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Amino acids, which act as significant macromolecules for the regulation of critical metabolic
pathways, are provided by protein crops (such as soybeans), which are crucial for human nutrition.
This study aimed to examine and compare the amino acid profile, mineral composition, and in-
vitro protein and starch digestibility of gari enriched with soy curd and soy residue at a 10%
substitution level. The amino acid profile results showed a significant increase (p<0.05) in both
essential and non-essential amino acids in soy-enriched gari compared to the control sample.
Specifically, gari enriched with soy residue (GMR) and gari enriched with soy curd (GMC) had
29.02 and 32.5%, respectively compared to 24.14 for the control sample (GIC). For the non-
essential amino acids, GIC, GMR and GMC had 33.39, 33.35 and 39.38%, respectively. The
enriched samples had higher mineral contents compared to the control gari. During enrichment,
the enriched gari's in vitro protein digestibility rose whereas its in vitro starch digestibility declined
(p<0.05) sharply. These findings suggest that soy curd or residue can significantly enhance the
nutritional quality of gari, particularly by improving its amino acid profile and protein digestibility,
though with a trade-off in starch digestibility.
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1. Introduction

One of the most serious issues in the world is food security,
which the accelerating rate of population expansion makes
more necessary. This issue is particularly acute in Africa,
where 200 million people are currently suffering from
starvation and the effects of war (Devaux et al., 2021). Due to
the substantial loss of cattle, the latter has resulted in
restrictions on the sources of high biological value proteins. In
the continued effort to find answers to the problem of
malnutrition in its various manifestations, especially among
people in developing countries, better processing and
fortification have improved the nutritional value of our local
food. (Aderinola et al., 2022; Anyaiwe et al., 2022). The
cassava plant, Manihot esculenta Crantz, is a member of the
Euphobiaceae family. It is atropical American native and one
of the most significant starchy root tubers in the tropics
(Cuenca et al., 2020). The glycosides of hydrocyanic acid
(linamarin and loutastralin) found in the tubers and other plant
components make them deadly when eaten raw.

Cassava tubers were mostly composed of carbohydrates, 87%
starch and 2% protein, ascorbic acid, free sugar, minerals, and
other vitamins. In Nigeria, cassava serves as an economical
source of carbohydrates for both humans and animals. It is
utilized in various forms such as lafun (cassava flour), fufu
(cassava mash), cassava starch, kpokpo gari, and gari
(Oluwamukomi et al., 2020). Gari is a starchy, fermented food
made from cassava that is free-flowing, dry, and granular.
However, due to its perishability, low protein content, and
probable toxicity, its usage as a food source is constrained. The
conventional practice of processing cassava for gari includes
peeling of the tubers by hand with knife, cleaning grating,
dewatering/fermenting (during which microorganisms such as
Lactic acid bacteria; Lactobacillus spp., Corynebacterium
spp., and yeast, particularly Geotrichum spp., play a crucial
role in starch breakdown, pH reduction, cyanide content
reduction, and the introduction of flavor compounds that are
preserved in the final product. This process involves
granulation, sifting, and subsequent roasting to mitigate
toxicity. When gari is soaked in cold water and sweetened with

4 This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.
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sugar, it can be eaten as a snack or as a main meal (eba) along
with roasted nuts, coconut, or dried fish (Awoyale et al., 2021).
Numerous attempts have been made to enrich gari products
with proteins from different vegetable sources in order to
address this problem; however the use of soy supplement (curd
and residue) has not been extensively employed. (IITA 1990,
Oluwamukomi and Adeyemi 2015). The most significant plant
proteins in the world are soybeans which is a good source of
soy curd and residue. It is widely utilized in confectionary
products, baked items, and it is a valuable source of animal
feed (Guzeler and Yildirim 2016). Soybean is a great protein
complement to other plant proteins because it is regarded as
near complete source of protein which includes all the essential
amino acids (Fresan et al., 2019). Because soy curd and
residue protein is less expensive per unit than other vegetable
and animal proteins, it can be used in food enrichment and
fortification programs as a low-cost source of high-quality
protein. In order to assess the effects of the fortification on the
amino acid profile, mineral composition, in-vitro starch
digestibility, and in-vitro protein digestibility of the enriched
gari, this study aimed to enrich "gari" by adding soy curd or
leftovers.

2. Materials and Methods

2.1. Sources of materials

Manihot esculenta crantz, or cassava roots, were collected
from the Federal University of Technology's teaching and
research farm in Akure, Ondo State, Nigeria. From Michael
Okpara University of Agriculture (UMUDIKE), Oturu, Abia
State, Nigeria, soybean seeds (Glycine max (TGX)) were
purchased. The Federal University of Technology, Akure,
Ondo State, Nigeria's Departments of Crop, Soil, and Pest
Management, as well as Forestry and Wood Technology,
verified the authenticity of both crops. The rest of the supplies
such as chemicals and reagents were bought from Sigma-
Aldrich in St. Louis, Missouri, USA.

2.2 Soy curd and residue extraction

According to the previously outlined procedure, 150 g of soy
bean seeds were cleaned, sorted, and then soaked for 12 hiin 2
L of distilled water containing 0.5 g of NaHCO3 before being
heated for 25 minutes (Anyaiwe et al., 2022). The soybean
seeds were cooked, dehulled, and then wet processed in a
hammer mill. After extracting the milk (pH 6.40) using muslin
cloth and adding water in a ratio of 1:8, the pH was brought
down to 4.6 by adding 1 M citric acid. The soy milk was left
to stand for 6 h before the lower portion (curd) and upper part
clear whey was collected. The residue was collected following
the extraction and filtering of soy milk from soybean mash.
After being oven dried (at 60 °C for 24 h), the samples of curd
and residue were processed into flour, wrapped in high density
polythene (HDPE) bags, and kept in the refrigerator for
subsequent use.

2.3 Gari production and enrichment

A previously published technique was used to create the
enriched gari samples from cassava tubers (Oluwamukomi
and Adeyemi 2015). In a nutshell, cassava tubers were peeled
by hand with a sharp knife, cleaned, and grated in a locally
constructed mechanical grater that was coupled to a 7 horse
power drive engine using a belt. After 72 h of fermentation in
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Hessian bags, they were then dewatered in a mechanical press
owned by Nigeria's Addis Engineering Nig. Ltd. The fibres
were manually ground out of the dewatered, wet cassava
cakes. One portion of the sifted cassava meal was roasted and
kept as the control, while the other was enriched with soy curd
and residue at 10% supplementation levels before toasting
(Anyaiwe et al., 2018). Then, it was toasted over a wood fire
in a large aluminum pan known as a "garifier" at a temperature
of more than 250°C. The iron kettle was then opened, and the
toasted soy-enriched gari was taken out to cool. Following the
cooling process, the gari samples were packaged in HDPE
plastic and placed in the refrigerator, where they were stored
until further examination was conducted.

2.4 Amino acid analysis of gari samples

The amino acid composition of samples was determined using
High-Performance Liquid Chromatography (HPLC) as
previously reported (Aderinola and Adeoye, 2022). 10 mg of
the sample was weighed into a screw-capped glass hydrolysis
tube and placed in ice before adding 0.2 mL of cold performic
acid. This was mixed by placing the tube in an ultrasonic bath
for 10 min, after which the tubes were capped and left to stand
overnight in a refrigerator at 4 °C. Sodium metabisulphite (50
mg) was added carefully to each tube and mixed using a vortex
mixer. Hydrochloric acid (0.8 mL of 7.5 N) was added to the
tube and this was mixed again by placing it in an ultrasonic
bath for 15 min. The tubes were placed unsealed onto a hot
plate previously heated to 110 °C. After an hour, the tubes
were sealed and hydrolyzed for a further 24 hours on the hot
plate. After the hydrolysis was complete, the tubes were
removed from the hot plate and cooled to room temperature.
The contents were transferred to a 5 mL volumetric flask,
diluted to volume with distilled water and filtered through
filter paper before placing into a rotary evaporator (Buchi,
Laboratoriums Technik AG, Switzerland) to dry partially
under vacuum at 40 °C. The residue left after evaporation was
dissolved in 0.8 mL of 0.2 M sodium carbonate buffer, pH 9.7
and stored frozen prior to dansylation and analysis. Sodium
carbonate (0.2 mL, 0.2 M, pH 9.7), 20 pL of internal standard
and 20 pL of samples were added to a 1.5 mL screw-capped
reaction vial. Finally, 0.2 mL of dansyl chloride Volume
solution (5 mg/mL in acetone) was added before capping and
vortexing the tubes. These were incubated overnight in the
dark at room temperature. The contents of the reaction vial
were transferred to a one mL volumetric tube and diluted to
volume with water. This one mL of the dansylated product was
used to run in HPLC and the results were expressed as mg
amino acid/g dry matter. The predicted biological value (BV)
was calculated using previously reported equation (EI- Adawy
et al., 2001), while whole egg protein was used as the reference
protein.

BV = 10215 x Lys04! x (Phe+Tyr)%60 x (Met+Cys)%77" x Thr0-24 x
Trp0.21

The Predicted Protein Efficiency Ratio (P-PER) was calculated using
the equation below (ljarotimi, 2022):

P-PER = = - 0.468 + 0.454 (Leu) - 0.105 (Tyr).

2.5 Mineral analysis of gari samples

The mineral contents of the flour samples - sodium, potassium,
calcium, magnesium, iron, copper, zinc, manganese, and
selenium, were determined using a previously reported method
(AOAC, 2012).

243


https://doi.org/10.54117/ijnfs.v3i3.61

Available: https://doi.org/10.54117/ijnfs.v3i3.61

2.6 Determination of in-vitro protein digestibility of gari
samples

In vitro protein digestibility was determined with slight
modifications using standard method (AOAC, 2012). One
tablet of Panzynorm-N (manufactured by M/s German
Remedies India, Ltd., Mumbai, India) containing 10,000 units
of lipase, 9000 units of a-amylase and 500 units of protease,
was dissolved in 5.0 mL sodium phosphate buffer (0.1 M; pH
8.0). One milliliter of the digestive enzyme was added and
incubated at 37°C for 1 h. Enzyme and sample blanks were
also simultaneously kept and after the reaction period, the
enzyme was heat killed and the total amino acid content in the
supernatant was quantified using ninhydrin reagent. In vitro
protein digestibility was expressed as mg amino groups
(Leucine equivalent) released per h per 100 g sample.

2.7 Statistical analysis

The data were all collected in triplicate. The means and
standard deviations of the collected data were computed and
reported. Statistical Package for Social Scientists (SPSS)
version 17 (SPSS Inc, USA) was then used to do an analysis
of variance (ANOVA) on the data and separate the means
using the Duncan’s Multiple Range Test at (p<0.05).

3. Results and Discussion

3.1 Amino acid profile of gari samples

According to Table 1, the amino acid profile of the enriched
and control gari samples revealed that glutamic acid was the
most prevalent amino acid (14.71-16.52%). The result showed
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that the amount of histidine (2.41-2.43%) and arginine (2.51-
2.64%) in the control samples were significantly different from
those of the enriched samples (2.00-2.11) and (3.09-3.15%,
respectively. The values obtained in this study for arginine
(2.51-3.15%) and histidine (2.00-2.43%) are significantly
higher than the FAO/WHO (1991) standards for newborns
(2%) and (1.9%), respectively. As essential amino acids play a
critical role in the growth and development of infants, the
inclusion of soy curd and residue in gari offers a valuable
means to support children's growth. This is particularly
significant in developing nations where animal proteins can be
very expensive, and gari, or its primary derivative (eba),
serves as a widespread and cost-effective alternative. As
shown in Table 2, the total sulphur content (cystine and
methionine, SAA) of gari increased as a result of enrichment,
going from 3.15% (GIC) to 3.38 and and 3.82% for GMR and
GMC, respectively. The production of glutathione, a powerful
antioxidant known for its detoxifying properties, is dependent
on the presence of sulfur-containing amino acids. These amino
acids are essential for synthesizing other amino acids (Colovic
et al., 2018). Because SAA are said to be involved in the
detoxification of hydrogen cyanide, the increase in SAA is
advantageous (Ohadoma et al., 2019). In the current
investigation, the total amino acids (TAA) of the enriched gari
samples (67.37 — 71.88%) are considerably greater than those
of the control samples (56.87 - 57.53%) (Table 2).

Table 1: Amino acid composition of enriched ‘‘gari’’ and control samples (%)

Amino acids GIC GEC GMC GMR *RDA
Alanine 2.26+0.00°  2.06+0.009  3.44+0.00? 3.62+0.062 -
Aspartic 5.44+0.00° 5.33+0.01° 6.26+0.15% 5.67+1.13° -
Serine 2.61+0.01¢ 2.53+0.00°  3.53+0.022 3.23+0.01° -
Glutamic 14.87+0.01° 14.71+0.06° 16.26+0.00% 16.52+1.512 -
Proline 2.28+0.00° 2.61+1.55° 3.21+0.012 3.11+0.042 -
Glycine 2.13+0.01°  2.09+0.01%¢ 2.41+0.00? 2.45+0.012 -
Arginine 2.64+0.01° 2.51+0.00¢  3.09+0.02®®  3.15+0.01° -
Cysteine 2.00+0.00° 2.14+0.04*  1.86+0.01° 1.85+0.10° -
Tyrosine 1.80+0.01° 1.61+0.01¢  2.41+0.06? 1.90+0.01° -
Lysine 2.3740.019  2.63+0.01*  3.71+0.00? 3.01+0.01° 5.2
Threonine 3.44+1.49% 3.36+0.01®  3.59+0.01¢ 3.00+0.01¢ 2.70
Valine 2.59+0.00° 2.42+0.01° 3.10+0.01° 3.21+0.292 4.20
Methionine 1.15+#0.02¢  1.08+0.01°  1.96+0.00? 1.53+0.06° 2.2
Isoleucine 2.68+0.01°  2.51+0.00¢  3.71+0.00? 3.51+0.03° 3.10
Leucine 4.41+0.00% 4.48+0.00°  6.84+0.00? 5.49+0.01° 6.30
Phenylalanine 1.11+0.01¢ 1.15+.0.01° 2.89+0.01? 2.71+0.01° 2.8
Histidine 2.41+0.01*  2.43+0.00*  2.11+0.00° 2.00+0.02¢ 1.80
Tryptophan 1.34+0.10°  1.23+0.01¢ 1.50+0.00? 1.41+0.00° 0.74

Data represent mean + standard deviation of three replicates, values with different superscripts along the same column are significantly different (p<0.05)
KEY: GIC = Control sample, GEC= commercial sample GMC, = ‘gari’ enriched with 10% curd, GMR= ‘gari’ enriched with 10% residue *RDA —
recommended daily allowance (FAO/WHO 2000).

The improved samples included more essential amino acids
overall than the control samples, indicating that the enriched
samples will provide consumers with more nutritional
advantages (Table 2). The current total amino acid profiles of
GMR (67.37%) and GMC (71.88%) were higher than the
respective values reported by Adeyina et al. (2008) for melon,

pumpkins, gourd seed, soybean, and pigeon peas which were
53.40, 38.30, 53.60, 44.40, and 45.20%, respectively. There is
no question that the additional soy supplements are responsible
for the rise in the amino acid values of the enriched samples.
This implies that the protein components of legume seeds and
their seed flour may be used as food supplements.
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In terms of nutrition (protein efficiency ratio, PER), the value
for cowpea (1.21), millet (1.62), and pigeon pea (1.82)
(Adeyeye, 2006) are comparable to gari enhanced with soy
residue (1.82) and soy curd (2.38). As opposed to fermented
African locust bean (Adeyeye, 2006) and casein (Oyarekua
and Eleyinmi, 2004) samples, the PER of gari samples in the
current investigation is less than 2.0 and 2.5, respectively
except for sample with soy curd. Notably, PER is a metric that
calculates the quality-based nutritional importance of foods
high in protein. In comparison to other samples like the control

Table 2: Estimated protein quality of ‘‘gari’’ products (%0)
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sample (48.98%) and commercial sample (54.25 samples
enriched with soy residue and curd had a higher biological
value (BV) of 75.77 and 79.39%, respectively. The BV
provides an estimate of the amount of protein consumed that
would be absorbed and used during bodily metabolism. When
a protein-based dietary source has a PER of 2.7 and a BV of
greater than 70%, it is considered to have good nutritional
quality (Mensah and Tomkins, 2003). As an alternate source
of protein and energy for consumers, the usage of food based
on cassava and legumes is therefore encouraged.

Parameters GIC GEC GMR GMC REF
TAA 57.53 56.87 67.37 71.88

TEAA 21.50 22.29 25.87 29.41 30.1
NEAA 36.03 35.58 415 42.47

TNEAA/TAA 0.59 0.59 0.62 0.69

TSAA [Meth+Cys] 3.15 3.22 3.38 3.82 2.6s
TArAA [Phe+Tyr+Trp] 4.25 3.99 6.02 6.8 4.6-
TEAA/TNEAA 0.72 0.72 0.77 0.83

PER 1.35 1.40 1.82 2.38

BV 48.98 54.25 75.77 79.39 100

Data represent mean + standard deviation of three replicates, values with different superscripts along the same column are significantly different (p<0.05)

KEY: GIC = Control sample, GEC = commercial sample, GMC = ‘gari’ enriched with 10% curd, GMR = ‘gari’ enriched with 10% residue *REC - FAO/WHO
2000. TAA= Total amino acid, TEAA= Total essential amino acids (arginine, lysine, threonine, valine, methionine, isoleucine, leucine, phenylalanine,
histidine and tryptophan), TNEAA= Total non-essential amino acid, TSAA=Total sulphur containing amino acid (cysteine and methionine), TArAA-=Total

aromatic amino acids (Tyrosine, phenylalanine and tryptophan), PER= Protein efficieny ratio, BV=Biological value, RDA=Required dietary allowance.

3.2 Mineral compositions of gari samples

According to Table 3 mineral composition of formulated food
samples, potassium was the most prevalent mineral in enriched
and control samples, which was in line with earlier research
(Manning 2010, Ahmad et al., 2016) that found potassium to
be the most prevalent mineral in agricultural products.
Potassium supported healthy kidney function and blood
pressure regulation (Omoyeni et al., 2015). The results for
iron and copper ranged between 0.21 - 3.16 mg/100 g and 0.34
— 0.85 mg/100 g, respectively. In the control samples, the
calcium levels ranged from 9.18 to 9.78 mg/100g, whereas in

the enhanced samples GMR and GMC, they ranged from 46.24
to 66.54 mg/100g. These differences in calcium concentrations
were significant (p<0.05). This was consistent with earlier
research (Samuel et al., 2012), which showed that enriched
samples are a better supplier of minerals than commercial and
control samples. The current findings support previous
research (Goyal et al., 2012), which identified soybean as a
nutrient-dense source of vitamins and minerals. According to
Goyal et al. (2012), the increased calcium content of enriched
samples would encourage healthy bone and teeth development
in both adults and children.

Table 3: Mineral composition of gari enriched with soy curd and residue (mg/100 g)

Sample GIC GEC GMR GMC *REF
Ca 9.78+0.06° 9.18+0.19¢ 46.24+1.11° 66.54+0.40°

Mg 17.75+0.11¢ 17.53+0.05¢ 74.09+0.19° 84.63+0.01°

Na 11.24+0.03° 11.26+0.00° 13.28+0.012 8.82+0.05°

K 182.66+2.74¢ 188.57+0.17¢ 195.27+1.01° 625.10+2.07°

Fe 0.21+0.01° 0.23+0.06° 1.45+0.01° 3.16+0.00%

Zn 0.28+0.01° 0.26+0.01° 0.64+0.02° 1.39+0.01°

Mn 0.36+0.00° 0.30+0.01° 0.48+0.00° 1.17+0.05°

Cu 0.46+0.00° 0.34+0.00P 0.85+0.012 0.82+0.00?

P 105.02+1.06¢ 107.94+1.6° 136.87+0.35° 186.2545.142

Pb ND ND ND ND <0.1
Cd ND ND ND ND <0.1
Ca/P 2.00 2.09 3.24 4.64 >1
Na/K 0.03 0.04 0.07 0.08 <1

Data represent mean * standard deviation of three replicates, values with different superscripts along the same column are significantly different (p<0.05).
KEY: GIC = Control sample, GEC= commercial sample GMC, = ‘gari’ enriched with 10% curd, GMR= ‘gari’ enriched with 10% residue *REF - FAO/WHO

(2000).

In comparison to the control and commercial samples, the
samples supplemented with soy curd and residue displayed a
comparable trend on copper, magnesium, zinc, manganese,
and phosphorus. Overall, the Ca/P ratios of all the dietary

samples were good. The two micronutrients are necessary for
a number of body physiological activities. While potassium is
necessary for maintaining a proper fluid balance in the cell and
controlling blood pressure, calcium is crucial for bone health,
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muscular function, and tissue health. When compared to the
control samples, the enrichment with soy curd or residue
dramatically enhances this ratio. Due to the higher C/P ratio
(>1) than the recommended value, incorporating soy curd or
residue into gari could potentially enhance the availability and
absorption of specific micronutrients (Isaac-Bamgboye et al.,
2020). Although the sodium/potassium (Na/K) ratios of the
enriched products (0.07-0.08) were higher than the values
(0.03-0.04) found in the control samples, these values are
comparable to the suggested value (1) in the literature
(Olagunju et al., 2018). Because of the low value Na/K in this
investigation, these food samples may be good for
hypertensive customers who eat "gari" as their main meal.
According to Aburto et al. (2013), a high potassium diet can
help prevent blood pressure spikes and other cardiovascular
concerns. Evidently, foods with a Ca/P ratio more than 1.0 are
seen as good, while those with a ratio lower than 0.5 are
regarded as inferior. (Goyal et al., 2012; Loughrill et al.,
2017). They also stated that soy enrichment increased the Ca/P
and Fe concentration of wheat rotis, which is consistent with
the current study.

3.3 In-vitro protein digestibility of gari samples

Table 4 displays the in-vitro protein digestibility (IVPD)
results for the gari samples. The enriched gari had an IVPD
that was considerably (p<0.05) greater than the control,
ranging from 6.91 (GIC) to 71.41% (GMC) in the gari
samples. The addition of soy curd and residue improved the
IVPD of supplemented gari samples. The pattern of this result
indicated that the supplementation with soy residue and curd,
which increased the protein quality (amino acid profile),
indeed imply greater protein digestibility. The IVPD showed
how much protein was absorbed by the body in relation to how
much was taken or swallowed. In addition, the IVPD assessed
the bioavailability of nutrients after ingestion because the
protein content is insufficient to do so. The addition of soy
curd and residue to gari seems to have enhanced protein
bioavailability, according to the results. This outcome is
consistent with other research (Acevedo-Pacheco and Serna-
Saldivar 2016, Montemayor-Mora et al., 2018), which found
out that diet samples supplemented with soybean had higher
protein digestibility. Due to the inclusion of starch and other
non-protein constituents, the control samples were more
resistant to enzymatic hydrolysis, which is why there were
discrepancies in the IVPD values between the enriched and
control samples.

Table 4: In-vitro protein digestibility (IVPD) of “gari”
samples (%)

Sample IVPD

GIC 6.91+0.21¢
GEC 7.28+0.08°
GMC  71.41+0.612
GMR  50.33+0.44°

Data represent mean + standard deviation of three replicates, values with
different superscripts along the same row are significantly different (p<0.05)
KEY: GIC = Control sample, GEC= commercial sample GMC, = “gari”
enriched with 10% curd, GMR= “gari” enriched with 10% residue.

4. Conclusion
In this study, the nutritional and digestibility qualities of gari
that had been enhanced with soy curd or residue were assessed.
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This outcome demonstrated that nutritional profiles, including
the amounts of minerals and amino acids, had greatly
improved. Additionally, the enhanced samples had better
protein digestibility, indicating a larger likelihood that
consumers may profit from the enrichment.
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This study found that adding banana peel flour to wheat flour can improve the nutritional value of noodles, such as
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This study found that ultrasound and microwave treatments can improve the germination of sorghum grains by breaking
down the seed coat and increasing water diffusion, leading to faster and more effective germination.
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