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Abstract

This work investigated the impact of accelerated natural fermentation and malting on the minerals, amino acid and protein
quality of cocoyam, red kidney beans, and mango based complementary foods. Samples were formulated based on 16%
protein to satisfy the nutrient requirement of preschool children to obtain fermented cocoyam/ malted red kidney beans/ mango
(FMM); Fermented cocoyam/ non- malted red kidney beans/ mango (FNMM); Non- fermented cocoyam/ malted red kidney
beans/ mango (NFMM); Non- fermented cocoyam/ Non- malted red kidney beans/ mango (NFNMM).The minerals, amino
acids and growth study parameters were examined using standard procedures was used as external control. Potassium
(31.03+£0.96 (NFNMM) - 35.74+0.95 mg/100 g (FMM), Magnesium (36.39£0.95 - to 32.12+0.36 mg/100 g), Calcium
(53.36+1.54 (FMM) to 40.32+£0.25 mg/100 g (NFNMM)), increased significantly (p< 0.05) with fermentation and malting.
Most amino acids (Essential and non-essential) increased significantly with fermentation and malting. NFMM and FMM
exhibited higher growth response when fed to rats compared to FNMM and NFNMM. Samples FMM and NFMM gave better
protein efficiency ratio (PER) of, 1.47 and 1.46 followed by FNMM and NFNMM. Among all the test samples, FMM gave the
best PER result.
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Introduction of the food potentials of this legume. Red kidney bean is
According to Matikiti et al. (2017) cocoyam (Colocasia used in the fortification of low protein diets such as local
esculenta) contains 65 — 78% (moisture), 2 — 5 % (ash), 0.2 cereal based weaning foods. Mango is a valuable sources of
—1.10% (fat), 2 — 5% (fibre), 14 — 23% (carbohydrates), 390 vitamins and minerals (Izidoro et al., 2023).

— 460 mg/100 g (potassium), 24 — 43 mg/100 g (calcium), Among the reasons advanced for under - utilization of
79 — 91 ki/cal (energy), 0.3 — 4.8% (protein) and 79 — 110 cocoyam is presence of toxicants like calcium oxalate,
mg/100 g (magnesium). Studies by Ighabul et al. (2014) (8 phytate, trypsin inhibitors, cyanide, and its susceptibility to
and Tope & Soji, (2013) [*2, pre and post -harvest diseases, which reduce storage
the tubers contain easily digestible starch (small size of the stability and quality of the products (Tope & Soji, (2013)
starch granules, 1 - 4 um ) (Charles et al., 2017) [ and are [42],

known to contain substantial amounts of protein, fibre, Malting and natural fermentation are among the simple and
vitamin C, thiamine, riboflavin, potassium, sodium, locally adaptable technologies for toxicants reduction
phosphorus, magnesium, calcium and niacin. It has more (Nkhata et al., 2018). Also during malting metabolic activity
crude protein than root and other tubers but very low protein results in the production of primary and secondary

(0.3 -4.8%) compared to red kidney beans (22.7%) (Inyang metabolites thereby improving the nutritional and functional
et al., 2018). Red kidney beans is used to enhance the properties of the grain (Abbas & Mushara, 2008) 1. The

protein, linoleic acid content in the diet of low and medium most important processes associated with the fermentation
income earners (Forwoukeh et al., 2023) [*4l, Therefore, on phase is the hydrolysis of some complex organic molecules
the basis of complementarity, the combination of cocoyam such as lipids, protein and phytin to fatty acids, lactic acid,
and red kidney beans in food formulations could adequately acetic acid, amino acids and phosphate (Tope & Soji, 2013)
provide most nutrients needed in human diets. (421, Fermentation is used to enhance the bioaccessibility and
Cocoyam is still regarded as less important than other bioavailability of nutrients from different crop (Onwurafor
tropical root crops such as yam, cassava and sweet potato et al., 2020) 31, Therefore the objectives of this work are to
and as food for low income people. In Nigeria cocoyam is evaluate both by chemical analysis and feeding trial
one of the under exploited tropical root plant that is very experiments on rats, of cocoyam-red kidney beans and
nutritious but its utilization is still at the subsistence level mango based weaning foods using fermentation and/or
and highly neglected crop. Some researchers have decried malting processes.

the extinction of cocoyam in Nigeria despite its numerous

nutritious and health benefits (Igbabul et al., 2014) 18, In Materials and methods

phytomedicine, (llonzo, 1995) reported that consumption of 1. Materials

roasted cocoyam with palm oil for a period of three months Cocoyam and mango were purchased from railway market
can cure diabetes. Diabetic patients in Nigeria eat cocoyam in Makurdi, Benue State, Nigeria. Red kidney bean was
to manage the disease (Igbabul et al., 2014) 18, In the case purchased from food Market Ndop, North West region
of red kidney beans and mango, there is growing awareness Cameroon. Identification of the crops was done in the
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Department of biological Science, Benue State University
Makurdi, Nigeria. Male wistar rats were purchased from the
College of Health Sciences, Benue State University,
Makurdi

2. Preparation of raw materials

Cocoyam flour: Cocoyam flour was prepared using the
method described by Coronell-tovar et al. (2019) [,
Cocoyam was washed with water to eliminate soil particles
and dirt. The corm peel and the pulp was sliced (1cm). The
slices were washed, boiled in potable water for 15 mins
using a gas cooker. The cooked slices were dehydrated an
air draft dehydrator at 55 °C for 15 h. Dried samples were
ground, sieved (0.05 mm) and packaged in high density
polyethylene bags.

Fermented cocoyam flour: Fermented cocoyam flour was
prepared following the method described by Ariahu et al.
(1999) Bl One hundred and twenty grams (120 g) of
cocoyam flour was mixed with 80 ml of distilled water in a
500 ml beaker which was covered and the concentrate
allowed to undergo natural fermentation at room
temperature (30 £ 2 °C). Fermentation was accelerated by
adding 50% fermenting (back-slopping) slurry to fresh
concentrate at 24 hour intervals over a period of 96 h when
the pH stabilized. The fermented concentrates were
dehydrated in an air draft dehydrator at 50 °C for 12 h to
obtain fermented cocoyam flour.

Red kidney beans flour: The red kidney bean flour was
prepared using the method described by Inyang et al.
(2018); Ukeyima et al. (2019) 3. The bean was thoroughly
cleaned. This was followed by soaking in clean water for 12
hours and the water was changed every 6 hours to prevent
fermentation. After this the beans was blanched in hot water
at 85 °C for 30 mins. The blanched bean was dehydrated in
an air draft dehydrator at 55 °C for 20 hours and dehulled by
hand rubbing. The dried bean was milled, sieved (0.05 mm)
and packaged in high density polyethylene.
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Malted red kidney beans flour: The malted red kidney
beans flour was prepared according to the method of Okoye
et al. (2021) B9, Red kidney beans seeds were thoroughly
cleaned and steeped in potable water at room temperature
(302 °C) for 12 h with a change of water at intervals of 6 h
to prevent fermentation. After steeping, the seeds was
drained, rinsed and immersed in 2% sodium hypochlorite
solution for 10 min to disinfect the seeds. The seeds were
then rinsed for five consecutive times with excess water,
spread on the jute bag and allowed to germinate at room
temperature (30+2 °C) for 72 h until the rootless reached a
length of 1.5 cm. During this period, the seeds were
sprinkled with water at intervals of 6 h to facilitate
germination. The germinated seeds were blanched (85 °c, 30
mins) and dehydrated at 55 °C for 20 h. The dried malted
seeds were cleaned and rubbed in-between palms to remove
the roots and shoots along with the hulls. The seeds were
milled, sieved (0.05 mn sieve) and packaged in high density
polyethylene.

Mango flour: Ripe mature mangoes popularly known as
Brockley was washed using potable water. The mango was
peeled and the pulp sliced in to 1cm thickness. The sliced
mango pulp was blanched at 70 °C for 5 mins and
dehydrated in an air draft dehydrator at 55 °c for 24 hours to
obtain mango flakes. The mango flakes was ground using
laboratory grinders (M/S Sujata: New Delhi India), sieved
(0.05 mm sieve) and packaged in high density polyethylene
(Izidoro et al., 2023).

3. Complementary food Formulations

Four samples FMM, FNMM, NFMM, NFNMM, were
formulated. This ratio was arrived at, based on their protein
content through material balancing to give 16 g protein/100

g.

Ingredients mix (g/100) by materials balancing

Complementary Non- fermented Fermented Non-malted red Malted red kidney Mango flour (g)

foods cocoyam flour (g) | cocoyam flour (g) | Kidney beans (g) beans (g)

FMM - 38.00 - 52.00 10
FNMM - 25.00 65.00 - 10
NFMM 32.00 - - 58.00 10

NFNMM 20.00 - 70.00 - 10

4. Mineral content of the flour

Minerals analysis was by AACC (Cereals and Grains
Association, formerly American Association of Cereal
Chemists) official inductively coupled plasma spectroscopy
as described by Badawy and Arafa, (2021) [©1.

5. Amino acids content of flour
Amino acid analysis was by ion exchange chromatography
(IEC) as described by (Sengev et al., 2016b) [

6. Feeding trials
Daily feed intake, daily weight gain (g/rat/day) was

determined following methods described by (Ojokoh, 2006)
[29]

While Foods conversion efficiency, Apparent Digestibility
(AD), Protein efficiency ratio (PER) was determined using
methods described by Sengev et al. (2016) [,

7. Data Analysis

Data obtained were analysed using the one-way ANOVA
and mean separated using Duncan’s Multiple Range Test
(DMRT) at 5% limit of significant using Statistical package
for social science (SPSS) version 26.

Results and Discussion
1. Mineral content of weaning foods

Table 1: Minerals content (mg/100 g) of complementary foods from cocoyam, red kidney beans and mango as influenced by fermentation

and malting
Weaning foods Na K Mg Fe Zn Ca p
FMM 23.94+0.10 35.74°+0.95 33.83°+0.97 1.41°+0.38 3.38°+0.36 | 53.36%*1.54 79.312+0.92
FNMM 26.32°+0.1 31.23°+0.10 34.79°+0.20 2.37°+0.15 3.36%0.01 | 48.27°+0.04 58.32° +0.47
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NFMM 25.88°+0.04 32.08°+0.99 36.39%+0.95 1.53°+0.44 3.37%£0.05 | 49.47°+0.04 65.14°+0.17
NEFNMM 28.34°+0.10 31.03+0.96 32.12°+0.36 2.822+0.77 3.35%40.38 | 40.32°+0.25 56.38+0.06
Codex 296 516 32 16 3.2 250 356
WFP Max 0.4 700-773 54-168 11.6-40 42-14 260-800 180-550

Values are means of triplicate determinations + S.D. Means
followed by different superscript letters in the same column
indicate significant difference at (p<0.05). FMM: Fermented
cocoyam/ malted red Kkidney beans/ mango; FNMM:
Fermented cocoyam/ non- malted red kidney beans/ mango;
NFMM: Non- fermented cocoyam/ malted red kidney
beans/ mango; NFNMM: Non- fermented cocoyam/ Non-
malted red kidney beans/ mango

Table 1 shows the change in mineral content of the flours as
influenced by fermentation and malting. It was observed
that malting and/or fermentation decreased sodium (Na),
iron (Fe) content of the weaning foods. The decrease can be
ascribed to possible leaching of the minerals during
fermenting or malting processes (Igbabul et al., 2014 I,
Gautam & Gupta, 2018 81, Onwurafor et al., 2020 [,
Onwurafor et al., 2020) B3, Also according to Ojokoh,
(2006) 1 microorganisms might have use some of this
minerals for their metabolic activities. The mango flour was
added to improves the mineral content of the flours (Izidoro
et al., 2023). Sodium intake needs to be monitored as it can
become major dietary problem where high blood pressure is
concerned (ljarotimi & Keshinro, 2013 % 20; Edima-Nyah
et al.,, 2019) 19 Conversely fermentation and/or malting
increased

Potassium (K), Magnesium (Mg), Calcium (Ca), phosphorus
(p) and zinc (Zn) content of the weaning foods. This can be
ascribed to possible leaching of soluble anti - nutritional
factors during fermentation and/or malting (Gautam &
Gupta, 2018) [ resulting to increased bioavailability of
minerals. Pranoto et al. (2013); Luo et al. (2014) and
Gautam & Gupta, (2018) ¥ hypothesized that the
remarkable increase in phytase activity during germination
and fermentation helps reduce phytic acids, which bind
potassium subsequently leading to increased mineral
availability. During germination, oxalate oxidase gets
activated which breaks down oxalic acid into carbon dioxide
and hydrogen peroxide and releases calcium (Gautam &
Gupta, 2018) 3. Oxalic acid is known to interfere with
calcium absorption (Gautam & Gupta, 2018) %, Calcium
deficiency can lead to ricket, osteomalacia and tooth decay
(Gautam & Gupta, 2018) %I, This report agree with report
presented by Gautam & Gupta, (2018) I Onwurafor et al.,
(2020) 31 who observed that malting and/or fermentation
increase these minerals.

3.2 Mineral ratios of the weaning foods

Table 2: Mineral ratios of the weaning foods

Complementary foods Na: K Fe: Zn Ca: K Ca: P
FMM 0.67 0.42 1.49 0.67

FNMM 0.83 0.72 1.55 0.83
NFMM 0.81 0.45 1.54 0.76
NFNMM 0.91 0.84 1.30 0.72
Standard <1 >2 <4 >0.5

FMM: Fermented cocoyam/ malted red kidney beans/
mango; FNMM: Fermented cocoyam/ non- malted red
kidney beans/ mango; NFMM: Non- fermented cocoyam/
malted red kidney beans/ mango; NFNMM: Non- fermented
cocoyam/ Non- malted red kidney beans/ mango

Table 2 shows the mineral ratio of the flours as influenced
by fermentation and malting. The effectiveness of minerals
in the diets is influenced by mineral-mineral interactions
that may either enhance or reduce the absorption of certain
micronutrients in the body (Soetan et al., 2010 *Y; Gemede,
2020) 61 The sodium-potassium (Na:K) ratios (0.67
(FMM) to 0.91 (NFNMM)) of the weaning foods were
within the recommended values (<1) (ljarotimi et al., 2013)
(19, 201 and Jacob et al. (2015). Malting and fermentation
reduced the Na:K ratio resulting to products which is more
functional to hypertensive persons. The lower sodium and
higher potassium intake help to reduce high blood pressure
in hypertensive patients (Perez & Chang, 2014 [3; Gemede,
2020) 161, The iron—zinc (Fe/Zn) ratios of the weaning foods
were not within the recommended values (>2) (Gemede,
2020). This might be due to leaching of iron during
fermentation and/or malting. Gemede, (2020) [*¢! reported
that iron did not impair zinc absorption up to an iron: zinc

ratio of 2:1; then a dose-dependent effect was observed up
to a ratio of 5:1; when the ratio was increased from 5:1
t010:1, no further inhibition of zinc occurred. The iron
present in the weaning foods might impair zinc absorption.
The calcium—potassium (Ca/K) ratios of the weaning foods
were within the recommended values (<4). The Ca/K ratio
is called the thyroid ratio because calcium and potassium
play a vital role in regulating thyroid activity (Olagbemide
et al., 2016) *Y, Low Ca/K ratio would indicate an elevation
of thyroid expression. Thyroid hormones (thyroxine T3 and
triiodothyronine T4) support the rate at which the body uses
fats and carbohydrates (Gemede, 2020) [*¢1. Fermentation
and/or malting increased Ca /K ratios. Calcium-
phosphorous (Ca:P) ratios of the weaning foods were within
recommended values ( >0.5) (Jacob et al., 2015).
Furthermore, food is considered as good if Ca/P ratio is >1
and poor if this ratio is <0.5 (Alinnor & Oze, 2011) Bl A
higher calcium—phosphorous (Ca/P) levels in foods are
required for favorable calcium absorption in the intestine for
bone formation. The high Ca/P ratio observed in this study
is of nutritional benefit, particularly for children and the
aged who need higher intakes of calcium and phosphorus

for bone formation and maintenance (Oluwole et al., 2013)
[32]
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3.3 Amino acid profile of weaning foods

Table 3: Essential amino acid profile (g/100 g protein) of complementary foods

www.foodsciencejournal.com

Amino acids FMM FNMM NEFMM NENMM
Leucine 7.56%+0.02 7.38°+0.01 7.47°+0.02 7.35°+0.01
Lysine 5.032+0.02 4.50°+0.06 4.73°+0.02 4.27%+ 0.01
Isoleucine 3.982+0.02 3.88°+0.01 4.072+0.03 3.60°+£1.12
Phenylalanine 3.872+0.02 3.46° +0.02 3.76°+0.02 3.16°+0.03
Tryptophan 1.38°+0.01 1.17°+0.02 1.26+0.02 1.03+0.02
Valine 5.092+0.02 5.00°+0.1 4.98°+0.01 4.87°+0.02
Methionine 2.74°+0.04 2.63°+0.02 2.88%+0.01 2.249+0.03
Proline 3.82°+0.03 4.01%+0.06 4.97%+0.07 2.23°+0.03
Arginine 5.072+0.03 5.33%+0.02 5.58%+0.02 4.99°+0.03
Tyrosine 2.00%+0.01 3.06°+0.03 2.42°+0.04 3.447+0.02
Histidine 2.27%+0.02 1.98°+0.01 2.07°+0.01 1.18+0.04
Cysteine 1.09%+0.02 0.90°+0.04 0.91°+0.02 0.48°+0.03
Alanine 1.02+0.05 2.73°+0.01 3.90°+0.02 4.47°+£0.02
Glutamic acid 9.70%+0.06 8.24°+0.03 6.11°+0.01 5.96°+0.01
Glycine 5.50%+0.03 4.24°+0.01 4,51°+0.02 4.08°+0.03
Threonine 2.98%+0.02 3.26°¢0.02 3.51°+0.06 3.64%+0.02
serine 3.70%+0.01 3.00°+0.02 3.40°+0.01 1.809+0.04
Aspartic acid 10.21°+0.01 10.41°+0.03 8.96°+0.05 10.85%+0.02

Values are means of triplicate determinations + S.D. Means
followed by different superscript letters in the same row
indicate significant difference at (p<0.05). FMM: Fermented
cocoyam/ malted red Kkidney beans/ mango; FNMM:
Fermented cocoyam/ non- malted red kidney beans/ mango;
NFMM: Non- fermented cocoyam/ malted red kidney
beans/ mango; NFNMM: Non- fermented cocoyam/ Non-
malted red kidney beans/ mango Table 3 shows the amino
acids profile of the complementary foods as influenced by
fermentation and malting. The essential amino acid contents
of non-fermented, Non malted sample were significantly
(p<0.05) less than the corresponding fermented and/or
malted samples. This could be due to the synthesis of some
essential amino acids during fermentation (Simwaka et al.,
2015 [0I; Bhathal and Kaur, 2015 ['l; Sengev et al., 2016)
[%¢], The increase in amino acids in the fermented and/or
malted product shows that the carbohydrate utilization is
closely proportional to protein production during
fermentation and malting. Sengev et al. (2016) 2% reported
that single cell protein produced by Aspergillus niger
contained 30.4% crude protein and had an essential amino
acid profile featuring a high lysine content and appreciable
amounts of methionine and tryptophan. The most important
physiological processes associated with the germination
phase are the synthesis of amylases, proteases and other
endogenous hydrolytic enzymes, for the release of sugars

and amino acids from starch and protein, respectively
(Baranwal, 2017). Similar observations were found in a
study by Mohamed and Huiming (2007); Shalaby & EI-
shourbagy (2016) B71; Kaur et al., (2020); Sibian & Riar,
2022 B9 who reported increase in essential amino acid
content of germinated kidney bean. The quality of protein is
mainly a function of its essential amino acids. The essential
amino acids are necessary for tissue maintenance and are
also required for the growth of infants (Shalaby & El-
shourbagy, 2016) 71

The non-essential amino acids also followed the same
pattern as NFNMM had significantly (<0.05) lower values
compared to fermented and/or malted samples in most
cases. The reduction in amino acids with fermentation may
be due to its utilization for growth and production of
enzymes and other organic compounds by the
microorganisms during fermentation and malting. Reduction
in the concentration of some amino acid of the blends
during fermentation was in agreement with the findings of
sengev et al., (2016) 81 who observed a reduction in amino
acid content of Sorghum-Based Complementary Foods after
fermentation.

3.4 Chemical scores (%) of essential Amino acids of
weaning foods

Table 4: Chemical scores (%) of essential Amino acids of complementary foods

Complementary Foods

Amino Acid FMM FNMM NFMM NFNMM
Leucine 180.00 175.71 177.86 175.00
Lysine 101.67 112.62 107.14 119.76
Isoleucine 94.76 92.38 96.90 92.38
Phenylalanine 138.21 123.57 134.29 112.86
Tryptophan 98.57 83.57 90.00 73.57
Valine 121.19 119.05 118.57 115.95
Methionine 124.55 119.55 130.91 101.81
Histidine 113.5 99.00 103.5 59.00
Threonine 106.43 116.43 125.36 130.00

Key:
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value of amino acidin complemtary food (ﬁgu—gpmtein]

% chemical score. = FAO Ref valued

x100

FMM: Fermented cocoyam/ malted red kidney beans/
mango; FNMM: Fermented cocoyam/ non- malted red
kidney beans/ mango; NFMM: Non- fermented cocoyam/
malted red kidney beans/ mango; NFNMM: Non- fermented
cocoyam/ Non- malted red kidney beans/ mango

Table 4 shows the Chemical scores (%) of essential Amino
acids of weaning foods as influenced by fermentation and
malting. Amino acid score of complementary foods was
observed as per the reference values of FAO (2013) [*31. The
detrimental factor for food protein quality greatly depends
on the content and availability of amino acids (Sibian &
Riar, 2022) B, A greater proportion of the essential amino
acids in FMM (fermented and malted) shown higher amino
acid score and were reported above 100 while NFNMM
shown amino acids score below100 in some essential amino
acids. Overall amino acid score showed increment as a
result of germination and fermentation (Sibian et al., 2017)

www.foodsciencejournal.com

1381, Amino acid score above 100 indicate high availability of
amino acids. This results agree with report presented by
Sibian et al (2017) B8; Sengev et al. (2016) [%; Sibian &
Riar (2022) 9 who reported fermentation and malting
improved the availability of essential amino acid score of
red kidney beans and sorghum. The most important
physiological processes associated with the germination
phase are the synthesis of amylases, proteases and other
endogenous hydrolytic enzymes. During malting, the
hydrolytic enzymes migrate from the germ into the
endosperm where starch and protein are hydrolyzed to
sugars and amino acids, respectively (Kaur et al., 2020).
Fermentation involved hydrolysis (by lactic acid bacteria
and yeasts) of some complex organic molecules such as
lipids, protein and phytin to fatty acids, lactic acid, acetic
acid, amino acids and phosphate (Tope & Soji, 2013) 421,

3.5 Influence of complementary foods on growth
performance of male wistar rats

Table 5: Influence of the complementary foods on growth performance of male wistar rats

Weaning foods MDFI (g/rat/day) | MDWG (g/rat/day) PER FCE AD (%)
FMM 6.46%+0.11 1.51°+0.14 1.47°+0.32 4.27°+0.21 80.01°+0.05
FNMM 6.42°+0.03 1.379+0.15 1.33°+0.12 4.68°+1.11 77.50%0.11
NFMM 7.04°+0.12 1.66°+0.15 1.46"+0.20 4.24°+0.02 79.75°+0.23
NFNMM 6.90°t 0.22 1.23°40.14 1.129+0.27 5.61%+1.04 75.25%+0.12
CS 8.732+0.59 2.65%+0.21 2.21%40.15 3.29°+0.07 82.65%+0.45

Values are means of triplicate determinations + S.D. Means
followed by different superscript letters in the same column
indicate significant difference at (p<0.05). MDFI= Mean
daily food intake, MDWG= Mean daily weight gain, PER=
protein efficiency ratio, FCE= Food conversion efficiency,
AD= Apparent digestibility, FMM: Fermented cocoyam/
malted red kidney beans/ mango; FNMM: Fermented
cocoyam/ non- malted red kidney beans/ mango; NFMM:
Non- fermented cocoyam/ malted red kidney beans/ mango;
NFNMM: Non- fermented cocoyam/ Non- malted red
kidney beans/ mango, CS: CERELAC

Table 5 shows the influence of the complementary foods on
growth performance of male wistar rats. It was observed
that animals fed with CERELAC (control sample) had the
highest (significant difference (p<0.05)) food consumption
while animals fed FNMM ate lowest. This might probably
be because of its palatability as stated by Ojokoh, (2006)
[29: Sengev et al. (2016) ¢ Eli et al. (2022) 4. Sour
characteristics of the fermented products affected intake by
the experimental rats. According to Gernah et al. (2012) Eli
et al. (2022) [*9 it has been established that rats prefer a diet
with some sweet taste and may consume higher quantities of
such diets. Thus, the unfermented diet was not sour and
therefore was consume more. In the rat bioassay, all rats
survived to the end of the observation and gained positive
body weight. The weight changes computed shows that
group fed with CERELAC is significantly (p<0.05) higher
than the other groups. Rats fed NFNMM had the lowest
growth rate. This might be due to lack of treatments.
Fermentation and malting increase bioavailability and
digestibility of food and these may result to higher growth
rate. This is in conformity with Sengev et al. (2016) B¢; Eli
et al. (2022) [, The PER (ability of protein to support
growth) indicates the relationship between weight gain in

30

the test animals and the corresponding protein intake
(Sengev et al., 2016) [, NFNMM shows PER value which
was significantly (p<0.05) lower than the other test samples.
Fermentation and malting have been reported to improve
protein efficiency due to improved bioavailability and
digestibility of protein (Onyango et al., 2013 34; Nkhata et
al., 2018).

During these processes, starch and protein are hydrolyzed
(hydrolytic enzymes) to sugars and amino acids,
respectively thereby improving digestibility (Kaur et al.,
2020). Sample NFNMM shows FCE value which was
significantly (p<0.05) lower. This might be due to the lack
of fermentation and malting. Fermentation and malting
result to reduction in anti -nutrients (for example tannin)
thereby reduce the chances of the binding of dietary protein
and digestive enzymes into complexes that are not readily
digestible (Ojokoh, 2006) . Since tannins are known to
reduce the availability of proteins, carbohydrates and
minerals through the formation of indigestible complexes,
breakdown of such complexes will invariably improve the
availability of the nutrients (Tope & Soji, 2013) 2. FCE is
important calculation for growth which can be used to
determine if the diets are being used as efficiently as
possible (sengev et al., 2016) 38, In this study, the FCE
indicated good growth. The lower the value of FCE, indicate
higher efficiency. Sample NFNMM shows AD value which
was significantly (p<0.05) lower. This might be due to the
lack of fermentation and malting. This processes lead to
reduction in tannins, oxalate, phytic acid, and carbohydrates
which can complex with proteins and hence limiting
accessibility by digestive enzymes (El-Hag et al., 2002 [*2;
Osman, 2011; Hassan et al., 2015) 7). As reported by El-
Hag et al. (2002) 112I; Ali et al. (2003); Alka et al. (2012)
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Pranoto et al. (2013) fermentation increases the digestibility
of plant proteins. Plant protein has poor digestibility relative
to animal protein (CS content animal protein giving it the
high digestibility).

Conclusion

Fermentation and malting caused increase mineral as well as
the essential amino acid contents of the blends. In the rat
bioassay, all rats survived to the end of the observation and
gained positive body weight. Samples FMM and NFMM
exhibited good growth behaviour, which was evident by
good PER values. Among all the test samples, FMM gave
the best PER result.
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