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Abstract

This research investigated and compared the proximate composition, microscopic and thermal properties of some grains (maize,
wheat, and millet), a root crop (cassava) and a leguminous crop (bambara nut) with the intent to formulate novel food product with
the desired characteristics for industrial processing. The carbohydrate, moisture, ash, crude fat, crude protein and crude fibre con-
tents ranged from 57.80-82.02%, 5.04-11.77%, 0.36-4.04%, 1.75-5.50%, 7.45-23.54% and 0.67-4.10%, respectively. The thermal
properties showed that T, T, T and AH ranged from 79.85-86.36°C, 86.02-90.26°C, 89.67-95.44°C and 0.80-39.07 ] /g, respectively.
Microscopically, the millet flour showed silvered-white indentations that evidenced presence of protein in the intact structure, unlike
the other grains. The increased content of protein in the maize could be attributed to increased activity of a-amylase in the maize
grain soaked for 48hrs. The DSC of the flours indicates the A+V-type polymorphs were present in the flours. Wheat and maize flours
contained high values of the amylose that could have contributed to the increased values of the enthalpy in their flours, although
maturity of the grain during harvest could influence the amylose content and consequently, the enthalpy of foods. The result of the
FTIR- Spectroscopy revealed that the different samples had varying structural differences with different levels of orderliness in the

structure. Furthermore, the millet flour possessed more ordered structure compared to the other grains. However, the bambara nut

flour has the highest ordered structure..
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Introduction

Cassava (Manihot esculenta Crantz) is the main source of di-
etary food for energy in most of the developing worlds. It is largely
cultivated in most of the tropical countries (Echebiri and Edaba,
2008; Oladunmoye., et al. 2014) It has been postulated that most
people living in the lowland tropics as well as in sub-humid trop-
ics of the west and central Africa obtain most of their dietary en-
ergy requirements from cassava (Oladunmoye., et al. 2014). The
relevance and predominance in the region stems from their ability

to survive in poor soils, in addition to the viability of its cuttings.

The attainment of food security is predicated on how cassava
flours could be used in composite flour formulation. This has ne-
cessitated its recommendation for inclusion in composite flour
formulation for the production of various bakery and confection

products as well as in noodle production. This study evaluated the

compositional properties of cassava, millet, bambara nut, maize

and wheat flours.

The physical treatment of starch granule may affect the natural
molecular and structural arrangement as observed during anneal-
ing and various heat-moisture treatments (HTM). It has been ob-
served that origin of starch as well as the conditions of treatment
employed had effect on the physical properties of heat-moisture
treatment (HTM)such that it increases in paste. Stability and gela-
tinization temperature are common, without recourse to the origin
(Abraham, 1993, Callado and Corke, 1999; Donovan,, et al. 1983;
Hoover and Vasanthan, 1994). DSC provides a semi-micron method
for the observation of the behaviours of starch from small samples,
or even from single grains or seeds (Zobel and Stephen, 2006). Mi-
croscopic examination of the thermal properties are obtained when

samples are heated at a controlled rate (10°C/min) in the presence
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or absence of an excess (1:3, Starch/water ratio) or limited quan-
tities of water (Cameron and Donald, 1991). Differential thermal
analysis techniques provide quantitative measures of heat flow as-
sociated with gelatinization; endothermic peaks are indicative of

melting.

This is a surface analytical method employed to study informa-
tion on the outer surface/region of a sample. It is believed that the
structural properties of surface of starch granules such as porosity,
crystallinity, etc. are suggestive of the variations in starch granules
as a result of amylose hydrolysis. Infra-red beam can penetrate
into the first few micrometers (~2pm) of starch granules. The 2
um penetration depth is normally smaller than the average size of
starch granules. This implies that the IR spectra acquired are rep-
resentative of the external part of the starch granules. The alternat-
ing growth rings of semi-crystalline and amorphous material are
generally around 0.1 mm thick. This means that Attenuated Total
Reflectance-Fourier Transform Infrared (ATR-FTIR), acquiring
on a micron scale, measures the overall information from several

growth rings (Sevenou,, et al. 2002; Van Soest., et al. 1995).

Materials and Methods
Proximate determinations

The contents of the carbohydrate, crude fibre, fat, crude pro-
tein, ash and moisture were determined using the AOAC (2010) [1]
method.

Thermal properties
Differential scanning calorimetry (DSC)

A DSC test was conducted in a differential scanning calorimeter
after heating the sample from room temperature to 280°C at 10°C/
min. About 10mm? of film was conditioned at 25°C and 60% RH.
The following factors were obtained through these thermo-grams:

the onset temperature (To) and the peak temperature (Tp).
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Structural properties
Scanning electron microscopy (SEM)

A SEM S-3400N (Hitachi, Japan), operating at an acceleration
voltage of 20 kv was used to study the fracture surface morphology
of the samples. The film samples were mounted on bronze stubs
using a double-sided tape and coated with a gold layer (40-50 nm),

under high vacuum mode.

Fourier transform infrared spectroscopy (FTIR)

An IR spectrometer (Bruker Vector 22) was used to determine
the FTIR spectra using the frequency range of 400-4000 cm™.The
samples were prepared by the KBr-disk method.

X-ray diffraction (XRD)

XRD measurements were performed, using reflection geometry,
on a Rigaku, Tokyo, Japan, diffractometer, operated at a generator
voltage of 40 kV, a current 0f40mA and a goniometer speed of 0.02
(2u)/s, and the XRD patterns were recorded in the reflection mode
in the angular

range 5-50° (2u) at the ambient temperature. The relative crys-
tallinity index was calculated based on the calculus ofamorphous

area (A,) and crystalline areas (A ).

R = relative crystallinity; A_= crystalline area; and A = amorphous

area in the XRD pattern.

Results and Discussion
Proximate composition of sample flours

The results are as shown in table 1. The cassava flour had the
highest content of carbohydrate (82%) while the bambara nut was
significantly (P < 0.05) the lowest. The differences in the carbo-
hydrate composition of all the sample flours were significant (P <
0.05) with maize flour having more carbohydrate content (75%)
than millet flour (69%).

Sample Carbohydrate (%) | Moisture (%) Ash (%) Crude fat (%) | Crude protein (%) | Crude fibre (%)
MLF 69.90 + 0.37¢ 11.77 £ 0.08? 0.73 £0.11° 3.46 + 0.37¢ 12.71+0.16° 1.45 +0.03"
BGN 57.80 £ 0.06¢° 5.04 £0.13¢ 4.04 £0.12° 5.50 £ 0.08* 23.54 +0.132 4.10+0.01°
MZF 75.33£0.33¢ 7.49 + 0.04° 0.36 £ 0.06¢ 4.56 + 0.48° 11.08 + 0.08¢ 1.19 + 0.03¢
WHF 78.23 £0.22° 5.66 + 0.064 0.72 + 0.04° 1.75+0.03¢ 12.98 +0.23° 0.67 +0.02¢
CCF 82.02 £ 0.24° 5.89 + 0.04¢ 0.71 £ 0.06° 2.69 £ 0.08¢ 7.45+0.11¢ 1.25 + 0.04¢

Table 1: Proximate Composition of raw sample flour.

Values are means of triplicate determinations * standard deviation. Means on the same column with

different superscript differ (p < 0.05) significantly.
Keywords: MLF: Millet Flour; BGN: Bambara Nut Flour; MZF: Maize Flour; WHF: Wheat Flour; CCF: Cassava Flour
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The significant decrease (P < 0.05) in the carbohydrate composi-
tion of millet flour could be attributed to the dilution effect resulting
from increased moisture content compared to the maize flour which
had more carbohydrate content but significant decrease (P < 0.05)
in moisture. This postulation is premised on the fact that maize and
millet flour showed similar structural conformation as seen on the
FTIR-Spectroscopic peaks. However, the SEM (Plate 1-3) showed
that maize flour contained more starchy materials which may have
resulted to the high content of the carbohydrate in the sample com-
pared to the millet flour. It may be inferred that soaking of the maize
and millet flours led to activation of a-amylase enzymes which led
to improved protein in the flours. However, since millet contained
more a-amylase in the intact structure of the starch granules
which were separated microscopically from other constituents in
the structure, there was observed significant increase in the pro-
tein content compared to that of the maize flours. This postulation
may have resulted to comparable protein content between millet
and wheat flours, although they were expectedly significantly lower
in protein content compared to the bambara nut flour which is le-
gume flour. Cassava ranked lowest in protein composition but was
however significantly higher when compared to local cassava flour
varieties which was 1.2% as reported by Sandoval and Fernandez
(2013) and Ikegwu,, et al. (2015) [5] who reported that a cassava

starch contained 0.01% protein content.

Scanning electron micrographs of PCL films containing wheat starch

Plate 1: Scanning Electron Micrograph (SEM) of (a). Cassava flour
(b). Millet flour (c). Wheat flour.

Plate 2: SEM of MZF.

Plate 3: SEM of BGN.
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The SEM showed that the a-amylase activity of the enzyme is
more pronounced in the millet flour which could be due to the con-
centration of enzymes in the soft endosperm of the kernels shown
in the form of deep indentations in the starch granules. The high
concentration of enzymes in the starch granules led to significant
increase (p < 0.05) in the protein content of millet flour in relation
to the maize flour which had seldomely impregnable or less water

hydration characteristics in the starch granules.

The moisture content of the processed flour samples ranged
from 5.04-11.77%. The moisture content of the millet flour was
significantly the highest (P < 0.05). This is followed by the maize
flour, cassava flour, wheat flour and then, the Bambara groundnut
flour. Comparatively, it would have been expected that the dilution
effect of moisture in the millet flour would had led to consequent
decrease in protein content of the sample in relation to the maize
flour. This assumption is conversely the opposite due to the effect
of soaking and structural differences as seen both in the FTIR-Spec-
troscopic studies, X-ray diffraction analysis and SEM microscopic
studies. The imbibition of moisture during soaking led to increased
hydration in millet flour. Furthermore, increased concentration and
activity of a-amylase enzymes led to improved protein content as
a result of protein-lipid linkage outside the starch granules of the
millet flours that enhanced retention of moisture during drying
and increased protein content. The low content of moisture in the
wheat flour purchased from Dangote Company may be attributed
to the effect of commercial production considerations where in-
tention of the producers were to provide flours that can store for
a longer duration before purchase by service industries or before
spoilage. It may also be due to added fortificantswhich formed a
homogenous mix with the flour, imbibing moisture and thus de-
creased the moisture content of the commercial product. The bam-
bara nut flour (5.04%) was significantly the lowest (p < 0.05) in

moisture content.

The ash content of the samples ranged from 0.36% - 4.04%.
There were significant variations (p < 0.05) in the ash content of
the samples, with bambara nut flour having the highest ash content
(4.04%). The ash content contributes significantly to the quality
of flour products. According to Chen and Yang (2010), flour mills
supplies low ash flour to noodle manufacturers in order to obtain
bright and white noodles that remains stable in colour when stored
fresh for 1 or 2 days. It had been reported that the US Hard White
(HW) wheat were considered a suitable raw material for milling
white salted noodle flours in Taiwan due to the fact that the colour
had a lower correlation with flour ash compared to either the HRS
or HRW wheat flour ash. Good (2002) posited that US HW wheat
flour ash content did not show significant correlation with AE (r
=0.03, P > 0.05, N = 12). In the meantime, the commercial range
for acceptability of wheat flour for noodle production had been re-

ported to be from 0.36-0.75% with an average of 0.52% processed
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on 14% moisture basis (Chen and Yang, 2010). It must therefore
be stressed that the grain flours and cassava flour had ash content
that are within the internationally accepted standard, especially in
Taiwan for production of white salted noodles. The bambara nut
flour had ash content (4.04%) that was too high to be considered
(as it may cause changes in colour with time) for noodle produc-
tion. Therefore, composite flour formulation that had BGN flour
may have poor stability in colour during storage. This is because
flour ash content associates closely with less brightness and more
visible bran specks in flour products. However, in Nigeria, where
white salted noodles are rarely produced, and bleaching agent (co-
lourant) are frequently used in noodle production, the inclusion of
BGN may be necessary for its high content of protein and crude
fat. Additionally, significant increase (P < 0.05) in the ash content
of the flour may not be unconnected with increase in the mineral
constituents in the pericarp and aleurone layers of the BGN. The
normal ranges of the ash content in the other flours are therefore
indication that there is minimal starch damage when they were
milled. Research had shown that starch damage affects noodle
cooking quality such as increase in cooking loss, gumminess of
the noodle surfaces while noodles becomes less firm. Increase in
water absorption and agglomeration of fragments in the mixer are
also common in noodles produced from flours with high content of
damaged starch. The content obtained for two varieties of cassava
flours by Sandoval and Fernandez (2013) were 1.73% and 1.25%.
The proximate composition of bambara nut obtained by Igbabul,,
et al. (2013) [4] were ash (3.49%), moisture (10.01%), protein
(16.44%), fat (5.75%), fibre (1.45%) and carbohydrate (62.87%).

There were significant variations (p < 0.05) in the fat content
of the sample flours. The BGN had the highest fat content (5.50%)
while wheat flour was significantly (p < 0.05) the lowest. Almost
the same trend was observed in the fibre content of the samples.
Conversely, significant variation was not observed (p > 0.05) in
the fibre content of samples MZF and CCF while sample BGN had
the highest fibre content compared to either sample MZF and CCE,
even as BGN sample possessed the highest fibre content. The result
also showed that the dry matter (energy) values (Kcal/100g) of the
samples had significant differences (P < 0.05), with MLF been the
least in the dry matter (kcal/100g) content.

The fat content of flours had not been considered as quality cri-
terion in noodle production. In this study, it would be appropriate
to correlate the fat content of the composite flours with the quality
attributes of the noodles than the single strength processed flours
which contributed only a proportionate portion to the production
of the noodle. In the meantime, it would be necessary to state that
the significant increase (p < 0.05) in the fibre as well as fat con-
tents of the BGN, including the dry matter posits it as a rich food

product needed for national food security. Formulation of products
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with BGN would be necessary to augment the protein needs of the

population.

The results obtained in this research differed significantly from
the results reported by Oladunmoye., et al. (2014) that 100% cas-
sava starch contained 1.0% fat and 362.8 energy (Kcal/100g)
but nearly equal to the result obtained by Sandoval-Aldana., et al.
(2013) that cassava flour contained 0.35% fat and 2.98% crude
fibre. Tharise., et al. (2014) showed that cassava flour had 8.51%
moisture, 1.06% ash, 4.98% protein, 0.65% fat as well as 2.62%
fibre in its composition. This current research could also be com-
pared to the work of Igbabul,, et al. (2013) [4] who reported that
BGN contained 3.49% ash, 10.01% moisture, 16.44% protein,
5.75% fat, 1.45% fibre and 62.87% carbohydrate. In essence, the
5.75% fat content reported by Igbabul,, et al. (2013) [4] could be
compared favourably with this current result. It may be argued that
the 16.44% protein content obtained by the researchers was due
to the dilution effect of moisture, since current research had half
of the moisture content contained by bambara nut in the work of
Igabul,, et al. (2013) [4] but contained a protein content of 23.54%.
Arguably, the significant differences in the proximate compositions
of the various flours could be attributed to the species/variety, soil

type, environmental condition as well as biotechnology retooling.

Thermal properties
Differential scanning calorimetry
The DSC is an important consideration when birefringence is

due to molecular orientation in amorphous regions or is absent
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due to crystallites being too small and randomly oriented. The DSC
thermograms of starch gelatinization are shown on figure, and the
thermal parameters were given in table 2. The gelatinization tem-
peratures (T, T, T, and T) of the flour samples showed that the
gelatinization temperatures of cassava flour were lower than that
of the other samples but the gelatinization range of CCF was wider
than that of the other flour samples. The enthalpy values for CCE,
MZF, MLF and WHF were 6.37]g?, 27.84]g, 0.80]g* and 39.07]g
!, respectively. The enthalpy of gelation values of starches are af-
fected by granule shape and the relative degree of crystallinity (Yu.,
et al. 2013). The low values of gelatinization temperature in CCF
reflects the presence of abundant amylopectin chains while higher
values seen in MZF, MLF, and WHF are indicative of lower values of
short amylopectin chains. Aldan and Quintero (2013) research on
cassava flour noted that the gelatinization temperatures of cassava
flour were 60.99, 66.14 and 69.91°C for onset, peak and comple-
tion temperatures for cassava obtained from a small factory while
a cassava obtained from an industrial layout showed gelatiniza-
tion temperatures of 66.01, 71.00, and 77.22°C for onset, peak and
conclusion temperatures, respectively. It may be adduced that age,
location and soil characteristics, as well as processing conditions
may affect the gelatinization temperatures of flours/starchy foods.
The results obtained in this research differed with the work of Al-
dana and Quintero (2013) on the endothermic enthalpy changes
of the cassava flour which showed that the enthalpy change (Jg'!)
was 7.75.

High values of enthalpy of gelatinization are associated with

high levels of amylose in starches as seen in WHF and MZF flours.

Sample Thermal Properties Level of orderliness
Ratio of absorbance
T, (°C) T, (°C) T, (°C) . (°C) AH (J/g) (1148.2/1077.2 | 1077.2/995.2
CCF 79.85+0.30 | 86.02+0.05 | 89.67+0.20 | 9.82+0.01 | 6.37 £0.00 1.19 1.81
MZF 82.42+0.11 | 86.35+0.10 | 90.41+0.03 | 7.99+0.00 | 27.84 +0.02 1.046 1.141
MLF 86.36+0.02 | 90.26 £ 0.08 | 95.44+0.04 | 9.08+0.03 | 0.80%0.01 1.186 2.015
WHF 84.51+0.01 | 87.94+0.03 | 91.92+0.01 | 7.41+0.00 | 39.07 £0.01 1.125 1.42

Table 2: Thermal Properties and Level of Structural Orderliness in Processed Flours.

Values are means of triplicate determinations + standard deviation. Means on the same column with different

superscript differ (p < 0.05) significantly.
MLF: Millet Flour; BGN: Bambara Nut Flour; MZF: Maize Flour; WHF: Wheat Flour; CCF: Cassava Flour

According to Jane,, et al. (1992) and Abubakar, et al. (2006), high
amylose in starches gives high enthalpy changes. This postulation
has been countered by some researchers (Himeda., et al. 2002;
Morthy, 2002) that situations occur whereby a decrease in amy-
lose may experience an increase in enthalpy; implying that other
parameters, in addition to amylose may influence the enthalpy of

gelatinization, such as crystallinity, intermolecular bonding and

treatment conditions. Furthermore, flours with lower onset (T, )
and completion (T ) temperatures have a greater capacity to hy-
drate and gelatinize than ones with higher onset and completion

temperatures.

Liu,, et al. (2003) asserted that all starches exhibited a single
endothermic transition between 70 and 95°C for starch gelatiniza-
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tion. Himeda,, et al. (2012) established that the gelatinization tem-
peratures and enthalpy (AH) increased significantly (p < 0.01) with
increase in maturity of starches/starch flours from the same raw
material, in linear order. Similarly, researchers (Chiang., et al. 2007;
Wang,, et al. 2001) had equally reported similar behaviours for Tra-
paquadrispinosa Roxb and Taro, respectively. A different result for
the gelatinization temperature of potatoes was obtained by Liu., et
al. (2003) and Huang,, et al. (2006).

The differential scanning calorimetry gave a clear and vivid ex-
planation on the type of annealing treatment required to develop
specific gel and texture characteristics; and for industrial applica-
tion for the monitoring of product variation to reveal processing
conditions that may anneal or temper the flour or starchy mate-
rial. Amylose-lipid complexes and gelatinization of flour starch are
known to influence the water penetration of starchy granules, re-
sulting in the increase of temperatures for starchy products’ swell-
ing or the gelatinization temperatures. Additionally, all the flours
showed several endothermic peaks as the processing temperatures
increased. Consequently, the enthalpy for the melting amylose-lipid
complex (AH,) was also increasing, leading to raised formation of
total complexes as the processing temperatures increased. Con-
versely, the sample flours exhibited different glass transition tem-

peratures.

In this study, the DSC of millet flours showed endothermic peaks
at 86.36°C, 90.26°C and 95.44°C. More peaks were also observed at
230°C and 270°C. The trend observed in the millet flour DSC endo-
thermic peak was similar to the results obtained for wheat flour,
cassava flour and maize flour. However, reduced sharpness in ge-
latinization endotherm was more pronounced in the wheat flour
compared to the other flours. The gelatinization endotherm on the
DSC thermograms resulted from the starch/lipid as well as protein
complexes. The wheat flour, though low in lipid content, had more
protein content than other native flour and thus contributed signif-
icantly to the increased depression of the DSC endotherm. Other re-
searchers had only reported on the amylose/lipid complex without

recourse to the effect of protein on the DSC endotherm of samples.

In the main time, this research showed that the processed flours
had different gelatinization temperature but had almost the same
molecular structure as shown by the endothermic peaks, except the
BGN flour.

Acevedo., et al. (2013) reported that differences in flour ther-
mal transition could be as result of differences in shape, size as well
as in the distribution of starch granules in the flours. Live.,, et al
(2006) equally attributed this differences to amylose/amylopectin
ratio, internal arrangement of starch fractions within granule, dif-
ferent protein interactions and infractions between starch, protein

and lipids.

43

According to Henshans,, et al. (2003) changes in starch gela-
tinization, protein denaturation and changes in protein-starch
interactions could result to peaks at the lowest temperature. Fur-
ther heating beyond the 90°C for all the processed flours showed
endothermic stability which were altered at temperatures above
220°C at which glass transition (Tg) temperatures were observed.
The processed flours exhibited more two peaks between 230°C and
290°C. These peaks could be explained based on metal chelating
complexing actions due to evaporation of water from the starchy
macromolecule as well as the oxidative degradation and deacyla-
tion. Conformational changes in the starch structure due to evapo-
ration of water leading to thermal instability may have contributed
to the endothermic peak between 220°C-230°C while the exother-
mic peak between 270°C-300° C could be attributed to bridging
action through metal ion that may lead to thermal stability. In the
characterization of chitosan using DSC by Screenivasan (1996), Hg*
complex peaks were observed endothermically at 200°C, 220°C
and 242°C while the Cu** complex demonstrated a single peak at

203°C that was attributed to crystalline-phase formation.

Structural properties
Scanning electron microscopy (SEM) of samples

The scanning electron micrograph of the raw sample flour
starches were as shown in figure 1-3. The cassava starch granules
had oval and rounded shapes with relatively large size and smooth
surfaces. Some of the external surfaces of the cassava starch showed
imperfections such as fissures. The fissures may be attributed to
the effect of grinding/milling in a plate mill which led to damage
in starch structure. The diameter of the granules also ranged in
size from 5pm to 20um. The starch granule from cassava starch
showed characteristic morphology of improved variety of starches
compared with native cassava varieties under electron microscopy.
Other researchers have established that the starch granules from
all cassava cultivars were circular in shape and had some concave-
convex characteristics (Freitas and Leonel, 2008; Leonel, 2007; Pi-
mentel,, et al. 2007 and Ladeira., et al. 2013). According to Soccol,,
et al. (2016), cassava flours are formed by smooth and spherical
amylaceous granules of heterogeneous sizes (5-15um). The spore
formations on cassava flour are within the axis of cassava starch

which it feeds on, and thus, takes the shape of the starch.

In the microstructure of the processed millet flour, there is or-
derly crystalline arrangement of starch granules whereas other
constituents of the flour changed into a homogenous amorphous
mass. The granules had varying sizes which ranged from spherical
to polygonal; possessing intermediate types, several granules with
deep indentations that are as a result of protein bodies. The spheri-
cal starch granules of the millet showed evidence of enzyme attack

that could have been caused by a-amylase that was activated dur-

Citation: Theophilus Maduabuchukwu lkegwu,, et al. “Comparative Studies of the Proximate, Microscopic and Thermal Properties of Processed Maize,
Wheat, Millet, Cassava and Bambara Nut Flours". Acta Scientific Nutritional Health 7.2 (2023): 38-47.



Comparative Studies of the Proximate, Microscopic and Thermal Properties of Processed Maize, Wheat, Millet, Cassava and Bambara Nut
Flours

44

Figure 1: DSC Thermograms of Processed (a) Millet Flour (b) Wheat flour (c) Maize flour (d) Cassava flour (e) Bambara nut flour.

Figure 2: SEM (a) Maize flour (b) Bambara nut Flour (c) Cassava Flour (d) Millet Flour (e) Wheat Flour.
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Figure 3: FTIR-Spectroscopy of (a) Cassava flour (b) Millet flour (c) Wheat flour (d) Maize flour (e) Bambara nut flour.

ing the period of soaking. It had been inferred by Badi., et al. (1976)
that such preferential attack of the spherical starch granules might
had been from enzymes that were concentrated in the soft endo-
sperm of the kernels or from soft endosperm starch granules being

susceptible to enzymatic degradation.

The morphology of the maize starch flour differed from all
the other starches in that the starch granules are polyhedric and
shaped. The axial diameters ranged from 3um to 8um. The starch
granules were compact with some of the starch granules exhibiting
somewhat of elliptical shape. The result is in agreement with works
of other researchers (Macpherson and Jane, 2000; Bhattacharyya.,
etal.2007).

Fourier transform infra-red (FTIR) spectroscopy studies

IR is claimed to be sensitive to short-range order, proposed to be
the double helix content in starch. X-ray diffraction provides state-
ment about long-range order such as packing of double helixes into
ordered arrays. Correlation between IR and X-ray diffraction are
obtained for mixtures of amorphous and crystalline starches (Sev-
enou,, et al. 2002; VanSoest., et al. 1995). The IR spectrum of starch
has been shown to be sensitive to changes in structure on a mo-
lecular (short-range) order, and retrogradation processes as well
as the presence of moisture. According to Sevenou., et al. (2002),
the IR absorbance or transmittance band of 1047 cm™ is sensitive

to the amount of ordered or crystalline starches, and the band at

1022 cm™ is characteristic of amorphous starch. In this study, the
ratios of heights of bands between 800-1200 cm™ expresses the
amount of ordered starches to amorphous starches (Sevenou., et
al. 2002). It has been postulated that high values of the ratios of
absorbance is indicative of disorderliness in ordered structure of
gelatinized starches while lower values leads to lower amounts of

ordered starch.

The table showed the level of orderliness observed in the or-
dered structure of the flour samples. Millet flour was shown to
have more order in the ordered structure than the other flour sam-
ples. It was also observed that the level of orderliness decreased
at higher wavenumbers. The high values, according to Yu., et al.
(2013) could be a consequence of ordered structure in their ex-
ternal region. These large values also propose that there could be
different polymorphs in the ordered structure which contributed
to the high intensities obtained. Cassava flour, being very high in
the two regions showed that it possessed more ATR-FTIR spectros-
copy spectral bands in both regions compared to either the mil-
let or wheat flours while maize had the highest polymorphs at the

lowest wavenumbers.

This assumption could be further confirmed from the DSC
which showed that the flour structure may possess A+V-type poly-
morphs. Zhang, et al. (2014) used the FTIR spectra to obtain height

ratios of 1.42 for rice starch. However, since the moisture content
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of the flour samples has effect on the degree of disruption of mo-
lecular order in starch, the differences in the spectral ratios could
be associated with the moisture content of the samples, type of raw

materials and or the effect of processing condition.

In industrial productions, food processes are monitored online
for different quality parameters for consistency in quality. Aris-
ing from the concern to produce food products which has correct
and consistent quality criteria needed by consumers, monitoring
of flours from different grain variety, as well as the incorporation
of legume flours into the product becomes more important. FTIR-
Spectroscopy, as a fast, repeatable simple technique applied in food
industries are used for flour quality control and consequently the
quality of the flours final products. FTIR-Spectroscopy is both quali-
tative and quantitative for food macromolecules where it is applied
for the structural analysis of proteins, fats, carbohydrates as well
as water (Alvarez., et al. 2008; Ferreira., et al. 2014; Yano and Sato,
1999; Hernandez-Martinez., et al. 2013; Yuen,, et al. 2009; Anjos., et
al. 2015; Buning-Pfaue, 2003; Meng,, et al. 2012). The fundamental
principle of FTIR-Spectroscopy is the absorption of infra-red radia-

tion due to the oscillation of molecules.

The usual attenuated total reflection (ATR) Fourier Spectral of
wheat flour, cassava flour, maize and millet flours are as shown on
Figures 7-10. The spectral features of the protein absorbed were
strong amide I and II bands that were located at 1600 cm, 1620
cm?, 1700 cm® and 1720 cm’, respectively. The amide I absorp-
tion could be explained in terms of the vibrational stretching of the
C = 0 bond while the amide II absorption bands were as result of
the coupling of the bending of the N-H bond and the stretching of
the C-N bond (Zhang,, et al. 2013). Liu,, et al. (2015) explained that
starches exhibits a series of overlapping intense band peaks at the
region of 1180-953 cm™ while the spectral bands between 1715-
1484 cm™ is used to represent protein in the area of the amide [ and
II bands. In this study, the ring skeletal vibrations were observed
within 1640-1148 cm™ while the C-H bending vibrations were
observed between 991.5-857.3 cm™. The presence of two strong
bands near 1420 cm™ and 1338! cm in the cassava flour attenuated
total reflection (ATR) Fourier transform infra-red spectroscopy

band showed that cassava flour contained nitro groups [1-12].

Furthermore, the nitro group is conjugated with benzene ring
since the absorption appeared at the lower wavenumbers. In addi-
tion, two bands were observed between 3300 cm™ and 2926 cm in
all the spectral bands of the native starches. The sp?-hybridized C-H
bonds lies between 3100-3000 cm while the sp-hybridized C-H
bonds are between 3000-2850 cm™. Therefore, the aromatic ring is
responsible for the absorption due to the sp? C-H stretching vibra-
tions. The N-H band at 3272.6 cm™ was weak but broad in maize
and cassava flours. This functional group was observed in wheat
flour at 3283.8 cm™?, in millet at 3276.3 cm™.
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Conclusion

The proximate composition of the processed raw materials
showed that the high quality cassava flour (HQCF) had improved
protein content of 7.45% compared to the native variety which had
been known to have 0.1-1% protein content. The increased protein
content of the HQCF may have contributed to the improved proper-
ties of the noodles. Furthermore, the bambara nut had high fibre
content which may be an added advantage in the development of
functional foods. Conversely, the high ash content of the bamba-
ra nut may discourage its usage due to the effect of ash in colour
stability of food products. In pasta production, high ash contents
of flour are discouraged as it reduces the stability of food appear-
ance overtime. Structural investigation of the microstructure of the
starch granules of the different flour samples indicated that they
had varying size ranges.

While the millet starch granules possessed orderly crystalline
arrangements, the cassava flour had circular concave-convex prop-
erties which were distributed randomly within the structural mass.
Conversely, the maize starch granule was polyhydric and shaped
while wheat starch granule was elliptical in shape with different
size ranges. The starch granules of the bambara nut have diamond
to ellipsoidal shape embedded in a protein matrix. The size of the

bambara nut starch granule varied from 0.2 pum-55 pm.
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