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ANALYTICAL CHEMISTRY | RESEARCH ARTICLE

Quality and carotenoid compositions of
extrudates produced from composite biofortified
maize (Zea mays L.) and soybean (Glycine max
(L.) Merr.) flours
M. O Adegunwa1, J. E Ayanlowo1, G. O Olatunde2, L. A Adebanjo1E. O Alamu3*

Abstract: Recently, the extrusion process has been applied to the production of snacks,
cereals, and pasta due to the advantages it offers but processing temperature is a critical
factor that affects the retention of nutrients in biofortified crops. This study examined the
effect of extrusion cookingon theproximate, antinutritional, and carotenoid properties of
biofortified maize and soybean flour blends. Samples were prepared by blending maize
and soybeans flours in varied proportions (100:0, 90:10, 85:10, 80:20, 70:30) and were
extruded at a feed rate of 1.5 kg/h with different temperatures and screw speeds. The
extrudates were subjected to proximate, antinutritional, and carotenoid analyses using
standard laboratorymethods. Themoisture content, crude protein, crude fibre, crude fat,
and ash contents of the extrudates ranged from 8.89 to 12.91%, 8.21 to 20.61%, 2.08 to
4.64%, 3.81 to 5.90% and 1.62 to 2.37%, respectively. The comparative percentage
composition of carotenoids of the flour blends indicated that lutein, zeaxanthin, β-
cryptoxanthin, α-carotene, 13-cis β-carotene, 9-cis β-carotene, total β-carotene, total
xanthophylls, provitamin A were higher when extruded at lower processing speed and
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temperature. The antinutrient composition shows a significant reduction in the levels of
oxalate, tannins and phytate compared with previous related work. Sample ABM (90:10
biofortifiedMaize and soybean flours) showedhigh contents of carotenoid properties and
low antinutritional properties and made it better than other samples. The extruded
samples are nutritious, and further processing (addition of ingredients) will help derive a
new product with increased nutritional quality.

Subjects: Agriculture and Food; Food Chemistry; Chemistry
Keywords: biofortified maize; soybean flour; extrusion; antinutritional factors; carotenoids
profiling

1. Introduction
Over the years, food scientist and other researchers have consistently sought for a more efficient and
effective way of processing food with little or no loss to the nutritional composition of the food. One of
such food processing method in recent times is extrusion cooking. According to Castells et al. (2005),
extrusion cooking is a process in which processing of feed material is achieved under the combined
effect of temperature, pressure and shear. It is preferable to other food processing techniques in
terms of the continuous process with high productivity and significant nutrient retention, due to the
short processing and temperature required. Still, the effects of these factors have not been ade-
quately established for the nutrients in biofortified crops, most especially maize. Maize, Zea mays L
(corn) is one of the most widely cultivated cereals in the world. There are several types of genotypes
with varying colours. Biofortified maize has received increased attention from a nutraceutical per-
spective because it contains several bioactive photochemical such as carotenoids, tocopherols, phytic
acid and phenolic compounds (Hu & Xu, 2011; Zilić et al., 2012). Although most of these compounds
are considered to have little or no nutrition values, their antioxidant and bioactive properties have
these compounds to have substantial potential health benefits. In fact, it has been proved that
several plant phytochemicals are bioavailable, they are absorbed from the intestine and exert several
physiological roles as demonstrated in animal models and human studies. Besides their high anti-
oxidant and antiradical activities, the beneficial health properties of these plant metabolites will also
be attributed to many other mechanisms such as anti-inflammatory properties, inhibition of
enzymes, and induction of detoxification enzymes (Ferretti et al., 2010; Wang & Stoner, 2008).

Carotenoids are vital for human nutrition and health (Zhou et al., 2011). The increased interest in
dietary carotenoids could be due to the association between carotenoid deficiencies and many
chronic human diseases. The breeding to increase β-carotene levels (biofortification) in cereal
grains has been identified to be the best economical approach to address dietary vitamin A
deficiency in the developing world (Owens et al., 2014).

Aside from the abundant amount of carbohydrate present in biofortified maize, it is also
considered to be a source of carotenoids. These substances are essential for human health,
given the capability as an antioxidant and the activity as vitamin A precursor (Rodriguez-Amaya,
2001). It was reported that the main carotenoids found in the chromoplasts of orange maize
endosperm are xanthophylls (lutein, zeaxanthin and β-cryptoxanthin) and carotenes (β-carotene,
α-carotene, and β-zeacarotene). The lutein and zeaxanthin were dominant carotenoid species in
milled maize fractions, accounting for 70% of total carotenoid content (Kean et al., 2008).

An important legume selected for this study is Soybean (Glycine max (L.) Merr.). Soy proteins
have been widely used as a functional ingredient in many processed foods because of their ability
to form gels with high nutritional, sensory and physiological qualities (Mesa et al., 2008). The use of
plant proteins, such as soy protein, instead of animal proteins is an economical and more viable
intervention strategy to reduce the risk of coronary heart disease (Girgih et al., 2013).
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Food extrusion is a high temperature-short time process as barrel temperatures are adjusted to
not to exceed 180°C, and residence time in extruder usually changes in the range of 20–200 sec-
onds (Martínez-Bustos et al., 2012). This time-temperature combination is ample to the physical
changes or chemical reactions like starch gelatinization, protein denaturation, enzyme inactivation
and destruction of microorganisms(Wolf, 2010). In contrast, the formation of flavors or color
change reactions may not take place mainly as a result of limited time (Chessari & Sellahewa,
2001; Martínez-Bustos et al., 2012).

In recent years, the extrusion process draws interest in the food industry, especially in the produc-
tion of snacks, cereals and pasta due to the advantages it offers. While short residence time provides
the quality of extrudates; opportunity to form variously shaped products creates appetizing foods.
Besides; too little waste produced during extrusion makes it possible to overcome the environmental
or government restrictions and lowers the cost of the final product (Riaz & Rokey, 2011). It has been
reported that food- to- food fortification of cereals and legumes has been reported to be an effective
strategy for alleviatingmalnutrition in developing countries (Alamu et al., 2018; Lartey et al., 1999). In
Nigeria, some biofortified maize and improved soybean varieties were recently released, most notably
the improvedmaize variety SAMMAZ 39 (with yellow -orange grain colour) and improved soybean TGx
1989–19 F. These varieties need to be evaluated for end-use and product development, and there is
scanty information on the effects of the extrusion process on the nutrients and bioactive compounds
of composite flours of biofortified maize and soybean varieties that have recently released in Nigeria.
This study, therefore, aimed at evaluating the effect of extrusion cooking on the proximate, antinu-
tritional, and carotenoid properties of the blend of biofortified maize and soybean flours.

2. Materials and methods

2.1. Sources of materials
The biofortified Maize (SAMMAZ 39) and soybean (TGx 1989–19 F) were purchased from the Farm
office of International Institute of Tropical Agriculture (IITA) Ibadan, Nigeria. It was packed in a
dark paper bag and kept away from light to prevent the loss of carotenoids.

2.2. Sample preparation

2.2.1. Preparation of maize flour
The maize was cleaned from extraneous particles, and 3.55 kg of biofortified maize was weighed
using a Fuji FTS- 15 kg Mechanical Table scale. The maize was dry milled using a Tigmax grinding
machine (GX160) with less penetration of sunlight. The maize flour was packaged in a Ziploc bag
and stored in a cold and darkroom for further processing and analysis (Edema et al., 2005).

2.2.2. Preparation of soybeans flour
Soybean seeds were cleaned from extraneous particles, and 1 kg of soybean seed was weighed
using a Fuji FTS- 15 kg Mechanical Table scale. The grinding machine was properly clean to avoid
errors or cross-contamination. The maize was dry milled using a Tigmax grinding machine (GX160)
and packaged in a Ziploc bag. It was stored at room temperature (Ajibola & Filani, 2015).

2.2.3. Preparation of composite flours
Samples of different composite (Table 1) were prepared and weighed using an electronic balance/
scale with 500 g calibration weight. Each bag of flour was weighed separately and adequately
mixed in a clean plastic bowl before packaged in a Ziploc bag.

2.3. The ratio of mixing flours
The formulation below was used to produce the samples and were coded as LMN, ABM, CBM, FBM
and ZBM as % of soybean flour in the mixture increases from 0, 10,15,20 and 30% respectively
(Table 1).
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2.3.1. Extrusion cooking process
A total of 150 ml of distilled water was added to 200 g of each blended flour sample and mixed
properly. The blended samples were extruded using a single screw extruder from Cosmic Controls
India Pvt Ltd, powered by Motor Generator (1 HP DC Motor Model). The material was fed at a rate of
1.5 kg/h during extrusion of all the samples. Each sample was run at a temperature and screw
speed of 90°C and 100 rpm; and 100°C and 120rpm, respectively. Extruded samples were collected
at steady state extrusion conditions. All the samples produced a flat thread-like chip after extru-
sion cooking. The collected samples were held on a tray at ambient conditions (29 ± 1°C) for five
(Ferretti et al., 2010) minutes. The extrudates were dried in the oven at a low temperature of 60° C
for 12 hours. All extrudates were milled immediately to 0.5 mm sieve size using laboratory milling
machine as described by Alamu et al. (2015). The products were sealed in a dark ziploc bag and
stored in the freezer before analysis. However, all analyses were done within 48 hours after
processing to avoid degradation of carotenoids.

2.4. Determination of the proximate composition of the extrudates
The protein, ash, moisture content, crude fat, crude fiber and carbohydrate contents of the
extrudates were determined using AOAC (2006) methods. The total carbohydrate was calculated
by difference.

2.5. Determination of tannin and oxalates
Tannin and oxalate were analyzed spectrophotometrically at 440–500 nm, as described by Leyva et al.
(1990) and Doss et al. (2011). Tannins were extracted by shaking 1 g of the sample in 10 ml acidified
methanol in centrifuge tubes at 25 °C for 20 minutes. The mixture was centrifuged at 10,000 rpm for
15 minutes before pipetting 1 ml into a test tube. The vanillin-hydrochloric acid reagent (5 ml) was
added to the aliquot, and absorbance read in 1 cm cuvettes using an ultrospec 1000 spectrophot-
ometer at 500 nm after 20 minutes against vanillin-hydrochloric acid reagent as blank. A standard
curve was prepared by adding 1 g of tannic acid to 100 ml acidified methanol (Makkar et al., 1993).

2.6. Determination of phytates
Phytate contents were determined as described by Mbaeyi and Onweluzo (2010). Phytates were
extracted by adding 0.1 g sample to 100 ml of 0.2 mol/L hydrochloric acid and shaken for 1 hour
before centrifuging at 5000 rpm for 15 minutes. The supernatant (0.5 ml) was pipette into a test
tube fitted with a ground glass stopper before adding 1 ml acidic ammonium iron (iii) sulfate
dodecahydrate (0.2 g NH4 Fe (SO4)2. 12H2O in 100 ml 2 mol/l hydrochloric acid and made up to
1000 ml with distilled water). Absorbance was read after 1 minute using ultrospec 1000 spectro-
photometer at 519 nm against distilled water. A standard curve was prepared by adding 125 mg
sodium phytate to 100 ml 0.2 mol/l hydrochloric acid (Makkar et al., 1993).

2.7. Carotenoids determination of the extrudate
The carotenoid analysis was carried out using the method described by Alamu et al. (2015). 0.6 g
of the ground extrudate was weighed in a screw cap tube. 6 ml of ethanol containing 0.1%
butylhydroxytoluene (BHT) was added, followed by addition of 0.5 ml of 80% KOH. It was vortex
for 30 seconds and stood for 5 minutes in a water bath at 85°C. The tube was removed from the

Table 1. Formulation of flour and composite

Sample code Biofortified Maize flour (BMF)
(%)

Soybean flour (SF) (%)

LMN 100 0

ABM 90 10

CBM 85 15

FBM 80 20

ZBM 70 30
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water bath and was put into ice. 3 ml of cold H20 and 3 ml of Hexane was added. It was
centrifuged for 10 seconds at 1000 rpm. The upper phase was pipette into a 50 ml concentrator
tube. The extract was concentrated in the evaporator at 40°C using N2 gas for 25 minutes (Kimura
et al., 2007). Immediately before injection, the sample was dissolved in 1 ml of 50:50 DCE: MeOH
and vortex for 10secs. It was transferred into HPLC vial and ran for major carotenoids using the
HPLC machine. The chromatogram was extracted, major carotenoid was identified, and the value
of each carotenoid was calculated (Kimura et al., 2007).

2.8. Calculation of carotenoids

Cs ug=gð Þ¼ Ax� Cs ug=mLð Þ�total volume of extract mlð Þ

As × sample weight (g)

Where Cx = concentration of carotenoid X;

Ax = peak area of carotenoid X;

Cs = concentration of the standard;

As = peak area of the standard.

2.9. Data analysis
The data generated from this experiment were analyzed using IBM SPSS statistical software. The
analysis of variance (ANOVA) was carried out, and the means were separated using Duncan’s multiple
range test, compared by the least significant difference (LSD)with amean square error of 5%probability.

3. Results and discussion

3.1. Proximate composition of the extrudates
Figures 1 and 2 presented the proximate composition of the extruded samples at High temperature
and speed; 100°C and 120 rpm and Low temperature and speed: 90 oC and 100rpm respectively. The
moisture content (MC) of the extrudate from biofortified maize (BMF) and soybean (SF) flours ranged
from 8.89 to 12.91%. Sample ZBM (70% BMF, and 30% SB at High temperature of 120 °C) has the least
MC when compared with others. Sample LMN of 100% BMF (Low temperature of 90 °C and speed
100rpm) had the highest MC. This shows that sample from 100% biofortified maize extruded at low
temperature with low speed had the highest moisture. The moisture content of a sample reflects the
amount of solidmatter in the sample. The higher themoisture content, the higher the rate of spoilage.

Adebowale et al. (2005) stated that moisture content is a measure of the water content and an
indicator of shelf stability. An increase inmoisture content can enhancemicrobial growth, which leads
to deterioration in foods. Food and Agriculture Organization of the United Nations [FAO] (2009)
recommended a safe level of 12 to 14% moisture content for flour or powdered food. The MC of all
the extrudate was below the FAO recommended limit, and thus, the samples could be stored for an
extended period without being showing the microbial growth. However, the MC of the samples was
higher than the range reported by Edema et al. (2005) formaize-soybean flour, although their samples
were not extruded. The higher moisture content observed for extruded samples in this study may be
due to the initial MC of the biofortified maize and soybean varieties used and the volume of water
added before extrusion. Also, it can be observed that themoisture content increases as the biofortified
maize flour increases. However, themoisture contents were significantly (P < 0.05) different from each
other. Extrusion cooking at a high temperature helps to reduce themoisture content of the extrudates,
hence ensuring a longer shelf life than the extrusion at the lower temperature. This was further
justified by exposing both samples to open air for a few days. The preliminary result showed that
the mould growth appeared first on extrudate samples with low temperature and low speed.
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The protein content values for the extruded samples ranged from 8.21 to 20.61% (Figures 1 and 2).
The variations in the blend ratio revealed that maximum protein (20.61%) was obtained at the blend
ratio of BMF 70% to SB 30% (Low temperature), i.e. ZBM (low). In comparison, the least protein content
was obtained for sample LMN (100%BMF, High temperature). Protein is essential in the human diet for
growth. The protein content of the extruded samples was observed to increase with a progressive
increase in the soybean flour, indicating that incorporation of biofortifiedmaizewith soybean flour into
extrusion would significantly improve the protein content of the extruded sample. This agreed with
Obatolu (2002) and Iwe (2003) that there were marginal increases in protein content of extrudates
from malted or unmalted millet/soybean mixture. The extrudates protein contents produced under
high temperature were higher than low-temperature extrudates. This could be due to the dilution
effect because of the higher MC observed for the extrudates from the low temperature and low-speed
extrusion process. The values of protein content obtained in this study for all the extrudates were
lower to the values reported by Annonye et al. (2007), but their extrudates were from Acha and
soybean flours.

Figure 1. Proximate
Composition of Extruded
Samples (High Temperature
and Speed; 100 °C and 120
rpm).

Sample Code: Biofortified
maize flour: soybean flour; LMN
100:0; ABM 90: 10; CBM 85: 15;
FBM 80:20 and ZBM 70:30Mean
values of the parameter with
different letters are signifi-
cantly different at p < 0.05.

Figure 2. Proximate
Composition of Extruded
Samples (Low Temperature and
Speed; 90 °C and 100 rpm).

Sample Code: Biofortified
maize flour: soybean flour; LMN
100:0; ABM 90: 10; CBM 85: 15;
FBM 80:20 and ZBM 70:30Mean
values of the parameter with
different letters are signifi-
cantly different at p < 0.05.
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The crude fiber contents of the extruded samples ranged from 2.08 (ZBM) to 4.64% (LMN). The
crude fiber content decreases as the % of soybean increases, and thus, ZBM (70:30 BMF: SF) had
the lowest crude fibre content. Crude fiber is the insoluble polymeric material of plant cell walls
such as cellulose, hemicelluloses, pectin and lignin that constitute the major part of dietary fiber
(Johnston & Oliver, 1982). High fiber intake has been linked with decreased chances of colon
cancer and associated with reducing constipation. The fiber content of the extruded sample was
higher than maize-soybean flour reported by Edema et al. (2005). Fiber is said to have a beneficial
effect on preventing cancer. It was observed that increasing soybean flour decreases fiber content
while increasing biofortified maize flour increases fiber content. It was seen that there is only a
slight difference in fiber content between the extrudates from the high temperature with high
speed and that of low temperature with low speed. It implies that extrusion cooking at the
conditions used in this study did not affect the crude fiber content.

From Figures 1 and 2, fat content ranged from 3.89 (LMN) to 5.22% (ZBM) for biofortified maize
(SAMMAZ 39) and soybean extrudate produced under high temperature and 3.81 (LMN) to 5.90 %
(ZBM) under low temperature. The results showed that the extruded sample of biofortified maize
(SAMMAZ 39) and soybean flour resulted in the increased fat content of the blend relative to the
raw biofortified maize (SAMMAZ 39). The more soybean flour added to the sample, the increase in
the fat content of the extrudates sample. Biofortified maize (SAMMAZ 39) and soybean flour had
higher values of fat content produced under high and low temperatures, which indicated that
blending improved the proximate composition of the extrudates. There was a significant difference
between the extruded sample of biofortified maize (SAMMAZ 39) and soybean flour produced
under high and low temperatures.

Ash content reflects mineral status, even though contamination can indicate a high concentra-
tion in a sample. The ash content ranged from 1.64 (LMN) to 2.37 (ZBM) % for high-temperature
extrusion cooking and 1.62 to 2.21% for LMN and ZBM respectively for low-temperature extrusion
cooking. There was an increase in the amount of ash content. The high ash content of the extruded
sample is indicative of being a good source of minerals. It was observed that increasing soybean
flour increases ash content. However, sample LMN and ABM (both High and low temperature)
recorded no significant differences between them.

3.2. Antinutritional factors of the extruded sample of biofortified maize and soybean flour
Figures 3 and 4 show the antinutritional factors of the extruded samples of biofortified maize and
soybean flours. The tannin composition varied from 2.05 mg/g (ABM) to 2.76 mg/g (LMN) in high
temperature extrudates and 2.37 mg/g (ABM) to 2.89 mg/g (ZBM) (low temperature). Sample ABM
had the lowest value (2.05 mg/g) in both high and low temperatures while sample (ZBM) had the
highest value in low and second-highest value in high-temperature extrudates. There was no
significant difference in the tannin content of the extruded samples for both low and high
temperatures extrudates. However, when compared the two sets of the extrudates, the set from
higher temperature showed a bit lower values but not significant (p > 0.05). It means that
extrusion process conditions did not significantly influence the tannin content of the extrudates
studied. However, the tannin content increases as the percentage of soybean flour increases and
that were why high tannin content was observed for sample ZBM irrespective of the temperature
of the extrusion. The tannin-protein complexes could cause inactivation of digestive enzymes and
reduce protein digestibility by the interaction of protein substrate with ionizable iron. It has been
established that tannins in food could decrease the iron absorption, damage the mucosal lining of
the gastrointestinal tract, alter excretion of cations, and increase excretion of proteins and
essential amino acids (Tchinmegni & Djeukam 2016).

The phytate composition ranged from 0.83 mg/g (ABM) to 0.98 mg/g (ZBM) in high temperature
extrudates and 0.75 mg/g (ABM) to 0.83 mg/g (ZBM) (low temperature). The phytate content
increases as the soybean flour ratio increases, and there was no significant difference between the
extrudates of high temperature and that of low temperature. However, sample ABM showed the least
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phytate values in both high and low extrusion cooking temperatures, while ZBM had the highest
values for both temperatures. Phytic acid in foods binds trace elements and macro-elements such as
zinc, calcium, magnesium, and iron in the gastrointestinal tract and making dietary minerals unavail-
able for absorption and utilization by the body (Melaku et al., 2005; Sandberg, 2002). It can also form
complexes with proteins, proteases, and amylases of the intestinal tract, thus inhibiting proteolysis.
Phytic acid is the main phosphorus store in mature seeds. It also renders several minerals biologically
unavailable to animals and humans. Phytate occurs as a mineral complex, which is insoluble at the
physiological pH of the intestine. It is considered antinutritional, causing reduced uptake in the
human intestine of essential dietary minerals such as Fe and Zn. According to Weaver and Kannan
(Weaver & Kannan, 2002), zinc forms the most stable complex with phytate. Phytic acid is better
reduced by soaking. However, extrusion processing could not eliminate the antinutritional compo-
nents evaluated; a considerable reduction can be observed depending upon the extruded samples
and temperature of the extrusion process.

Figure 3. Antinutritional
Factors of Extruded Sample of
Biofortified Maize and Soybean
Flour (High Temperature and
Speed; 100 °C and 120 rpm).

Sample Code: Biofortified
maize flour: soybean flour; LMN
100:0; ABM 90: 10; CBM 85: 15;
FBM 80:20 and ZBM 70:30Mean
values of the parameter with
different letters are signifi-
cantly different at p < 0.05.

Figure 4. Antinutritional
Factors of Extruded Sample of
Biofortified Maize and Soybean
Flour (Low Temperature and
Speed; 90°C and 100 rpm).

Sample Code: Biofortified
maize flour: soybean flour; LMN
100:0; ABM 90: 10; CBM 85: 15;
FBM 80:20 and ZBM 70:30Mean
values of the parameter with
different letters are signifi-
cantly different at p < 0.05.
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The oxalate composition ranged from 10.89 mg/g (ABM) to 15.96 mg/g (ZBM) in high tempera-
ture extrudates and 12.09 mg/g (LMN) to 15.63 mg/g (ZBM) in low temperature respectively.
Sample ABM maintains the least value in high extrusion cooking and second-highest value in
low extrusion cooking, while ZBM has the highest values for both high and low extrusion cooking.
The levels of the tannin and phytate present in the extrudate samples are within the safe limit
according to FAO/WHO, Codex Alimentarius Commission, and Food Standards. They can be further
eliminated by processing such as cooking and boiling. The oxalate content significantly (P < 0.05)
changed in some extrudates (Figures 3 and 4). From the results, it was observed that oxalate
content increases with an increase in soybean supplementation.

According to Tiwari and Jha (2017), extrusion cooking also improves the nutritional quality of
foods by destroying many natural toxins and antinutrients. A dilemma exists as to whether it is
desirable to remove these compounds because of their bioactive activity. Enzyme inhibitors,
hormone-like compounds, saponins, oxalates, and other compounds could impair growth and
development in children, but these same compounds may offer protection against chronic dis-
eases in adulthood.

In this study, the values of tannin and phytic contents at high-temperature extrusion cooking were
marginally lower than that of the low-temperature extrusion process. This may be as a result of the
reduction in the antinutritional properties of the extrudates with an increase in temperature.
However, this does not apply to the oxalate content from the high and low-temperature extrusion
process in this study. The high values of oxalate observed for all of the extrudates agreed with what
Weiwen and Michael (2004) reported. They indicated that the oxalate contents (mg/100 g wet
weight) of soy and cornmeal are 187 and 55, respectively, before further cooking or processing. The
higher value of oxalate in soybean flour explains the increase in the oxalate content with an increase
in soybean flour. However, sample ABM (90:10, Maize and soybean flours) had the lowest antinutri-
tional factors at both low temperature with low speed and high temperature with high speed.

3.3. Carotenoid composition of the extruded samples under high and low temperatures
Tables 2 and 3 show the carotenoid composition of the extruded samples produced from bio-
fortified maize (SAMMAZ 39) and soybean flours at high and low temperatures, respectively.
Extrusion cooking is known to improve the nutritional quality of the food. There is excellent
retention of nutrients due to the short residence time of the food material in the barrel as well
as inactivation of antinutritional components (Singh et al., 2007). From all the samples, CBM-(85%
maize and 15% soybean) had the highest value (4.57 µg/g) of lutein, and FBM-(80% maize and
20% soybean) had the lowest value (2.49 µg/g). The Zeaxanthin contents of the samples ranged
from 3.49 (FBM) to 7.09 µg/g (ABM). There were significant differences (p < 0.05) in the variables,
which might be due to the different concentrations of the flours in the mixtures.

For β-Cryptoxanthin, contents ranged from 2.35 µg/g (ZBM) to 2.69 µg/g (CBM), significant
differences (p < 0.05) were observed within the values. Cryptoxanthin has been identified as the
most abundant carotenoids; whilst-carotene is present in smaller concentrations (Pillay, 2011).

The α-carotene contents ranged from 0.51 µg/g (ABM) to 0.71 µg/g (CBM). There was no
significant difference (p > 0.05) in the variables. The 13-cis β-carotene content of the samples
revealed that the result ranged between 0.31 µg/g (FBM) and 0.58 µg/g (ABM). The addition of
soybean might be responsible for the decrease in the level of 13-cis β-carotene content observed.

Also, the trans-β-carotene contents of the samples range between the value of 0.63 µg/g and
1.42 µg/g. The result further revealed that FBM had the lowest value, while CBM had the most
moderate trans-β-carotene content. More so, the 9-cis β-carotene content of the samples ranged
from 0.58 to 0.86 µg/g. There was no significant difference (p > 0.05) observed in the variables. In
diet, β-carotene and other carotenoids provide most of the vitamin A. The food labelling
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regulations require that vitamin A is calculated as micrograms of retinol or retinol equivalent (RE)
on the basis that 6 μg of β-carotene equals 1 μg of retinol equivalent (FAO, 2009).

The Total β-carotene contents show a significant difference between the variables as the values
ranged from 1.80 µg/g to 2.62 µg/g. Sample CBM had the lowest total Β-carotene, while sample
ABM had the highest amount of total β-carotene. There was a significant difference (p < 0.05) in
the variables. The most abundant provitamin A carotenoids in plant-based foods are β-carotene
(two retinyl groups), β-cryptoxanthin (one retinyl group), and α-carotene (one retinyl group), but in
most plant tissues they are substrates for hydroxylation reactions that produce the di-hydroxy-
xanthophylls, lutein, and zeaxanthin, the most prevalent carotenoids in vegetative and seed
tissues (Cazzonelli & Pogson, 2010; Howitt & Pogson, 2006).

The total xanthophylls of the samples ranged between 5.98 and 11.36 µg/g. Also, CBM (85% Maize
15%Soy) had the lowest total β-carotene,while ABM (90%Maize 10%Soy) had the highest value of total
xanthophylls contents of carotenoids. Xanthophylls and carotenes result in the carotenoid pigments
found in yellow and orange maize are responsible for the endosperm color (yellow or orange). The total
xanthophylls values were higher than Provitamin A (PVA) values for all the samples and this corrobo-
rated with what had been reported that the lutein and zeaxanthin were major the carotenoids found in
biofortified maize, and accounted for 70% of the total carotenoid content (Kean et al., 2008).

TheProvitamin A content of the samples ranged from 3.26 µg/g (FBM) to 4.30 µg/g (CBM). There
was a significant difference (p < 0.05) in the mean values of PVA among the samples. The decrease
in provitamin A carotenoid content of the extrudates with increasing soybean flour indicates that
the soybean flour significantly influenced the content of provitamin A carotenoids in the extruded
flour blends. There was no significant difference between the total xanthophylls and PVA values of
the extrudates from both high and low temperatures. The marginal decrease in PVA content seen
when extruded at the high temperature could probably be due to thermal degradation of the
carotenoids, pigments which are known to be heat-sensitive. It is known that carotenoids in
different food matrices are highly degraded by oxygen, temperature, and light during storage
(Rodriguez-Amaya, 2015). In matrixes with high exposure to oxygen, such as flour, it was found
that the oxygen level had more considerable influence on carotenoid degradation than tempera-
ture (Bechoff et al., 2010). However, the reasonably high content of total xanthophylls and PVA of
the extrudate indicates the extruded maize and soybean flour could be used in addressing vitamin
A deficiency (Beswa et al., 2016). Another advantage is that it is cheaper compared to other
vitamins A supplementations).
4. Conclusions
Extrusion technology provides a new exciting opportunity to processed foods, and the extrusion
process enhanced the nutritional qualities, as well as reduced the antinutritional components of
the products. However, it is pertinent to pay attention to processing speed and temperature of
foods containing carotene. Excess heat and longer time for processing carotenoid foods will result
in loss of carotene. Sample ABM (90:10 biofortified Maize and soybean flours) showed high
contents of carotenoid properties and low antinutritional properties and made it better than
other samples. Existing results on levels of carotenoids retention suggest that bio-fortification
can benefit nutritionally vulnerable population groups who traditionally cultivate staple foods such
as maize and others or who have access to them.

The extrusion process enabled the reduction of antinutritional components present in the
samples. It was observed that the increase in oxalate is as a result of the addition of soybean. It
has been established that legumes contain a high amount of oxalate. Excess intake of food
containing oxalate has been linked to an increased risk of kidney stones and other health
problems. Fortification and supplementation of staple food is a vehicle to curb the deficiency of
essential nutrients and improve diet in developing countries. Hence, further research into this
should be conducted.
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