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ABSTRACT

In-vitro digestibility, nutritional and sensory quality of extruded breakfast cereals from maize grits,
partially defatted peanut and beetroot flour blends was investigated. Composite flour blends was
prepared from maize, peanut and beetroot flour in the following proportions: A= (100% maize flour
as control), B = (90:0:10), C = (90:10:0), D = (80:10:10), E= (70:20:10), F = (60:30:10), and G =
(50:40:10). The breakfast cereals were analyzed for proximate, vitamins, in-vitro protein
digestibility and sensory properties. There was significant (P<0.05) difference in the proximate
composition, the values ranged from; 4.46 to 6.82%, 3.22 - 7.32%, 0.98 to 1.23%, 3.32 — 4.55%,
3.7 —4.34% and 75.7 — 83.96% for moisture, protein, fat, fibre, ash, and carbohydrate respectively
while energy ranged from 343.31 to 357.54Kcal. Vitamins A, B1, B2, B6 and C values ranged from
1.60-1671.84 1U, 0.95 — 1.43, 0.95 — 1.50, 1.09 — 1.75 and 8.77 — 16.22 respectively. There was
increase in in-vitro protein digestibility of the samples with addition of defatted peanut and beetroot.
Sensory evaluation results showed that sample C had the highest acceptability on 9-point hedonic
scale.
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1. INTRODUCTION

Breakfast cereal is defined as any food obtained
by the swelling, roasting, grinding, rolling or
flaking of any cereal. It is a grain food, usually
pre-cooked or ready- to-eat that is customarily
eaten with milk or cream for breakfast in the
United States or elsewhere, often eaten with
sugar, syrup or fruit [1]. Breakfast is the
nutritional foundation or the first meal of the day
[2]. Nutritional experts have referred to breakfast
as the most important meal of the day, citing
studies that found people who skip breakfast to
be disproportionately likely to have problems with
concentration, metabolism, and weight [3]. A
study has clearly shown that 42% of 10-year-olds
and 35% of young adults consumed cereal at
non-breakfast occasions [4]. The diet of an
average Nigerian consists of food that is mostly
carbohydrate based. Consumers are also
becoming increasingly aware of the need to
consume foods with enhanced nutritive and
health promoting properties [5]. Previous studies
[6], indicated that all cereals are limited in some
essential amino acids especially threonine and
tryptophan. Consumption of proteins from plant
sources (legumes) is encouraged [7], since
combination of legumes and grains provide
biologically high quality and cheaper protein that
contains all essential amino acids in proper
proportion and their amino acids complement
each other [8]. Food extrusion (extrusion-
cookers) belong to the family of high temperature
short time (HTST) equipment, capable of
performing cooking tasks under high pressure
[9]. Exposure to high temperatures for only a
short time will restrict unwanted denaturation
effects on, for example, proteins, amino acids,
vitamins, starches and enzymes. Whole maize
contains about 11% protein, 4% fat, 3% fibre,
65% of starch and other carbohydrates and 1.5%
of minerals [10].

Maize is deficient in some essential amino acids

such as lysine and tryptophan [11]. Maize
contain vitamin B-complex such as B1
(thiamine), B2 (niacin), B3 (riboflavin), B5

(pantothenic acid) and B6 that makes it good for
hair, skin, digestion, heart and brain. Red
beetroot is a rich source of minerals
(manganese, sodium, potassium, magnesium,
iron, copper). Beetroot contains a lot of
antioxidants, vitamins (A, C, B) [12], anti-
inflammatory and anti-carcinogenic properties
[13]. Red beetroot is also rich in phenol

67

compounds, which have antioxidant properties
with capabilities for protective effects against
DNA damage and oxidative stress [14],
hypertension, atherosclerosis, type 2 diabetes,
hypertension, atherosclerosis, type 2 diabetes
and dementia [15-16]. The high
monounsaturated fat peanut has been reported
to lower body cholesterol by 11% [17], reduction
in the risk of coronary heart disease [18].
Peanuts contain all the 20 amino acids in
variable proportions and is the biggest source of
the protein called arginine [19]. Peanut meal
amino acid profile shows that it can be an
ingredient for protein fortification [20]. Therefore,
the aim of this study was to investigate in-vitro
protein digestibility, nutritional and sensory
quality of extruded breakfast cereals produced
from maize-partially defatted peanut and beetroot
flour.

2. MATERIALS AND METHODS
2.1 Source of Raw Materials

Maize grains were purchased from Wurukum
market Makurdi, Benue State. Beetroots were
purchased from local sellers in Jos, Plateau
State. Peanuts were purchased from Wadata,
Makurdi Benue state.

2.2 Sample Preparation
2.2.1 Preparation of maize grits

The modified method described by [21] was
used. The flow diagram for the production of
maize grits is shown in Fig. 1. Maize grains
cleaning to remove dust, stones, metals, light
particles, etc. was achieved using classifiers. The
maize was degermed using attrition mill,
Cleaning was carried out to obtain clean and
uniform size maize grains. The clean maize
grains were cooked, washed and cleaned by air
classifiers. The grits were packaged in polythene
bags. The grits were discharged in a woler,
preheated air is blown to reduce the moisture
content to the desired level of about 20%.

2.2.2 Production of partially defatted peanut
flour

Cracked peanuts were toasted for four (4)
minutes, followed by the seed coat separation
which impacts with unwanted particles. The



cleaned seed were grounded using ogrinding
machine followed by introduction of 100~c water
into the mass. The peanut mass was continually
stired which allowed for oil extraction by
decantation. The size reduction of the partially
defatted mass followed. The masses were
exposed to heat to allow draining of the oil. The
low moisture cake was cooled and milled into
meal.

2.2.3 Production of beetroot flour

The beetroots were sorted, clean and weighed.
The roots were sliced and dried in a hot air oven
(80°C for 8hours). The dried chips were milled
into flour and sieved using 0.5m sieve size. The
flour was packaged inside polyethylene. The
flowchart for beetroot flour production is shown in
Fig. 3.

2.2.4 Product formulation

Composite flour was formulated by mixing maize
grits, peanut and beetroot flours in the ratios as
shown in Table 1. Other ingredients such as
sugar, salt and water were added to the
composite flours as shown in Table 3. A control
sample was produced from 100% maize grits.

The broken maize pieces are mixed with peanut
and beetroot and cooked in rotary steam cooker
under pressure. It is subjected to steam and for 2
hours. Flavour syrup of sugar, salt and water are
added during the process. The cooked material
possess moisture which raises to about 36 -
37%. The grits are again washed and cleaned by
air classifiers.

The grits carried to an agitator or lump breaker
and then is discharged into a steamer where pre-
heated air is blown to reduce the moisture
content to the desired degree about 20%. The
dried material is kept in de-moistening tank for
few hours in order to provide the residual
moisture to become equally distributed. The grits
or cooked material are passed to heavy flaking
machine, where the grits are converted into
flakes by pressing the grits. The flakes are
immediately transferred to the rotary of any other
oven for roasting, followed by cooling.

2.3 Analysis

2.3.1 Proximate composition

The moisture content, crude fat and crude
protein content, ash content, crude fibre,
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carbohydrate content were determined using
method described by AOAC [25]. The energy
value was determined using method described
by Kanu [26].

2.3.2 Vitamin composition maize-partially
defatted peanut and beetroot flakes

The vitamin A (retinol) was determined using
Seongeung et al [27] method, while thiamine
(B1), Riboflavin (B2), Pyridoxine (B6), Ascorbic
Acid (C) were determined by AOAC [25].

2.3.3 In-vitro protein digestibility maize-
partially defatted peanut and beetroot
flakes

The in vitro protein digestibility of the samples
was determined using the method described by
Kanu [26].

2.3.4 Sensory evaluation maize-partially
defatted peanut and beetroot flakes

The flakes were served to 15 panelists consisting
of students of the Benue University Makurdi. The
panelists were asked to score the samples on a
9-point hedonic scale where 1=dislike extremely
and 9=like extremely). The samples were served
with warm milk and assessed for appearance,
consistency, flavour, taste, mouth feel, and
overall acceptability. The sensory scores
obtained were further subjected to a one-way
Analysis of Variance (ANOVA). The Least
Significant Difference (LSD) test was used to
determine significant differences between means
at p<0.05 using SPSS package version 17.0.

2.3.5 Statistical analysis

Data obtained was subjected to Analysis of
Variance (ANOVA) followed by Duncan’s new
multiple range test (DNMRT) to compare
treatment means. Statistical significance was
accepted at (p<0.05).

3. RESULT AND DISCUSSION

3.1 Proximate Composition of Maize-Partially
Defatted Peanut and Beetroot Flakes

Table 3 shows the proximate composition result
of flakes produced from 100% maize and blend
of maize, partially defatted peanut and beetroot
flour. The moisture content of the flake samples
differed significantly (P<0.05) and ranged
between 4.46 to 6.82%. The crude protein and



crude fat content of the flake varied between
3.22 - 7.32% and 0.98 to 1.23% respectively.
There was significant (P<0.05) difference in both
the crude protein and crude fat content of the
samples. There was significant (P<0.05)
difference in the crude fibre, ash and
carbohydrate content of the samples. The crude
fibre, ash and carbohydrate content of the
samples ranged between 3.32 — 4.55%, 3.7 —
4.34% and 75.7 — 83.96% respectively. The
energy value of the flakes ranged between
343.31 to 357.54kcal and significantly (P<0.05)
differed from each other. The carbohydrate
content of the flakes decreased with increase in
the peanut substitution. This agrees with Otunola
[27] who observed decreased in carbohydrate of
kokoro with partially defatted peanut flour. The
decreased carbohydrate content of the flakes
with substitution of peanut would be of great use
to people that need low carbohydrate foods.
There has been reports on decrease in the
carbohydrate content of breakfast meals when
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peanut was blended with maize [27]. The low-fat
content of the flakes could be linked to the
defatting of the peanut. The fat content was
lower than the result of Sibt-e-Abbas [28]. This
implies longer shelf life as fat is a determinant of
keeping qualities, and as such high fat content
could be undesirable in extruded food products.
The results of the present investigation are
comparable to the findings reported by Atasie
[29]. The moisture content levels of the samples
were below 10% which is recommended for
better keeping. This would prolong the flakes
shelf life. The results are similar to work by [28]
and Sibt-e-Abbas [30]. The energy values of the
samples decreased with increased peanut
inclusion. This could be as a result of the
defatting. The calculated energy values were
within the recommended levels by [31], which
specify energy requirements as 185-345
kcal/lkg/day for adults and 44.1-82.4 kcal/kg/day
for children.

Maize
Sorting! teaning
Cregetming
Wi nnT}.'.'in-g
Maiz® grits
F's-:-cE-ging

Fig. 1.Flowchart for production of maize grits (modified) [21]
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Fig. 2. Partially defatted peanut flour production [22]
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Fig. 3. Flowchart for production of beetroot flour [23]

Table1. Composite flour blend formulation for flakes from maize, defatted peanut and beetroot

Samples Maize (%) Peanut (%) Beetroots (%)
A 100 0 0
B 90 0 10
C 90 10 0
D 80 10 10
E 70 20 10
F 60 30 10
G 50 40 10
Table 2. Ingredient mix for flakes
Sample Quantity
Flour Blends 400 g
Sugar 40g
Salt 49
Water 160 Ml
Flour blends
Blending {flour I}ES-IE+ ingredients )
H:}ﬁng
Toasting at 120 °C for 1 min
Crying at 80 °C for 3 h
Flafing
Cooling any packaging
Flales
Fig 4. Production of flakes [24]
3.2Vitamins Composition of Maize- 16.22. There was significant (P<0.05) difference

Partially Defatted Peanut and Beetroot
Flakes

Table 4 presents selected vitamin composition of
flakes produced from maize, partially defatted
peanut and beetroot. There was significant
(P<0.05) difference in vitamin A content of the
samples. Vitamin A content ranged between
1.60-1671.84 IU. Vitamin B; and B, content of
the samples ranged between 0.95 — 1.43 and
0.95 1.50 IU respectively. There was
significant (P<0.05) difference among the
samples for vitamin By and B, Vitamin Bgs and
vitamin C varied between 1.09 — 1.75 and 8.77 —
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among the samples. The vitamin A content
increased with beetroot addition. This may be as
a result of the high vitamin A content in
beetroots. The low values in samples A and C is
attributed to the fact that both peanut and maize
contain very low amounts of the vitamins. The
vitamin B, (Thiamine) content decreased with
peanut and beetroot powder addition which are
both reported to be low in thiamine content. This
agrees with the findings of [32] who observed
poor thiamine content in
peanuts. There was also decline in the niacin
content in the samples with beetroot and peanut
addition.
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Table 3. Proximate composition of Maize-partially defatted Peanut and Beetroot flakes

Sample Moisture Protein Fat Fibre Ash COH Energy Value (Kcal)
A 4.64+0.17° 3.22+0.00° 0.98+0.04° 3.32+0.02° 4.060.09° 83.960.03° 357.54+0.05°

B 5.31+0.14° 3.61+0.03° 1.04+0.01°% 3.59+0.05° 3.87+0.03° 82.58+0.01° 354.12+0.02°

C 5.19+0.04° 4.16+0.01° 1.08+0.02° 3.55+0.00° 4.11£0.04" 81.91+0.06™ 354.00+0.04°

D 5.61+0.01¢ 4.54+0.02° 1.18+0.03% 3.82+0.03° 4.07+0.09° 80.78+0.17° 351.90+0.03°

E 6.05+0.04° 5.46+0.03° 1.16+0.00° 4.09+0.05, 4.14+0.05° 79.10+0.07° 348.68+0.01°

F 6.44+0.01' 6.39+0.02' 1.21+0.03° 4.33+0.04° 4.27+0.02° 77.36+0.11° 345.89+0.04'

G 6.82+0.02° 7.32+0.02° 1.23+0.03° 4.55+0.00" 4.34+0.02° 75.74+0.04° 343.31+0.03°

LSD 0.55 0.93 0.10 0.27 0.19 107 3.13

Values are mean * standard deviation of triplicate determination. Values down the columns with the same alphabets are the same while those with different alphabets are
different at p<0.05
Key
Sample A = 100% maize flour, B =90%maize flour, 0%Peanut flour, 10%beetroots flour,
C =90%maize flour, 10% Peanut flour, 10%beetroots flour, D = 80%maize flour, 10% Peanut flour, 10% beetroots flour, E =70% maize flour, 20% Peanut flour,
10% beetroots flour, F = 60%maize flour, 30% Peanut flour, 10% beetroots flour, G =50% maize flour 40%Peanut flour, 10%beetroots flour
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Table 4. Vitamin composition of Maize-partially defatted peanut and beetroot flakes

Sample Vitamin A Vitamin B1 Vitamin B2 Vitamin B6 Vitamin Vit C
A 1.78+0.00° 1.31+0.00° 1.50+0.02°¢ 1.75+0.03" 16.22+0.01°9
B 1672.22+0.03°  1.30+0.01“ 1.36+0.03° 1.59+0.03 ¢ 15.25+0.03"
C 1.60+0.01° 1.25+0.00° 1.40+0.03"' 1.62+0.02° 14.63+0.04°
D 1672.04+0.03°  1.43+0.00° 1.26+0.02° 3.17+0.01°¢ 13.67+0.03 ¢
E 1671.84+0.01°  1.06+0.02° 1.15+£0.03° 1.34+0.02° 12.03+0.00°
F 1671.67+0.01°  1.00£0.01*  1.05+0.01° 1.22+0.02° 10.40+0.00°
G 1671.43£0.04°  0.95+0.00° 0.95+0.02° 1.09+0.032 8.77+0.02°
LSD 15.15 0.22 0.14 0.14 1.67

Values are mean + standard deviation of triplicate determination. Values down the columns with the same
alphabets are the same while those with different alphabets are different at p<0.05
Key
Sample A = 100% maize flour, B = 90% maize flour, 0% Peanut flour, 10% beetroots flour,
C =90% maize flour, 10% Peanut flour, 10% beetroots flour, D = 80% maize flour, 10% Peanut flour,
10% beetroots flour, E = 70% maize flour, 20% Peanut flour, 10% beetroots flour, F = 60% maize flour,
30% Peanut flour, 10% beetroots flour, G = 50% maize flour 40%Peanut flour, 10% beetroots flour

Tableb5. In-vitro protein digestibility (%) of flakes produced from maize-partially defatted peanut
and beetroot

Samples Digestibility at 1hr Digestibility at 6hr
A 72.52+0.02° 74.02+0.02°

B 75.03+0.04° 76.91+0.01°

C 73.81£0.01° 75.31£0.01°

D 77.21£0.01° 79.93+0.04°

E 86.21+0.01° 83.02+0.03°

F 89.53+0.04 ° 87.82+0.03°

G 92.91+0.01° 89.72+0.03°

LSD 1.31+0.01° 1.30£0.01°

Values are mean + standard deviation of triplicate determination. Values down the columns with the same
alphabets are the same while those with different alphabets are different at p<0.05
Key
Sample A = 100% maize flour, B = 90%maize flour, 0%Peanut flour, 10%beetroots flour,
C =90%maize flour, 10% Peanut flour, 10%beetroots flour, D = 80%maize flour, 10% Peanut flour,
10% beetroots flour, E = 70% maize flour, 20% Peanut flour, 10% beetroots flour, F = 60%maize flour,
30% Peanut flour, 10% beetroots flour, G = 50% maize flour 40%Peanut flour, 10%beetroots flour

Table 6. Sensory properties of Maize-Partially defatted peanut and beetroot flakes

Samples Appearance flavor taste mouth feel overall Acceptability
A 8.13+0.74°  6.40+1.55%® 6.47+0.92%® 6.00+1.51%  7.47+0.74°

B 7.33+0.72°  6.53+1.92%° 6.87+2.53° 6.47+1.51*® 7.13+1.69°

c 8.40+0.63°  7.87+1.25°  8.07+1.03° 7.47+1.30°  8.40+0.83°

D 6.40+1.24°  6.20+1.57® 593+1.62%° 6.33+1.63%* 6.80+1.01°

E 6.00+1.56°  6.27+1.53* 6.40+1.50®° 5.93+1.58% 6.47+1.25"°

F 6.00+1.77%  5.07+1.58% 520+169°% 5.60+1.72%  5.60+2.09°

G 5.93+1.44%  587+1.64° 567+1.59% 540+2.03° 6.00+1.56%°

LSD 1.09 2.03 1.69 1.03 1.60

Values are mean * standard deviation of triplicate determination. Values down the columns with the same
alphabets are the same while those with different alphabets are different at p<0.05

C =90%maize flour, 10% Peanut flour, 10%beetroots flour,
10% beetroots flour, E =70% maize flour, 20% Peanut flour, 10% beetroots flour,

Key

Sample A = 100% maize flour, B =90%maize flour, 0%Peanut flour, 10%beetroots flour,

D = 80%maize flour, 10% Peanut flour,

F = 60%maize flour,

30% Peanut flour, 10% beetroots flour, G = 50% maize flour 40%Peanut flour, 10%beetroots flour.
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3.3 In-Vitro Protein Digestibility (%) of
Flakes Produced from Maize-Partially
Defatted Peanut and Beetroot

The IVPD of the control sample and the
composite flours is shown in table 5 below.
Supplementation was found to cause a
significant (p<0.05) improvement in IVPD for all
the samples. The increase was from 72.50 to
92.90 at 1hr and 74.02 to 89.72% at 2hrs of
digestion respectively. There was increase in in-
vitro protein digestibility of the samples with
addition of defatted peanut and beetroot. Ethag
[33] also observed that the in-vitro protein
digestibility increased with supplementation with
soybean. A similar trend was observed by [34]
who reported that the protein digestibility of
sorghum was 49.3% and after supplementation
with 15%, 20% and 25% groundnut flour,
significantly (P < 0.05) increased to 56.8%,
60.1% and 62.5% respectively. Heat processing
is reported to improve the digestibility of seed
protein by destroying protein inhibitors and
opening the protein  structure  through
denaturation [35]. The IVPD of the samples
generally increased with beetroot and partially
defatted peanut substitution. The increase could
be due to the replacement of maize with beetroot
and peanut with has higher digestible protein.

3.4 Sensory Properties of Maize-Partially
Defatted Peanut and Beetroot Flakes

Result of the sensory attributes of flakes made
from maize, partially defatted peanut and
beetroot flour blend is presented in table 6. The
score for the appearance of the flake samples
ranged from 5.93 — 8. 40 and significantly
(P<0.05) differ from one another. There was
significant (P<0.05) differences in the flavor and
taste of the samples. The score for the flavor and
taste ranged from 5.07 — 7.87 and 5.20 — 8.07
respectively. The mouth feel and overall
acceptability scores of the flake samples ranged
from 5.40 — 7.47 and 5.60 — 7.47 respectively.
Although the level of acceptability of the flakes
decreased as the level of additon of
peanut/beetroot flour increases the samples
obtained good sensory scores. This could be as
the result of characteristic appearance and flavor
of beetroot.

4. CONCLUSION

The partial substation of breakfast cereals from
maize with partially peanut and beetroot flour has
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great impact on the nutrition, In-vitro protein
digestibility and sensory properties. There was
significant increased in moisture, protein, fat,
fibore and ash content than the control while
carbohydrate decreased. Also, there was
significant difference in the vitamin content of the
breakfast cereals. There was increase in in-vitro
protein digestibility of the samples with addition
of defatted peanut and beetroot. Sensory
evaluation results showed that sample C had the
highest acceptability on 9-point hedonic scale.
Addition of peanut and beetroot is recommended
to increase the quality of maize-based breakfast
cereals.
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