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Poor energy and nutrient-dense complementary food for infants have resulted 
in malnutrition and poor growth. Some processes are known to improve the 
nutritional value while reducing the antinutrient factors in food formulations. 
Maize-soybean-based composite flours from nixtamalized maize and heat-
treated soybean were used to formulate six composite flours (CFs). The proximate 
composition, mineral content, antinutritional effect, mineral molar ratios, and 
mycotoxin level were investigated. The nixtamalization of maize and the heat 
treatment of soybean substantially improved the nutritional properties of the CFs. 
The pH value varied with the nixtamalization process, from 6.82  ±  0.7 to 9.32  ±  0.4. 
The energy content of the complementary foods was in the range of 354.77  ±  3.2 
to 429.56  ±  4  kcal, meeting the minimum standard set for a cereal-based CF, 
which is 400  kcal. The protein values of the CFs (9.48  ±  0.3 to 13.92  ±  1.92%) 
on a dry weight basis were slightly below 15% of the recommended levels set 
by Codex. The antinutrient levels were reduced with nixtamalization and heat 
treatment. The molar ratio of phytate to minerals (calcium, zinc, and magnesium) 
was lower than the reported critical value, except for phytate to iron, where only 
whole maize, nixtamalized maize, and composite flour 3 (CF3) had a molar ratio 
that exceeded the reported critical value of 1. Although all composite flours were 
contaminated with mycotoxin, aflatoxin content in CFs ranged from 1.35  ±  0.67 
to 13.8  ±  0.29  g/kg and from 0.3  ±  0.07 to 0.63  ±  0.015  mg/kg for fumonisin. 
Only the control and CFs made from the untreated maize did not meet the EU 
regulatory threshold (4.0  g/kg) for total aflatoxins and total fumonisin (4  mg/kg). 
The soybeans were not contaminated with the mycotoxins. The composite flour 
5 (Composite flour 25% HS  +  75% NixM) can be considered the best composite 
flour with regard to its nutritional properties, mineral, antinutrient, and mycotoxin 
content. These findings have shown that nixtamalization and heat treatment can 
improve the nutritional properties and food safety of composite flours.
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1. Introduction

Malnutrition is a situation in which there is a deficiency or excess 
of nutrients in the population’s diet, causing the deaths of more than 
half of the children in the world (FAO, 2022). Although the entire 
world population suffers from various nutritional deficiencies, people 
with low incomes are the most affected, particularly in developing 
countries where the majority have to compromise on the nutritional 
quality of the food they consume as well as reduce consumption 
(Erokhin et al., 2021).

When there is a lack of nutrients like protein, carbohydrates, 
and vitamins, malnutrition can also impede intellectual 
development and reduce working capacity in adults (Arimond 
et  al., 2008; UNICEF, 2020). Regarding the statistics in the 
Democratic Republic of Congo (DRC), from 2006 to 2016, Kuamba 
(2016) reported that the proportion of children who suffer from 
stunting is constant and affects at least 42% of children in the 
country. The most affected regions are South Kivu and Kasai 
provinces, with a rate of 48 and 52% malnourished children, 
respectively (Kuamba, 2016). Only three crops—wheat, rice, and 
corn—provide half of the world’s calories, but these grains are also 
deficient in protein and numerous minerals (Campbell et al., 2016). 
In diets, legumes supplement cereals; they provide significant 
protein, necessary amino acids, and minerals and can be used in 
place of meat when it is unavailable or pricey (Singh et al., 2022). 
Due to its high protein content, soybean is a common legume used 
for enriching porridges served at breakfast for the whole family and 
as a complementary food for infants and young children in 
sub-Saharan Africa (Flax et  al., 2010; Mangani et  al., 2015). 
However, the uncooked soybean flavors are often described as 
“painful and unpleasant” and make the legume unpalatable (Wibke 
et al., 2017). Soybeans are usually roasted or extruded with maize 
to get rid of antinutritional factors and unpleasant tastes. This helps 
reduce the time it takes to make porridge (Kalumbi et al., 2019). In 
sub-Saharan Africa, people eat maize-based porridges that are 
mostly flat and tasteless, and any change from this norm is likely to 
be rejected (Stevens and Winter-Nelson, 2008; Khumalo et al., 2011; 
Pillay et al., 2011; De Groote and Kimenju, 2012). Similarly, it is 
also impractical to use a raw corn-soybean meal mixture, as it takes 
a long time to cook and this form of preparation retains unpleasant 
flavors (Kalumbi et al., 2019).

Maize is a staple food and has the most significant calorie 
contribution in South Kivu (Smale et al., 2013; CTA, 2015). However, 
it is one of the commodities that is prone to contamination by 
mycotoxins. The studies conducted by Matendo et  al. (2022) and 
Udomkun et al. (2018) show that the prevalence of aflatoxin in maize 
in South Kivu was very high, with a range between 3.1–2,806.5 μg/kg. 
Aflatoxins are toxins that occur naturally due to Aspergillus spp. 
metabolism (Ayo et  al., 2018). Therefore, aflatoxin-contaminated 
maize poses a serious problem, rendering it unsuitable for human and 
livestock consumption (Zain, 2011). Soybean has been reported to 
be  less contaminated by mycotoxins. Niyibituronsa et  al. (2018) 
reported an aflatoxin prevalence of 0.023% in soybean in Rwanda, 
with only 0.003% of samples above the most stringent EU maximum 
permitted limit of 4 μg/kg. Even when contaminated with A. flavus, 
previous research has shown that soybeans are not a good substrate 
for aflatoxin production. This means that soybeans can be promoted 
as a healthy and aflatoxin-free food (Niyibituronsa et al., 2018).

The relationship between aflatoxins and the childhood disease 
kwashiorkor is unclear. Although kwashiorkor is widely thought to 
be  a form of protein-energy malnutrition, there are hypotheses 
suggesting that some characteristic features of the disease are known 
to be among the pathological effects caused by aflatoxins in animals 
(Williams et  al., 2004, 2010). Also, specific antinutritional factors 
present in foods limit the bioavailability of micronutrients 
(Zimmermann and Hurrell, 2007). These antinutrients tend to limit 
mineral delivery by interfering with intake, digestion, and absorption. 
Of particular concern are the relatively heat-stable phytates and 
tannins (Popova and Mihaylova, 2019).

Soybeans and maize can be subjected to technologies that could 
improve their nutritional value and acceptability. Nixtamalization is a 
traditional maize preparation process in which dried maize is cooked 
and steeped in an alkaline solution, usually water and food-grade lime 
(calcium hydroxide) (Odukoya et al., 2021). This process is used to 
prepare some maize-based products like tortillas, masa, and snacks. 
This technique can cause several physicochemical modifications to 
maize kernels, contribute to flavor, and reduce mycotoxins in the final 
product (Odukoya et al., 2021).

Even though hydrothermal deactivation of lipoxygenase is used 
in the soymilk industry, there is no report on evaluating the 
hydrothermal treatment of soybean in the preparation of odorless 
products for the enrichment of protein-deficient maize slurry treated 
by nixtamalization techniques to reduce mycotoxin incidence and 
antinutrient factors. Therefore, the objective of this study was to 
evaluate the nutrient, antinutrient, mineral molar ratios, and 
mycotoxin contents of cereal-legume-based composite flours that 
undergo nixtamalization and heat treatment.

2. Materials and methods

2.1. Source of raw materials

The soybeans (variety SB24) and maize (Bambou) were obtained 
at INERA (Institut National d’Etude et de Recherche Agronomique/
Mulungu station). Fifteen kilograms of the maize sample were packed 
in a one-kilogram polyethylene plastic bag (biohazard peligroso) and 
labeled with the following information: day and month, source, and 
district. For soybeans, only five kilograms were bought from 
INERA. The samples were transported and kept at room temperature 
prior to processing. Before processing, the grains were first sorted to 
remove impurities. A total of eight experimental flours were prepared 
from maize and maize-soybean mixtures, following a 3×2 factorial 
design involving two factors, namely soybean type (roasted, torrefied, 
and hydrothermal soybean) and maize flour type (whole maize and 
nixtamalized maize), with two controls as summarized in Figure 1.

2.2. Preparation of composite flours

After sorting, soybeans were heated to remove the bean and grass 
taste, as follow:

 1. For hydrothermal treatment, soybeans were washed, then the 
clean soybeans were gradually introduced into boiling water 
and held for 1 h (one part soybean to three parts water). After 
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cooling the soybean in water, the hulls were removed manually 
by rubbing the seeds between the palms of the hands. The 
shelled soybeans were then washed and let dry.

 2. For roasted soybean: Sorted soybean was maintained at 100°C 
for 15 min in an oven according to the methods described by 
WFP (WFP, 2004).

 3. For torrefied or toasted soybeans: Sorted soybeans were 
maintained at 180°C in a roaster for 10 min.

Nixtamalized maize: 400 g of maize kernels were boiled or 
cooked in 2.000 mL of a 1% calcium hydroxide solution for 40 min 
at 92°C. After steeping the cooked maize for 16 h at room 
temperature, the cooking liquor was collected, and the nixtamal was 
rinsed. Wet nixtamal was dried for 24 h at 65°C using an air oven, 
then mixed with different soybean types and ground to a fine flour. 
In order to ensure homogeneity of the maize meal mixtures, the 
dried and heat-treated soybeans were carefully mixed with the maize 
portion (whole maize or nixtamalized maize) before milling. Figure 1 
shows a diagram of the preparation of different composite flours. 
From the (NixM) and non-nixtamalized maize (W.M.) and different 
types of soybean (Roasted, hydrothermal, and torrefied). 
We  formulated six different types of composite flour (CF). The 
composite flour 1 was a mixture of 25% roasted soybean and 75% 
whole maize; the composite flour 2 was a combination of 25% 
hydrothermal soybean and 75% whole maize; and the composite 
flour 3 was a mixture of 25% roasted soybean and 75% whole maize. 
The composite flour 4 was a mixture of 25% roasted soybean and 

75% nixtamalized maize; the composite flour 5 was a mixture of 25% 
hydrothermal soybean and 75% nixtamalized maize; and finally, the 
composite flour 6 was a mixture of 25% torrefied soybean and 75% 
nixtamalized maize.

2.3. Evaluation of different parameters

2.3.1. Proximate analysis
The moisture content was determined using the method 

[Association of Official Analytical Chemists; AOAC 952.08, (AOAC, 
2016)]. About 2 grams of each sample were kept overnight in an air 
oven (model UF55, Memmert Oven, Germany) at 105°C for 16 h and 
weighed. The loss in weight was regarded as a measure of moisture 
content. The crude protein was determined by the micro Kjeldahl 
method (AOAC 992.23, 2016) and the total protein was calculated by 
conversion from the total nitrogen. A 6.25 value was used as the 
conversion factor.

For ash content, the method AOAC 930.30, (AOAC, 2016) was 
used. A clean, dry crucible was weighed, and about 2 grams of sample 
were weighed into it. The crucibles were placed on a hot plate under a 
fume hood, and the temperature increased slowly until smoking 
stopped and the samples were thoroughly charred. They were then put 
in a muffle furnace, where the temperature increased gradually to 
250°C and was heated for an hour. The temperature was increased to 
550°C and incinerated for about 5 h in a VULCAN™ furnace (model 
3–1750, Cole- Parmer, Illinoi, United States). The temperature was 

FIGURE 1

Diagram of the preparation of composite flours of flour preparation. W.M.: Whole maize. NixM: Nixtamalized Maize. R.S.: Roasted Soybean. H.S.: 
Hydrothermal soybean T.S.: Torrefied Soybean. CF1: (Composite flour 25%RS  +  75%WM), CF2: (Composite flour 2: 25%HS  +  75%WM). CF3: (Composite 
flour 3: 25%TS  +  75%WM),CF4:(Composite flour 25%RS +75% NixM) CF5:(Composite flour 25%HS  +  75% NixM), CF6: (Composite flour 25%TS  +  75% 
NixM).
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then decreased to 300°C, and the crucibles were removed and cooled 
to room temperature.

The fat content was determined by the AOAC 948.15, 2016 
method; approximately two grams of moisture-free samples were 
placed in a Soxhlet cartridge and covered tightly with oil-free cotton. 
After extraction using petroleum ether at 60–80°C in a Soxhlet 
apparatus (model FOSS Soxtec™ extraction, Sweden) for about 6–8 h, 
The extract was evaporated in a pre-weighed beaker. The increase in 
weight of the beaker gave the crude fat content of the samples, and the 
petroleum ether was collected in a separate balloon. The crude fiber 
content was determined using fiber extraction equipment (model 
FOSS Fibertec™ 2010). The percentage of carbohydrate was calculated 
using the formula: 100 – (percentage of ash + percentage of moisture 
+ percentage of fat + percentage of protein). The pH was determined 
using a digital pH meter (Nahita Model 903, Auxilab S.L., Beriáin, 
Spain) equipped with a glass electrode (XS Sensor Food S7, XS 
Instruments, Carpi, Italy). Energy was calculated using the Atwater’s 
calorie conversion factors: 4 kcal/g for crude protein, 9 kcal/g for crude 
fat and 4 kcal/g for available carbohydrate and adding up the values. 
Each sample was measured in triplicate.

2.3.2. Determination of minerals
Mineral analysis were determined according to AOAC 985.35, 

2016 for calcium while for iron the AOAC 984.27, 2016 was used. 
Analyses were conducted using dry ashing and an atomic absorption 
spectrophotometer (AAS). The ash was transferred quantitatively to a 
100-ml beaker using 20 mL of 1 N HCl, then heated at 80°C on a hot 
plate for 5 min. This was then transferred to a 100-ml volumetric flask 
and filled to the mark using 0.5 N HNO3. Insoluble matter was filtered, 
and the filtrate was kept in a labeled polyethylene bottle. Minerals 
were quantified using an atomic absorption spectrophotometer (AAS) 
(Shimadzu AA-7000 series, Japan). The AAS was equipped with an 
automatic atomizer changer, a graphite furnace atomizer, an auto-
sampler, and a dual atomizer system. Mineral determinations were 
undertaken in triplicate for each composite flour. The various mineral 
standards were also prepared for the calibration curve.

2.4. Quantification of antinutrients

2.4.1. Phytate quantification
The high-performance liquid chromatography (HPLC) method 

of phytic acid was used to analyze phytates (Ochanda et al., 2010). 
Approximately 0.5 g of sample was accurately weighed using an 
analytical balance and placed into a 100-ml Erlenmeyer flask. Samples 
were extracted with 10 mL of 3% H2S04 shaken and centrifuged at 
1500 rpm at 25°C for 30 min. Contents were filtered using a filter 
paper of the Whatman series, and 50 mL of the filtrate was transferred 
into centrifuge tubes and placed in a boiling water bath for 5 min, 
followed by the addition of 3 mL of a FeCl3 solution containing 6 mg 
ferric iron per ml in 3% H2S04.

The contents were heated for 45 min to complete the precipitation of 
the ferric phytate complex. They were then centrifuged at 2500 rpm for 
10 min, and the supernatant was discarded. The precipitate was washed 
with 30 mL of distilled water, centrifuged, and the supernatant discarded. 
3 mL of 1.5 N NaOH was added to the residues, and the volume was 
brought to 30 mL with distilled water. The contents were heated for 
30 min in a boiling water bath to precipitate the ferric hydroxide. Cooled 
samples were centrifuged, and the supernatant was transferred into a 

50-ml volumetric flask. The precipitate was rinsed with 10 mL of distilled 
water, centrifuged, and the supernatant added to the contents of the 
volumetric flask. This was microfiltered (with the microfilter of 0.45 μm 
porosity) and kept awaiting HPLC analysis. HPLC analysis was done 
using a Shimadzu Refractive Index Detector (RID-10A). The standards 
were serial dilutions prepared from a stock solution of 10 mg/mL of 
sodium phytate (inositol hexaphosphoric acid C6H6 (OPO3Na2) 6H2O) 
in distilled water. The mobile phase had a flow rate of 1 mL/min at 30°C 
and contained 0.005 N sodium acetate. The column used was C18 ODS, 
5 μM size, 250x46mm. The analysis was carried out in triplicate for each 
composite flour.

2.4.2. Tannin quantification
The vanillin-HCl method of Ochanda et  al. (2010) served to 

estimate tannin quantification. The first extraction was performed 
from approximately 0.5 g of the composite flours for the extraction of 
tannins by using acidic methanol. Ten mL of 4% HCl in methanol was 
pipetted into each flask, shaken for 20 min, using a shaker 
(Labortechnik KS 250b, Germany), then separation done using a 
refrigerator cemtrifuge (Kokusan, Type H-2000C, Japan) at 4500 rpm 
and 25°C for 10 min. The supernatant was then transferred to 25-ml 
flasks. Then, the second extraction was done by adding 5 mL of 1% 
HCl in methanol to the residue of the first extraction. The supernatants 
from both extractions were combined and made up to 25 mL using 
methanol. The standards were serial dilutions prepared from a stock 
solution of catechin. 1 mL of the suitably diluted extract was taken in 
a test tube, and 5 mL of freshly prepared vanillin-HCl reagent was 
slowly added to the samples extracts and standards. The absorbance 
of the standards, CFs, and blanks was read in a UV–VIS 
spectrophotometer (Shimadzu, UV mini 1,240, Japan) at 500 nm. The 
quantification of tannins was expressed in mg of catechin equivalent 
per gram of sample. All measurements were carried out in triplicate. 
The measurement was recorded in an Excel sheet, and the content of 
tannin was calculated as percent catechin equivalent (CE) using the 
standard calibration curve.

2.5. Determination of the molar ratio of 
antinutrients to minerals

To predict mineral bioavailability in vitro, the molar ratio between 
antinutrients and minerals has been used (Zhang et al., 2020). The study 
has explored four to two antinutrient-to-mineral molar ratio categories. 
The molar ratios of phytate and tannins to iron, calcium, zinc, and 
magnesium were calculated by dividing the weight of those chemicals by 
their atomic weight. The molar mass ratio between antinutrient and 
mineral was obtained by dividing the mole of the antinutrient by the 
mole of the mineral, as demonstrated in the equation below.

Antinutrient:mineralmolar ratio

Concof antinutrient g/g

Molar
�

�
mmassof antinutrient g/mol

Concof mineral g/g

Molarmassof miner

�
�
aal g/mol�

(1)

With the following values for the molar masses: phytic acid = 660.04 g/
mol, tannins = 636.5 g/mol, iron = 55.845 g/mol, zinc = 65.38 g/mol, Mg 
=24.305 g/mol and Calcium =40.078 g/mole (Proietti et al., 2013).
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2.6. Mycotoxins analysis

Aflatoxins and fumonisins analyses were done at the IITA Kalambo 
laboratory. The samples were analyzed using Neogen Reveal® Q+ kits 
to determine mycotoxins. A 10 g subsample was weighed with a 
balance and transferred into a 100 mL beaker. Then 100 mL of 65% 
ethanol was added. The mixture was stirred for 3 min using an orbital 
shaker at 200 rpm. After that, the mixture rest for 3 min before filtering 
with Whatman No. 1 filter paper. Five hundred microliters of sample 
diluent for aflatoxin and 400 μL for fumonisin were transferred to a 
sample dish, and 100 μL of sample extract for aflatoxin and 200 μL for 
fumonisin were added. Finally, a 400 μL aliquot of sample extract and 
diluent was added to the Neogen Raptor cartridge. The reading was 
done on the Neogen Raptor® display screen after 6 min. Aflatoxin 
concentration was quantified in parts per billion (ppb; μg/kg), while 
fumonisin concentration was quantified in parts per million (ppm; mg/
kg). The Reveal Q + assay for aflatoxin is a quantitative assay for total 
aflatoxins. The linear range of detection is 2–150 μg/Kg. The Reveal 
Q + assay for fumonisin is also a quantitative assay for the quantification 
of B1 plus B2. The linear range of detection for B1 plus B2 is 1–7 mg/
kg. Maize-soybean composite flour samples were analyzed in triplicate.

2.7. Data analysis

The data was recorded using Microsoft Office Excel, and R 
software was used for the analysis. A two-way ANOVA was used to 
test the main effects and interactions among the independent variables 
(maize-soybean composite flour). Post-hoc mean separations were 
performed using Tukey’s honestly significant difference test at a 
significance level of 5%.

3. Results

3.1. Proximate analysis

The proximate analysis of the composite flour is shown in Table 1 
and Figure 2. Results show that heat treatment and nixtamalization 

processing influence the proximate composition of different flours. 
The moisture content did not vary significantly with heat treatment of 
soybean. Meanwhile, hydrothermal treatment of soybean led to a 
slightly increase of moisture. The total protein and carbohydrate 
contents ranged from 74.8 to 78.68% dry weight (dwt) and 12.19 to 
13.57% dwt, respectively. The total carbohydrate content did vary 
significantly with the heat treatment of soybean with p < 0.04. The heat 
treatment also influences the protein content (p < 0.05), with the 
hydrothermal soybean flours generally exhibiting higher protein 
content than roasted and toasted. The heat inactivation of the trypsin 
inhibitors and the heat denaturation of soyabean globulins, makes 
them more susceptible to proteolysis, thereby improving soy protein 
bioavailability for human.

The CF’s moisture content was in the range of 3.8 to 5.6% on a dry 
weight basis; this is thought to be contributed by the moisture content 
of the ingredient flours. Among the proximate values, moisture 
content is an indicator of quality and an important factor that impacts 
the storage and safety of food (Gemede, 2020; Ibeabuchi et al., 2020). 
When the moisture is low, we  assume an extended shelf life. 
Furthermore, the pH value varied with the nixtamalization process, 
from 6.82 to 9.32.

This increase is due to the presence and absorption of calcium 
ions (Ca2+). Protein content was slightly reduced after nixtamalization. 
Protein content in raw maize was 9.48% on a dry weight basis, and 
when nixtamalized, the protein was reduced to 9.01% on a dry weight 
basis. However, in the composite flour, the protein content increased 
due to the fortification of maize flour with soybean. CF2 and CF5 had 
the highest protein content. This indicates that in an environment 
where maize and maize products are often consumed and where 
protein deficiencies prevail, enrichment of maize by foods rich in 
protein is required. Additionally, the energy values obtained from CFs 
were in accordance with the recommendations. For carbohydrate 
content values in the range of (74.43–78.86%) and gross energy value 
(354.1–429.56 kcal/100 g), when we compare the codex requirement 
for baby’s flours, some of the CFs did not meet the requirement of 400 
Kcal/100 g, suggesting that there is a need to fortify maize so that it 
can provide the required energy.

The lipid content ranged from 2.57 to 8.4%. The fiber value varies 
from 0.23 to 1.86%, with nixtamalized maize having the highest-fiber 

TABLE 1 Proximate analysis of the composite flour in % dry weight basis.

Samples pH
Moisture 

(%)
Protein 

(%)
Lipids (%) CHO (%) Fibre (%) Ash (%)

Energy 
(Kcal/100  g)

W.M. 6.82 ± 0.7c 4.2 ± 0.17b 9.48 ± 0.3d 2.57 ± 0.2d 74.43 ± 6.2c 1.48 ± 0.2a 1.29 ± 0.2d 354.7e ± 3.2

NixM 9.32 ± 0.4a 5.6 ± 0.34a 9.01 ± 0.7d 3.77 ± 0.1d 77.06 ± 7.0b 1.86 ± 0.5a 1.97 ± 0.0c 366.2d ± 2.7

CF1 6.69 ± 0.6c 3.8 ± 0.14c 12.6 ± 1.2b 6.21 ± 0.9c 78.6 ± 8.43a 0.34 ± 0.0c 2.0 ± 0.3c 421.6c ± 3.5

CF2 6.73 ± 0.7c 4.8 ± 0.4b 13.9 ± 1.9a 7.9 ± 1.1a 75.01 ± 6.2b 0.28 ± 0.0d 2.8 ± 0.3a 426.9 b ± 4.0

CF3 6.7 ± 0.3c 4 ± 0.3b 12.4 ± 1.2b 6.19 ± 0.4c 78.86 ± 7.3a 0.3 ± 0.03c 2.23 ± 0.3b 420.7c ± 3.8

CF4 9.2 ± 0.7ab 5.01 ± 0.3a 11.74 ± 1.4c 6.7 ± 0.2bc 74.7 ± 5bc 0.5 ± 0.06b 1.9 ± 0.1c 424.0b ± 4.6

CF5 9.1 ± 0.9ab 4.9 ± 0.4a 13.24 ± 1.3a 8.4 ± 0.7a 74.75 ± 6.1bc 0.23 ± 0.0d 2.8 ± 0.33a 429.5a ± 4

CF6 8.8 ± 0.6b 5.1 ± 0.7a 11.98 ± 0.9c 7.1 ± 0.5b 78.5 ± 6.21a 0.4 ± 0.0c 2.05 ± 0.2c 425.7b ± 3.6

Codex standard 15 10–25 60–75 <3 <5 400–425

Values are means ± standard deviation of triplicate determinations. Means values within a row with different superscript letters are significantly different (p < 0.05). 
CF1: (Composite flour 25%RS + 75%WM), CF2: (Composite flour 2: 25%HS + 75%WM). 
CF3: (Composite flour 3: 25%TS + 75%WM),CF4:(Composite flour 25%RS + 75% NixM). 
CF5:(Composite flour 25%HS + 75% NixM), CF6: (Composite flour 25%TS + 75% NixM).
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TABLE 2 The mineral and antinutrient contents.

Samples Mg (mg/100  g) Ca (mg/100  g) Zn (mg/100  g) Iron (mg/100  g)
Phytate 
(mg/g)

Tannins 
(mg/g)

W.M. 100.6 ± 8.5e 1383.0 ± 118f 3.4 ± 0.3f 3.3 ± 0.04f 1.5 ± 0.15a 0.066 ± 0.005b

NixM 129.9 ± 14.6 c 1449.4 ± 132.4e 3.8 ± 0.4f 4.9 ± 0.02e 0.8 ± 0.05c 0.017 ± 0.001d

CF1 118.6 ± 6.8d 1624.8 ± 91.1c 6.7 ± 0.8d 6.5 ± 0.05d 0.7 ± 0.06c 0.04 ± 0.008a

CF2 121.6 ± 9.9c 1565.2 ± 53.3d 6.1 ± 0.7e 7.3 ± 0.03c 1.5 ± 0.1a 0.05 ± 0.005b

CF3 105.2 ± 10.8e 1445.5 ± 138.5e 6.9 ± 0.5c 7.9 ± 0.0bc 1.04 ± 0.06b 0.034 ± 0.003c

CF4 142.9 ± 11.7a 1949.6 ± 110.8a 7.7 ± 0.8b 8.7 ± 0.0b 0.57 ± 0.01d 0.033 ± 0.002c

CF5 123.4 ± 12.1c 1888.7 ± 178b 8.7 ± 0.8a 9.6 ± 0.02a 0.35 ± 0.012e 0.014 ± 0.001d

CF6 135.6 ± 4.6b 1851.8 ± 62b 7.1 ± 0.7c 8.6 ± 0.03b 0.64 ± 0.04d 0.013 ± 0.001d

Critical value 350 1,000 12–15 10–15

Values are means ± standard deviation of triplicate determinations. Means values within a row with different superscript letters are significantly different (p < 0.05). 
CF1: (Composite flour 25%RS + 75%WM), CF2: (Composite flour 2: 25%HS + 75%WM). 
CF3: (Composite flour 3: 25%TS + 75%WM),CF4:(Composite flour 25%RS + 75% NixM). 
CF5:(Composite flour 25%HS + 75% NixM), CF6: (Composite flour 25%TS + 75% NixM).

value. The main component of nixtamalized flour is carbohydrates. 
The difference between maize is owing to maize variety. Pigmented 
maize generally has a soft endosperm, whereas crystalline endosperm 
is present in white maize. The ash content also presented significant 
differences among treatments.

The mineral and antinutrient contents of CFs of maize-soybean 
based flours are shown in Table 2 and Figure 3. Generally, significant 
differences (p < 0.05) existed among the CFs. The mineral content 
increased with the use of technology in making the CFs. The calcium 
content obtained ranged between 1383.07 and 1949.64 mg/100 g. The 
highest value was found in the sample containing the nixtamalized 
maize and the roasted soybean, while the least value occurred in the 
sample with 100% untreated maize. The contents of magnesium were 
in the range of 100.66–142.92 mg/100 g and iron (3.32–9.63 mg/100 g). 
The highest value was found (p < 0.05) in CFs made of nixtamalized 
flour. Among composite flours, the lowest amount of magnesium 
(100.66 mg/100 g) was found in maize flour; whereas the highest 
content of iron was found in CF4, CF5, and CF6. The content of iron 

in CFs with nixtamalized maize led to a significant increase in iron 
content. CF5 contained the highest amount of zinc (8.78 mg/100 g).

Minerals are substances that are used in small amounts in the 
human body, but their deficiency can lead to the development of some 
disorders and diseases. A deficiency often happens slowly over time 
and can be caused by a number of reasons. An increased need for the 
mineral, a lack of the mineral in the diet, or difficulty absorbing the 
mineral from food are some of the more common reasons. Mineral 
deficiencies can lead to a variety of health problems, such as weak 
bones, fatigue, or a decreased immune system (Aysha et al., 2022).

The phytate content varied from 0.357 to 1.540 mg/g; the treated 
CF5 exhibited the lowest phytate content, which was 
0.357 ± 0.012 mg/g, while whole maize and CF2 had the highest 
content, which was 1.5 mg/g (Table 2). The result showed that there 
is a great loss of phytic acid in nixtamalized maize and the CFs 
formulated by the treated maize. This reduction in phytic acid was 
comparable to that previously published by different authors, where 
we found losses of 17.4 to 35% when the maize was nixtamalized 
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FIGURE 2

Proximate analysis of the composite flour in % dwt basis.
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with 1.2% lime concentration (Bressani et  al., 2004; Rong and 
Wang, 2009).

Phytic acid is an antinutrient that interacts with minerals and 
other substances like amino acids to form insoluble complexes that 
can chelate, decreasing the bioavailability of minerals and amino 
acids. It has been put forward that the fractional absorption of iron 
and zinc is much lower in high-phytate diets compared to low 
phytate diets (Gibson et al., 2010). Consumption of CFs with high 
phytate content, such as CF1 and CF3, identified in the current work, 
may be discouraged among populations with a high prevalence of 
micronutrient deficiencies (Popova and Mihaylova, 2019); although 
some findings have revealed phytic acid to have anti-carcinogenic 
and antioxidant properties as it can easily chelate some metal ions.

The tannin content in the CFs ranged from 0.0117 ± 0.001 to 
0.066 ± 0.005 mg/g in maize flour (Table 2). These findings are in line 
with earlier studies in which the ranges of tannin contents reported 
were 9.4 mg/100 g when the maize was not nixtamalized and were 
reduced to 2.3 mg/100 g when it was fortified with 20% hydrothermally 
cooked soybean (Igbua et al., 2020).

In this study, because the concentrations of phytate in some CFs 
were high, we had to analyze their effect on the bioavailability of some 
minerals. The molar ratios predicting the bioavailability of calcium, 
iron, magnesium, and zinc are presented in Table 3.

The phytate to calcium (Phy: Ca), zinc (Phy: Zn), iron (Phy: 
Fe), and to magnesium (Phy: Mg) was evaluated. Also listed in 

Table 3 are tannins to iron (Tan: Fe), phytate plus tannins to iron 
(Phy + Tan: Fe), and phytate multiplied by calcium to zinc molar 
ratios (MRs) obtained for the different composite flours. The 
findings of this study indicated that the MRs varied within the 
different antinutrient to mineral categories. The Phy:Ca MRs 
ranged from 0.0012 ± 0.0011  in composite flour CF5 to 
0.0067 ± 0.004  in whole maize. Interestingly, the Phy:Zn MRs 
ranged from 0.40 ± 0.34 in CF5, with the highest zinc content, to 
phytate of 2.7 ± 0.24 in CF2. The average values of Phy: Ca, Phy: 
Fe, and Phy:Zn MRs were in line with earlier reported values of 
0.00049, 0.01, and 0.025, respectively, for composite flour made 
of maize and soybean (Igbua et al., 2020). It has been established 
that Phy:Ca, Phy:Fe molar ratios above 1, and Phy:Zn molar ratios 
above 15 negatively impact the bioavailability of the respective 
minerals (Castro-Alba et al., 2019). The Phy: Ca, Phy: Fe, and 
Phy: Zn MRs of the CFs in this study were below the critical 
limits, which means that the iron and zinc bioavailability was 
effective. It should be  noted that it has been previously 
demonstrated that different processing techniques, such as 
nixtamalization and heat treatment, can increase mineral 
bioavailability. The Tan: Fe MRs ranged from 0.1 in composite 
flours 5 and 6 to 1.75 ± 0.24  in whole maize, whereas the 
Phy + Tan: Fe MRs ranged from 0.02 ± 0.003 to 0.56 ± 0.24. To the 
best of our knowledge, the negative influence of tannic acid, a 
hydrolysable tannin, on iron bioavailability has been explored, but 
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Mineral and antinutrient content of composite flour.

TABLE 3 Antinutrient to mineral molar ratios of different composite flour.

Samples Phy: Ca Phy: Zn Phy: Fe Phy: Mg Tan: Fe Phy  +  Tan: Fe
Phytate x 

calcium/zinc

W.M. 0.0067 ± 0.004a 4.47 ± 0.43a 3.92 ± 0.56a 0.056 ± 0.004a 1.75 ± 0.24a 0.56 ± 0.24a 0.035 ± 0.002a

NixM 0.0047 ± 0.0002c 2.89 ± 0.21b 1.93 ± 0.17b 0.032 ± 0.005c 0.20 ± 0.03d 0.21 ± 0.03b 0.011 ± 0.001c

CF1 0.0027 ± 0.0001d 1.06 ± 0.23c 0.92 ± 0.08d 0.022 ± 0.001d 1.2 ± 0.18a 0.21 ± 0.04b 0.024 ± 0.000a

CF2 0.0054 ± 0.0005b 2.7 ± 0.24b 0.97 ± 0.01d 0.045 ± 0.003b 0.74 ± 0.06b 0.14 ± 0.003c 0.029 ± 0.0024a

CF3 0.0043 ± 0.0003c 1.34 ± 0.23c 1.11 ± 0.21c 0.036 ± 0.002c 0.38 ± 0.02c 0.32 ± 0.027b 0.004 ± 0.00d

CF4 0.0017 ± 0.0001e 0.65 ± 0.45d 0.55 ± 0.04e 0.014 ± 0.001e 0.15 ± 0.04d 0.08 ± 0.063d 0.003 ± 0.000d

CF5 0.0012 ± 0.0011e 0.40 ± 0.34e 0.31 ± 0.03f 0.01 ± 0.001e 0.13 ± 0.01d 0.04 ± 0.003d 0.001 ± 0.0001d

CF6 0.0021 ± 0.0001d 0.89 ± 0.64d 0.63 ± 0.05e 0.017 ± 0.01e 0.135 ± 0.012d 0.07 ± 0.002d 0.004 ± 0.000d

Values are means ± standard deviation of triplicate determinations. Means values within a row with different superscript letters are significantly different (p < 0.05). 
CF1: (Composite flour 25%RS + 75%WM), CF2: (Composite flour 2: 25%HS + 75%WM). 
CF3: (Composite flour 3: 25%TS + 75%WM),CF4:(Composite flour 25%RS + 75% NixM). 
CF5:(Composite flour 25%HS + 75% NixM), CF6: (Composite flour 25%TS + 75% NixM).
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very little is known on Tan: Fe MRs and Phy + Tan:Fe MRs are 
associated with condensed tannins, which are the most common 
tannins in foods (Delimont et al., 2017).

The aflatoxin level in the composite flour varied according to the 
type of composition in the mixture. Thus, the results show that the 
high aflatoxin level was obtained from whole maize flour (13.8 μg/kg) 
while fumonisin and aflatoxin were not detected in soybean. All 
composite flours in this study were contaminated with aflatoxins and 
fumonisin; and levels ranged from 1.36 to 13.8 μg/kg and 0.3 to 
0.6 mg/kg, respectively (Table 4).

Although most of the samples met the proposed East Africa 
regulatory threshold of 10 μg/kg, whole maize, the composite flours 
1, 2, and 3 did not meet the EU regulatory threshold for total 
aflatoxins of 4.0 μg/kg (EU, 2010). In general, aflatoxin 
contamination in agricultural commodities can be compounded by 
a wide range of pre- and post-harvest factors such as high 
temperatures and drought conditions, poor farm practices, a lack of 
drying facilities, and inappropriate storage practices (Udomkun 
et  al., 2018; Matendo et  al., 2022). The highest aflatoxin 
contamination in this study was found in all samples composed of 
untreated whole maize. This might be attributed to poor storage of 
maize as well as poor governmental regulations and legislation on 
aflatoxin contamination in the country.

In addition, we  also observe a variation in fumonisin levels 
depending on the composition and type of composite flour analyzed. 
The high fumonisin values of 0.63 mg/kg were obtained for the whole 
maize. On the other hand, the nixtamalized flour found its aflatoxin 
and fumonisin content lowered.

4. Discussion

There is a high prevalence of malnutrition in South Kivu Province, 
and a search for sustainable solutions by using available foods to 
improve the nutrient densities of staple diets in the region is crucial. 
The study reports on the effect of incorporating nixtamalized maize 
with different heat-treated soybeans on the nutritional and safety of 

the consumer. The results have shown that it is possible to enrich 
nixtamalized maize with a substantial proportion of heat-treated 
soybeans, thus enhancing the food’s nutritional status.

So, the results of this study suggest that roasting, toasting, and 
hydrothermal treatment of soybeans add other flavors and get rid of 
some anti-nutritional factors like phytates, tannins, and mycotoxin 
that can make some nutrients unavailable and cause diseases.

4.1. Proximate analysis

Moisture is used as an indicator of quality. Food with a low 
moisture content lasts longer and is less susceptible to microorganism 
attack. Even the production of mycotoxins requires high moisture 
content and temperature, as it allows the fungi to grow and produce 
the secondary metabolite (Gemede, 2020; Ibeabuchi et  al., 2020; 
Valencia-Quintana et  al., 2020). Although the composite flour’s 
moisture content was slightly higher (p  < 0.05) than the codex 
standard’s, other studies recommend the specified limits (14% or less), 
which means that the moisture of the composite flour in this study was 
significantly lower (p < 0.05). With low moisture, we expect extended 
shelf stability (Osuji et  al., 2019; Ibeabuchi et  al., 2020). The ash 
content obtained from this study correlates with the findings reported 
by Gemede (2020) for pea, maize, and anchor flours. Ash is the 
mineral constituent in flour; a composite flour with a high ash content 
could meet the minimum requirements of limiting minerals in 
complementary foods made of locally available commodities. The 
value of fiber content in composite flours was close to the value of 
0.50% reported by Osuji et al. (2019) for rice flour. The fiber value of 
the whole maize and nixtamalized maize was slightly low compared 
to the 2.51% reported by Gemede (2020) for maize flours. The 
nixtamalization process appears to be the main contributor to fiber 
content in maize, as the interaction between the ions (Ca2+ and OH−) 
present in the solution and the different constituents of the maize 
grains can produce some non-digestible products and thus increase 
the fiber content during the process. A higher amount of insoluble 
dietary fiber was found in nixtamalized flours (Liu et al., 2015). Fiber 
is known to cleanse the digestive tract (Emebu and Anyika, 2011) and 
facilitate food’s passage quickly through the gut, which helps prevent 
constipation (Igwe et al., 2015; Odimegwu et al., 2019). In vivo and in 
vitro studies have demonstrated the ability of insoluble dietary fiber to 
absorb carcinogens (Naumann et al., 2019).

Soybean flour is a good source of protein (Agbemafle et al., 2020). 
Previous reports indicate that protein is lost during the nixtamalization 
process, probably due to the solubilization of some protein fractions 
(Bello-Pérez et al., 2003). Enrichment of nixtamalized maize with 
soybeans indicates that incorporating legumes treated by appropriate 
processes improves the nutritional value of infant flours. Marcel et al. 
(2022) show that increasing the proportion of soybean, amaranthus, 
and pumpkin in complementary flours increases their protein content, 
depending on the treatment. Thus, their utilization and consumption 
after inactivating the antinutritional component may be  used to 
mitigate protein-energy malnutrition in South Kivu. Importantly, the 
overall effect on protein quality depends on the ingredients and 
processing methods used. Some processing methods, like germination 
and extrusion, are known to improve protein quality and digestibility 
by lowering the amount of antinutrients in food (Ofoedu et al., 2019, 
2020, 2021). The lipid content of different composites was low; these 

TABLE 4 Analysis of aflatoxins and fumonisins in composite flours.

Samples
Aflatoxins (μg/

kg)
Fumonisins (mg/

kg)

Soybean ND ND

WM 13.8 ± 0.29a 0.63 ± 0.015a

NixM 3.10 ± 0.30e 0.38 ± 0.015b

CF1 10.75 ± 3.6c 0.61 ± 0.01a

CF2 11.7 ± 1.67b 0.59 ± 0.07a

CF3 4.65 ± 0.22d 0.6 ± 0.01a

CF4 2.73 ± 0.9f 0.36 ± 0.03b

CF5 1.98 ± 0.7g 0.34 ± 0.8b

CF6 1.35 ± 0.67g 0.3 ± 0.07b

Codex Standard <4 <4

Values are means ± standard deviation of triplicate determinations. Means values within a 
row with different superscript letters are significantly different (p < 0.05). 
ND: Non-detected. 
CF1: (Composite flour 25%RS + 75%WM), CF2: (Composite flour 2: 25%HS + 75%WM). 
CF3: (Composite flour 3: 25%TS + 75%WM),CF4:(Composite flour 25%RS + 75% NixM). 
CF5: (Composite flour 25%HS + 75% NixM), CF6: (Composite flour 25%TS + 75% NixM).
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CFs can be enhanced to a higher level by adding a small quantity of 
fat or oil during the preparation of the porridge (Walker et al., 2003). 
In this study, the carbohydrate content was high due to starch’s 
appreciable degradation into simple sugars during processing. During 
steeping, the intermolecular hydrogen bond breaks, which causes the 
starch to lose its crystalline structure. This can cause the starch granule 
to partially gel (Pena-Ryes et al., 2016). However, this is advantageous 
to infants, as the sugars produced can help minimize the addition of 
table sugar during the preparation of the porridge. The energy of 
complementary foods determines the quantity of food needed to meet 
the energy needs of infants.

4.2. Mineral, antinutrient and molar ratios

Minerals are used in small amounts but play a crucial role during 
metabolism. Among others, calcium is an essential nutrient that serves 
a critical role in bone structure, particularly in stages of growth such 
as infancy and childhood. Inadequate calcium intake during 
childhood may increase the risk of fractures and rickets and prevent 
the achievement of maximal peak bone mass later in life. Findings 
from Udomkun et al. (2019) show that the calcium content varies 
between 1580.3 and 1623.6 mg/100 g for a partial or full substitution 
of wheat flour with cassava flour in composite flours, respectively. The 
findings of this study show that we can easily improve the calcium 
content of maize by practicing nixtamalization. It’s therefore implying 
that there is no need to fortify with calcium the maize that undergoes 
the nixtamalization process. In most studies where the CFs are 
formulated, they encourage substituting the calcium deficiency with 
other calcium-rich foodstuffs, probably of animal origin or 
entomophagy (the utilization of insects as food). However, the 
challenge would be affordability due to the low-income status of most 
rural and peri-urban households; and the unreliable option due to the 
seasonal availability of the insects in diverse global geographical 
regions. So, the nixtamalization process of maize might be one of the 
most promising solutions for low-income households. Previous 
findings show that calcium content significantly increased after the 
nixtamalization with lime (Bressani et al., 2020).

In terms of zinc content, the results showed that all CFs were 
within the Dietary Reference Intakes (DRIs) range (3.4–
8.78 mg/100 g) set by the World Food Program (2018). However, 
the zinc content in the CFs was much higher than in the control 
samples. The CFs developed in this study are providing a good 
source of zinc as 50% of the zinc DRI requirement is met,which 
can be  considered sufficient (Codex Alimentarius Comission, 
2006; Adisetu et  al., 2017). Zinc deficiency is associated with 
stunting, anemia, and higher disease susceptibility (Agbemafle 
et  al., 2020). The magnesium content of formulated diets is 
evidently due to the raw materials utilized in CFs. Previous 
studies emphasized that 10% soybeans, in addition to orange-
fleshed sweet potatoes, increased the magnesium content, 
indicating that soybeans are a good source of the mineral. 
Magnesium is essential as it helps strengthen the bones and 
maintain the immune system (Ndife et al., 2020). The findings 
show a high reduction of phytate when we  combine the 
nixtamalization and hydrothermal treatment of soybean; this is 
in line with the findings of Rong and Wang (2009), who show that 
processes like nixtamalization degrade phytic acid in crops. 

Phytic acid should be  lower in baby porridge to minimize 
mineral losses.

The phytate/calcium molar ratios in all the samples were less than 
0.24, which is regarded as favorable for calcium absorption; predicting 
that among all the CFs, the calcium bioavailability could be achieved 
by using the local available crops like maize and soybean to make a 
good CF. The finding shows that CFs have phytate/iron molar ratios 
ranging between 0.3 and 3.92; the critical value of the [phytate]:[iron] 
molar ratio of <1.0 is accepted as phytate begins to lose its inhibitory 
effect on iron absorption at this level. The molar ratio of phytate to 
zinc is within the range of 0.40–7.485; this is lower than the range of 
the suggested critical level < 15 regarded as favorable for zinc 
absorption. A significant increase in [phytate]: [zinc] molar ratios was 
observed in CF2 and WM samples when compared with other CFs, 
while CF5 showed the lowest values. Research has shown that high 
dietary calcium impairs zinc absorption in the presence of a high 
intake of phytate (Gemede et  al., 2020). Thus, the molar ratio of 
[phytate][calcium]/[zinc] might be better used as an indicator of zinc 
bioavailability than the molar ratio of [phytate]:[zinc] alone. In this 
study, the molar ratios of [phytate], [calcium], and [zinc] ranged from 
0.001–0.031 (which is <0.5).

4.3. Mycotoxins contamination

These results are similar to what Agbetiameh et al. (2018) found, 
which shows that the high level of aflatoxin in untreated products 
would be caused by the growth of aflatoxigenic fungi in the seeds 
while they are being stored. Previous studies have shown that applying 
the nixtamalization process can reduce aflatoxin contamination by up 
to 70%. According to Price and Jorgensen (1985), cooking, extended 
steeping, and washing of nixtamal can help reduce the amount of 
aflatoxin in nixtamal, masa, and tortillas. When compared to the 
naturally infected, unprocessed maize (starting aflatoxin level of 
approximately 140 μg/kg), aflatoxin levels in tortillas were lowered by 
50 to 70%.

The alkaline treatment led to the formation of at least two 
unidentified degradation or transformation products: one of 301.25 Da 
(molecular formula: C17H16O15) and another of 325.33 Da (molecular 
formula: C17H18O5) (Moreno-Pedraza et al., 2015). Lower mutagenicity 
and oxidative stress in vitro were observed in nixtamalized maize 
products, together with decreased aflatoxin contents (Price and 
Jorgensen, 1985; Moreno-Pedraza et al., 2015).

Other studies that have analyzed children’s foods in various 
African countries have found there is a significant risk to children’s 
health due to high levels of aflatoxins in foods (Kang’ethe et al., 2017). 
A study by Egal et al. (2005) on the dietary exposure to aflatoxin from 
maize and groundnut in under-five-year-old children from Benin and 
Togo concluded that maize was an important source of aflatoxin 
exposure among the children. This was explained by the fact that 
maize is consumed more frequently than other types of crops. Maize 
is the primary ingredient, even in food mixtures with additional 
ingredients. In South Kivu, the case is similar, where 98% of children 
consume foods made of grains, roots, and tubers, mostly maize, and 
85% of infants consume foods made of legumes (Kambale et al., 2022).

In addition, the reduced levels of total fumonisins indicate 
that they are water-soluble and are easily washed away from the 
outer layer of the maize grains (Karlovsky et al., 2016). On the 
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other hand, some findings have shown that fumonisins are 
soluble and prone to leaching from grains into steeping and 
cooking solutions (Schaarschmidt and Fauhl-Hassek, 2019). In 
experimental studies, De La Campa et  al. (2004) further 
investigated the impact of lime concentration and cooking time 
at different initial FB1 levels using fungal-inoculated maize. In 
doing so, they found a positive impact of lime concentration 
(when testing lime solutions of around 0.25–1.6%) on FB1 
reduction. Nixtamalization significantly reduced the amount of 
fumonisin in raw corn.

5. Conclusion and recommendation

This work was done to figure out the nutrients, antinutrients, 
molar ratios of the antinutritional factor to minerals (mineral 
availability), and mycotoxin content of maize-soybean-based 
composite flours. Results show that the technologies used lead to 
CFs rich in some macro- and micronutrients and low in 
mycotoxin contamination. Also, the level of the antinutrients was 
reduced, and it was found to influence the bioavailability of 
minerals, especially zinc, iron, calcium, and magnesium. These 
CFs are recommended as a practical and sustainable approach for 
improving macro- and micronutrients and mineral availability 
for the resource-poor in low-income countries. The findings of 
this study will play an integral role in promoting the utilization 
of local crops and enhancing agricultural systems. Thus, 
we recommend using this process in our environment to obtain 
well-enriched and healthy infant flour.

However, as both the right amino acid composition and high 
digestibility and PDCAAS are required for proteins to meet the 
requirements of the human body, the ability of dietary proteins 
to meet these requirements varies widely. Such abilities are often 
quantitatively expressed in so-called protein quality metrics, 
which include amino acid composition and digestibility.

Thus, this could be done in further research, as such information 
would help optimize nutrient use and improve nutrient use efficiency. 
Finally, it is worth noting that all CFs have different levels of 
mycotoxin, with the treated CFs having their contamination reduced. 
Thus, these technologies can be promoted as strategies to manage 
mycotoxin contamination.
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