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cassava: African yam beans respectively. A portion of each blend was
fermented spontaneously for 120 hours, another portion was extruded, and the
third portion was fermented and extruded while the last portion served as

control (untreated). Proximate mineral and amino acid analyses were carried
out on the samples. Fermented extruded blends had the highest protein (14.82-

Keywords: Manihot esculenta, 51.86 %). Extruded blend D had the lowest fiber (0.17 %), while the raw blend

Sphenostylis stenocarpa, C had the highest fiber (2.89 %). Carbohydrate was the lowest in fermented
Fermentation, Extrusion, extruded blends and ranged between 39.4 to 80.26 %. Moisture was highest in
Amino acids, Mineral contents fermented extruded blend C (9.72 %). Raw blends had the highest ash contents

(2.71-3.41 %). Fat content was the highest in fermented F (0.034 %). The
mineral composition showed that fermented extruded blends had the highest
sodium (18.40- 43.9 ppm), fermented C had the highest calcium (65.60 ppm),
fermented extruded C had the highest potassium (55.80ppm), and fermented
extruded E had the highest magnesium (7.34 ppm). Extruded D had the highest
zinc (0.416 ppm). Fermented A had the highest iron content (1.052 ppm). The
fundamental amino acids analysis revealed that histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryptophan, and valine increased
after fermentation extrusion. Conclusively, fermentation and extrusion of
cassava and African yam bean blends enhanced the nutritional value of the food
samples at wide-ranging proportions.

1. Introduction

Cassava (Manihot esculenta Crantz) is an essential staple food for the livelihood of many people, predominantly the
poor communities in Sub-Saharan Africa, Latin-America, and Asia [1]. Presently, cassava is rapidly changing from a
usual subsistent crop found on the field of peasant farmers to a marketable crop grown in plantations. The boost in
consumption of this crop is credited to it being a cheap source of edible carbohydrates that could serve in the human
diet as well as animal feeds after apt processing.

African yam bean (AYB) (Sphenostylis stenocarpa Hochst ex. A. Rich.) Harms is an underutilized tropical
African tuberous legume. The arable tuberous legume is imperative in the majority of native African food cultures
and in peasant agriculture. It has been established that legumes possess 2-3 times the amount of protein in cereals,
and no other plant food has been confirmed to be as rich as legumes in terms of protein in their natural state [2][3].
AYB is cultivated as a minor crop together with yam and cassava. AYB fills in as a security crop, and there is a
tendency to meet all-year protein prerequisites whenever it is grown on a vast scale [3]. African yam bean (AYB) is
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immensely nourishing with elevated protein, mineral, and fiber constituents. Its protein content is detailed to be
nutritionally equivalent to some frequently consumed legumes. Its amino acid profile is equivalent, if not enhanced,
compared to those of cowpea, soybean, and pigeon pea [4][5][6].

The potential for incorporating African yam beans into cassava to make composite flour requires adequate processing.
The need for this processing of the composite flour blends is due to the various anti-nutrients present in cassava and
African yam beans, to improve the nutritional quality and shorten the long cooking time of African yam beans.

The fermentation procedure serves as a primary source of diet and nourishment for a large population and adds
appreciably to food safety measures by increasing the range of fresh raw materials that can be used in the production
of edible food products [7]. Fermentation augments the nutritional constituents of foods via the biological synthesis of
vitamins, essential amino acids, and proteins in addition to enhancing the protein quality and fiber digestibility [8]. It
also improves micronutrient bio-availability and abets the reduction of anti-nutritional dynamics [7].

Extrusion cooking is the process in which a food material containing a meager amount of water is forced and heated
concurrently under mechanical shear pressure, transformed into a plastic mass, constrained through a forming die,
and quickly solidified by cooling. The usage of high-temperature short-time practice for food processing, such as
extrusion, is believed to be valuable in terms of elevated output and nutrient preservation [9]. The extrusion process
has become an ever more accepted procedure in food industries to develop novel products, including snacks and baby
foods. Food extrusion is used to convert a diversity of constituents to transitional products or ready to use ones, such
as breakfast cereals, snacks, infant food, instant soups, breadcrumbs, finished vegetable protein, meat substitute,
modified starches, confectionery, pasta, powdered beverages, cookies, granola, cones, etc. [10]. A major advantage of
extrusion cooking is producing various extruded products from low-cost raw materials under nominal processing
times [11].

Since there is little information on the outcome of fermentation and extrusion on dietary constituents of fermented
and extruded blends of cassava and African yam beans, this work is aimed at improving the nutritional quality of
cassava by complementing it with African yam beans at varying ratios. These will further be subjected to fermentation
and extrusion processes to determine which variables will give the most desirable results.

2. Material and methods
2.1. Source of raw materials

Freshly harvested matured cassava (Manihot esculenta) tubers were obtained from a farm in the Federal University of
Technology, Akure, Nigeria. Fresh mature African yam beans (Sphaerostylis stenocarpa) were acquired from an open
market in Akure, Nigeria. The samples were transported to the Department of Microbiology laboratory.

2.2. Sample preparation

The cassava tubers were washed with clean water and peeled. They were transferred into a clean plastic container
with a cover. African yam bean seeds were also cleaned by removing dirt, stones, and unwanted seeds. Then, the seeds
were washed and dried.

2.3. Formation of blends

Table 1. formulation of cassava: African yam bean blends

Cassava and African yam beans were mixed in varying
ratios (Table 1). The blends were kept in sterile air-tight =~ Sample  Cassava(g)  African yam bean seeds (g)

plastic containers and properly labeled as A, B, C, D, E, E, A 100 0

and F. This was done following [12] method. B 90 10
. C 80 20

2.4. Processing of the flour blends D 70 30
E 60 40

The cassava and African yam bean blends were divided

into four parts. A portion of the blends was only fermented F 50 50
spontaneously. The second part was only extruded. The third portion was fermented and extruded, while the last
portion was left untreated (the control).
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2.4.1. Fermentation

Cassava and African yam bean blends were fermented by adding 2 liters of sterile water into 1kg of each blend in
sterile containers. The samples were tightly covered and left to ferment for 120 hours. The fermentation process was
ended by drying in the oven at 55 °C for 24 hours.

2.4.2. Extrusion

Cassava and African yam bean blends were extruded with the use of a Brabender 20DN. This process was done as
described by [13].

2.5. Analysis
2.5.1. Proximate analysis

The samples' proximate analysis (moisture, ash, crude protein, carbohydrate, fat, and crude fiber contents) was
achieved via the customary scheme of [14]. All determinations were done in triplicates and reported in percentage.

2.5.2. Mineral analysis

A 1g of each sample was weighed into a crucible and transferred into muffle furnace pre-set at 550°C for 120 minutes.
The ash was distilled with 10 ml of 20% nitric acid and placed on the hot plate at 30 °C for one hour. The content was
filtered into 100 ml standard flask and made up to volume with distilled water. The concentration of calcium,
magnesium, zinc, and iron was measured using an Atomic Absorption Spectrophotometer (GBC Scientific Equipment
Pty. Ltd), whereas flame photometry technique was utilized for potassium and sodium [14].

2.5.3 Amino acids analysis

The determination of the amino acid profile was carried out following two steps. Firstly, the hydrolysis of the samples
to individual amino acids. This step was followed by the quantitative assessment of the amino acids in the hydrolysate.
The samples were first defatted using a soxhlet extraction apparatus, followed by hydrolysis of samples. A 7 ml of HCI
was added to the samples, followed by extraction oxygen with nitrogen gas. They were vacuum dried in a rotary
evaporator before loading into a Technicon Sequential Multisample (TSM) Amino Acid Analyzer (TSM-1 Technicon
Instrument Basingstoke, UK) as described by [15].

2.6. Statistical analysis

All data obtained were analyzed using Analysis of Variance (ANOVA) with the Statistical Package for Social Sciences
(SPSS) version 16. Results were reported as mean + SD.

3. Results and Discussion

3.1. Proximate composition of cassava: African yam bean blends

The moisture constituent of the raw blends ranged from 5.01 to 8.16%. Fermented blends had moisture content that
ranged from 5.92 to 8.05%. The extruded blends had values that ranged from 4.88 to 7.95%, while the least moisture
content was observed in sample A of fermented extruded blends (2.49%) (Fig. 1 A). Moisture is one of the majorly
considered criteria of various food products for its impact on food value, processing activities, and shelf life. The
steady moisture content of the raw blends before fermentation and extrusion shows the storage preference and shelf
life of the samples if suitably packaged [12][16]. Inconsistency in the moisture content of the samples is a
consequence of the water addition during fermentation and extrusion. [17] reported that moisture content of less
than 14% in extruded composite flour could enhance shelf stability and viability of such food.

The highest ash content was observed in the raw sample blends with values that ranged from 2.71 to 3.41%, while
fermented blends had the least ash content, ranging from 0.57 to 1.30% (Fig. 1 B). The ash content of the extruded
blends ranged from 1.72 to 2.91%, while fermented extruded blends had values ranging from 0.85 to 1.62%.
Reduction in the ash content of the fermented blends agrees with the findings of several researchers who have
detailed various reductions in the ash content of fermented food samples. [12] reported analogous reductions in ash
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constituents of fermented unripe plantain and cowpea blends. Similar outcomes were also obtained by [18] and [19].
[20] also reported a decrease in ash content of extruded sorghum malt and Bambara groundnut.

Raw blends had the highest fiber content ranging from 2.18 to 2.89%. There was no considerable disparity in the fiber
content of extruded blends and fermented extruded blends, with extruded D having the least value (0.17%) (Fig. 1 C).
Fiber is essential in the human diet since it enhances bowel movement, prevents obesity and constipation, and
reduces the risk of colon cancer [17]. The reduction in fiber content could be attributed to the capacity of the
fermenting microbes to breakdown the crude fiber of the fermented blends via hydrolyzing and oxidizing enzymes
entailed in the transformation of resident compounds in the food blends into functional compounds [21] and copious
fabrication of unrefined acids ensuing from fermentative dissimulation of carbohydrate [22].

It was deduced that fermented extruded blends had the highest protein content (14.82-51.86%) compared to other
blends of similar ratios (Fig. 1 D). Increase in protein content was observed with increase in the addition of African
yam beans. There were no substantial variations in protein content of raw blends and extruded blends. The
enhancement in protein content of fermented extruded blends could be as a result of the synergistic impact of both
fermentation and extrusion.

Some researchers have detailed a modest boost in the protein content by extrusion cooking owing to the rise in
digestibility. That can be owed to the dormancy of enzyme inhibitors and denaturation of protein present in
unprocessed components that render them to attack enzymes [23]. [17] reported an increase in protein content with
the increase of African yam beans content during the production of extruded African yam beans based ready to eat
snack. A similar result was also obtained by [24] in the use of African yam beans and shrimps in the production of
maize-based cereal blends.

Fermented extruded blends had the lowest carbohydrate content ranging from 39.4 to 80.26%. A steady decrease in
carbohydrate content of the food blends was observed with the decrease of cassava flour content in the blend (Fig. 1
E).

The highest fat content was found in the fermented F blend (0.034%), while the least was observed in the fermented
extruded D blend (0.003%) (Fig. 1 F). There was an increase observed in the fat content of the fermented blends
except for A blend. The rise in the fat content might be due to the increase in the microbial mass (cell membrane
lipids), the production of extracellular lipase via lipolytic microbes, microbial oil emission into the fermenting
medium, and other metabolism products [25]. Reduced fatty content of the extruded blends and fermented extruded
blends could be owed to lipid oxidation. Oxidation of lipid can diminish food quality by decreasing the quantity of vital
fatty acids, such as linolenic acid. These long-chained fatty acids are vulnerable to oxidation due to the high
temperature applied during extrusion. [19] reported a decrease in the fat content of sorghum malt and Bambara
groundnut-based extrudates. However, the reduction in fat content due to extrusion cooking could increase product
stability and storability by reducing lipid rancidity. Furthermore, extrusion deactivates enzymes that can advance
oxidation, thereby making lipids held in starch to be less liable to oxidation [19].
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Figure 1. Effect of fermentation and extrusion on the moisture content (A), ash content (B), fiber content (C),
protein content (D), carbohydrate content (E), and fat content (F) of Cassava-African yam bean blends. A: 100%
Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30%
African yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans. Error bars
are *2 standard error.
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3.2. Mineral composition of fermented and extruded cassava: African yam bean blends

The mineral composition of the studied blends is mentioned in (Table 2). Fermented extruded A had the highest
sodium (Na) content of 43.90 ppm, while fermented extruded C had the lowest sodium content. The highest calcium
(Ca) content was observed in fermented C with 65.60 ppm, while fermented extruded F had the lowest calcium

content with 31.20 ppm.

Table 2: Mineral composition of fermented and extruded blends of cassava and African yam beans (ppm)

Treatment Blend Na Ca K Mg Zn Fe
A 39.40+0.01s8  42.30+1.00> 32.10£0.05» 6.61+0.58d¢  0.191+0.51>  0.940+0.06¢
B 26.80+0.05¢  53.20+0.01¢  39.50+0.12¢  5.22+0.01¢  0.230+0.01¢  0.820+0.00d
C 22.50+0.03>  48.50+0.20c  42.30+0.01c  6.32+0.164  0.320+0.26¢  0.760+0.05¢
Raw D 30.32+0.12¢f  44.70+0.07><  31.20+0.01>  4.09+0.032  0.410+0.09f  0.650+0.05b
E 26.40+0.01de  59.30+0.15¢  29.90+0.00@  6.33+0.01¢  0.199+0.31>  0.930+0.01¢
F 19.30+£0.022  56.90+0.014  41.60+0.06¢  5.26+0.38¢  0.201+0.01>  0.990+0.04¢f
A 22.70+0.06>  51.00+0.00c¢  39.50+0.01¢  5.18+0.01b¢  0.296%0.12¢  1.052+1.04f
B 18.50+£0.002  47.80+0.01c  35.40£0.00¢  5.17£0.05>c  0.305+0.01¢  0.938+0.00¢
Fermented C 32.10+£0.05f  65.60+0.01¢  30.50+0.06>  4.61+0.032  0.244+0.07¢d  0.714+0.09bc
D 34.60+0.058  60.20+0.09¢  27.80+0.022  5.04+0.12>  0.228+0.46c  0.682+0.11b
E 28.10+£0.01¢  37.30+0.05>  32.50+0.05> 4.71+0.01>  0.375%0.13¢  0.870%0.064
F 24.60+0.04c  40.10+0.10> 28.60+0.012  4.75+0.02>  0.366+0.20¢  0.903+0.15de
A 36.60£1.00s  54.70+0.12¢  31.20+0.04> 5.97+0.08c 0.201+1.00>  0.780+0.02¢
B 26.71+£0.06¢  50.10+0.01c  32.50+0.01>  5.19+0.05>c 0.216+0.00>c  0.860+0.01d
Extruded C 21.15+0.02>  51.90+0.20c¢  42.60+0.05¢  6.10+0.02¢  0.319+0.05¢  0.770+0.12¢
D 32.05+0.15f  48.10+0.03¢  30.90+0.02>  4.96+0.10>  0.416+1.02f  0.603+0.032
E 21.24+0.08> 57.30+0.124  32.80+0.00> 6.99+0.51dc  0.201+0.02>  0.791+0.05¢
F 22.08+0.01>  47.10+0.05¢  39.60+0.06¢  6.01+0.264  0.211+0.11c  0.858+0.01d
A 43.90+0.00"  44.10+0.02¢  29.99+0.122>  5.71+0.11c  0.163+0.022  0.870+1.01d
B 28.50+0.05¢  44.80+0.01¢  28.90+0.012  5.33#1.00c  0.195+0.01>  0.860+0.094
Fermented C 18.40+0.022  39.30+0.12>  55.80+0.11c  7.11+0.01c  0.254+0.10«¢  0.580+0.03a
extruded D 32.03+0.06f  42.60+0.03> 33.60+0.06> 5.01+0.15>  0.374+0.12¢  0.520+0.012
E 22.60£0.00>  54.90+£0.05¢  39.40+0.224  7.34+0.01¢  0.220£0.05b¢  0.750%0.02¢
F 33.90+0.01f  31.20+0.01=  41.80+0.15¢  6.32+0.03¢  0.199+0.01>  0.620+0.01b

Values are means # standard deviations of three determinations.
Values not followed by the same superscript in the same column are significantly different (p<0.05).
A: 100% Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30%
African yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans

Fermentation increased the sodium content of blends C, D, E, and F. On the other hand, only extruded blends D and F
had higher sodium content compared to the control. Thus, extrusion did not have a significant impact on the sodium
content. The combined application of both fermentation and extrusion greatly increased the sodium content in all the

samples except for C, which was lower than the control.

Fermentation also increased the calcium content in A, C, and D, while fermented blends B, E, and F showed reduced
calcium content as compared to the control. Extruded A, C, and D blends had higher calcium content than the control,
while B, E, and F had lower calcium. Among the fermented extruded blends, only A had a higher calcium content
compared to control. This implies that fermentation and extrusion did not impact desired significant changes in the

samples' calcium levels.
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Only Fermented blends A and E had higher potassium content compared to control, while potassium decreased
significantly in B, C, D, and F blends after fermentation. There was a slight increase in the potassium content C
extruded blend, while that of E increased significantly. On the other hand, potassium levels in the extruded A, B, D, and
F showed a decreased potassium content as compared with the control. The fermented extruded C, D, E, and F showed
significant increases in potassium, unlike A and B, which had lower potassium contents.

Fermented extruded blends B, C, D, E, and F showed a significant increase in magnesium content. Extruded blends D,
E, and F also had a high amount of magnesium. On the other hand, fermentation alone resulted in a relatively lower Mg
content. This observation shows that the application of both fermentation and extrusion had a synergistic effect in
improving the magnesium content of the blends.

Fermentation increased the zinc content of the blends A, B, E, and F. Extrusion also significantly impacted the zinc
content of the blends A, D, E, and F. Samples subjected to both fermentation and extrusion did not show improved zinc
content.

Fermented A, B, and D; extruded B, and C, and fermented extruded B showed an increase in iron content. Other
samples recorded reduced amount of iron. This shows that fermentation and extrusion of the samples did not result in
appreciable improvement of the iron content of the samples.

[26] detailed a boost in minerals during fermentation of corn. The extrudates had lower values for mineral
composition when compared to the raw blends. These results differ from the findings of [27] who reported an
increase in mineral composition of extruded pigeon pea and unripe plantain blends. Results of the mineral
composition of the food blends is different from the report of [28] in which fermentation increased the magnesium,
potassium and calcium contents of low and medium hydrogen cyanide containing cassava.

3.3. Amino acid composition of fermented and extruded cassava: African yam bean blends

The amino acid composition of the studied blend can be seen in (Tables 3 - 6). Blending African yam beans with
cassava led to increase in the amino acid profile of the samples. The result obtained revealed that blending of cassava
with African yam beans prior to fermentation and extrusion marginally increased the amino acid composition of
cassava. A similar increase in amino acid of rice flour supplemented with Amaranth was reported by [29]. The
increase in the amino acid composition of the fermented blends is in agreement with some researchers who have
reported such an increase following the fermentation of some food samples. [30] reported an increase in lysine and
tryptophan contents of fermented maize. However, the increase in amino acids contradicts the findings of [27], who
reported a decrease in amino acid contents of extruded pigeon pea and unripe plantain blends. The currently obtained
results are also contrary to the report of [31], who stated a loss in essential amino acids of extruded whole grain flours
of quality protein maize (QPM) and typical maize cultivars. Overall, the nutritional content of plant protein is usually
improved by moderate extrusion cooking criteria due to a rise in digestibility [19].
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Table 3. Amino acid composition of raw Cassava-African yam bean blends (g/100g)

Amino Acids A B C D E F
Glutamic acid 0.041+0.001a  1.160+0.017¢  1.002+0.002>  3.841+0.003¢ 5.610+0.001¢  6.490+0.00f
Asparticacid  0.008+0.0022  0.020+0.001>  1.590+0.001¢ 3.010+0.0014 3.960+0.001¢ 5.001+0.004f
Alanine 0.021+£0.0012  0.043+£0.002>  1.460%£0.002¢ 2.811+0.002¢  4.110+£0.001¢  5.002+0.002f
Threonine 0.035+0.0232  0.088+0.001>  1.009+0.002¢  1.250+0.0084  1.629+0.003¢  2.050+0.005f
Glycine 0.009+0.0002  1.002+0.001> 2.161+0.001c¢ 2.180+0.004d  3.080+0.009¢  3.660+0.002f
Valine 0.021+0.0042  0.810+£0.001>  1.420+0.007¢  1.900+0.015¢  2.510+0.005¢  2.500+0.001¢
Cysteine 0.027+£0.0012  0.100£0.001>  0.120£0.003¢  0.360+0.005¢  0.850+0.001¢  0.850+0.001¢
Methionine 0.018+£0.0022  0.201+£0.001>  0.390£0.002¢ 0.710+0.0004  0.929+0.001¢  0.999+0.001f
Isoleucine 0.010+£0.0022  0.156+£0.001>  0.389+0.002¢ 0.501+0.000¢  0.980+0.003¢  1.279+0.001f
Leucine 0.015+0.0002  0.390+0.001> 0.561+0.002¢ 0.849+0.0014¢  1.931+0.001¢ 2.610+0.001f
Tyrosine 0.001+0.0002  0.082+0.003> 0.310+0.002¢ 0.530+0.0014¢  0.959+0.002¢  1.899+0.004f
Phenylalanine 0.018+0.0002  0.330+0.009> 0.860+0.001¢  1.010+0.001¢  1.521+0.002¢ 2.011+0.001f
Histidine 0.006£0.0012  0.055+£0.001>  1.730£0.001c¢  1.821+0.002d¢  2.009+0.001¢  2.001+0.001f
Lysine 0.014+0.0022  1.081+0.001> 1.610+0.001¢ 2.571+0.0014  2.860+0.001¢  4.130+0.003f
Arginine 0.039+0.0012  0.389+0.001> 0.819+0.002¢  1.081+0.001¢ 1.641+£0.000¢ 2.110+0.001f
Proline 0.020+£0.0022  0.510+0.001>  0.822+0.002¢  1.031+£0.002¢  1.203+£0.003¢ 1.760+0.001f
Serine 0.016+£0.0022  0.089+0.002>  0.250+0.001¢ 1.070+0.004d  1.839+0.001¢ 2.601+0.001f

Values are means # standard deviations of three determinations.
Values not followed by the same superscript in the same row are significantly different (p<0.05).
A: 100% Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30%
African yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans.

Table 4. Amino acid composition of fermented blends of Cassava-African yam bean (g/100g)

Amino Acids A B C D E F
Glutamic acid  0.099+0.0012  1.509+0.008> 2.110+0.001> 4.030£0.999¢ 5.671+0.001¢  6.491+0.0024
Aspartic acid 0.631+£0.0012  1.290+0.000>  4.031+0.001¢ 4.006£0.0054 5.313+0.004¢  6.010+0.001f
Alanine 1.021+0.0022  1.022+0.0012  1.991+0.001b 2.560+0.001¢ 3.900+0.002¢  5.021+0.002¢
Threonine 0.990+£0.0022  1.361+0.001> 0.810+0.001¢ 2.561+0.001¢ 2.849+0.002¢ 3.061+0.001f
Glycine 1.861+£0.0022  2.211+0.005>  2.759+0.002¢ 3.310+0.0014 4.121+£0.000c  4.259+0.001f
Valine 1.031+0.0022  1.571+0.000>  2.359+0.002¢ 2.920+0.0004 2.861+0.001¢  4.001+0.000f
Cysteine 0.080+0.0012  0.390+0.001> 0.531+0.000¢ 0.570+0.0004 0.880+0.005¢  0.980+0.000f
Methionine 0.291+£0.0002  0.430+0.001> 0.610+0.001c 0.830+0.002¢ 1.001+0.001¢  1.070%0.000f
Isoleucine 1.190+0.0012  0.510+0.001> 0.819+0.001¢ 1.070+0.000d 1.290+0.000¢  1.480+0.002f
Leucine 0.590+£0.0012  1.140+0.001b 1.360+0.003c 2.011+0.0004 2.501+0.001¢  3.610+0.000f
Tyrosine 0.070+£0.0012  0.330+0.000> 0.840+0.001¢ 0.887+0.0054 1.320+0.000¢  1.990%0.001f
Phenylalanine 0.460+0.0012  1.001+0.001> 1.51040.000¢ 1.840+0.0004 1.930+0.001¢  2.501%0.003f
Histidine 0.570+£0.001a  1.859+0.002b 2.103+0.003c¢ 2.490+0.001¢ 2.560+0.001¢  2.980+0.001f
Lysine 1.184+0.0532  2.040+0.002>  2.430+0.000¢ 2.960+0.0014 5.011+£0.002¢  6.112+0.002f
Arginine 0.970+£0.0012  1.150+0.001b 1.310+£0.000c 1.592+0.0024 1.880+0.001¢  2.830+0.001f
Proline 0.310+0.0022  1.217+0.002b  1.240+0.001b 1.650+0.001bc  1.820+£0.001¢  1.846+0.334c
Serine 0.110+0.0012  0.761+0.001> 1.021+0.000¢ 1.930%£+0.000¢ 2.101+£0.001¢ 2.647+0.004f

Values are means * standard deviations of three determinations.
Values not followed by the same superscript in the same row are significantly different (p<0.05).
A: 100% Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30%
African yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans.
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Table 5. Amino acid composition of extruded blends of Cassava-African yam bean (g/100g)

Amino Acids A B C D E F

Glutamicacid  0.160+0.0022  1.480+0.000>  2.133+0.003¢  5.000+0.002¢  5.720+0.001¢  6.542+0.001f
Aspartic acid 0.810+£0.0012  2.310+0.001>  4.000+0.003¢  4.012+0.003¢  6.030+0.001¢  7.281+0.003f
Alanine 1.020+0.0012  1.001+0.001> 2.101+£0.001¢  2.710+0.001d¢  3.930+0.001¢  5.000+0.002f
Threonine 1.001+£0.0002  1.360+0.001>  1.790+0.001¢  2.540+0.0034¢  2.920+0.001¢  3.090%0.000f
Glycine 1.840+£0.0012  2.161+£0.000>  2.701+£0.000c  3.310+0.001¢  4.001+0.001¢  4.260+0.001f
Valine 1.020+£0.0012  1.570+£0.001>  2.310+£0.003¢  2.910+£0.002¢  2.890+0.001¢  3.980+0.000f
Cysteine 0.060£0.0002  0.290+0.001>  0.483+0.003¢  0.560+0.000¢  0.860+0.001¢  1.001+0.001f
Methionine 0.230+0.0002  0.471+0.000>  0.591+0.000¢  0.820+0.001¢  1.030+0.001¢  1.071+0.001f
Isoleucine 0.130+0.0002  0.490+0.001>  0.861+0.001¢  1.050+0.000¢  1.230+0.001¢  1.520+0.001f
Leucine 0.542+0.004a  1.400+0.298>  1.290+0.000>  2.000+0.000¢c  2.470+0.001¢  3.569+0.001¢
Tyrosine 0.100£0.0012  0.292+0.001>  0.852+0.002¢ 0.930+0.002¢  1.301+0.003¢  1.821+0.001f
Phenylalanine 0.431+0.0052  1.000+0.000>  1.560+0.002¢  1.830+0.0014  2.040+0.002¢  2.440+0.000f
Histidine 0.590+0.0002  1.821+0.000>  2.060+0.000¢  2.520+0.001¢  2.601+0.001¢  2.992+0.002f
Lysine 1.003+0.0032  2.020+0.001>  2.470+0.000c¢  2.950+0.000¢  4.930%0.002¢  6.260+0.198f
Arginine 1.010+£0.0002  1.170+£0.001>  1.360+£0.001c¢  1.469%0.004d  1.850+0.000¢  2.790%0.000f
Proline 0.280+£0.0002  1.250+0.000>  1.190+0.001¢  1.630+0.002¢  1.780+0.001¢  2.121+0.000f
Serine 0.131+0.0012  0.740+0.002>  1.130+0.000¢  1.853+0.003¢  2.191+0.000¢  2.710+0.001f

Values are means # standard deviations of three determinations.
Values not followed by the same superscript in the same row are significantly different (p<0.05).
A: 100% Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30% African

yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans.

Table 6. Amino acid composition of fermented extruded blends of Cassava-African yam bean (g/100g)

Amino Acids

A

B

C

D

E

F

Glutamic acid

1.210+0.0012

4.358+0.004b

4.910+0.001¢

5.960+0.0014

8.209+0.001¢

9.621+0.001f

Aspartic acid

1.581+0.0022

3.210+0.001P

4.110+0.001¢

5.291+0.0014

6.361+0.000¢

8.011+0.002f

Alanine 1.290+0.0012  2.509+0.000>  2.860+0.000¢  3.809+0.001¢  5.040+0.001¢  5.958+0.002f
Threonine 1.541+0.0022  2.861+0.001> 3.010+0.001¢  4.259+0.0014  4.871+0.000¢  5.210+0.003f
Glycine 2.105+£0.0032  1.960+0.001>  3.651+0.002¢  4.859+0.026¢  6.002+0.006¢  6.390+0.001f
Valine 1.588+0.0032  2.130+0.001> 2.519+0.001¢  2.697+0.008¢  3.280+0.001¢  4.858+0.002f
Cysteine 0.893+0.0022  1.319+0.001>  1.801+0.000¢  2.281+0.002¢  2.800+0.000¢  3.119+0.000f
Methionine 0.861+£0.0002  1.803+0.003>  1.827+0.334>  2.510+0.001¢  3.459%0.002¢  3.791£0.002d
Isoleucine 0.530+£0.0012  0.910+0.005>  1.369+0.004¢  1.990+0.003¢  2.171+0.001¢  2.989+0.001f
Leucine 1.241+0.0022  2.079+0.001>  2.409+0.001c  3.619+0.001¢  5.231+0.001¢  6.013+0.002f
Tyrosine 0.521+0.0012  1.261+0.004>  1.827+0.002¢  3.021+0.001¢  3.510+0.001¢  4.080+0.031f
Phenylalanine 0.701+0.0012  1.880+0.002>  2.391+0.004¢  2.707+0.004¢  3.530+0.001¢ 4.829+0.001f
Histidine 1.272+0.0012  1.910+0.001>  2.181+0.000¢  2.631+£0.002¢  3.989+0.002¢  5.060+0.001f
Lysine 1.639+0.0022  3.380+0.130>  4.199+0.001¢  5.735+£0.113¢  7.610+0.000¢  9.131+0.000f
Arginine 1.380+0.0022  1.739+0.0022>  2.001+0.332>  2.812+0.006c  3.949+0.002¢  4.702+0.006¢
Proline 1.011+0.0022  2.308+0.004> 2.631+0.001c  3.260+0.002¢  3.711+0.000¢  5.319+0.001f
Serine 0.489+0.0012  1.879+0.002>  2.421+0.001¢ 2.853+0.031d¢ 3.661+0.002¢ 4.860+0.001f

Values are means + standard deviations of three determinations.
Values not followed by the same superscript in the same row are significantly different (p<0.05).

A: 100% Cassava B: 90% Cassava: 10% African yam beans C: 80% Cassava: 20% African yam beans D: 70% Cassava: 30% African
yam beans E: 60% Cassava: 40% African yam beans F: 50% Cassava: 50% African yam beans.
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4. Conclusions

Blending of African yam beans with cassava flour increased the dietary constituents of the food. The higher the
amount of African yam bean flour added to the cassava, the better the protein and amino acid composition.
Furthermore, fermentation and extrusion further improved the overall nutritional constituents of cassava and African
yam bean blends.
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