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Abstract

The samples, PLT (100% Plantain), PSC (Plantain 70%, Soycake 30%), PSR (Plantain 65%, Soycake 30%, Rice bran 5%),
PSO (Plantain 65%, Soycake 30%, Oat bran 5%) and PSRO (Plantain 60%, Soycake 30%, Rice bran 5%, Oat bran 5%), and
CNL (Cerolina—a wheat and soybean blend) were evaluated for glycaemic index (GI)/load (GL), and in vivo antidiabetic
potentials. The GI (30.48-35.33) and GL (18.79-21.98) of PSR, PSO and PSRO were lower than PLT, CNL and recom-
mended values for low GI (= <55%) and GL (=20%). The PSRO sample (82.72%) had the highest blood glucose reducing
activity compared to other blends, PLT and Cerolina. This study established that PSRO (60% plantain, 30% soycake, 5%
rice bran, 5% oat bran) exhibited low glycaemic index, glycaemic load, and high blood glucose lowering potential. Hence,
PSRO may be suitable as a functional food for the prevention and treatment of Type-2 diabetes.
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Introduction

Diabetes mellitus is a chronic degenerative disease char-
acterized by high blood glucose concentration due to low
insulin secretion, insensitivity of the body cell to insulin
or both [1]. Epidemiological study has indicated that, the
prevalence of diabetes among individual within the age of
20-79 years is increasing, and it is projected that by year
2040, over 600 million people would have been affected [2].
Recent finding has established that Type-2 diabetes is the
most common of all the cases of diabetes mellitus in both
developed and developing countries, including Nigeria [3].
Lifestyle adjustment such as dietary modification, moder-
ate daily physical activity and regular intake of antidiabetic
medication are important to treat diabetes [4]. However, in
recent times, synthetic antidiabetic medications have been
implicated with several health challenges [5, 6]. This has
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led to a shift towards the development of non-toxic plant-
based functional food as a therapeutical agent for diabetes
patients [7]. For instance, researchers have focused on the
formulation of functional foods with locally available food
materials like plantain, soy-cake, rice-bran, etc. to manage
Type-2 diabetes [8—11].

Plantain (Musa ABB) is a staple food and widely culti-
vated in many parts of the world, including Nigeria. Nutri-
tionally, unripe plantain is a good source of energy, dietary
fiber and vital minerals (Fe & K) [12, 13]. In Nigeria, plan-
tain flour is consumed in form of dough meal by the diabetic
patients [14]. Medicinally, plantain is consumed to control
weight loss and to manage Type-2 diabetes, due to its high
resistant starch content and low glycemic index property
[15].

Oat-bran is a good source of f-glucan (a soluble vis-
cous polysaccharide), with the property to inhibit glucose
absorption and metabolism in the gastrointestinal tract.
Hence, decreasing blood glucose concentration by enhanc-
ing insulin activities [16]. Rice-bran is a by-product of rice
milling industry with many applications in the food industry.
Rice-bran has ability to lower blood cholesterol and glu-
cose, which makes it of interest in the formulation of healthy
diets [17, 18]. Soy-cake is a by-product of oil extraction and
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usually used in the food formulations. Soy-cake is a good
source of protein with a good number of advantages ranging
from low cost, ready availability and health benefits. The
application of soycake in food formulation particularly with
unripe plantain flour has recently been reported [11, 19].

In recent times, several efforts have been shifted towards
development of functional foods from locally available food
materials [8—11]. Despite all these efforts, there is a scanty
information on the development of functional foods from the
combination of plantain, oat-bran, rice-bran and soy-cake
flour to manage Type-2 diabetes. Likewise, previous stud-
ies make used of raw flours developed from raw materials
for test on glucose reduction potential, However, the pre-
sent study used the heat treated or prepared dietary swallow
meal for the test in order to ascertain the effectiveness of
the developed dietary swallow meal. Therefore, the present
study aimed to develop and evaluate nutritional and thera-
peutic potential of meals from plantain, oat bran, rice bran
and soycake for the management of Type-2 diabetics.

Materials and methods
Sources of food sample

Unripe plantain (Musa ABB); soy-cake (Glycine max);
rice-bran (Oryza sativa) and oat-bran (Avena sativa) were
obtained from the Teaching and Research farm of Federal
University of Technology, Akure, Nigeria; Rom oil mill
factory, Ibadan, Nigeria; Igbimo rice processing company,
Aisegba-Ekiti, Nigeria and Richardson Milling Limited,
Portage La Prairie, Manitoba (MB), Canada, respectively.
Acarbose (a synthetic antidiabetic agent) was purchased
from a reputable Pharmaceutical Ltd in Akure, Ondo State,
Nigeria. The Albino Wistar rats were obtained from Central
Animal House, University of Ibadan, Ibadan, Nigeria.

Processing of flour samples and food formulation
Processing of flour samples

The plantain, soy-cake, oat-bran and rice-bran samples were
processed into flour using standard methods. Plantain was
manually peeled, sliced into pieces (1 cm thick), blanched
in 1.25% NaHSOj solution to prevent browning at 80 °C for
15 min. and drained [20]. Also, soy-cake, rice-bran and oat-
bran were thoroughly cleaned. The food samples were dried
in hot-air oven (Plus11 Sanyo Gallenkamp PLC, Loughbor-
ough, Leicestershire, UK) at 55 °C for 12 h, milled (Labo-
ratory blender (Model KM 901D; Kenwood Electronic,
Hertfordshire, UK) and sieved through no 200 mesh sieve
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(British Standard). The flour samples were then stored at
room temperature (~27 °C) until analysis.

Formulation of flour samples

The plantain, soy-cake, rice-bran and oat-bran flour samples
were blended using mixture response surface methodology
(RSM), Design-Expert® version 10.0.0 (Stat-Ease, Inc., USA)
with reference to protein (14 g) and fiber (5 g). After blending,
16 runs were generated from which four blends were selected
for further study based on the outcome of preliminary sen-
sory evaluation and ability of the samples to provide 25% of
daily requirement of protein (14 g/day) and fibre (5 g/day) for
adults. The selected runs were as follows: PSC (Plantain 70%,
Soycake 30%), PSR (Plantain 65%, Soycake 30%, Rice bran
5%), PSO (Plantain 65%, Soycake 30%, Oat bran 5%), PSRO
(Plantain 60%, Soycake 30%, Rice bran 5%, Oat bran 5%).
Cerolina — a wheat and soybean blend (CNL), a commercial
dough meal flour produced by More Foods Lagos, Nigeria and
100% Plantain (PLT) were used as control samples.

Preparation of formulated food sample aqueous
extracts

The food sample flour (500 g) was extracted exhaustively via
marceration for 48 h. with 2.5 L of distilled water. After mar-
ceration, the mixture was filtered (Muslin cloth & Whatman
No.1 filter paper, Qualitative Circles 150 mm Cat No. 1001
150); and the filtrate was concentrated (Rotary evaporator;
Model 349/2, Corning Limited) at 35 °C for 24 h. and there-
after, the filtrate was freeze-dried and the dried extract was
stored (~27 °C) until required for use.

Determination of macronutrient composition
and energy value of developed dietary swallow
meals

Proximate compositions (moisture content, total ash, crude
fiber, crude fat and crude protein content) of the food sam-
ples were determined [21]. Carbohydrate (CHO) content was
obtained by difference as follow:

CHO(%) =100 — (%Moisture + %Crude fat

+ %Total ash + Crude fibre + Crude protein)

The calorific value of the food samples was calculated by
using Atwater factor values, i.e., carbohydrate content was
multiplied by 4, lipid by 9 and protein by 4, and the values
were added to obtain the energy value (kcal/100 g) of the food
samples.
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Determination of a-amylase activity of developed
dietary swallow meals

To the experimental food extract solution (500 pL), 0.02 M
sodium phosphate buffer (pH 6.9 with 0.006 M NaCl) (500
pL) and hog pancreatic a-amylase (0.5 mg/mL) were added
and the mixture was incubated (25 °C, 10 min.). After incu-
bation, 500 pL of 1% starch in buffer solution was added and
the mixture was re-incubated (25 °C, 10 min.). The reaction
was terminated with addition of 1.0 mL of dinitrosalicylic
acid (DNSA), and the mixture was re-incubated in water
bath (100 °C, 5 min.), cooled to room temperature and then
10 mL of distilled water was added. The absorbance was
measured at 540 nm. (UV—Vis spectrophotometer; Model
6305; Jenway, Barloworld Scientific, Dunmow, United King-
dom). The a-amylase inhibitory activity (%) was calculated
[22].

(Abscantrol — Abs

Abs

samples )

Percentage inhibition = x100

control

Determination of a-glucosidase activity

Gl =

_ Incremental area under 2 h blood glucose curve for food sample (2.0 g)

Determination of glycemicindex and glycemic load
of developed dietary swallow meals

Experimental animals

Twenty-one Wistar Albino rats (male & female, body
weights =120-150 g) were grouped (3 rats/group), and
housed individually in metabolic cages with free access to
feed and water. The rats were acclimatized under standard
laboratory conditions (22 °C+3 °C; 12 h light and dark
periods, respectively & humidity- 40-45%) [25]. After 7 d
acclimatization, the food samples and glucose (control) in
a portion that was calculated to contain 2.0 g of available
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 glucose analyzer (‘Accu-
Chek Active’ Diabetes monitoring kit; Roche Diagnostic,
Indianapolis, USA). The glycaemic Index (GI) (%) for each
food sample was calculated by described by Wolever et al.
[26].

x 100

Incremental area under 2 h blood glucose curve for glucose (2.0 g)

of developed dietary swallow meals

To the sample aqueous extracts (50 pL) was added 100 pL of
a-glucosidase solution (EC.3.2.1.20) and then incubated at
25 °C for 10 min. Thereafter, 50 pL of 5 mM p-nitrophenyl-
a-D-glucopyranoside solution in 0.1 M phosphate buffer
(pH 6.9) was added. The mixture was re-incubated (25 °C,
5 min), and the absorbance reading was measured at
405 nm using spectrophotometer. The inhibitory activity of
a-glucosidase (%) was calculated [23].

(Ab Scontrol — Absmmplex)
Inhibition (%) = s x 100
S

control

Glycemic index, glycemic load of developed dietary
swallow meals

Statement of animal rights

The experiment on the animals were conducted in accord-
ance with the laws and regulations as regards animal use
and care reported in the Canadian Council on Animal Care
Guidelines and Protocol Review [24].

Calculation of glycaemic load (GL)

The Glycemic Load (GL) for each of the food samples was
determined as described by Salmerdn et al. [27] using the
formula below:

I - Net Carbohydrate (g) X GI
- 100

Classification:

Low-GI= <55%, Medium-GI =56-69%, and High-
GI=>70% [28].

Low-GL = <10, Medium-GL =11-19 and High-
GL=>20[28].

Evaluation of antidiabetic potential of developed
dietary swallow meals in streptozocin-induced
diabetic rats

The blood glucose lowering activity of the developed food
samples and control (Cerolina & 100% Plantain flour) was
evaluated as described by Abu et al. [29]. Male and female
Wistar albino rats (40) were fasted overnight and induced
with freshly prepared streptozocin (STZ) (150 mg/kg body
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weight) in saline solution as described by Abu et al. [29].
After intraperitoneal STZ injection, the rats were allowed
to have access to 5% glucose solution to avoid hypo-
glycemic effects of the drug. The blood glucose concen-
tration of the rats was measured before and after 72 h of
STZ administration through tail tipping using glucometer
(Accu-Chek, Active, Roche Diagnostic’s, Indianapolis, IN,
Lot No 115764). The rats with serum glucose concentration
of >250 mg/dL were selected for the study [30, 31]. The
diabetes induced rats were grouped into 8 groups per 5 rats
each. The rats in six groups were fed on experimental food
samples, while the remaining two groups were treated with
animal Chow with and without Acarbose (a synthetic anti-
diabetic agent) for 14 days. The blood glucose concentration
of the rats was measured at regular 3-day intervals via tail
tipping using Accu chek® Glucometer kit [11].

Data analysis

Triplicate data were analysed using statistical package for
social sciences (SPSS version 21) and results were presented
as means (= SEM), while differences between means were
determined using Analysis of Variance (ANOVA) and Dun-
can’s Multiple Range Test (DMRT), and values were consid-
ered as statistically significant at p <0.05 [32].

Results

Nutrient composition of the developed swallow
meals

The macronutrient compositions of the developed swal-
low meals enriched with soycake, rice-bran and oat-bran
and control samples are presented in Table 1. The mois-
ture and crude protein content of the food samples varied

from 4.20 g/100 g in PLT to 5.43 g/100 g in PSRO and
4.97 g/100 g in PLT and 19.43 g/100 g in PSRO, respec-
tively. The crude fibre content ranged from 1.23 g/100 g in
PLT to 5.43 g/100 g in PSR, while energy value ranged from
373.53 keal/100 g in PSR to 399.99 kcal/100 g in CNL.
The moisture contents of the food samples were lower than
10.00 g/100 g recommended for flour sample. The mois-
ture, crude protein and fibre contents of the developed food
samples were significantly (p <0.05) higher than control
samples (PLT=4.20, 4.97, 1.23 and CNL=5.32, 1791 &
3.34 g/100 g, respectively).

The moisture content of the formulated food samples in
this study was close to the value obtained for the control
sample and lower than the recommended value for flour
samples (< 10 g/100 g) [33]. This implies that the developed
products could be stored for a longer time without being
spoiled or deteriorated in nutritional quality [34]. It is well
established that a non-fatty food product with low moisture
content has the ability to be stored for longer period than
those with higher moisture content that is > 10 g/100 g [34].
Reports have shown that foods with high moisture content
could facilitate the growth and activities of microorganisms,
hence, speedy spoilage [33, 34]. The moisture content that
was observed in this study was comparable to the values
reported by Odebode et al. [10] for plantain-based swallow
meal enriched with soybean and rice bran, but lower than
the value reported by Famakin et al. [9], Oluwajuyitan and
[jarotimi [11]. The variation between moisture content in
this study and other similar studies could be attributed to
processing techniques and type of food materials used.

The crude protein content of experimental food samples
was significantly (p>0.05) higher than that of traditional
plantain-based sample (i.e., PLT =100% plantain), but
comparable to that of the control sample (CNL, a commer-
cial dough meal flour for diabetic patients). This finding
implies that the developed food products in this study were

Table 1 Proximate composition (g/100 g) and energy value (Kcal/100 g) of plantain, soycake, rice bran and oat bran dough meal and control

sample

Samples PLT PSC PSR PSO PSRO CNL *RDA
Moisture 4.20+0.04 4.28+0.02° 4.50+0.04¢ 5.14+0.02¢ 5.43+0.03 532+0.04°  <10.00
Total Ash 1.90+0.02" 3.25+0.01¢ 4.10+0.03 2.93+0.04¢ 3.81+0.03° 1.98+0.04°  <3.00
Crude Fat 1.97+0.02° 4.50+0.01¢ 5.93+0.05¢ 5.92+0.05° 6.53+0.03° 8.51+0.04*  10-25
Crude Protein 4.97+0.09° 16.21 +0.04¢ 16.23 +0.05¢ 19.11+0.07° 19.43 +0.04* 17.91+0.05°  >16.00
Crude Fibre 1.23+0.02" 2.11+0.04° 5.43+0.03 2.91+0.04¢ 4.58 +0.09° 3.34+0.06°  <5.00
Carbohydrates 85.73+0.05° 69.65+0.04" 63.83+0.05¢ 63.99+0.07° 60.22+0.03" 62.94+0.08°  64.00
Energy 380.53+0.17¢  383.94+0.21°  373.53+0.157  385.68+0.23"  377.37+0.10°  399.99+0.24*  400-425

Means (+ SEM) with different alphabetical superscripts in the same column are significantly different at p <0.05
Key: PLT: 100% Plantain; PSC: Plantain: Soycake (70:30%); PSR: Plantain: Soycake: Rice bran (65:30:5%); PSO: Plantain: Soycake: Oat bran

(65:30:5%); PSRO: Plantain: Soycake: Rice bran: Oat bran (60:30:5:5); CNL: 100% Commercial dough meal flour

*RDA: recommended daily allowance[33]
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nutritionally better than that of local plantain-based dough
meal in terms of protein content. This finding agreed with
the report of Odenigbo et al. [35] who reported that plantain
is a good source of calories, but deficient in protein. Hence,
this justified the complementation of plantain flour with the
soy-cake flour (a protein source) to improve nutritional qual-
ity of the final food products. This observation agreed with
the report of other similar studies [9-11]. It is evident that
regular intake of diets high in quality protein is essential in
diabetic management [36, 37].

The fibre content of the developed food products was
higher than sole plantain flour, and this could be attributed to
the inclusion of soycake, oat-bran and rice-bran to the flour
blends. The PSR flour sample, i.e., a diet containing plan-
tain and rice bran flour, had higher fibre content compared
to other food products; and this indicates that rice-bran is a
good source of dietary fibres. The high value of crude fiber
that was observed in this present study formulations was in
line with the report of Famakin et al. [9], who developed
food product from plantain, soy-cake and rice-bran. Scien-
tific studies have revealed that regular dietary fiber intakes
delay digestion and absorption of carbohydrates in gastro-
intestinal tract; and thereby reducing postprandial blood
glucose and risks of diabetes [38—40].

a-amylase and a-glucosidase inhibitory activity
of the developed dietary swallow meals

The a-amylase and a-glucosidase inhibitory activity of the
developed swallow meals and control samples are presented
in Fig. 1a, b and ICj values in Fig. lc, respectively. The
a-amylase and a-glucosidase enzyme inhibitory activities
of the formulated food samples were increased with increas-
ing concentration (i.e., from 50 to 100 mg/mL) with PLT
having the lowest inhibitory activities, while PSRO had
the highest inhibitory activity. For the IC,, a-amylase and
a-glucosidase enzyme inhibitory activities ranged from
19.11 to 32.82 mg/mL and 20.66 to 36.97 mg/mL in PSRO
and PLT, respectively.

The percentage a-amylase and a-glucosidase enzymes
inhibitory potential of the developed food samples (Fig. la
and b) are concentration dependent, that is, as the amount
of food samples consumed increased the enzyme inhibitory
activities also increased. The PRSO, PSO and PRS sam-
ples had higher percentage of enzyme inhibitory activities
when compared to that of PSC and PLT sample, respectively
(Fig. 1c). This variation could be due to the inclusion of rice-
bran and oat-bran into the formulated food samples. Studies
have revealed that rice-bran and oat-bran contain bioactive
compounds like protein, dietary fibre and p-glucan with the
property to inhibit glucose absorption and cholesterol [16].
The a-amylase and a-glucosidase enzyme inhibitory activi-
ties of the present study experimental food samples were in

line with other scientific studies [9—11]. It is worth noting
that PSRO sample (a combination of plantain, soy-cake, rice-
bran and oat-bran) had higher a-amylase and a-glucosidase
enzyme inhibitory activities when compared with PLT (a
traditional plantain based dough meal for diabetic patients)
and formulated food samples. This observation could be due
to synergetic effects of bioactive compounds in oat-bran and
rice-bran, which formed part of the diet components. Sci-
entific studies have established that inhibitor of a-amylase
enzyme (hydrolyzes polysaccharides to oligosaccharides)
and a-glucosidase enzyme (hydrolyzes oligosaccharides to
monosaccharides) are the critical strategy in the treatment
of Type-2 diabetes [41, 42].

Glycemic index and load of the developed dietary
swallow meals

The in-vivo glycemic index (GI) and glycemic load (GL) of
the experimental food samples, and glucose are presented
in Fig. 2a—c. The GI of the developed food samples varied
from 30.48% in PSO to 40.77% in PSC, while that of CNL
was 40.05% and PLT was 42.23% (Fig. 2b). For the GL,
the values ranged from 18.79% in PSRO to 27.58% in PSC,
while that of CNL and PLT were 24.89% and 35.42, respec-
tively (Fig. 2¢).

Dietary glycemic index (GI) (an index use to measure
rate at which ingested carbohydrate increase blood glucose
within 2 h of intake) and glycemic load (an index of carbo-
hydrate quality and quantity) [24, 28] of the food samples,
particularly PSR, PSO and PSRO, were lower than PLT,
CNL and recommended values for low GI (=<55%) and
GL (=20%). This implies that the formulated food samples
could only increase the blood glucose slowly; hence they
may be classified as low glycaemic index and load foods.
Quite a number of studies have shown that consumption of
low-GI and GL foods reduce diabetes by increasing insulin
sensitivity [27, 43] and weight gain [44, 45]. In contrary,
consumption of foods with high GI and GL increase the
risk of higher blood glucose concentration [46], hence,
development of Type-2 diabetes. The low GI and GL values
observed in the present study formulations were in line with
other scientific studies that reported on plantain-based food
products [9-11, 47].

Antidiabetic activity of developed dietary swallow
meals in diabetic-induced rats

The trend and percentage of blood glucose reduction in rats
that were fed on developed food samples and control samples
were presented in Fig. 3a and b show. The trend in blood glu-
cose concentration of diabetic-induced rats that were fed on
developed food samples reduced progressively as the experi-
mental periods and quantity of the food consumed by the
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Fig. 1 In vitro a-amylase (%)", a-glucosidase (%)® and ICs, inhibi-
tory activities (%) of Plantain, Soycake, Rice Bran and Oat Bran
Dough Meal. Key: PLT: 100% Plantain; PSC: Plantain: Soycake
(70:30%); PSR: Plantain: Soycake: Rice bran (65:30:5%); PSO: Plan-

rats increased (Fig. 3a). For the blood glucose concentration
reduction, rats fed on PSRO sample (82.72%) had highest
blood glucose reduction; while that of PSC (74.47%) had the
lowest blood glucose reduction activity. The blood glucose
reduction activities of the developed food samples decreased
in this order PSRO >PSO > PSR > PSC. These activities
were significantly (p <0.05) higher than in PLT (71.08%)
and CNL (67.65%), but were comparable to those rats
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tain: Soycake: Oat bran (65:30:5%); PSRO: Plantain: Soycake: Rice
bran: Oat bran (60:30:5:5); CNL: 100% Commercial dough meal
flour

treated with synthetic anti-diabetic drug (ACA =73.31%;
an Acarbose, synthetic anti-diabetic agent).

The antidiabetic potential of the formulated swallow meals
in diabetic-induced rats showed that PSRO sample (Plan-
tain 60%, Soy-cake 30%, Rice-bran 5%, Oat-bran 5%) had
higher blood glucose lowering activity compared with other
experimental food samples including PLT (100% plantain
flour), CNL (Cerolina, a commercial dough meal) and ACA
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Fig.2 Glycaemic index (%)B, Glycaemic Load (%)C and Trend in
blood glucose concentration (mg/dL)A, of rat fed on formulated
dough meals. Key: PLT: 100% Plantain; PSC: Plantain: Soycake

(Acarbose—a synthetic antidiabetic agent). The high per-
centage of blood glucose lowering activity of PSRO could
be attributed to the synergistic effect of bioactive components
of the food samples, that is, plantain, soy-cake, oat-bran and
rice-bran. It is well known and described that phytochemicals
may act preventing diabetes trough inhibition of carbohydrate-
related enzymes but also enhancing insulin secretion at beta-
cells level [48, 49]. The antidiabetic property of these formu-
lated food samples was in line with other studies that reported
on antidiabetic potentials of plantain-based food products
[50-52].

TIME (Min)

PLT
PSC
PSR
PSO
PSRO
CNL
Glucose

HEENENE

Glycaemic Load (%)

(70:30%); PSR: Plantain: Soycake: Rice bran (65:30:5%); PSO: Plan-
tain: Soycake: Oat bran (65:30:5%); PSRO: Plantain: Soycake: Rice
bran: Oat bran (60:30:5:5); CNL: 100% Commercial dough meal

Conclusion

The study developed and evaluated nutrient composition and
antidiabetic potential of food products from plantain-based
enriched with soy-cake, oat-bran and rice-bran. The finding
established that the formulated food samples, particularly
PSRO (Plantain 60%, Soy-cake 30%, Rice bran 5%, Oat bran
5%) exhibited low glycaemic index/load and higher percent-
age of blood glucose lowering activities in diabetic-induced
rats. Hence, this formulation (PSRO) may be suitable as
functional food for the treatment and prevention of Type-2
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Fig.3 Trend in blood glucose reduction (mg/dL) * and percentage
of Blood glucose reduction potential (%)® of rat fed on formulated
dough meals for 14 days. Key: NE: Streptozotocin (STZ) induced dia-
betic rat fed with chow; ACA: STZ + Animal Chow + Acarbose; PLT:
STZ+ 100% Plantain; PSC: STZ + Plantain: Soycake (70:30%); PSR:

diabetes. However, there is a need for clinical trials study to
further substantiate antibiotics activity of the product.

Acknowledgements The authors wish to acknowledge Richardson
Milling Limited, Portage La Prairie, Manitoba (MB), Canada, for the
donation of oat-bran flour sample for the research. Also, to appreciate
the Tertiary Education Trust Fund (TETFUND) of the Federal Govern-
ment of Nigeria for granting Prof. Tayo Nathaniel Fagbemi, of Food
Science and Technology Department and his group, Federal University
of Technology Akure, Nigeria the research fund and support to carry
out this research (VCPU/TETFund/155C).

Author contributions OSI & TNF designed the research; while imple-
mentation of the research, OSI and TDO did data analyses and manu-
script preparation.

Funding Research funds was received from Tertiary Education Trust
Fund (TETFUND) of the Federal Government of Nigeria.

Data availability Data are available on request from authors’.

Declarations

Conflict of interest The authors declared that there were no conflicts
of interest for the study.

Consent for publication All authors consent to the publication of this
research.

Ethical approval The experiment on the animals were conducted in

accordance with the laws and regulations as regards animal use and
was approved by the Ethical Committee of School of Agriculture and

@ Springer

< 100+

(==
=)
1

o0
o
1

E
=4
1

no
=4
L

Blood Glucose Reduction Potential (%

L4
L

PLT

PSC PSR PSO PSRO CNL ACA NE

Samples

STZ + Plantain: Soycake: Rice bran (65:30:5%); PSO: STZ + Plan-
tain: Soycake: Oat bran (65:30:5%); PSRO: STZ + Plantain: Soycake:
Rice bran: Oat bran (60:30:5:5); CNL: STZ+100% Commercial
dough meal +STZ

Agricultural Technology, Federal University of Technology Akure,
Nigeria (approval number FUTA/SAAT/2018/021).

References

1. S.Wild, G. Roglic, A. Green, R. Sicree, H. King, Diabetes Care
(2004). https://doi.org/10.2337/diacare.27.5.1047

2. F. Wenjun, Cardiovasc. Endocrinol. (2017). https://doi.org/10.
1097/XCE.0000000000000116

3. S.A. Adefegha, O. Ganiyu, O.M. Adefegha, A.A. Boligon, M.L.
Athayde, J. Sci. Food Agric. (2015). https://doi.org/10.1002/
jsfa.6617

4. J.A. Hawley, M.J. Gibala, Diabetologia (2012). https://doi.org/
10.1007/s00125-009-1425-5

5. B.J. Goldstein, Clinical translation of ‘a diabetes outcome pro-
gression trial’: adopt appropriate combination oral therapies in
type 2 diabetes. J. Clin. Endocrinol. Metab. (2007). https://doi.
org/10.1210/jc.2006-2858

6. S. Prasad, M. Krishnadas, K. McConkey, A. Datta, J. Appl.
Ecol. (2014). https://doi.org/10.1111/1365-2664.12170

7. S.E. Inzucchi, R.M. Bergenstal, J.B. Buse, M. Diamant, E. Fer-
rannini, M. Nauck, A.L. Peters, A. Tsapas, R. Wender, D.R.
Matthews, Diabetes Care (2012). https://doi.org/10.2337/
dc12-0413

8. T.C.Odom, E.A. Udensi, C.A. Ogbuji, EIBMSR 1, 1 (2013)

9. O. Famakin, A. Fatoyinbo, O.S. Ijarotimi, A.A. Badejo, T.N.
Fagbemi, J. Food Sci. Technol. (2016). https://doi.org/10.1007/
s13197-016-2357-y


https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1097/XCE.0000000000000116
https://doi.org/10.1097/XCE.0000000000000116
https://doi.org/10.1002/jsfa.6617
https://doi.org/10.1002/jsfa.6617
https://doi.org/10.1007/s00125-009-1425-5
https://doi.org/10.1007/s00125-009-1425-5
https://doi.org/10.1210/jc.2006-2858
https://doi.org/10.1210/jc.2006-2858
https://doi.org/10.1111/1365-2664.12170
https://doi.org/10.2337/dc12-0413
https://doi.org/10.2337/dc12-0413
https://doi.org/10.1007/s13197-016-2357-y
https://doi.org/10.1007/s13197-016-2357-y

Blood glucose lowering, glycaemic index, carbohydrate-hydrolysing enzyme inhibitory...

3769

10.

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.

26.

217.

28.

29.

30.
31.

32.

F.D. Odebode, O.T. Ekeleme, O.S. Ijarotimi, S.A. Malomo,
A.O. Idowu, A.A. Badejo, I.A. Adebayo, T.N. Fagbemi, J. Food
Biochem. (2017). https://doi.org/10.1111/jfbc.12447

T.D. Oluwajuyitan, O.S. Ijarotimi, Heliyon 5, 4 (2019). https://
doi.org/10.1016/j.heliyon.2019.e01504

C.P. Randy, A.K. Kepler, J. Daniells, S.C. Nelson, Species pro-
file for pacific island agroforestry (2007). www.traditionaltree.
org. Accessed 5 July 2019

T. Tribess, P.J. Hernandez-Uribe, G. Mendez-Montealvo, C.C.
Tadini, LWT-Food Sci. Technol. (2009). https://doi.org/10.
1016/j.1wt.2008.12.017

J.A. Ojewole, C.O. Adewunmi, Clin. Pharmacol. (2003). https://
doi.org/10.1358/mf.2003.25.6.769651

P.I. Akubor, C. Ishiwu, Int. Agric. Policy Res. 1, 87 (2013)
L.X. He, J. Zhao, Y.S. Huang, Y. Li, Food Funct. 7, 1413 (2016)
M. Hegsted, W.M. Windhauser, S.B. Leaster, S.K. Morris,
FASEB 4, A368 (1990)

R.K. Newman, A.A. Betschart, C.W. Newman, P.J. Hofer, Plant
Food Hum. Nutr. (1992). https://doi.org/10.1007/BF02196071
A. Singh, R. Dubey, R.T.K. Paliwal, G. Saraogi, A.K. Shinghai,
Int. J. Pharm. Pharm. Sci. 4, 39 (2012)

H.D. Mepba, L. Eboh, S.U. Nwajigwa, Afr. J. Food Nutr. Sci.
7,1 (2007)

AOAC, Official Methods of Analysis, 19th edn. (Association of
Official Analytical Chemist International, Rockville, 2012).

E. Apostolidis, Y.I. Kwon, K. Shetty, Innov. Food Sci. Emerg.
Technol. (2007). https://doi.org/10.1016/].ifset.2006.06.001

V. Worthington, Alpha amylase, in Worthington enzyme manual.
(Worthington Biochemical Corporation, Lakewood, 1993)
CCAC, Canadian council on animal care, in Guide to the care
and use of experimental animals, 2nd edn., ed. by E.D. Olfert,
B.M. Cross, A.A. McWilliam (CCAC, Simcoe, 1993)

B. Lawal, O.K. Shittu, A.N. Abubakar, G.M. Haruna, S. Sani,
P.C. Ossai, J. Coast. Life Med. (2015). https://doi.org/10.12980/
JCLM.3.2015J5-89

T.M.S. Wolever, D.J.A. Jenkins, A.L. Jenkins, R.G. Josse, Am. J.
Clin. Nutr. 54, 846 (1991)

J. Salmerén, J.E. Manson, M.J. Stampfer, G.A. Colditz, A.L.
Wing, W.C. Willett, Joint Am. Med. Assoc. (1997). https://doi.
org/10.1001/jama.1997.03540300040031

A.C. Dona, P. Guilhem, G.G. Robert, W.K. Philip, Carbohydr.
Polym. (2010). https://doi.org/10.1016/j.carbpol.2010.01.002

H. Abu, F.A.R. Zulfiker, R. Mahbubur, M.U. Obayed, H. Kaiser,
R.K. Mahbubur, R. Sohel, Int. J. Pharmtech Res. 2, 2527 (2010)
P. Ramdas, S. Balakrishnan, Avicenna J. Phytomed. 2, 233 (2012)
B.W. Parks, E. Nam, E. Org, E. Kostem, F. Norheim, S.T. Hui,
C. Pan, M. Civelek, C.D. Rau, B.J. Bennett, M. Mehrabian, L.K.
Ursell, A. He, L.W. Castellani, B. Zinker, M. Kirby, T.A. Drake,
C.A. Drevon, R. Knight, P. Gargalovic, T. Kirchgessner, E. Eskin,
A.J. Lusis, Cell Metab. (2013). https://doi.org/10.1016/j.cmet.
2012.12.007

A. Yalta, A. Talha, Comput. Stat. Data Anal. (2008). https://doi.
org/10.1016/j.csda.2008.03.005

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

NIS, Nigerian Industrial Standard. Standard for edible cassava
flour 344, 12 (2004)

FAO, Food and Agriculture Organisation of the United Nations
(2003). http://www.fao.org/ag/aga/agap/frg/ AFRIS/DATA/118.
htm

A.M. Odenigbo, V.U. Asumugha, S. Ubbor, C. Nwauzor,
A.C. Otuonye, B.I. Offia-Olua, I.L. Princewill-Ogbunna, O.C.
Nzeagwu, H.N. HenryUneze, J.U. Anyika, P. Ukaegbu, A.S.
Umeh, G.O. Anozie, Br. J. Appl. Sci. Technol. 3, 4 (2013)

W. Hall, D. Millward, S. Lon, L.M. Morgan, Br. J. Nutr. (2003).
https://doi.org/10.1079/BJN2002760

M. Markova, S. Hornemann, S. Sucher, O. Pivovarova, A. Pfeiffer,
Abstract #701. (Presented at the 49th Annual Meeting of the Euro-
pean Association for the Study of Diabetes, 2015)

J. Lunn, J.L. Buttriss, Nutr. Bull. (2007). https://doi.org/10.1111/j.
1467-3010.2007.00616.x

M. Elleuch, D. Bedigian, R. Olivier, B. Souhail, B. Christophe,
A. Hamadi, Food Chem. (2011). https://doi.org/10.1016/j.foodc
hem.2010.06.077

R.E. Post, A.G. Mainous III., D.E. King, K.N. Simpson, J. Am.
Board Fam. Med. (2012). https://doi.org/10.3122/jabfm.2012.01.
110148

Y.I. Kwon, E. Apostolidis, Y.C. Kim, K. Shetty, J. Med. Food.
(2007). https://doi.org/10.1089/jmf.2006.234

M.T. Ademosun, O.S. Omoba, A.L. Olagunju, J. Food Biochem.
(2020). https://doi.org/10.1111/jfbc.13324

S.W. Rizkalla, L. Taghrid, M. Laromiguiere, Diabetes Care
(2004). https://doi.org/10.2337/diacare.27.8.1866

L.J. Warren, M. Burnette, C.S. South, V.I. Patten, Int. J. Law Psy-
chiat. (2003). https://doi.org/10.1016/S0160-2527(03)00034-7
J. McMillan-Price, P. Petocz, F. Atkinson, Arch. Intern. Med.
(2006). https://doi.org/10.1001/archinte.166.14.1466

F.S. Atkinson, K. Foster-Powell, J.C. Brand-Miller, Diabetes Care
(2008). https://doi.org/10.2337/dc08-1239

E.W. Menezes, M.C. Dan, G.H. Cardenette, I. Goni, L.A. Bello-
Perez, F.M. Lajolo, Plant Foods Hum. Nutr. (2010). https://doi.
org/10.1007/s11130-010-0190-4

K. Kobayashi, Y. Saito, I. Nakazawa, F. Yoshizaki, Biol. Pharm.
Bull. (2000). https://doi.org/10.1248/bpb.23.1250

L. Heilbronn, S.S. Smith, E. Ravussin, Obes. Rev. (2004). https://
doi.org/10.1038/sj.ij0.0802853

S.A. Shodehinde, G. Oboh, Asian Pac. J. Trop. Biomed. (2013).
https://doi.org/10.1016/S2221-1691(13)60095-7

C.O. Eleazu, P.N. Okafor, Int. J. Med. Biomed. Res. (2015).
https://doi.org/10.14194/ijmbr.1311

M. Iroaganachi, C.O. Eleazu, P.N. Okafor, N. Nwaohu, Open.
Biochem. J. (2015). https://doi.org/10.2174/1874091X0150901
0001

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/jfbc.12447
https://doi.org/10.1016/j.heliyon.2019.e01504
https://doi.org/10.1016/j.heliyon.2019.e01504
http://www.traditionaltree.org
http://www.traditionaltree.org
https://doi.org/10.1016/j.lwt.2008.12.017
https://doi.org/10.1016/j.lwt.2008.12.017
https://doi.org/10.1358/mf.2003.25.6.769651
https://doi.org/10.1358/mf.2003.25.6.769651
https://doi.org/10.1007/BF02196071
https://doi.org/10.1016/j.ifset.2006.06.001
https://doi.org/10.12980/JCLM.3.2015J5-89
https://doi.org/10.12980/JCLM.3.2015J5-89
https://doi.org/10.1001/jama.1997.03540300040031
https://doi.org/10.1001/jama.1997.03540300040031
https://doi.org/10.1016/j.carbpol.2010.01.002
https://doi.org/10.1016/j.cmet.2012.12.007
https://doi.org/10.1016/j.cmet.2012.12.007
https://doi.org/10.1016/j.csda.2008.03.005
https://doi.org/10.1016/j.csda.2008.03.005
http://www.fao.org/ag/aga/agap/frg/AFRIS/DATA/118.htm
http://www.fao.org/ag/aga/agap/frg/AFRIS/DATA/118.htm
https://doi.org/10.1079/BJN2002760
https://doi.org/10.1111/j.1467-3010.2007.00616.x
https://doi.org/10.1111/j.1467-3010.2007.00616.x
https://doi.org/10.1016/j.foodchem.2010.06.077
https://doi.org/10.1016/j.foodchem.2010.06.077
https://doi.org/10.3122/jabfm.2012.01.110148
https://doi.org/10.3122/jabfm.2012.01.110148
https://doi.org/10.1089/jmf.2006.234
https://doi.org/10.1111/jfbc.13324
https://doi.org/10.2337/diacare.27.8.1866
https://doi.org/10.1016/S0160-2527(03)00034-7
https://doi.org/10.1001/archinte.166.14.1466
https://doi.org/10.2337/dc08-1239
https://doi.org/10.1007/s11130-010-0190-4
https://doi.org/10.1007/s11130-010-0190-4
https://doi.org/10.1248/bpb.23.1250
https://doi.org/10.1038/sj.ijo.0802853
https://doi.org/10.1038/sj.ijo.0802853
https://doi.org/10.1016/S2221-1691(13)60095-7
https://doi.org/10.14194/ijmbr.1311
https://doi.org/10.2174/1874091X01509010001
https://doi.org/10.2174/1874091X01509010001

	Blood glucose lowering, glycaemic index, carbohydrate-hydrolysing enzyme inhibitory activities of potential functional food from plantain, soy-cake, rice-bran and oat-bran flour blends
	Abstract
	Introduction
	Materials and methods
	Sources of food sample
	Processing of flour samples and food formulation
	Processing of flour samples
	Formulation of flour samples

	Preparation of formulated food sample aqueous extracts
	Determination of macronutrient composition and energy value of developed dietary swallow meals
	Determination of α-amylase activity of developed dietary swallow meals
	Determination of α-glucosidase activity of developed dietary swallow meals
	Glycemic index, glycemic load of developed dietary swallow meals
	Statement of animal rights

	Determination of glycemic index and glycemic load of developed dietary swallow meals
	Experimental animals

	Calculation of glycaemic load (GL)
	Evaluation of antidiabetic potential of developed dietary swallow meals in streptozocin-induced diabetic rats
	Data analysis

	Results
	Nutrient composition of the developed swallow meals
	α-amylase and α-glucosidase inhibitory activity of the developed dietary swallow meals
	Glycemic index and load of the developed dietary swallow meals
	Antidiabetic activity of developed dietary swallow meals in diabetic-induced rats

	Conclusion
	Acknowledgements 
	References




