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Abstract

The research was designed to ascertain the potential of bambara groundnut inclusion in wheat bread to improve antioxi-
dant activity, modulate carbohydrate hydrolyzing enzyme activities, and lower glyceamic index/ load. Protein (g/100 g)
(11.2—11.73) and energy value (kcal/100 g) (421.5—435.5) of the bread were significantly higher than commercial
wheat flour bread (CWF—10.45; 388.7). However, developed experimental bread samples exhibited higher growth per-
formance in rats, free radical scavenging potentials, inhibitory activities against carbohydrate hydrolyzing enzymes and
low glycemic index than other bread samples. Nevertheless, experimental bread samples were rated lower compared
with the controls samples as regards organoleptic properties. The study authenticates that WBO;—25% wheat, and 75%
bamabara groundnut WBO; exhibits higher potentials as regards nutritional composition, growth indices, free radical
scavenging potentials, ability to modulate carbohydrate hydrolyzing enzyme and lower glycemic index/ load. Hence,
WBO; may be recommended as functional bread for hyperglycemia prevention/ management.
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Abbreviations GL Glycemic Load

WBO, 75% Wheat, and 25% bambara groundnut Gl Glycemic Index

WBO, 50% Wheat, and 50% bambara groundnut PCV Packed cell volume

WBO;  75% Wheat, and 25% bambara groundnut RBC Red blood cell count

CWF  Commercial wheat flour Hb Hemoglobin

LWF Laboratory wheat flour MCHC Mean corpuscular hemoglobin concentration

AOAC Association of Official Analytical Chemist MCH  Mean corpuscular hemoglobin

DPPH 2, 2- Diphenyl-1-picryhydrazyl MCV  Mean corpuscular volume

ABTS  2,2-Azinobis-(3-ethylbenzothiazoline-6-sulfonic ~ AST Aspartate aminotransferase
acid ALT Alanine aminotransferase

OH Hydroxyl radical ALP Alkaline Phosphate

FRAP  Ferric-reducing antioxidant power WFA Weight-for-age

CCAC Canadian Council on Animal Care Guidelines LFA Length-for-age

and Protocol Review

< Timilehin David Oluwajuyitan, tdoluwajuyitan@futa.edu.ng; Samuel Oladeji Oguntuase, oguntuasesamuleoladeji@gmail.com;
Oluwole Steve ljarotimi, soijarotimi@gmail.com; Ganiyu Oboh, goboh@futa.edu.ng | 'Department of Food Science and Technology,
Federal University of Technology, Akure, Nigeria. 2Department of Industrial Chemistry, Federal University of Technology, Akure,
Nigeria. 3Department of Biochemistry, Federal University of Technology, Akure, Nigeria.

®

Check for
updates

SN Applied Sciences (2022) 4:121 | https://doi.org/10.1007/542452-022-05018-8

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-022-05018-8&domain=pdf
http://orcid.org/0000-0001-8668-7699

Research Article SN Applied Sciences

(2022) 4:121

| https://doi.org/10.1007/s42452-022-05018-8

1 Background

Consumers attitude are tilted toward consumption of
foods/ food products known as functional foods which are
capable of providing health benefits beyond basic nutri-
tional needs due to the presences of bioactive compounds
[1]. Li etal.[2] further established that these foods possess
the ability to reduce cardiovascular diseases, and maintain
human wellness. Evidence has shown that there is a strong
correlation between regular intakes of healthy diets and
prevention of several degenerative diseases such as dia-
betes, hypertension etc. [3]. This has recently necessitated
production of varieties of wheat-based functional foods
like biscuits and bread enriched with indigenous agricul-
tural crops to boost the functionality, nutritional content
and antioxidative compounds.

Bread is a wheat-based baked product, rich in calories
and widely consumed across all ages globally [4, 5]. How-
ever, itis limiting in protein and micronutrients [6]. Recent
times, efforts have been shifted towards production of
nutritious and healthy bread by supplementing with leg-
umes [7, 8]. According to Adewale et al. [9] these plant-
based food materials contain large amount of bioactive
phytochemicals, protein and minerals, and possess medici-
nal properties. Studies have also shown that to reduce the
glyceamic index of wheat-based bread it involves incor-
poration of dietary fiber either from the whole grains or
through the inclusion of other plant-based food materials
such as bambara groundnut into the formulation [10, 11].
Dietary fibres helps in reduction of hyperglyceamia and
exhibites good therapeutical potential as regards insulin
resistance syndrome and lipid oxidation [12, 13]. Hence,
help in weight control and diabetic treatment [14].

Bambara groundnut (Vigna subterreneg, L.) is a known
plant-based protein source, cultivated for the purpose of
animal feeding [15, 16], and production of various local
diets, beverage (“akara, moin-moin, okpa’, milk, "kunnu,
tuwo”), and for management of diseases [17-19]. Recently,
there is a shift towards production and consumption of
functional foods in order to prevent oxidative stress and
associated degenerative diseases like diabetes, hyper-
tension, etc. [20]. In view of this, studies have formulated
verities of functional foods from wheat enriched with local
food materials [21-23]. However, there is scanty informa-
tion on enriching wheat bread with inclusion of bambara
groundnut. Bambara groundnut is included in the present
study in bread production to boast the protein and bio-
active compounds in experimental bread samples. There-
fore, present research aimed at evaluating the potential of
bambara groundnut inclusion in wheat bread to improve
antioxidant activity, modulate carbohydrate hydrolyzing
enzyme activities, and lower glyceamic index/ load.
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2 Methods
2.1 Sources of food samples

Wheat, bambara groundnut and orange fruits were
sourced from Kings Market, Akure, Ondo state, while
Albino Wistar rats were obtained from Colony unit, Ani-
mal House, University of Ibadan, Ibadan, Nigeria.

2.2 Production of flour samples and food
formulation

2.2.1 Processing of wheat and bambara groundnut flour
samples

The raw wheat and bambara groundnut were processed
into flour in which the food materials were thoroughly
cleaned, dried at 55 °C in an automated electrical oven
(Sunshine scientific equipment, 07ZAFHPN3371D1ZL,
New Delhi, India) for 48 h, milled using Waring Com-
mercial Laboratory Blender (Model WF2211210; Chicago,
USA) and sieved through no 200 wire mesh sieve (British
standard). The flour samples were then store at room
temperature (27 °C) until further use for analysis.

2.3 Formulation of flour samples

The wheat and bamabara groundnut flour were blended
in different proportions as follows: 75% wheat, and 25%
bamabara groundnut (WBOT1), 50% wheat, and 50%
bamabara groundnut (WBO,), 25% wheat, and 75%
bamabara groundnut (WBO;), while commercial wheat
flour (CWF) and laboratory wheat flour (LWF) were used
as control samples. Each of the wheat-bambara ground-
nut flour blends was mixed with other ingredients such
as cocoa butter (4%), orange peel flour (3%), aspartame
(0.5%), egg white (albumin—0.5%), skimmed milk (0.5%)
and bread improver (ADA—0.05%).

2.4 Production of wheat-bambara groundnut bread

Each of the flour samples was mixed with water to form
dough. The dough was properly prepared according to
the method described by Famuwagun et al. [22] with
slight modification as regards baking temperature.
Dough proofing under controlled temperature (38 °C),
for 55 min at 40% relative humidity was monitored for
proper baking of dough using a mechanized oven at
220 °Cfor 15 min and baked bread samples were allowed
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to cool prior to storage at room temperature (27 °C) until
further use for analysis.

2.5 Preparation of aqueous extracts
of wheat-bamabara groundnut bread

The bread samples flour (500 g) was extracted exhaustively
via maceration for 48 h, with 2.5 L of distilled water with
continuous stirring for 48 h [24]. The mixture was centri-
fuged at 3,500 x g for 20 min. Supernant concentration was
done using a Rotary evaporator (Model 349/ 2) Corning
Limited at 35 °C for 24 h and thereafter, freeze-dried. The
dried extract was stored (27 °C) until required for use.

2.6 Determination of proximate composition
and energy values of wheat-bambara
groundnut bread

The proximate composition, that is, moisture (AOAC
929.02), protein (AOAC 975.17), fat (AOAC 973.22), crude
fibre (AOAC 962.09), and ash (922.02) of wheat-bambara
groundnut bread samples were evaluated using the sci-
entific method of AOAC [25]. Meanwhile, carbohydrate
content was determined by subtracting values obtained
above from 100.

Calories value were calculated using Atwater conver-
sion factors [26].

2.7 Determination of mineral composition
and mineral molar ratios of wheat-bambara
groundnut bread samples

Selected minerals [Potassium (K), sodium (Na), phosphorus
(P), zinc (Zn), copper (Cu), calcium (Ca), and magnesium
(Mg)] were evaluated using AOAC [25] methods. While
mineral ratios were calculated as earlier stated by Jacob
etal.[27].

2.8 Determination of amino acid composition
of wheat-bambara groundnut bread samples

Amino acid profile of the bread samples was evaluated sci-
entific method of AOAC [25]. And results were calculated
in gram per 100 g of crude protein.

2.9 Determination of anti-nutritional factor
of wheat-bambara groundnut bread samples

Tannin content was determined according to the method
of Fagbemi et al. [28]. Flavonoid was evaluated using the
method described by Boham and Kocipai [29]. Oxalate was
determined as described by the modified method Adeniyi
et al. [30]. Total alkaloids were evaluated using the method of

Harborne [31]. Cardiac glycoside content in the sample was
evaluated using Buljet’s reagent as described by EI-Olemy
et al. [32]. The phenol in the food samples was determined
as described by the method of Georgé et al. [33] with minor
modifications. The amount of phenolic compounds was
expressed as mg of gallic acid per g of extract (mgGAE/g).
Steroid content was determined with the method described
by Okeke and Elekwa [34].

2.10 Molar ratio of oxalate and phytate to minerals

The moles of oxalate/phytate and minerals were determined
using the methods earlier stated by Gemede [35].

2.11 Determination of antioxidative potential
of wheat-bambara groundnut bread samples

The free radicals scavenging activity of aqueous extract of
the bread samples on 2, 2- Diphenyl-1-picryhydrazyl (DPPH)
was determined as described by Girgih et al. [36]. The free
radical scavenging activity of the bread samples against
2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
was determined using modified method of Re et al. [37]. The
metal chelating activity of bread aqueous extract samples
were determined according to the method of Girgih et al.
[36]. The hydroxyl radical scavenging activity of the bread
aqueous extract samples was determined as described by
Girgih et al. [36]. The Ferric-reducing antioxidant power
(FRAP) activity of the bread aqueous extract samples was
determined using method of Mau et al. [38].

2.12 Carbohydrate hydrolyzing enzymes inhibitory
ability of wheat-bambara groundnut bread
samples

In vitro a — amylase and a - glucosidase inhibition assay of
bread samples was determined using spectrophotometric
method described by Worthington [39] and Oboh et al.
[40] respectively.

2.13 Nutritional quality and glyceamic index
of wheat-bambara groundnut bread samples

Statement of animal rights: The experiment on the animals
were carried out in line with the rules and regulations
guiding the use of animals as reported by Canadian Coun-
cil on Animal Care Guidelines and Protocol Review [41].

2.14 Determination of glycemic index and glycemic
load of flour blends:

Twenty-four Wistar Albino rats (male and female, body
weights=120-150 g) obtained from Central Animal House
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University of Ibadan, Ibadan, Nigeria were grouped (4
rats/group), and housed individually in metabolic cages
with free access to feed and water ad libitum. The rats
were acclimatized under standard laboratory conditions
(22°C+3°C; 12 h light and dark periods, respectively and
humidity- 40-45%) [42] for 7 days. After 7 days acclima-
tization, the experimental food samples (WBO,, WBO,
and WBO,), control samples (CWF and LWF) and glucose
in a portion that was calculated to contain 2.0 g of avail-
able carbohydrate were dissolved in warm distilled water
(40 °C, 5 mL) and administered to the rats through oral
gavage. Immediately after the oral feeding, the initial
blood glucose concentration of the rat was measured via
the tip tail, while the subsequent readings were taken at
the interval of 30 min for 120 min. using an automatic glu-
cose analyzer (‘Accu-Chek Active’' Diabetes monitoring kit;
Roche Diagnostic, Indianapolis, USA). The glycaemic Index
(GI) (%) for each food sample was calculated as described
by Wolever et al. [43]. The Glycemic Load (GL) for each of
the food samples was determined as described by Salm-
eron et al. [44] and categorized as follows:

Low-Gl = <55%, Medium-Gl=56—69%, and High-
Gl=>70% [45].

Low-GL= <10, Medium-GL=11—19 and High-
GL=>201[45].

2.15 Growth performance and biochemical activity
in rats of wheat-bambara groundnut bread
samples

Nutritional status of rats fed on Wheat-Bambara groundnut
bread samples: The anthropometric measurements, i.e.,
weight and length, of the rats were measured at three
days’interval for 28 days. Length-For-Age (Stunting) and
Weight-For-Age (Underweight) of Albino Wistar rats fed
on experimental bread and control samples for 28 days
were measured.

Biochemical activity of rats fed on wheat-bambara
groundnut bread samples: On 28 day of the experimen-
tal period, all the rats were starved for about 3 h and
weighed. Each rat was anaesthetized with chloroform
before been euthanized. Blood was collected into Bijour
bottles containing a speck of dried tetracetic ethylenedi-
amine acid powder. The biochemical parameters were
analysed using methods described by Jasper et al. [46].
After the experiment, the animals’ carcass was hygieni-
cally buried below the soil level as detailed by the study
ethical protocol committee. The blood sample was first
centrifuged at 1,500 x g for 10 min at ambient tempera-
ture. The serum was then separated and used for liver
function assessment employing measurements of the
enzymes aspartate aminotransferase (AST), alanine
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aminotransferase (ALT) and Alkaline Phosphate (ALP).
Renal function was evaluated using serum concentra-
tions of urea and creatinine. These tests were performed
using disposable kits obtained from Labtest Diagnostica
S.A. (Lagoa Santa, Minas Gerais, Brazil).

2.16 Determination of sensory attributes
of wheat-bambara groundnut bread samples

Sensory attributes of developed bread samples were car-
ried out under standard sensory conditions with respect to
lighting and environmental odour using 30 semi-trained
personnel. Bread samples were coded using three digits
and randomly distributed to personnel for assessment
based on product aroma, appearance, texture, and over-
all acceptability. Product ranking was done using 9-point
hedonic scale ranging from 1=dislike extremely and
9=like extremely [47].

2,17 Statistical analysis

Data were obtained in triplicate and subjected to analysis
using statistical package for social sciences (SPSS) (ver-
sion 21), expressed as mean + standard error of mean
(SEM) using New Duncan Multiple Range Test (NDMRT)
and Graphs were plotted using GraphPad Prism 8. Results
were considered to be significant at p <0.05.

3 Results

3.1 Proximate composition and energy values
of wheat-bambara groundnut bread samples

The proximate (g/100 g), minerals (mg/100 g) and calo-
rie constituent (kcal/100 g) of wheat-Bambara ground-
nut bread (Table 1) shows that the moisture value of
the wheat-bambara groundnut bread samples ranged
from 20.61 in WBO;—33.22 in WBO,, which are sig-
nificantly (p <0.05) lower compared with (35.81) CWF
and (38.33) LWF, respectively. The ash content of WBO;
(3.81 g/100 g) was significantly (p <0.05) higher than
WBO, (2.34 g/100 g) and WBO, (3.11 g/100 g), respec-
tively. The protein content and energy values of WBO,
(11.73 g/100 g and 435.5 kcal/100 g) were significantly
higher than WBO, (11.12 and 421.5 kcal/100 g) WBO,
(11.6 g/100 g and 431.5 kcal/100 g), respectively; and
were significantly (p < 0.05) higher than control samples,
that is, CWF (10.45 g/100 g and 388.7 kcal/100 g) and LWF
(10.87 g/100 g and 378.1 kcal/100 g).
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Table1 Proximate Samples CWF LWF WBO, WBO, WBO, *STD
composition (g/100 g),
minerals (9/100 g) and energy Moisture 3581+0.44° 3833+1.14° 332220.11° 2837+036% 20.61+£033° <5
value (kcal/100 g) of wheat- Ash 0.85£0.19°  1.03£003¢  234+004° 3.11£002° 381£001° <3
bambara groundnut bread
samples Fat 1.86+0.05°  1.93+0.04% 3.81+002° 4.15+0.05° 4.87+0.06*  10-25
Fibre 039+0019 04140019  069+001° 0.79+001° 1.19+001* <5
Protein 1045+0.02° 10.87+0.02¢ 11.12+£0.01° 11.60+0.09° 11.73+0.03* 15
Carbohydrate 50.64+0.29° 47.44+0.02° 4881+0.07% 51.97+041° 57.79+029* 60-75
Energy 388.7+0.519 378.1+0.08° 4215+0.03° 431+0.06°  4355+0.03% 400-425
Minerals
P 122+0.01°  141+0019  158+001° 169+001° 1.51+0.01°
K 14240319 142+044%  288+0.53°  373+0.85°  412+0.69°
Na 203+0.45¢  226+062¢  280+043°  336+096°  361+0.58°
Ca 0.16+0.05°  021+004>  031+004° 032+0.05*  0.31+0.05°
Fe 0.07+0.01*  0.08+0.01°  0.11+0.01°  008+0.01*  0.09+0.02°
Zn 0.08+0.01*  0.08+0.02°  0.06+001> 005+0.01°  0.05+0.02°
Mn 0.01+0.00°  0.01+001*  0.02+001®  001+0.00*  0.01+0.00°
Mg 0.80+0.029  091+0.04°  1.07+£0.02°  0.99+0.03°  1.12+0.04
Pb ND ND ND 0.01£0.00°  0.01+0.00°
Mineral molar ratios
Na/K 143+002°  1.59+003%  0.97+001° 091+0019 088+0.00° <1
Ca/P 0.13£0.01°  0.15+0.019  020+002°® 0.18+0.00° 021+0.03%  >05
Fe/Zn 0.88+0.01°  1.00+002¢ 167+0.12° 160+0.01¢  1.80+000°  >2
Ca/Mg 021+£0.02° 023+000° 029+000° 031+0.02*°  0.28+0.00°
Na/Mg 253.75+1.119 24835+3.03° 261.68+2.02° 339.39+3.10* 322.32+222°

Means (£ SD) with different alphabetical superscripts in the same row are significantly different at P< 0.05.
*CODEX CAC/GL 08 [85]. [75% wheat, and 25% bambara groundnut (WBO;); 50% wheat, and 50% bam-
bara groundnut (WBO,); 25% wheat, and 75% bambara groundnut (WBO;); Commercial wheat flour
(CWF) and Laboratory wheat flour (LWF)]

3.2 Mineral composition and molar ratios
of wheat-bambara groundnut bread samples

The mineral composition (mg/100 g) of wheat-bambara
groundnut- bread samples ranged as follows: P (1.51—
1.69), K (2.88—412), Na (280—361) and Ca (0.30—0.31),
while Fe, Zn, Mn and Mg were 0.08—0.1, 0.05—0.06,
0.01—0.02 and 0.99—1.12, respectively (Table 1). These
minerals were significantly (p < 0.05) higher in wheat-bam-
bara groundnut bread than in control samples (CWF and
LWF). The range values of sodium-potassium (Na:K) and
calcium-phosphorous (Ca:P) ratios of the wheat-Bambara
groundnut-orange peel based bread samples were 0.88—
0.97 and 0.18—0.21, respectively.

3.3 Amino acid composition of wheat-bambara
groundnut bread

The amino acid profiles of wheat-bambara groundnut
bread samples are presented in Table 2. Glutamic acid
(18.48—31.03 mg/100 g protein) was present in abun-
dant concentration, while tryptophan (1.2—1.29mg/100 g
protein) had the lowest concentration in the experimental

bread samples, and these values were comparable to that
of CWF (32.17 and 1.37 mg/100 g protein) and LWF (30.98
and 1.78 mg/100 g protein). Likewise, a large increase in
the content of lysine was observed, which certainly affects
the color of the bread and the level of the non-enzymatic
browning reaction compounds.

3.4 Anti-nutritional factors and phytate/mineral
molar ratios of wheat-bambara groundnut
bread samples

The antinutrients in wheat-bambara groundnut bread
samples are presented in Table 3. The antinutrients in the
formulated bread samples were oxalate (0.59—0.77 mg/qg),
phytate (11.12—16.89 mg/qg), tannin (1.8—3.24 mg/qg), gly-
cosides (15.24—22.22 mg/q), flavonoid (1.77—9.63 mg/g),
alkaloid (22.55—27.60%) steroid (9.79—12.60 mg/g) and
phenol (1.32—2.08 mg/qg).

The phytate/calcium, Phytate/Zinc, Phytate/iron and
Phytat*Ca/Zn molar ratios ranged from 0.001—0.155,
0.001—0.066, 0.001—0.094 and 0.002 - 0.113, respec-
tively, while that of Oxalate/Calcium ratio ranged from
0.002—0.113.
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Table2 Amino acid profile SAMPLE CWF LWF WBO, WBO, WBO,

(mg/100 g protein) of wheat-

bambara groundnut bread Non-Essential Amino Acids (NEAAs)

samples Glycine 3.67+0.01° 3.64+£0.00° 3.62+0.02° 3.47+0.03¢ 3.68+0.00°
Alanine 3.51+0.02° 3.49+0.01° 3.38+0.03¢ 4.04+0.20° 4.72+0.04°
Serine 5.55+0.04° 5.57+0.02° 4.91+0.00¢ 537+0.11¢ 6.11+0.01¢
Proline 12.03+0.12 12.18+0.33? 11.74+0.22° 8.46+0.02° 5.35+0.00°
Aspartic acid 5.12+0.00° 5.57+0.42° 5.14+0.00° 8.91+0.02° 10.31+0.62°
Cysteine 1.79+0.00¢ 2.01+0.02° 2.17+0.00° 1.45+0.00¢ 0.86+0.00°
Glutamic acid 32.17+0.62° 30.98+2.02° 31.03+1.52° 23.75+1.02¢ 18.48+1.11°
Tyrosine 2.47 +0.00° 2.45+0.00° 2.81+0.02° 2.91+0.03? 2.94+0.00°
Arginine 3.92+0.02¢ 3.94+0.01¢ 4.11+0.03¢ 6.19+0.22° 7.02+0.02°
Essential Amino Acids (EAAs) + Histidine
Phenylalanine  4.52+0.20° 423+0.01° 5.23+0.02° 5.69+0.04° 6.11+0.20
Histidine 2.73+0.00° 2.45+0.02° 2.65+0.01¢ 3.54+0.02° 4.26+0.03?
Methionine 1.54+0.00¢ 1.86+0.00° 1.53+0.00¢ 1.45+0.02¢ 2.07 +0.00°
Valine 3.84+0.00¢ 423+0.11° 4.51+0.02 430+0.10° 432+0.03°
Tryptophan 1.37+0.01° 1.78+0.02° 1.29+0.00¢ 1.21+0.00° 1.27£0.00°
Threonine 3.07+0.03¢ 3.27+0.01¢ 2.81+0.00° 3.41+0.02° 3.68+0.02°
Leucine 6.91+0.12¢ 6.54+0.22° 6.59+0.12¢ 7.14+0.11° 7.71+1.022
Isoleucine 3.67+0.00° 3.34+0.00° 3.71+0.02° 3.41+0.00¢ 3.74+0.04°
Lysine 2.13+0.02° 2.45+0.00¢ 2.81+0.00° 531+0.11° 73740312
Amino acid Nutritional indices
ARG/LYS 1.84+0.00° 1.61+0.00° 1.46+0.00° 1.17+0.00¢ 0.95+0.02°
SArAAs 8.36+0.04° 8.47+0.01¢ 9.32+0.02° 9.79+0.33° 10.31+0.12
YBCAAs 14.42+0.22¢ 14.12+0.02¢ 14.79+1.11¢ 14.85+0.31° 15.77+1.112
SHAAs 41.64+1.02° 4212+055°  42.93+3.02° 40.05+2.22¢ 39.09+3.01°
SEAAs 29.78+0.32° 30.16+2.00° 31.11+£1.22¢ 3544+3.02°  40.53+2.02°
INEAAs 70.22+2.12° 69.84+3.05° 68.89+3.20° 64.56+2.11¢ 59.47+3.01°
EAAs/NEAAs 0.42+0.00° 0.43+0.00° 0.45+0.00° 0.55+0.00° 0.68+0.00°
LAAS Lysine Lysine Lysine Methionine Methionine
AAAS Tryptophan Tryptophan Tryptophan Arginine Arginine

Means (£ SD) with different alphabetical superscripts in the same row are significantly different at P<0.05.
[75% wheat, and 25% bambara groundnut (WBO,); 50% wheat, and 50% bambara groundnut (WBO,);
25% wheat, and 75% bambara groundnut (WBO,); Commercial wheat flour (CWF) and Laboratory

wheat flour (LWF)]

3.5 Invitro antioxidant activities of wheat-bambara
groundnut bread samples

The in vitro antioxidant activities of wheat-bambara
groundnut bread samples are shown in Table 4. Antioxi-
dant activity of the formulated bread samples against
ABTS, DPPH and OH- free radicals ranged from 7.59—
8.05 mmoITEAC/100 g, 1.37 — 2.56 mg/mL and 059—
0.77 mg/mL, respectively, while that of FRAP and Fe?*
chelation varied from 25.75—81.93 mgAAE/100 g and
0.54—0.88 mg/mL. Antioxidant activity of the formu-
lated bread samples was significantly (p <0.05) higher
against ABTS, DPPH, OH free radicals, iron chelation and
FRAP than control samples compared to experimental
bread samples.
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3.6 Carbohydrate hydrolyzing enzyme inhibitory
activities of wheat-bambara groundnut bread
samples

The a-amylase and a-glucosidase enzyme inhibitory activity
of the wheat-bambara groundnut bread samples are shown
in Fig. 1. The result showed that WBO; (83.7% and 81%)
had highest inhibitory activity against a-glucosidase and
a-amylase enzyme, followed by WBO, (81.9% and 78.4%)
and WBO, (76.8% and 60.6%), respectively.
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Table 3 Antinutritional composition of wheat-bambara groundnut bread samples

Samples CWF LWF WBO, WBO, WBO, v
Oxalate (mg/qg) 1.67 +0.05° 0.86+0.05° 0.77+0.05° 0.69+0.05¢ 0.59+0.05¢ -
Phytate (mg/g) 16.89+0.41° 12.77+0.41° 11.12+0.41¢ 11.95+0.41° 6.18+0.41° -
Tannin (mg/g) 3.24+0.01° 2.04+0.01° 2.01+0.01° 1.87+0.01¢ 1.81+0.01¢ -
Glycosides (mg/g) 22.22+0.09° 18.36+0.10° 15.24+0.10° 12.57+0.10° 5.92+0.10° -
Flavonoid (mg/g) 1.77+0.02¢ 6.07+0.02¢ 6.37+0.02° 8.23+0.02° 9.63+0.02° -
Alkaloid (%) 27.98+0.05° 24.98+0.05° 22.55+0.05° 20.48+0.05¢ 15.30+0.05¢ -
Steroid (mg/g) 12.61+0.02° 11.04+0.02° 9.79+0.02¢ 8.71+0.02¢ 6.02+0.02° -
Phenol(mgGAE/100 g) 87.05+0.32¢ 101.71+3.05¢ 132.16+2.41¢ 164.77 +6.43° 208.18+7.07° -
Flavonoid(mgQUE/100 g) 31.86+1.22¢ 61.03+1.90¢ 89.92+0.95° 119.15+0.34° 130.28+0.34° -
Phytate:Minerals Ratios

Phytate/Calcium 0.157 £0.002 0.155+0.003? 0.054+0.001° 0.048+0.002° 0.001+0.000¢  <0.24
Phytate/Zinc 0.076+0.001° 0.066+0.001° 0.028+0.001¢ 0.018+0.001¢ 0.001£0.000° <10
Phytate/iron 0.183+0.002 0.094+0.001° 0.022+0.001° 0.019+0.001¢ 0.001£0.000°  >0.15
Phytat*Ca/Zn 0.333+0.001° 0.179+0.002° 0.056 +0.002° 0.034+0.001¢ 0.002+0.000° 0.5
Oxalate/Calcium 0.235+0.002 0.113+0.001° 0.025+0.001° 0.023+0.001¢ 0.002+0.000° <1

Means (+SD) with different alphabetical superscripts in the same row are significantly different at P<0.05. [75% wheat, and 25% bambara
groundnut (WBO,); 50% wheat, and 50% bambara groundnut (WBO,); 25% wheat, and 75% bambara groundnut (WBO;); Commercial
wheat flour (CWF) and Laboratory wheat flour (LWF)] phytate:calcium; phytate:zinc [86]; phytate:iron [87]; and phytate:calcium/zinc [88]

Table 4 In vitro antioxidant

activities of wheat-bambara Samples CWr LWF WBO, WBO, WBO;

groundnut bread samples ABTS (MmoITEAC/100g)  4.84+0.16°  7.43+0.12¢  7.50+0.19° 7.87+0.01°  8.05+0.05°
DPPH (mg/mL) 1.05+£0.05¢  1.14+£005¢  137+005° 219+0.56°  2.56+0.11°
OH (mg/mL) 046+0.02° 055+001%  059+0.01° 067+001°  0.77£0.02°
FRAP (mgAAE/100 g) 1807+2.76° 33.51+4.03% 2575+0.53¢ 7829+10.62° 81.93+4.90°
Fe* chelation (mg/mL) ~ 0.33+0.02° 041+002¢ 054+001° 059+002°  0.88+0.02°

Means (£ SD) with different alphabetical superscripts in the same row are significantly different at P < 0.05.
[75% wheat, and 25% bambara groundnut (WBO,); 50% wheat, and 50% bambara groundnut (WBO,);
25% wheat, and 75% bambara groundnut (WBO,); Commercial wheat flour (CWF) and Laboratory

wheat flour (LWF)]

3.7 Glycaemicindex and glycaemic load
of wheat-bambara groundnut bread samples

The glycaemic index (Gl) and glycaemic load (GL) of the
experimental bread samples are presented in Fig. 2. Glycae-
mic index of the formulated bread samples varied from 35.0
in WBO; to 55% in WBO, and the values were significantly
(p<0.05) lower than in the control samples, that is, CWF
(60.8%) and LWF (57.9%), respectively. For the GL, the val-
ues varied from 17% in WBO; to 27% in WBO,, and were sig-
nificantly lower than that of CWF (28.8%) and LWF (28.3%),
respectively.

3.8 Growth performance and biochemical activities
of rats fed on wheat-bambara groundnut bread
samples

Growth performance: The effect of formulated bread sam-
ples on the growth performance of rats is presented in
Fig. 3. The rats fed on WBO; sample had highest growth
performance when compared with the rats fed on WBO,,
WBO, and control samples (CWF and LWF).

Biochemical properties: The effects of formulated bread
samples on the biochemical activities of the liver and kid-
ney with reference to aspartate transaminase (AST), alanine
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Fig. 1 a-Amylase and a-glucosidase enzyme inhibitory activities
of wheat- bambara groundnut bread. [75% wheat, 25% bambara
groundnut (WBO,); 50% wheat, and 50% bambara groundnut

transaminase (ALT), alkaline phosphatase (ALP), creatinine
and urea are presented in Table 5. The ALP, AST, ALT and
AST/ALT ratios are useful biomarkers of liver injury and their
values in this study ranged from 21.04—33.12 U/L, 45.75—
56.13 U/L, 39.17—48.83 U/L and 1.11—1.35, respectively.
The bilirubin, creatinine, urea and urea/creatinine ratio are
useful biomarkers of heamoglobin breakdown and kidney
injury, and the values varied from 0.79—0.88 mg/dL, 0.95—
1.38 mg/dL, 0.71—0.85 mg/dL and 0.52—1.02, respectively.

3.9 Sensory attributes of wheat-bambara
groundnut bread samples

The sensory attributes of bread formulated from wheat-
bambara groundnut flour blends and control samples are
presented in Table 6. The results of aroma, appearance
and taste ranged from 4.35—7.8, 4.3—8.0 and 2.95—8.1,
respectively, while that of texture and overall acceptability
were 2.65—7.9 and 3.9—8.0, respectively.

4 Discussion

The moisture content of bread produced in this present
study was in line with the wheat-leafy vegetable-based
bread [23], wheat- Bambara Groundnut- based bread [7]
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(WBO,); 25% wheat, and 75% bambara groundnut (WBO;); Com-
mercial wheat flour (CWF) and Laboratory wheat flour (LWF)]

and wheat-bambara groundnut- yellow cassava-based
bread [48]. Food products with high moisture content
tends to have rapid reproduction rate of spoilage micro-
organism, hence reduced storage life. Experimental bread
moisture content in this study indicates that the food
products can only be stored for a short time.

The ash content indicates that WBO; might have higher
mineral content when compare to other experimental
bread samples including controls (CWF, 0.85 g/100 g;
LWF, 1.03 g/100 g). The ash contents of wheat-bam-
bara groundnut-orange peel-based bread in this study
agreed with values reported for wheat-legqume bran-
based bread (3.2 -5.4 g/100 g) [21]; but, higher than what
reported for wheat-bambara groundnut-based bread
(1.71-2.44 g/100 g) [7] and that of wheat-leafy vegetable-
based bread (1.1 — 2.4 g/100 g) [23]. The variation in ash
contents of these products mighty be attributed to differ-
ences in food materials, climatic condition and processing
techniques.

The protein content and energy value of the bread
samples were observed to be increasing as the level of
bambara groundnut added increased. This finding could
be as a result of inclusion effect between protein, fat
and carbohydrate content of the wheat and Bambara
groundnut. For instance, study has shown that bambara
groundnut contains between 18-24% of protein, while
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Fig.2 Glycaemic index and glycaemic load of wheat-bambara
groundnut breads. [75% wheat, 25% bambara groundnut (WBO,);
50% wheat, and 50% bambara groundnut (WBO,); 25% wheat, and

75% bambara groundnut (WBO3); Commercial wheat flour (CWF)
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wheat, and 75% bambara groundnut (WBO;); Commercial wheat
flour (CWF) and Laboratory wheat flour (LWF)]

Table 5 Biochemical

LWF WBO, WBO, WBO, *R

Samples CWF
parameters of wheat-bambara P
groundnut bread samples ALP (U/L) 30.36+2.78P
AST (U/L) 55.87+1.77°
ALT (U/L) 42,67+192°
AST/ALT 1.31£0.02°

Bilirubin (mg/dL) 0.87+0.01?
Creatinine (mg/dL)  1.36+0.08°
Urea (mg/dL) 0.85+0.02°
Urea/Creatinine 0.63+0.01¢

33.12+£1.59° 27.60+1.22° 31.12+2.52° 21.04+0.99¢ 30-130
53.40+3.59° 45.73+0.58° 52.27+1.52° 56.13+3.08%° 50-150
48.00+0.58% 39.17+1.74° 48.83+1.48" 41.50+0.87° 10-40
1.11£0.019  1.18+£0.01°  1.07£0.02° 1.35+0.02° <1

0.79+0.01 0.80+0.01° 0.88+0.02%° 0.83+0.01° 0.2-13
0.79+0.04% 1.38+0.05° 1.35+0.14° 0.95+0.01° 0.6-2.4
0.80+0.01° 0.72+0.019 0710019 0.78+0.01° 7-20
1.02+0.03% 052+0.01% 052+0.019 0.82+0.01° -

Means (£ SD) with different alphabetical superscripts in the same row are significantly different at P < 0.05

[75% wheat, and 25% bambara groundnut (WBO,); 50% wheat, and 50% bambara groundnut (WBO,);
25% wheat, and 75% bambara groundnut (WBO;); Commercial wheat flour (CWF) and Laboratory
wheat flour (LWF)] Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and Alkaline Phos-
phate (ALP) *R: Giannini et al. [89] and Diana [90]

wheat contain 11-12% protein [49]. The protein content
and energy value of bread samples in this present study
were similar to the reports of Yusufu and Ejeh [7] and
that of Odunlade et al. [23]. The high protein and energy
of the bread samples in this study mighty be useful to
prevent protein-energy malnutrition in all age groups,
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particularly among low-income people who cannot
afford expensive quality diets [49].

The findings observed in minerals contents of experi-
mental bread samples may be associated with inclusion
effects of mineral composition of the blended raw mate-
rials, i.e., wheat and bambara groundnut [50]. One major
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Table 6 Sensory attributes of

Sample Aroma Appearance Taste Texture Overall Acceptability
wheat-bambara groundnut
bread samples CWF 7.81+0.77° 8.00+0.97° 8.13+0.91° 7.91+£1.12° 8.11+0.86°

LWF 7.41+0.99° 7.91+0.72° 7.61+1.39° 7.81+0.89° 7.71+0.86°

WBO, 5.22+2.24° 5.45+1.85° 4.62+1.98¢ 5.55+1.54° 5.51+1.28°

WBO, 4.45+2.149 5.22+2.12° 3.71+2.05° 3.33+1.56° 4.15+1.53¢

WBO, 435+2.52° 43142139 2.95+1.93¢ 2.65+2.11¢ 3.91+1.68°

Means (£ SD) with different alphabetical superscripts in the same row are significantly different at P < 0.05.
[75% wheat, and 25% bambara groundnut (WBO,); 50% wheat, and 50% bambara groundnut (WBO,);
25% wheat, and 75% bambara groundnut (WBO;); Commercial wheat flour (CWF) and Laboratory

wheat flour (LWF)]

nutrients required for growth in children and healthy
well-being in adults are minerals. Hence, these formulated
bread samples in this study are rich in minerals that could
promote such good health for both children and adults
[51].

The mineral ratios are nutritional indices, which pro-
vides information on the interrelationships of dietary min-
erals regarding their status and disease states [27]. Na:K
ratio of the experimental bread samples was less than
recommended value (< 1) [27]. Nutritionally, it could be
deduced that the bread samples contained higher amount
of potassium relatively to low sodium, hence, regular con-
sumption of these bread samples may be suitable for man-
agement of hypertension [52, 53]. Ca:P of experimental
bread were less than recommended values (<0.5 poor; > 1
good) [52]. This indicates that the formulated bread sam-
ples were low in phosphorous relatively to calcium. Higher
calcium-phosphorous content is recommended in diets
for effective calcium metabolism and utilization in the
body [54], likewise, diet containing protein and phospho-
rus may enhance calcium wastage via urine [55]. The low
Ca/P obtained in experimental bread samples has impli-
cations nutritionally, as regards the growing-aged infants
and adults, in need of high intake of calcium and phospho-
rus for strong bone and teeth formation and prevention
of osteoporosis. Hence, consumer of experimental bread
samples may need to source for calcium supplements to
avoid deformation of bones.

The glutamic acid concentration in the bread samples
was observed to be statistically (P <0.05) higher compared
with other amino acids evaluated, and this observation
is similar to Ndungu et al. [56] and Wiedemair et al. [57],
reports that glutamic acid is abundant in plant-based
food products. The aromatic, hydrophobic, branched
chain, essential amino acids and Arginine/lysine ratios of
the formulated bread samples ranged from 9.32—10.31,
39.09—42.93,14.79—15.77,31.11—40.53 mg/100 g pro-
tein and 0.95—1.46, respectively, and these values were
statistically (P <0.05) higher in the formulated bread
samples compared with control samples, except for Argi-
nine/lysine ratio. Constant consumption of these amino

acids may prevent chronic diseases like type-2 diabetes
and high blood pressure [58, 59]. For instance, arginine
intakes help in secretion of nitric oxide, which relax arter-
ies for easy transfer of blood, hence prevent the occur-
rence of hypertension [58]. Comparatively, total essential
amino acids in experimental bread samples were higher
compared with wheat-based bread enriched with Oyster
Mushroom reported by Ndungu et al. [56]. This may be
associated to high essential amino acids in legqume (bam-
bara groundnut) than Oyster Mushroom.

The antinutrients in experimental bread samples were
either lower or higher than in control samples. However,
the contents of antinutrients in experimental bread sam-
ples are within the tolerable levels. Antinutrients are gen-
erally toxic at high concentration, but have some health
benefits at lower concentration. For instance, phytate has
ability to chelate with divalent cations resulting into for-
mation of insoluble complexes with proteins at elevated
pH [60, 61], thereby impair digestibility and bioavailability
of these vital nutrients in humans and/or animals. It is well
established that some of these antinutrients have antioxi-
dant activities against free radicals’ formation in humans
[62]; they help scavenge free radicals and prevent oxida-
tive stress hence, preventing chronic diseases like cancer,
hypertension and diabetes [63].

The phytate and divalent minerals molar ratios (an
index of mineral bioavailability) of the formulated bread
samples were calculated.

The phyatate/ mineral molar ratios of the experimen-
tal bread samples were significantly lower than LWF,
but higher than in CWF, except for Phytate/Calcium and
Phytate/iron molar ratios. However, these values were
comparably lower than the critical molar ratio values
(Phyt/Ca, < 0.24; Phyt/Zn, < 10; Phyt/Fe, > 0.15; Phytate*Ca/
Zn, 0.5 and Oxalate/Calcium, < 1), indicating high absorp-
tion and bioavailability of calcium, zinc and iron in the
formulated bread samples [64-67]. The Oxalate/Calcium
molar ratio was less than one in this study; this is of sig-
nificance since the amount of oxalate in the bread sample
may not interfere with the absorption of calcium. Oxalate
in foods may possess negative effects on human health, by
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reducing the rate of calcium metabolism as well as facili-
tating kidney stones occurrence [64].

Antioxidants, are chemical substance that acts as oxida-
tion reaction inhibitors and as such prevents the produc-
tion of free radicals, and plays major roles in preventing
oxidative stress and associated chronic diseases like hyper-
tension, diabetes, obesity and cancers [68, 69]. The antioxi-
dant activity of these formulated bread samples indicates
that regular intakes of the food products could inhibit free
radicals'formation and thereby preventing oxidative stress
occurrence as well as hypertension, diabetes etc.

The enzyme inhibitory activities of the formulated
bread samples were observed to be increasing with inclu-
sion of bambara groundnut, which may be attributed to
the additive effects of bioactive components in Bambara
groundnut, wheat and orange peel. Comparatively, the
enzyme inhibitory power of experimental bread samples
was statistically (p <0.05) higher compared with CWF
(50.7% and 51.7%) and LWF (71.5% and 49.9%). The dif-
ference between the enzyme inhibitory activities of the
formulated bread samples and the control could be due to
inhibitory activities of bambara groundnut flour included
in the production of experimental bread samples which
is absent in control samples. The carbohydrate hydrolyz-
ing enzyme inhibitory activities of the formulated bread
samples may be of health benefits, particularly to control
overweight/obesity and high blood glucose in diabetes.
It is evident that a-amylase-glucosidase enzyme inhibi-
tion from hydrolyzing carbohydrate are the main strat-
egy to prevent obesity and diabetes [70]. a-amylase is
the enzyme that hydrolyse a-(1,4)-D-glycosidic linkages
of starch to disaccharides and oligosaccharides, while
a-glucosidase hydrolyse oligosaccharides to monosaccha-
rides (glucose) [71]. Inhibition of these enzymes usually
leads to prevention of starch from breakdown and thereby
lowering blood glucose levels [70, 71].

In this study, it was recorded that the Gl of experimen-
tal bread samples reduce as the proportion of bambara
groundnut inclusion increase. This finding may be asso-
ciated to difference in carbohydrate properties of the
blending food materials. It is well established that mix-
ing two or more carbohydrates such as cereals (wheat)
of higher Gl value and legumes (bambara groundnut)
of lower Gl value may resulted into modification of the
physical property and chemical composition of the
resulting foods [72]. Hence, reducing the Gl of the food
blends, which may be of nutritional benefits to disor-
ders like diabetes. The Gl values of experimental bread
samples in this study were lower than what obtained
for whole grain based multigrain Indian bread samples
(Rotis) (63.2—66.2%) reported by Nagaraju et al. [73],
and also, lower than recommended value for low Gl
foods (< 55%). This indicates that the formulated bread
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samples, particularly WBO;, may be recommended as
functional bread for the prevention of weight gain and
hyperglycaemia in diabetes. Foods with Gl values in
the range of < 55, 55—69, and > 70 are classified as low,
medium, and high Gl foods, respectively [73]. Low Gl and
GL foods play vital roles in the management of diabetes
[74] and overweight/obese [75].

The high growth performance of rats that were fed
on WBO; could be attributed to additive effects of pro-
tein, essential amino acids and energy value of the bread
products. It is well established that a food that deficient in
quality protein, energy value and micronutrient may lead
to development of malnutrition, hence, hindering growth
and development in humans or animals. Epidemiological
studies have implicated deficient of protein and energy
in foods as a major contributory factor to high prevalence
of protein-energy malnutrition in developing countries
[76-78]. Nutritionally, the growth performance of rats fed
on the formulated bread samples, particularly WBOs, is an
indication that the bread products are of nutritional qual-
ity, and that regular intakes of the bread products could
prevent protein related diseases in children and adults.

The values of bilirubin, creatinine, urea and urea/cre-
atinine enzymes in this study are either lower or within
the normal recommended values. Evidences have shown
that values above the normal reference of ALP, AST, ALT,
urea and creatinine indicate haemoglobin, liver and kid-
ney breakdown and dysfunction, respectively [79-81]. It is
well established increased serum AST and ALT are associ-
ated with internal tissue damaged. Hence, AST/ALT ratio
(>1.5) are termed injured viral hepatitis [82]. Creatinine are
kidney waste products in which elevated serum concen-
tration is associated with poor kidney efficiency. The low
concentration of these enzymes in experimental animal
fed on the form with experimental bread samples implies
safety for consumption.

The scoring of sensory attributes of experimental bread
samples with respects to assessed parameters decrease
from WBO, to WBO; and this observation could be asso-
ciated to inclusion of bambara groundnut in bread sam-
ples. Sensory attributes of experimental bread samples
were statically (p <0.05) rated lower compared to LWF
and CWF, respectively. This finding could be attributed to
the familiarity of the panelists to the commercial bread
(i.e., wheat-based bread), bread composition or process-
ing techniques. Rating WBO, by the panelists above other
formulated bread samples in sensory attributes indicates
that inclusion of 25% Bambara groundnut in wheat bread
samples could be acceptable. This finding agreed with the
report of wheat-based biscuit and bread enriched with
Bambara groundnut-orange peel and waxy rice- wheat
respectively [83, 84]. However, the texture of the experi-
mental bread samples was poorly rated lower compared to
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the control samples which may be attributed to the inclu-
sion of bambara groundnut flour.

5 Conclusion

The study developed and evaluated nutritional quality,
antioxidant, carbohydrate enzyme inhibitory activity and
glycaemic index of bread products from wheat, and bam-
bara groundnut flour blends. The finding established that
the formulated bread samples, particularly WBO; (75%
wheat, and 25% bambara groundnut) exhibited high
nutritional quality, free radical scavenging potentials, car-
bohydrate enzyme inhibitory activity and low glyceamic
index. Hence, this bread sample may be suitable to pre-
vent hyperglycaemia and oxidative stress. However, there
is a need for clinical study to substantiate the therapeutical
potentials of the bread products.
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