research study (Primary data). The foods 
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Preparation of ingredients and processing of 
complementary foods 
Amaranth grains were sorted to remove extraneous 
materials; dagaa fish and termites were sorted to 
remove pebbles and other extraneous materials, 
washed in clean water and blanched for 1 minute. A 
single layer of the blanched fish and termite was then 
spread on aluminium trays and oven dried for 1 hour 
at 120oC with continuous turning. The mixture was 
processed by extrusion cooking and ground into flour 

Table 1. Formulations for CF0221, CF0322 and CF0423 complementary foods (%)
Product Amaranth grain Maize Dagaa fish Termite Soy bean oil Sugar
CF0221 73.0 15.0 3.0 8.0 0.6 0.4
CF0322 71.0 15.0 3.0 10.0 0.6 0.4
CF0423 66.0 15.0 3.0 15.0 0.6 0.4

that could be reconstituted into porridge for child 
feeding as recommended by Codex (1991). Extrusion 
was carried out at All-grain co. LTD, Kenya, with 
a barrel length/diameter ratio of 25 using a locally 
fabricated extruder. The extrusion conditions were as 
follows: Feed moisture content 12-14.4%, moisture 
injection 9%, feed rate 12.5 kg/h, screw-speed 300 
rev/min, barrel temperatures 70oC (zone 1), 100oC 
(zone 2), 127oC. The process flow for production of 
the complementary foods was as shown (Figures 1).
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Moisture, protein and mineral content 
Moisture content was assayed by the drying method, crude 
fat by Soxhlet extraction method and crude protein by 
semi-micro-Kjeldhal method (AOAC, 1996). Nitrogen 
values obtained were converted to crude protein using a 
factor of 6.25. Crude ash was calculated by incinerating 
at 550oC in a muffle furnace. Dietary fibre was measured 
using the Prosky enzymatic gravimetric technique (AOAC, 
1995). The difference between 100 and the total of the per-
centages of water, protein, fats, ash, and dietary fibre was 
used to compute the available carbohydrate value. 

The quantification of iron, zinc and calcium was done 
by atomic absorption spectrometry (AAS) (Shimadzu 
AA-6200, Tokyo, Japan) according to AOAC methods 
(AOAC, 1996). Quantification was done using external 
standards (SigmaAldrich Chemie, Steinheim, Germany).

In vitro non-heme iron bioavailability in 
complementary foods 
This was determined according to a method described by 
Sorensen et al., (2007a) with slight modifications. In-vitro 
iron availability was measured as Fe (II) bioavailability 
obtained by a method combining in-vitro protein digestion 
and dialysis (IVPD-dialysis). IVPD imitates the conditions 
in the duodenum and the proximal jejunum of the human 
gastrointestinal tract.

The reagents used were: Sodium taurocholate (500 mg/
mL), porcine pepsin (885 units/mg protein; 5 mg/mL in 
50 mM acetate buffer pH 4.5), porcine pancreatin (at least 
3xUSP specification; 7.5 mg/mL in 1 mM HCl), trichlo-
roacetic acid (TCA), PIPES buffer (piperazine - N, N’-bis 
[2-ethane-sulphonic acid] disodium salt; 75 mM, pH 
6.1), HEPES buffer (N-2-hy droxylethylpiperazine- N’-2-
ethanesulphonic acid, sodium salt; 0.3 M, pH 9.9), tris-gly-
cine buffer (trishydroxymethylaminomethane (Trizma 
Base) (10.4 g/L), glycine (6.9 g/L), and EDTA (Tritriplex 
III) (1.2 g/L) in water and adjusted to pH 8), SDS solu-
tion (7.25 g/ L), and Ellmans reagent (5,5’ dithio-bis-(2-ni-
trobenzoic acid; 0.35 g/L) were diluted in the tris-glycine 
buffer . All solutions and ferrozine chromogen solution 
(3-(2- pyridyl)-5,6 bis(4-phenyl sulfonic acid)1,2,4-tri-
azine, disodium salt; 5 mg/ mL in water) were prepared 
from reagents purchased from Sigma - Aldrich (St. Louis, 
MO). The used dialysis tubing with a molecular weight 
cut-off of 6000–8000 Da was from Spectrapore®, Millipore.
Slurry of the food was prepared by homogenizing with 
water. The homogenate was prepared to contain 50 mg pro-
tein/mL of slurry. To 7.5 mL of the homogenate, 10 mL 0.1 
M HCl was added resulting in pH 2.5. The remaining 13.5 

mL of homogenate were incubated with pepsin (1.40 mL) 
for 1 h in a 37oC water bath. Subsequently, aliquots (6.6 
mL) were drawn and mixed with 3.4 mL water resulting in 
the pepsin digests. Finally, the residual assay mixtures were 
mixed with NaHCO3 (2 mL, 600 mM), NaOH (100 mL, 
1 M), pancreatin solution (2.15 mL), and sodium tauro-
cholate (500 mL) resulting in pH 7, and further incubated 
for 1 hour at 37oC, resulting the pepsin/pancreatin digests. 
Dialysis was performed by placing a dialysis bag contain-
ing 1 mL of PIPES buffer in 5 mL of the different digests 
and continuing dialysis until equilibrium was obtained for 
4 hours at 37oC with stirring.

Fe (II) bioavailability and iron-reducing capacity were 
measured immediately after dialysis by determining iron 
in the retentate and dialysate of pepsin-digested and 
pepsin/pancreatin-digested samples from IVPD dialy-
sis using a micro-scale method based on reaction with 
chromogen ferrozine. The assay was adapted to microti-
ter plates. Fe (II) content was analysed by adding 100 mL 
non-reducing protein precipitate (TCA, 1 g; HCl, 37%, 1 
mL , adjusted to 10 mL with water) to aliquots of dialy-
sate and retentate, respectively (200 mL). The detection 
range of the microassay was between 4 mM and 0.5 mM 
Fe. The aliquots to which were added either non- reduc-
ing or reducing protein precipitate were left over night at 
room temperature followed by centrifugation (2575 g; 10 
min). The supernatants and FeCl3 dilutions (100 mL) in 
double determinations were placed in microtiter wells (96-
well ELISA plates), HEPES (0.3 M; 200 mL) and ferrozine 
solution (5 mg/mL; 25 mL) were added and the absorbance 
done using the standard curve was used for sensitive esti-
mation of iron content and oxidative status measured at 
570 nm (ELISA reader EL340 Microplate) immediately 
after ferrozine addition for the quantification of Fe (II) 
and after 1hr for determination of total (Fe (II) + Fe (III)) 
iron content. This colorimetric assay has been optimised 
for the application in microtiter plates with the measure-
ment of absorbance at 570 nm for sensitive estimation of 
iron content and oxidative status (Sorensen et al., 2007b). 
Bioavailable Fe (II) and reducing capacity were calculated. 
Reducing capacity of Fe (II) is a measure of the soluble but 
not bioavailable iron.

% Bioavailability of Fe (II) = [(Fe (II) in dialysate (mM) x 
1total volume (mL))/*total (Fe (II) + Fe (III)) (µmol) x 100.
% reducing capacity of Fe (II) = (Fe (II) in dialysate (mM) 
x dialysate volume (mL)] + [Fe (II) in retentate (mM) x 
retentate volume (mL))/*total (Fe (II) + Fe (III)) (µmol)] 
x 100 

*Dialysate and retentate



7

Ombeni Justin et al.  Formulation and Iron Bioavailability in Complementary Foods Processed

Phytic acid content 
Determination of phytic acid was done by HPLC analysis 
method of phytic acid according to Camire and Clydesdale, 
(1982) with modifications as follows, 50 mg of sample was 
weighed into a 125 mL Erlenmeyer flask and 10 mL of 3% 
H2SO4 added. The flasks were shaken at a moderate speed 
on a shaker for 30 minutes at room temperature before 
being filtered with rapid filter paper (Shaker Model KS 250 
basic, Germany). After 5 minutes in a boiling water bath 
(BWB), 3 mL of FeCl3 solution (6mg ferric iron per mL in 
3% H2SO4) was added. A 45-minute BWB heating was used 
to complete the precipitation of the ferric phytate complex. 
The supernatant was removed after 10 minutes of cen-
trifugation at 2500 rpm. The precipitate was washed with 
30mL distilled water, centrifuged and the supernatant dis-
carded. Three (3) mL of 1.5N NaOH was added to the resi-
dues and the volume brought to 30mL with distilled water. 
Heating was done for 30 minutes in a BWB to precipitate 
the ferric hydroxide. Cooled samples were centrifuged and 
the supernatant transferred into a 50 ml volumetric flask. 
The precipitate was rinsed with 10 mL distilled water, cen-
trifuged and the supernatant added to the contents of the 
volumetric flask. A sample of 20 µL of the supernatant was 
injected into a HPLC fitted with a 50377 RP-18 (5 µm) 
column at an oven temperature of 30 ºC and a refractive 
index detector. The mobile phase was 0.005 N sodium ace-
tate in distilled water and flowing at a flow rate of 0.5 µL/
minute. Quantification was done using external standards 
(Merk IV, multi element standard solutions).

Predicting mineral availability by phytate/
mineral molar ratio 
The mole of phytate and minerals was obtained and molar 
ratio was calculated by dividing the mole of phytate with 
the mole of minerals (Norhaizan and Nor, 2009).

Determination of tannin 
Tannin content was determined colorimetrically (Singleton 
and Rossi, 1965) with modifications as follows, 20g of sam-
ples were homogenized with 40 mL water and filtered. The 
filtrate was centrifuged at 4oC, 12000 rpm for 2 minutes. 
Then 0.1ml aliquot of the solution was mixed with 5.0ml 
of 0.2 N Folin-Ciocalteu reagent and 4.0mL off saturated 
sodium carbonate. After 2 hours, the absorbance was read 
at 765 nm in a spectrophotometer (UV mini 1240, Kyoto, 
Shimadzu, Japan). The concentration was quantified from 
a standard curve prepared using gallic acid. 

Determination of total free polyphenols 
Total free polyphenol content was determined colorimet-
rically (Singleton and Rossi, 1965) with modifications as 

follows, 20 g sample was homogenized with 40 mL of water 
and filtered. The filtrate was centrifuged at 4oC, 12000 
rpm for 2 minutes. A 0.1 ml aliquot of the solution was 
mixed with 5.0 mL of 0.2 N Folin-Ciocalteu reagent and 
4.0mL off saturated sodium carbonate. After 2 hours, the 
absorbance was read at 765 nm in a spectrophotometer 
(UV mini 1240, Kyoto, Shimadzu, Japan). The concentra-
tion was quantified from a standard curve prepared using 
tannic acid.

Approval of the study and Ethical consider-
ation
Before the data collection of this study, ethical approval 
was obtained from the accredited-Local Ethic Committee 
(‘LEC’): South Kivu Provincial Health Inspection (IPS) 
to conduct the research, approval number IRB/LEC/IPS-
SK-43/18. The mothers were not forced to take part in the 
study and the purpose of the study was explained to obtain 
informed consent and further permission obtained from 
the local ethic committee, the chief and other local admin-
istrators. All mothers gave oral consent.

Statistical analysis
All results are given as mean ± SD; n refers to the number 
of observations. The data was analysed by Student’s t-test 
for paired or unpaired variates and p<0.05 was considered 
significant using SAS (2004) software.

Results and Discussion 

Perceptions of nutritional, health benefits 
and availability of selected traditional foods 
Perceptions on health and nutritional benefits of the tra-
ditional foods are summarised in Table 2. The most popu-
lar advantages included energy provision and ‘enhancing’ 
blood flow in the human body. Other health advantages 
included avoiding stomach discomfort, bloating, and 
constipation. The nutritional content of Amaranth spp. 
was supposed to enhance breast milk in breastfeeding 
women, according to popular belief. The winged termite 
(Macrotermes subhylanus) and dagaa fish (Rastrineobola 
argentea) were supposed to have body building properties, 
improve health, and ‘increase’ blood. A high iron level may 
be connected with ‘increasing’ blood. 
Most of the items described were available in moderate 
to high quantities. However, jute mallow and oxalis avail-
ability wereevaluated as poor, making gathering sufficient 
quantities for product development difficult. The winged 
termites have been reported to be extensively accessible 
throughout the year, with dagaa fish in abundance. A sig-
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nificant informant bemoaned the loss in termite availabil-
ity and linked this food resource’s decline to increasing 
farming, particularly when pesticides were used. 

1 Source: National food composition tables and the 
planning of satisfactory diets in Kenya (Sehmi, 1993); 
2 Source: Tanzania food composition tables 
(Lukmwanji et al., 2008); - Common names or values 
missing

Table 2. Perceived nutritional and health benefits, availability of selected foodstuffs according to key informants and 
their iron and zinc contents

Common name Scientific name Perceived nutritional & health benefits Availability 
of the food

Iron*1 

(mg/100g)
Zinc2 

(mg/100g)

Amaranth grain Amaranthus cruen-
tus L.

Increases breast milk in mothers; 
Increases energy & blood; Reduces 

constipation
High 21.0 -

White maize Zea mays L. Source of energy High 4.5 1.8

Dagaa fish Rastrineobola 
argentea (Pellegrin) Body building ; Promotes good health High 7.0 5.2

Winged termite Macrotermes sub-
hylanus (Rambur) Body building; Increases blood Moderate 21.0 2.5

Review of secondary data (Table 2) indicated that the 
selected foodstuff amaranth grain had the highest iron con-
tent (21.0 mg/100g). Winged termite had the highest iron 
content (21.0 mg/100g) than dried dagaa fish the animal 
source food selected. White maize had significant iron (4.7 
mg/100g) and high energy content (Sehmi, 1993). Termites 
have high iron (Sehmi, 1993) and zinc (Lukmanji et al., 
2008) content. Termites emerged to be widely consumed 
within the study area especially during the rainy season. 
Dagaa fish had iron content of 7.0 mg/100g (Sehmi, 1993).
 
Recently, much attention has been focused on determin-
ing the nutritional value of various insects ingested by the 
Bashi, Barega, and Bafuliro of South Kivu province. Some 
insects have been found to be a rich source of minerals, 
fat soluble vitamins and even highly digestible proteins 
(Muvundja et al., 2013; Ombeni and Munyuli, 2016) and 
also in Western Kenya (Christensen et al., 2006; Ayieko 
and Oriaro, 2008; Kinyuru et al., 2010a; Kinyuru et al., 
2010b). Research has shown that consumption of edible 
larva of Westwood (Cirina forda) in Nigeria does not 
pre-dispose neurotoxicity or hepatotoxicity to study ani-
mals (Akinnawo et al., 2002). This can be further comple-
mented by the fact that no toxicity disaster associated with 
consumption of insects has been reported by the consum-
ing communities in South Kivu.

Proximate composition
Table 3 presents the proximate composition of the selected 
traditional foods to make the complementary food. 
Amaranth grain had the highest protein (18.5 g/100g) 
and fat content (14.4 g/100g) than white maize. This 

was higher than amaranth varieties grown in Uganda, 
12.0-13.0 g/100g protein content (Muyonga et al., 2008). 
Consumption of 100g of amaranth grain would provide 
200% of Recommended Daily Allowance protein for 6 
month old infants (WHO, 1998). The carbohydrates in 
amaranth grain consist primarily of starch made up of 
both glutinous and non-glutinous fractions (Muyonga et 
al., 2008; Teutonico and Knorr, 1985). Due to the unique 
size and composition of amaranth starch, the starch may 
exhibit distinctive characteristics which could be of benefit 
to the development of complementary foods (Singhal and 
Kulkarni, 1990a,b). Maize was found to compare with sam-
ples grown elsewhere within the tropical Africa (Sehmi, 
1993; Muyonga et al., 2008). Of interest however, was the 
high carbohydrate level in amaranth and meaning they can 
be exploited as energy source foods for infant.

The fat content of the termites (44.8 g/100g) was lower 
than the values reported by Sehmi, (1993) for an unspec-
ified dried termite (53.4 g/100g). The values were also 
slightly higher than those reported by Ombeni and 
Munyuli, (2016) for an unspecified dried termite Isopteria 
(41.63 g/100g) and those of Nausitermes spp. reported by 
Oyarzun et al. (1996) at 40.23%. 

The protein content of the studied winged termite (39.3 
g/100g) was within the range reported for an unspeci-
fied dried termite (35.7 g/100g) in NFCT (Sehmi, 1993). 
Consumption of 100g of termites would provide 3 - 4 times 
more protein than RDA for 6 month old infants (WHO, 
1998). The protein content exhibited by the insects anal-
ysed in this study was significantly higher than that of red 
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meats reported by Williams (2007) and therefore insects 
may offer an alternative source of protein to counteract 
the protein malnutrition in the Democratic Republic of 
the Congo. Protein profiles of insects indicate high pro-
tein quality, beneficial for human nutrition (Ombeni and 
Munyuli, 2016; Ramos-Elorduy et al., 1997; Verkerk et al., 
2007, Kinyuru et al., 2010b), especially in an otherwise 
plant-dominated diet, typical in Eastern D.R. Congo. High 

fibre content was also found in the selected plant foods 
white maize and amaranth grain with 5.9 g/100g and 7.1 
g/100g respectively and this may pose a challenge in uti-
lizing these grains in complementary foods. The dietary 
fibre in termites (6.3 g/100g) is largely composed of chitin 
whose effect on the nutrients in a complementary food is 
not known.

Table 3. Proximate composition of selected traditional foodstuffs (g/100g)

Foodstuff Protein Fat Total ash Dietary fibre Available Carbohydrate

Amaranth grain 18.5 ± 0.4 14.4 ± 0.6 2.5 ± 0.1 7.1 ± 0.1 63.8 ± 1.5
White maize 8.2 ± 0.2 4.8 ± 0.8 1.1 ± 0.1 5.9 ± 1.1 79.8 ± 1.0
Dagaa fish 58.1 ± 0.6 26.6 ± 0.9 11.1 ± 0.1 3.0 ± 1.0 11.0 ± 1.3

Winged termite 39.3 ± 0.1 44.8 ± 2.8 7.5 ± 0.1 6.3 ± 1.1 1.8 ± 0.7
Values are mean ± SD on dry weight basis, n= 6

Calcium, iron* and zinc
Calcium, iron and zinc content were the minerals of inter-
est in the selected traditional foods as shown in Table 4. 
Amaranth had the highest iron and zinc content than white 
maize. Muyonga et al., (2008) reported 17.0 mg/100g iron 
and 3.7 mg/100 g zinc content in amaranth harvested in 
Eastern Uganda. Amaranth grains contain twice the level 
of calcium found in milk, five times the level of iron in 
wheat (Becker et al., 1981).

This could however be explained by regional variations. 
Consumption of 100 g of amaranth grain would provide 
1.6 times more iron than the RDA for 6 month old infants 
(WHO, 1998) consuming 100 g of the termites will provide 
5-7 times more iron than RDA. 

The most notable finding was the high calcium content 
in dagaa fish, as well as zinc and iron in the winged ter-
mite. Consumption of 100 g of dagaa fish would provide 8 
times more calcium than the RDA for 6 month old infants 
(WHO, 1998). The high levels of calcium, iron and zinc of 
this insect and dagaa fish collected for this study are in line 
with previous studies in Africa (Christensen et al., 2006; 
Onigbinde and Adamolekun, 1998; Kinyuru et al., 2010a; 
Kabahenda et al., 2011). The bioavailability of the miner-
als from the fish and the termite is likely to also be higher 
than from the plant foods (Christensen et al., 2006) since 
animals contain heme iron which is more bioavailable

Table 4: Mineral composition of selected traditional foodstuffs (mg/100g)

Foodstuff Calcium Iron* Zinc

Amaranth grain 12.2 ± 0.1 15.0 ± 0.1 3.4 ± 0.1

White maize 43.6 ± 3.0 9.4 ± 0.1 0.9 ± 0.1

Dagaa fish 3505 ± 6.2 25.7 ± 0.2 12.0 ± 0.9

Winged termite 58.7 ± 1.2 53.3 ± 1.4 8.1 ± 2.8
 Values are mean ± SD on dry weight basis, n= 6
**Interested mineral in this study

Anti-nutrient content 
Phytic acid measured as myoinositol hexa-inositol phos-
phate (IP6), tannins and total free polyphenols composi-
tion of the traditional foods are reported in Table 5. 
Maize had the lowest phytic acid content (318.5 mg/100g) 
indicating its appropriateness in complementary food 

development. Amaranth grain had highest phytic acid 
(1285 mg/100g).The tannin (2.2 mg/100g) and total free 
polyphenols (69.0 mg/100g) were highest in white maize.
Other researchers have reported a wide variation of phytic 
acid content in amaranth grain. Becker et al., (1981) 
reported 200 mg/100g in Amaranthus caudatus, while 1.3 
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Other researchers have reported a wide variation of phytic 
acid content in amaranth grain. Becker et al., (1981) 
reported 200 mg/100g in Amaranthus caudatus, while 1.3 
g/100g (1300 mg/100g) was reported in unspecified ama-
ranth grain specie (Egli et al., 2004) and 300 mg/100g in 
Amaranthus cruentus (Colmenares and Bressani, 1990). 
Kanensi et al., (2011) reported 10 mg/100g phytic acid in 
Amaranthus cruentus from Kenya. This means phytic acid 
content in amaranth should be ascertained for the specific 
grain species in focus before utilization.

High phytic acid in both selected traditional plant food-
stuffs pose a major challenge in formulation of food rich 
in bioavailable calcium, iron and zinc (Garcia-Estepa et al., 
1999; Norhaizan and Nor, 2009). Phytic acid binds the min-
erals and results to insoluble salts with poor bioavailability 
of minerals in plant foods (Rhou and Erdman, 1995).

Therefore, a process to reduce the phytic acid content is 
essential in lowering the anti-nutrients during the process-
ing of a complementary food using either amaranth grain. 
Phytic acid/mineral molar ratios were calculated and the 
findings presented as shown in Table 5.

All the samples analysed were beyond the critical limits 
for phytate/iron ratio and phytate/calcium ratio while phy-
tate/zinc ratios in amaranth was beyond the critical limits 
(Norhaizan and Nor, 2009). This means that bioavailabil-

ity of the minerals is low in this food if consumed in their 
current form. The ratio is an indicator of bioavailability of 
the minerals with respect to the set critical limits for each 
mineral.

The bioavailability of added and intrinsic non-heme iron is 
largely determined by the solubility of the iron in the upper 
gastrointestinal tract (Sorensen et al., 2007a). Dietary phy-
tates inhibit non-heme iron absorption (Miller, 1996). 
Zinc and phytic acid form insoluble complexes and the 
negative effect of such complexes on zinc absorption can 
be predicted by phytate-to–zinc molar ratios when the 
dietary zinc intake is close to the requirement (Oberleas 
and Harland, 1981). Calcium-zinc-phytate complexes gen-
erated in the gut are significantly less soluble than phytate 
complexes formed by either ion alone, exacerbating the 
inhibitory action of phytate on zinc absorption (Egli et al., 
2004).

Moisture, protein, iron and phytic acid con-
tent in the developed foods
Moisture, protein, Iron and phytic acid content of the 
developed foods is shown (Table 6). The moisture content 
was within safe moisture content of below 12% to ensure a 
stable product in pre-cooked complementary foods (WFP, 
2010).

Table 5: Anti-nutrient content of selected traditional plant foodstuffs (mg/100g)

Foodstuff Phytic acid Tannins Total free poly-
phenols

Phytate/ 
Iron ratio

Phytate/ 
Zinc ratio

Phytate/ 
Calcium 

ratio
Amaranth grain 1285 ± 206.3 7.1 ± 1.4 30.3 ± 1.4 7.2 ± 1.1 36.3 ± 5.4 6.3 ± 1.0

White maize 318.5 ± 11.2 12.2 ± 0.2 69.0 ± 2.9 2.8 ± 1.0 2.8 ± 1.0 34.7 ± 1.2

Critical limits* 1 15 0.24
Values are mean ± SD on dry weight basis, n= 6 

*Source: Norhaizan and Nor (2009)

Table 6: Moisture, protein, iron, phytic acid and molar ratio in the developed foods

Food Moisture 
(g/100g) Protein (g/100g) Iron (mg/100g) Phytic acid (g/100g) PA/Fe* molar ratio

CF0221 8.0 ± 0.3b 17.8 ± 1.2b 16.2 ± 0.1b 1234 ± 22.4a 3.6 ± 0.3a

CF0322 8.0 ± 0.1b 17.5 ± 1.4b 16.5 ± 0.1b 1110 ± 31.6b 3.2 ± 0.1b

CF0423 8.8 ± 0.6b 18.9 ± 0.8a 17.0 ± 1.0a 914.5 ± 15.6c 2.5 ± 0.1c

*Critical limit = 1 

Mean ± standard deviation; n=6

Values on the same column with different superscripts are significantly different (p<0.05)
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Fig. 2. In-vitro non-heme iron bioavailability of the complementary foods
Values on the same variable with different letters are significantly different (p<0.05)

 Fig. 3: Reduction capacity of the complementary foods
Values on the same variable with different letters are significantly different (p<0.05)
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It is postulated that majority of iron absorption in vivo 
occurs in duodenum and the proximal part of jejunum. 
Gunshin et al. (2001) and Sorensen et al. (2007a) found 
that iron bioavailability should be higher on pepsin diges-
tion than on pepsin+ pancreatin digestion. However, in 
this study only CF0423 showed such a tendency. 

The findings of this study indicate that presence of termite 
in a food matrix increases Fe (II) bioavailability though 
the results are not significant at some of the levels of ter-
mite used in this study (Figure 2). This means that though 
the termite may enhance, there is possibility of an inhib-
itor in the food matrix that is prohibiting the gains. It is 
therefore important to significantly reduce the phytic acid 
before addition of iron enhancers such as animal source 
foods. Increasing the termite content in the formulation 
may be a strategy to further improve bioavailability of the 
iron but that is likely to affect the processability, storage 
and consumer acceptability properties due to the high fat 
and protein content of termite. The animal source foods 
in the formulation not only enhanced bioavailability of 
non-heme iron, but also contributed heme iron resulting 
in high amount of readily bioavailable iron in the foods.

The capacity to reduce Fe (III) to Fe (II) in the samples 
was higher in the pepsin+ pancreatin digested than pepsin 
digested samples in all the foods (Figure 3). Reducing 
capacity was not significantly different between CF0221 
and CF0423 upon pepsin. High reducing capacity shows 
that a significant amount of Fe (II) is present in the 
digested samples in a non-bioavailable but yet soluble 
form, which could be polymeric soluble aggregates or Fe 
(II) complexes with phytates. Means of making this iron 
bioavailable should therefore be explored during process-
ing of a complementary food with these ingredients so as 
to raise the level of available iron. A process that breaks 
complexes formed between iron and inhibiting food com-
ponents such as phytates may also be employed.

Conclusion 
The findings of this study provide evidence that Eastern 
D.R. Congo has traditional foodstuffs which are nutrient 
dense and have hight bioavailable iron content. Availability 
of the animal foodstuffs within the study area suggests 
that they maybe be incorporated in cereal based foods to 
develop high energy, iron and zinc content complementary 
foods. Amaranth grain had the highest protein content 
(18.55 g/100 g) than white maize while dagaa fish had the 
highest protein content (58.1 g/100 g) than winged termite 
selected animal foodstuffs. Iron content ranged between 

9.4–15.0 g/100 g among the plant foods and 25.7 g/100g 
and 53.3 g/100 g in dagaa fish and termite respectively. The 
animal foodstuffs had higher level of zinc (8.1-12.0 g/100 
g) compared to the cereal grains (0.93–3.48 g/100 g). High 
anti-nutrient content in amaranth was found. Amaranth 
grain had the highest phytic acid content (1285.4 g/100 
g) compared to maize. The foods analysed met the RDA 
for protein, fat, iron, zinc, and calcium. Formulation of 
complementary foods (CF0221, CF0322 and CF0423) 
composed of four (4) selected traditional foodstuffs: 
non-germinated amaranth grain (Amaranthus cruentus), 
maize (Zea mays), termites (Macrotermes subhylanus) and 
dagaa fish (Rastreneobola argentea). Nutrient and anti-nu-
trient contents and functional properties consumer of the 
three foods wereevaluated. After that, a process to optimize 
inclusion of termites and dagaa fish was developed and 
precooked products obtained. Phytate/iron molar ratio 
was beyond the critical limits for all the foods. The foods 
contained up to 3.3% bioavailable iron after pepsin diges-
tion and up to 2.5% bioavailable iron after pepsin+ pan-
creatin digestion. Incorporation of termites and dagga fish 
in processed complementary foods containing of phytic 
acid does not translate into large mineral bioavailability 
and therefore techniques to further reduce the inhibitor 
are necessary. An indigenous process such as germina-
tion maybe evaluated in order to reduce phytic acid before 
processing the grains into complementary foods. All the 
foods were shelf stable for up to 6 months. Both animal 
and plant traditional foods should be exploited in develop-
ment of nutrient dense complementary foods and appro-
priate pre-processing steps such as germination should be 
incorporated as means to reduce anti-nutrients in tradi-
tional grains before processing to complementary foods. 
Methods to further improve acceptability qualities of the 
foods should be evaluated. The foods formulated should 
be subjected to a controlled clinical trial to determine their 
efficacy in maintenance of good nutrition.
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