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Abstract: This study sort to formulate and characterize a multipurpose food flour blend for people living
with diabetes (PLWD) using the most recommended low glycemic index foods by physicians and determined
to be the most preferred by PLWD. Six potential multipurpose food flour blends labelled “’D, E, F, G, H,
and 1” were formulated from soybean, finger millet, unripe plantain, carrot and pumpkin leaves using
material mass balance method. These food flours were characterized by proximate analysis, vitamin,
mineral and antinutrient determinations. Blend “’D” was found to be the most suited for PLWD as it was
the most compliant in critical nutrient components for PLWD and superior to a popular proprietary
equivalent currently sold in the market. Although, the multipurpose food flour labelled D’ completely
complies with the International Diabetic Atlas’ recommendations for protein (15-20 %), carbohydrate (45-
60 %) and fat (7%) in the foods of PLWD, it fell short of the American Diabetic Association’s
recommendation for fat (25-35%) in the diet of PLWD by 15 % even though it met her recommendations
for protein and carbohydrate. This suggests the need for supplementation with fatty food sources such as
cooking oil or butter during final meal preparation. However, the desirable reduction in carbohydrate
content achieved in blend D’ (60%), coupled with its elevated fat content when compared with its
proprietary equivalent, makes “’D” better poised to favour a lower glycemic impact, improved insulin
sensitivity, and sustained energy release via a state of ketosis. These positive indicators suggest that when
incorporated into the diets of PLWD, the formulated multipurpose flour D’ could potentially be a safer
and nutritionally more adequate dietary alternative in the management of diabetes.

Keywords: diabetes, low glycemic index foods, multipurpose food flour, soybean, finger millet, unripe
plantain, carrot, pumpkin leaves.
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INTRODUCTION

Reports have shown that diabetes is a very popular ailment among human populations around the world [1-
3]. Due to the pathology of this ailment, many studies [4-6] still exempt foods with a high glycemic index
(GI) from the dietary options available to people living with diabetes (PLWD). As a result, safe and
nutritionally adequate dietary options available to PLWD appear to be fewer, even as most of the common
staple foods including many finger foods are ruled out of the safe dietary options. In sub-Saharan Africa,
where poverty is endemic in many countries [7-9], the situation is even more dire as safe and nutritionally
adequate dietary options with low glycemic index are expensive and almost unaffordable to the larger
demographic of PLWD in this region [10-12]. This is perhaps because the demographic of PLWD still
comprises a substantial population of the aged, unemployed or retired and hence dependent, although some
studies are beginning to show an emerging new trend in the demographics [13, 14]. The result of the
aforementioned scenario is malnutrition among PLWD [14, 15] which stems from loss of appetite for the
few dietary options available and very high cost of nutritional management of diabetes [11, 12]. All of these
may not be unconnected with the rising cases of morbidities and mortalities of PLWD stemming from
unhealthy diet [14,16]. As a result, there is need to intensify research efforts towards formulating
nutritionally adequate food flours from the healthiest, indigenous food materials which in themselves, can
allow for a diverse range of other food products including finger foods and other ready-to-eat meals to be
made from them. The goal being to provide a wider variety of safe dietary food options for PLWD. As
with attempts at functional food formulation for other special needs conditions [17-19], several studies have
also been carried out to cater to the special dietary needs of PLWD [20-23] A number of such studies [24-
28] have recommended soybean (Glycine max), finger millet (Eleusine coracana), unripe plantain (Musa
acuminata), carrot (Daucus carota) and pumpkin leaves (Cucurbita pepo) as ideal food materials required
to produce such a multipurpose diabetic food flour. The reason is that, these are among the most
recommended low glycemic index foods (RLGIFS) by physicians and are among the most preferred by
PLWD [12, 29-32].

In order to ensure a balanced diet intake by PLWD whilst managing the ailment nutritionally, the American
Diabetes Association (ADA) recommends that the food of PLWD should contain 15-20% protein, 25-35%
fat and 45-60% carbohydrate [33]. The International Diabetes Atlas (IDA) specifies a range of 45-60 % for
Carbohydrate, 15-20 % for protein and 7 % for fat [34]. However, the problem is that most food materials
are not sufficiently nutrient-dense to meet these requirements and this is further worsened by the nutrient
loses associated with the various food processing methods employed to convert many food materials into
edible forms. It is why this study seeks to advance the frontiers of literature by attempting to formulate a
multipurpose food flour from the aforementioned RLGIFs, suited for the needs of PLWD and which meets
the both the dietary recommendations of the ADA and IDA.
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METHODOLOGY

Sample collection and processing

The RLGIFs used for this study were Finger millet, Unripe plantain, soybean fresh carrots and pumpkin
leaves. Seven kilograms each of finger millet, unripe plantain and soybean were procured from the
Wurukum food market in Makurdi- Benue State Nigeria. Also, 3 Kg each of fresh carrots and pumpkin
leaves were procured. The food materials were made into two kinds of flour samples; unrefined flours and
refined flours. Whereas the unrefined flour samples were obtained by merely crushing each dry food
material into fine flour, the refined flour samples were produced as described in the flowcharts depicted in
Figures 1 to Figure 5.
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-
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Unripe Plantain Flour

Figure 1: Preparation of
Unripe Plantain Flour
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Figure 2: Preparation of
Carrot Flour
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Figure 3: Preparation of

Pumpkin Leaf Flour
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Figure 4: Preparation of
Soybean Flour

Finger Millet Grains
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Airdrying for 48 hours

Milling
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Finger Millet Flour

Figure 5: Preparation of
Finger Millet Flour
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Proximate analysis

Both refined and unrefined RLGIFs flours, the multipurpose food flour formulations made as well as the
proprietary food flour sample were characterized by proximate analysis using standard methods
prescribed by Association of Official Analytical Chemists-AOAC [35] to determine their moisture,

ash, crude fiber, crude fat and crude protein contents. Total carbohydrate was determined by difference.

Mineral Analysis

Na, K, Ca, Mg, Fe, Se, Cu, and Zn in the samples were determined using an Atomic Absorption
Spectrophotometer (SOLAR 929 Unicam A.A. Spectrophotometer, UK) in the process described by [36].
Where a muffle furnace set at 600 °C was used to ash 2.1 grams of the sample to be analysed

and the ash digested in 10 mL of 5M HCIl before washing with deionised water and transferring
quantitatively into a 50 mL flask. The concentrations of Na, K, Ca, Mg, Fe, Se, Cu, and Zn in the solution
was then analysed using the AAS at the following wavelengths; 589.0, 766.5, 422.7, 285.2, 248.3, 196.0,
324.7, and 213.9 nm respectively.

Vitamin Analysis

Vitamins A, D, E, K, C and B-complexes were determined following the instrumental methods reported
by [36] Whereas the fat-soluble vitamins were determined using non-aqueous reversed-phase HPLC
(NARP-HPLC), water-soluble vitamins were determined using reversed-phase HPLC (RPHPLC). The
instrumental conditions were as follows;

Parameter Condition

Temperature of Column: 25°C

Column for fat-soluble vitamins: Acclaim C18, 3 um, 3.0 x 150 mm

Column for water-soluble vitamins: Acclaim PA, 3 pm, 3.0 x 150 mm

stationary & Mobile Phases: (i) 25 mM phosphate buffer (pH 3.6)
(i) CH3CN-mobile phase A (7:3, v/v)

Rate of flow: 0.5 mL/min

wavelength of UV Detection: each vitamin’s absorption maximum of

Injection volume: 5uL

Mobile and stationary (i) Methanol-methylcyanate (8 : 2 v/v)

phases: (i1) Methyl tert-butyl ether (MTBE)

Determination of Oxalate

Oxalate was determined using the permanganate titration method described by [36] in which 2g of the
sample was dissolved in 100 mL distilled water before 5 mL 6 M HCI was added to the solution. It was
then digested by boiling at 100°C for 1 hour, after which it was cooled and filtered. The pH of the mixture
was adjusted to 4.5 via drop-wise addition of concentrated aqueous ammonia before heating to 90°C in a
water bath.
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The solution was then cooled and filtered (to remove ferrous ion precipitates). The filtrate was then
heated to 90°C before adding 10 mL of 5% CaCl; solution while constantly stirring it. It was then cooled
and stored at 5°C for 8 hours in a refrigerator. The mixture was then removed and centrifuged at 3000xg
for 5 min. The supernatant was decanted and the residue reconstituted in 10 mL 20 % H>SOs. The solution
was made up to the mark in a 100 mL volumetric flask using distilled water and titrated against 0.05 M
KMnOs to a faint pink colour that persisted for30 seconds. The oxalate content was obtained from the
relationship that 1 mL of 0.05M KMnOQ solution equals 0.00225 g oxalate. Equation 1 below was then
used to calculate the oxalate content of the sample where W is the weight of sample analyzed.

100xTitrex0.00225
% Oxalate = ” (1)

Determination of Phytate

The spectrophotometric method reported by Oche et al, [36] was employed for the determination of
Phytate in 2g of sample. The sample was subjected to acid hydrolysis, cold maceration and filtration
using Whatman filter paper. A 0.5 mL portion of the sample extract with 1 mL of 0.05 M phytate solution
were pipette into separate test tubes and 1 mL ferric ammonium sulphate added, before boiling in a water
bath for 30 min and cooling to 25 °C in ice. Thereafter, 2 mL of 2, 2-bipyrimidine was added to each tube,
and agitated before measuring their respective absorbances using a UV-spectrophotometer at 519 nm.
The sample’s phytate content was then obtained by evaluating equation 2. Where; W, Au, As, C, Vtand
Va are the weight of sample, absorbance of sample, absorbance of standard phytate solution,
concentration of standard phytate (mg/mL), total extract volume and volume of extract used respectively.

100XAuxXCxVt

0 — _ouxAuxtxvt
% Phytate WXAsxx1000xVa

)

Formulation of potential multipurpose food flours

Following an appraisal of the proximate analysis of refined flours of the RLGIFs, visa vis the
recommendations of ADA and IDA for protein, fat and carbohydrate in the foods of PLWD, potential
multipurpose food flours for PLWD were formulated by material mass balance alone [37]. This was done
by blending refined flours of soybean, finger millet, unripe plantain, carrot, and pumpkin leaves to attain
as close as possible, the aforementioned recommendations of ADA and IDA for protein, fat and
carbohydrate in the foods of PLWD. The blend formulations are as shown in Table 1. This approach is
adopted when proximate analysis reveals that the component RLGIF flours are not sufficiently nutrient-
dense to meet the target macronutrient recommendations. Each formulation was chemically profiled and
the formulation showing the closest conformity in nutrient composition with the American Diabetes
Association’s and or the International Diabetes Atlas’ recommendations was elected the best and most
suited multipurpose food flour for PLWD.
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Table 1: Refined flours blend proportions for formulating multipurpose food flour for

diabetics

SN  Formulation  Soybean Finger millet Unripe plantain  Carrot  Pumpkin leave
ID

1 A 100 - - -

2 B - 100 - - -

3 C - - 100 - -

4 D 94 2 2 1 1

5 E 90 4 4 1 1

6 F 86 6 6 1 1

7 G 82 8 8 1 1

8 H 78 10 10 1 1

9 [ 74 12 12 1 1

RESULTS AND DISCUSSION

Table 2 shows the proximate composition of refined and unrefined flours of finger millet, soybean and
unripe plantain. Table 3 shows the micronutrient composition of the refined low glycemic index foods used
for the formulation. Table 4 shows the proximate composition of potential multipurpose food flour blends
for PLWD. Table 5 shows the Comparative nutrient and anti-nutrient compositions of the multipurpose
food flour “’D’’, a Proprietary food flour and ADA recommended levels.

Table 2: Proximate composition of refined and unrefined flours of finger millet, soybean and unripe plantain

S/N Finger millet Soybean Unripe Plantain
Unrefined Refined Unrefined refined Unrefined Refined

1 Moisture (%) 6.05+0.13? 11.64+£0.05>  6.35+0.08* 6.04£0.02° 5.9240.06*  8.00 +0.23°
2 Ash (%) 4.67£0.06*  1.69+0.03>  3.29+0.15* 3.52+0.00° 4.1240.06*  3.89+0.05°
3 Crude Fat (%) 5.01+0.18%  0.39+£0.04*  2.54+0.05" 12.01£0.35¢  4.12£0.04*  0.13+0.01°*
4 Crude Protein (%)  3.38+0.047  2.06 £0.057  9.39+0.04*  34.71+0.12°¢ 8.15+0.06*  7.58 +0.04*
5 Crude Fibre (%) 8.57+0.17°¢ 1.27 +£0.01* 7.194+0.06 ¢ 1.01 £0.00° 16.63+0.349  1.54+0.01*
6 Carbohydrate (%)  72.32+0.12*  82.93+£0.09¢  71.23+0.04* 42.70+0.42"  61.06+0.13¢  78.86+0.29 *

Results are Mean + SD of triplicate determinations
Means with unidentical superscript within a row are significantly different at P>0.05
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The results in Table 2 shows that, although finger millet, soybean and unripe plantain are RLGIFs, in their
unrefined forms, they are all deficient in the critical macro nutrients to consider when formulating foods
for PLWD; fat and protein. For PLWD, fat is more preferred to carbohydrate because of its slower rate of
energy release than with conventional carbohydrate energy sources. Protein on the other hand plays a crucial
role in anabolic processes. The implication is that simultaneous equation and material mass balance method
reported by Ikese et al [37] cannot be used jointly to derive with precision, the blend proportions needed to
yield the recommended target percent of fat and protein in foods for PLWD using the aforementioned
RLGIFs. This, forms the basis for the use of the progressive mass balance method depicted in Table 1 in an
attempt to achieve these recommended nutrient targets to the best possible degree allowed by the inherent
proximate composition of the raw food materials. However, it must be stated that this method is
cumbersome and consumes more food materials and reagents in pre- and post-food characterization steps.

The results in Table 2 show that whereas the combination of food processing methods employed in
transforming unrefined RLGIFs into refined flours have resulted in the appreciation of some proximate
parameters by concentrating them in the refined food matrix, it also resulted in the depletion of other
proximate parameters in the refined food matrix. In Table 2, it can be seen that for the most part, the
combination of food refining methods employed have increased moisture in the refined flour samples, thus
suggesting that the moisture used during refining was not completely lost in the drying process and as a
result, the refined samples have a higher moisture content than the unrefined sample and this could
eventually have implications for the shelf life of the formulated multipurpose food flour. This is because
elevated moisture content has been associated with elevated microbial activity, hence a shorter shelf life
[38]. With ash content, Table 2 shows that the refined flours contain lower ash content than the unrefined
sample. This implies that the food processing methods employed in refining resulted in loss of minerals and
this is consistent with reports by Khan et al, [39] and Adebowale et al, [40]. This observation is plausible
because, unlike in finger millet and unripe plantain, with soybean, protein and fat are concentrated in the
seed’s fine cotyledon and most of this is retained by the sieving process. Whereas in unripe plantain, crude
fat and protein are most concentrated within the sparse seedlike structures within its core and all of these
are lost in the sieving step during processing. The implication is that the resulting refined soybean flour
now contains a significantly higher protein content than the unrefined form and this is consistent with
literature [41, 42].

The result in Table 2 also shows there is a significant decline in the fibre contents of all food materials
following processing into refined flour, a trend that is consistent with literature [43]. This loss in fibre is
most intense during the sieving stage, where coarse fibre-bearing aggregates are isolated and discarded and
might negatively impact the movement of the resulting food formulation through the bowel of PLWD [44].
Table 2 shows that in finger millet and unripe plantain, the processing methods employed had increased the
amount of total carbohydrate in the retained food matrix of the refined flour. However, in Soybean it
resulted in a depletion of total carbohydrate and this is likely due to the dehulling step which removed the
cellulose-rich seed coat; the part of the soybean seed where the bulk of the carbohydrate is concentrated as
cellulose. The case is different with finger millet, and unripe plantain, where carbohydrate is abundant in
all parts of the food material. This may have implications for PLWD as it is preferable that more of their
energy needs are available from fats rather than carbohydrate as the former releases it more slowly via
ketosis unlike the latter which releases it much faster via glucose.
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Table 3: Micronutrient composition of recommended low glycaemic index food flours for the Formulation

S/N Micro nutrient Finger millet Soybean Unripe Plantain Carrot pumpkin
(mg/100g)

1 Vit. A 1.05+0.04* 2.50+0.032 1.71+0.04* 1.92+0.04* 1.99+0.032

2. Vit. D 0.12+0.01* 0.0840.01° 0.21£0.012 0.12+0.01® 1.00+0.03°

3. Vit. E 0.48+0.04* 0.40+0.01a 1.63+0.05° 0.97+0.02¢ 3.09+0.03°

3. Vit. K 0.08+0.01° 0.47+0.02° 0.15+0.01° 0.10£0.01° 2.474+0.03%

4. Vit. C 1.84+0.06° 9.06+0.12° 12.75+0.52¢ 10.27+0.18¢ 1.85+0.06?

S. B- Complex 14.88+0.27% 12.58+0.20? 11.01+0.09° 13.76+0.412 9.81+0.06°

6. Na 1994.50+27.58 ¢ 5926.00+41.01° 2574.50+7.78 ¢ 3048.00+4.24 ¢ 7702.504£20.512

7. K 787.70£6.22 ¢ 1823.00+29.702 1380.00£19.80° 1340.50+4.95° 1381.00°+36.77

8. Ca 4923.50+38.89° 2045.50+54.45 ¢ 1505.00+18.38¢ 6510.50+12.022 4322.50+38.89°¢

9. Mg 1760.00+21.21° 792.15+4.174 612.15+18.74¢ 2002.00+8.49 903.95+4.74°¢

10 Fe 349.65+3.46° 105.40+1.27¢ 16.15+0.49 ¢ 583.50+2.692 177.00+1.56 ¢

11. Zn 20.90+0.85 ¢ 53.40+1.562 16.90+0.28 © 24.30+0.85¢ 46.00+1.13°

12. Se 0.01 +0.00 ND ND ND ND

13. Cu ND 0.01+0.00 ND ND ND

Results are Mean + SD of triplicate determinations
Means with unidentical superscript within a row are significantly different at P>0.05

When considering the implication of the results in Table 3, it is important to note that, vegetables have
proven to be generally richer in micronutrients compared with other food classes [45], hence the inclusion
of carrot and pumpkin leaves in the intended formulation as potential micronutrient fortificants and the
results in Table 3 largely support this. Table 3 shows that Carrot contains the most surplus amount of Fe,
Mg, and Ca and second to finger millet, carrot contained the highest amount of B-complexes. Furthermore,
with exception of unripe plantain, carrot also contained the highest amount of Vit. C. Similarly, Pumpkin
leaves contained the highest amounts of Na, Vit. D, Vit. E and Vit. K, and except for soybean, pumpkin
leaves contained the highest amount of Zn, and K. The implication of these comparative micro nutrient
composition of the RLGIFs in Table 3 is that it affirms the suitability of carrot and pumpkin leaf flours as
the most suited among the RLGIFs in the study for use as micronutrient nutrient premix in a multipurpose
flour for PLWD. However, the availability of these micronutrients in the selected RLGIFs and hence the
final formulated flour has health implications for PLWD. While Fe plays an essential role in various
physiologic processes [46] including haemoglobin formation it is important to add that excessive levels can
lead to oxidative stress, which has been linked to insulin resistance and other complications in diabetes
[47]. But it must be added that for water-soluble micronutrients which are prone to loss by leaching during
food processing, it is important that the starting food material contains a surplus amount of such nutrients
as seen in carrot and pumpkin leaves so as to accommodate such losses. This way, the final food product
can still contain an appreciable amount of lost nutrients that ensures the formulation still provides such
nutrients in the required amount for PLWD. Mg is crucial for glucose metabolism and insulin sensitivity as
it aids the activation of enzymes involved in glucose utilization and insulin action [48] but higher dietary
intake of Mg has been inversely associated with the risk of type 2 diabetes [49]. Ca plays multiple crucial
roles the dietary management of diabetes, for instance, it is essential for pancreatic beta-cell function, which
is vital for insulin secretion. Also, evidence suggests that it can influence insulin sensitivity and glucose
metabolism [50]. While there are mixed results available, some epidemiological studies have associated
higher calcium intake with lower risk of diabetes [51]. Studies have shown that a deficiency in B-complex
vitamins can lead to complications associated with diabetes as they play crucial roles in carbohydrate
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metabolism [52] and several studies show potential benefits of B-complex vitamins in the management of
diabetes. For instance, B12 deficiency is common in PLWD, particularly those on metformin and
replenishing B, may improve metabolic control [53] There is considerable evidence that Zn plays
supportive role in glucose metabolism and may help improve glycemic control in individuals with diabetes
as it is involved in insulin synthesis and secretion [54]. Also, Zn supplementation has been shown to
enhance insulin secretion and reduce oxidative stress. Selenium and copper were not detected in Carrot,
pumpkin and unripe plantain, but are present in almost negligible amounts in finger millet and soybean.
While these are known to promote general wellbeing of individuals, much study is needed to ascertain their
actual impact in diabetes. The same is true for Vitamins A, and K as there are few studies which weakly
suggest that they play some role in supporting immune function and regulating insulin sensitivity
respectively.

Table 4: Proximate Composition of potential Multipurpose Food Flour blends for PLWD

S/ Blend Moisture Ash Crude Crude Protein Carbohydrat
N  formulatio (%) (%) Fat Fibre (%) (%) e
n code (%) (%)

1 D 7.60+£0.08 3.17£0.03 9.14+0.26 1.39+0.02  18.38+0.04

a b a d a 60.33+0.27°¢
2 E 6.98+0.15 3.28+0.01 7.58+0.10 1.40+0.04 18.13£0.01

2 b b d 2 62.63+0.25¢
3 F 7.72+£0.23  3.05£0.11 4.95+0.07 1.38+0.02 16.73+0.10

2 b ¢ d b 66.17+0.31°
4 G 8.46+£0.07 3.10£0.06 6.66+0.21 1.23+0.03 16.34+0.08

2 b b d b 64.20+0.22°
5 H 7.36+£0.03  2.96+0.15 3.90+0.23 1.44+0.04 16.04+0.03

2 b c d b 68.30+0.16¢
6 | 8.20+0.28 2.83+0.04 6.52+0.12 1.41£0.01 16.24+0.12

4 b b d b 64.81+0.13°

Results are Mean + SD of triplicate determinations
Means with unidentical superscript within column are significantly different at P>0.05

Having seen from the result in Table 3 that the unrefined forms of the RLGIFs; the raw materials for the
food formulation ab initio, were not nutrient-dense enough to supply the recommended percent fat and
protein in foods of PLWD, it is plausible to expect that even though they are RLGIFs, these food materials
cannot give in any of the final food products in Table 4, a nutrient level that they already lack in themselves,
except as the combination of food processing methods that were employed in refining them into flours had
allowed to be concentrated in their refined flours. Consequently, the results in Table 4 shows that among
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the 6 formulated flour blends labelled “D, E, F, G, H and I”, the blend labelled D’ comes closest to
meeting the critical fat, protein and carbohydrate requirements by the American Diabetes Association and
the International Diabetes Atlas for foods of PLWD. However, it must be stated that statistically, there are
no significant differences between the proximate compositions of blends D, E, F, G, H and I as the
differences in their proximate composition parameters are only marginal but are nonetheless the yardsticks
for determining which formulation best complies with ADA and IDA recommendations. Whereas for
generally healthy non-diabetic adults, the Dietary Guidelines for Americans [55] recommends the following
macronutrient ranges; carbohydrates: 45-65 %, protein: 10-35 % and fat: 20-35 %, to ensure a balanced
healthy diet that supports overall health and prevents chronic diseases. However, for PLWD the American
Diabetes Association’s recommendation of; carbohydrates: 45-60 %, protein: 15-20 % and fat: 25-35 %
[34, 56] is suggestive that for PLWD, the higher the fat and protein content of their diet, the better and the
lower the carbohydrate content the better and this is without prejudice to the food’s quality. In this regard,
blend “’D” which contains the highest percent of fat, protein and the lowest of percent of carbohydrates
while ranking amongst the top 2 richest in fibre and ash (hence mineral), easily becomes the most ADA-
compliant formulation. Consequently, blend ’D” is the most suited multipurpose food flour blend for
PLWD. However, it must be stated that while blend ’D’” Completely meets the recommendations of the
IDA for the foods of people living with diabetes and the formulation can be said to be a success, it falls
short of the ADA’s recommendation for fat in the diet of PLWD by 15 %. The implication is that PLWD
will need to supplement formulation” D with other dietary fat sources during their meal preparation in
order to meet the recommendations of ADA for fat.

Table 5: Comparative nutrient and anti-nutrient compositions of the multipurpose food flour
“D”,  the Proprietary food flour and ADA recommended levels

S/N composition Multipurpose food Proprietary flour ADA
flour —’D” Recommended
level [56]
1 Moisture (%) 7.60 £ 0.08* 6.71+0.02*° -
2 Crude Fat (%) 9.14+0.26* 5.04 +0.07° 25-35
3 Crude Fibre (%) 1.39+£0.02* 4.19£0.04° -
4 Crude Protein (%) 18.38 £ 0.04° 7.37+0.15*% 15-20
5 Total Carbohydrate 60.33 £0.27° 71.35+0.13° 45-60
(“0)
6 Vit. A (mg/100g) 3.52+0.01° 1.11+0.03° -
7 Vit. D (mg/100g) 2.99+0.04* 1.17 £0.022 -
8 Vit. E (mg/100g) 3.18+0.04*° 1.89 £0.02° -
9 Vit. K (mg/100g) 0.47+0.03* 0.12+0.01% -
10 Vit. C (mg/100g) 7.21+0.06* 4.59 +£0.04° -
1 B complex (mg/100g) 19.05+0.13* 11.42+0.35° -
12 Na (mg/ kg) 670.70 £ 1.10? 368.00 + 6.98° -
13 K (mg/100g) 2403.00 £ 8.25* 834.45+£6.75" -

154.00 £ 1.67° -
347.60 £2.80° -

14 Ca (mg/100g)
15 Mg (mg/100g)

1494.50 £ 9.13*
981.90£1.70*
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16  Fe (mg/100g) 208.60 = 1.70° 53.05+ 1.35" -
17 Zn (mg/100g) 53.70 £ 1.13% 77.70 £ 1.40° -
18 Se(ng kg) 120 +0.14° 0.04  0.00° -
19 Cu(mg/100g) 4.05+0.15° 2.60+0.10° -
20 Oxalate (%) 0.20+0.01° 0.23+0.012 -
21 Phytate (%) 1.39+0.02° 1.18 +£0.02° :

Results are Mean + SD of triplicate determinations
Means with unidentical superscript within a row are significantly different at P>0.05

The result in Table 5 shows that with respect to crude fat, protein and all the micro-nutrients assayed, the
formulated multipurpose flour *’D”’ is richer compared with its proprietary equivalent sold in the market.
The implication is that ’D” is not just a safer dietary option for PLWD, as it is solely formulated from
RLGIFs, it is also better poised to provide adequate nutrients for PLWD than its proprietary counterpart.
This is even more so as the antinutrient levels in them are comparable even though minimal. Also, the result
in Table 5 shows that the multipurpose food flour ’D”” complies more with the ADA recommendation for
protein, fat and carbohydrate in the diet of PLWD than the proprietary flour. It is particularly important to
note that “’D” achieved a lower total carbohydrate content with an elevated crude fat content compared to
the proprietary flour, thus implying that the former is better suited to favour a lower glycemic impact [57]
improved insulin sensitivity [58] a state of ketosis [59] and sustained energy release [60] in PLWD than the
proprietary equivalent, consequently reducing reliance on glucose and minimizing insulin surges.

CONCLUSION

This study sort to formulate a multipurpose food flour for PLWD using the most recommended low
glycemic index foods by physicians and which were among the most preferred by PLWD. This is intended
to broaden the dietary options available to them by introducing healthy, yet nutritious multipurpose food
flours, which can be made into a variety of meals including ready-to-eat meals thus boosting the appetite
of PLWD. This is intended to mitigate both the morbidities and mortalities often associated with the
management of diabetes. Among the 6 potential food flours formulated, the multipurpose food flour coded
as “’D” was found to be the most suited for PLWD. For the most part, ’D”” was found to comply with the
American Diabetic Association’s recommendation for protein and carbohydrate in the food of PLWD. This
was not so for fat, as the fat content was lower than desired but found to be appreciably higher than that in
a randomly selected proprietary food flour sold in the market. The multipurpose flour “’D** was found to
be denser in nutrients than its proprietary equivalent, thus suggesting its potential to be a safer and
nutritionally adequate dietary alternative for the management of diabetes. Its reduced carbohydrate content
coupled with an elevated crude fat content makes “’D”* better poised to favour a lower glycemic impact,
improved insulin sensitivity and sustained energy release via a state of ketosis.

Acknowledgements

The authors are grateful to the Benue State University Makurdi- Centre for Food Technology and Research
(CEFTER), the University of Greenwich Natural Resources Institute (NRI) and the Tertiary Education Trust
Fund (TETFund) for Financing this research.

29


https://www.eajournals.org/

International Journal of Nutrition and Metabolism Research, 3 (1), 18-33, 2025
Print ISSN: 2399-7052
Online ISSN: 2399-7060

Website: https://www.eajournals.org/

Published by European Centre for Research Training and Development UK

Conflict of Interest
The authors declare no conflict of interest.

REFERENCES

[1]

[2]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Zheng, Y., Ley, S.H., Hu, F.B. (2018). Global Epidemiology of type 2 Diabetes and its
cardiovascular implications. Nature Reviews Cardiology, 15(2),85-98.
d0i:10.1038/nrc.2017.144.

Chen, L., Magliano, D.J., Zimmet, P.Z. (2020). The worldwide epidemiology of Type 2 diabetes
mellitus and its cardiovascular implications. Nature Reviews Cardiology, 17(4), 233-238.
doi:10.1038/s41569-019-0320-0.

International Diabetic Federation (2021). IDF Diabetes Atlas, 10™ Edition. Brussels, Belgium:
International Diabetic Federation.

Hu, F.B., van Dam, R.M. (2022) Prospective Study of Glycemic Index, Glycemic Load and Risk
of Diabetes. American Journal of Clinical Nutrition, 115(5), 1284-1296. doi:10.1093ajcn/ngac020.
Yuan, H., Zhang, R., Liu, S. (2021). The Effects of Glycemic Index Diets in Patients with Type 2
Diabetes: A Systematic Rerview and Meta-Analysis. Nutrition and Diabetes, 11(1), 47.
doi:10.1038/s41387-021-00140-4.

Bantle, J.P., Wylie-Rosett, J., Albright, A.L., Apovian, C.M. (2018). Nutrition Recommendations
for Individuals with Diabetes: A Position Statement of the American Diabetes Association.
Diabetes Care, 41(1), s61-s76. D0i:10.2337/dc18-2440.

World Bank. (2022). Poverty and Shared Prosperity 2022: Correcting Course. Washington, DC:
World Bank. doi:10.1596/978-1-4648-1862-4.

United Nations Development Programme. (2021). Human Development Report 2021/2022:
Unsettled Times, Unsettled Lives: Shaping Our Future in a Transforming World. New York, NY:
UNDP.

African Development Bank Group (2022). African Economic Outlook 2022: Finance for Inclusive
Growth. Abidjan, Cote d’Ivoire: African Development Bank.

Morrison, J.R., Kalu, A.I., Mufunda, J. (2021). Barriers to Nutrition and Diabetes Control among
patients in Nigeria: A qualitative study. PLOS ONE, 16(1), €0244524.

doi: 10.1371/journal.pone.0244524.

Kahwa,l.1., Nyongesa, S.D., Muli, J. (2022). Affordability and accessibility of Low glycemic index
foods among diabetic patients in Kenya. BMC Nutrition, 8(1),52. doi: 10.1186/s40795-022-00520-
4,

Osei-Assibey, G., Stolk, R.P., Van der Meer, K. (2021). Socioeconomic disparities in dietary
choices among patients with diabetes in Ghana: Implications for public health interventions.
Journal of Nutrition Education and Behavior, 53(10), 861-869. doi: 10.1016/j.jneb.2021.05.001.
Hassan, S.M., Alazzeh, N.J., Yusoff, H.M. (2021). Diabetes Prevalence and its associated socio-
demographic factors in Nigeria: A systematic review and meta-analysis. Diabetes and metabolic
syndrome: Clinical Research & Reviews, 15(4), 102-110. doi: 10.1016/j.dsx.2021.02.014.

Meles, H.G., Hailu, E.T., Biliyu, D.A. (2021). Prevalence and determinants of diabetes mellitus
among adults in rural Ethiopia: a community-based cross-sectional study. BMC Public Health,
21(1),1-110. doi:10.1186/5128899-021-10737-w.

Bello, U.M., Awang, H., Lawal, A.F. (2021). Assessment of dietary patterns and appetite among
diabetics attending outpatient clinics in Nigeria: Implications for nutritional intervention. BMC
Nutrition, 7(1), 1-9. doi: 10.1186/s40795-021-00357-7.

30


https://www.eajournals.org/

International Journal of Nutrition and Metabolism Research, 3 (1), 18-33, 2025
Print ISSN: 2399-7052
Online ISSN: 2399-7060

Website: https://www.eajournals.org/

Published by European Centre for Research Training and Development UK

[16]

[17]

[18]

[19]

[23]

[24]

[25]

[26]

[27]

[28]

Zadnik, A., Krige, M., Malatji, S. (2020). Dietary habits and nutrition-related knowledge of South
African adults with diabetes: A cross-sectional study. Chronic respiratory disease, 17,1-8.
doi: 10.1177/1479973120919195.

Ghosh, S., de Albuquerque, U.P., Kaur, R. (2021). Exploring the nutritional potential of traditional
crops in Sub-Saharan Africa for functional food development. Nutrients, 13(3), 855. doi:
10.3390/nu13030855

Baker, P., Rojas, L., (2020). Functional foods in Africa: Opportunities and challenges for
vulnerable populations. Global food security 26, 100466. doi: 10.1016/j.gfs.2020.100466.
Abdalla, A.H., Shabana, S.M., Raafat, K. (2022). Designing Iron-fortified Functional foods for
anemia prevention in Sub-Saharan African populations. Food & Nutrition Research, 66. doi:
10.29219/fnr.v66.9331.

Bjorndal B., Holven, K. B., Retterstol, K. (2021). Whole grains and Legumes for type 2 diabetes:
Dietary Patterns, Functional foods and molecular mechanisms. Nutrients, 13(2), 368. doi:
10.3390/nu13020368.

Ghosh, s., Choudhury, H. (2020). Development of functional foods with traditional ingredients:
Approaches to manage type 2 diabetes. Journal of Food Science and Technology, 57(6), 2282-
2291. doi: 10.1007/s11483-020-00411-4.

Nishida, C., Uauy, R., Trowbridge, F. (2022). Functional foods for diabetic management: Global
perspectives and future directions. Global Health Action, 15(1), 2040347. doi:
10.1080/16549716.2021.2040347.

Khan, M. AW, Hashim, M.J., Al Abed, A.A., Mehta, J.L. (2022). Innovative functional foods for
diabetes: Bridging Science with culinary practices. Current Diabetes Reports, 22(9),15. doi:
10.1007/s11892-022-01609-1.

Chikpah, S.K., Wang, J., Cai, Y. (2022). Health benefits of soybean for diabetes management: A
review. Nutrients, 14(4), 852. Doi: 10.3390/nu14040852.

Ananthi, K., Ranjitha, K. (2021). Nutritional evaluation and glycemic index of finger millet
(Eleusine coracana) for health promotion: A Review. Journal of Nutritional Science and
Vitaminology, 67(5), 185-192. doi: 10.3177/jnsv.67.185.

Eke, O.N., Nwachukwu, I.N., Umeh, O. (2022). Nutritional and glycemic index studies on Unripe
plantain flour: A potential diabetic food. African Journal of food science, 16(3), 103-109. doi:
10.5897/AJFS2022.1061.

Liew, F.Y., Wong, G.Y. Cheong, S.K. (2021). The role of carrots in dietary management of
diabetes: A review of recent clinical evidence. Foods, 10(9), 2072. doi:10.3390/foods10092072.
Wagulu, M.H., Muthoni, T.M., Mburu, J. (2020). Nutritional composition and glycemic index of
edible pumpkin leaves: A potential functional food for diabetics. Journal of food quality, 2020,
Article ID 8865751. doi:10.1155/2020/8865751.

Dare, D. E., Ajani, E.K., Adebayo, S.A. (2021). Dietary preferences and patterns among type 2
diabetic patients in Nigeria: Influence of socio-demographic factors. Nutrients, 13(8), 2654.
d0i:10.3390/nu13082654.

Obeng-Achampong, E., Ofori-Asenso, R., Appiah, B. (2021). Agricultural and nutritional practices
of diabetic patients in Ghana: Towards improved Dietary Choices. International Journal of
Environmental Research and Public Health, 18(11), 5856. D0i:10.3390/ijerph18115856.

Stepans, J.M., Kansiime, F., Mghenyi, W. (2021). Understanding Food Preferences among
Diabetics: A Qualitative Study from East Africa. Food Security, 13(3), 571-584.
d0i:10.1007/s1257-021-01187-y.

31


https://www.eajournals.org/

International Journal of Nutrition and Metabolism Research, 3 (1), 18-33, 2025
Print ISSN: 2399-7052
Online ISSN: 2399-7060

Website: https://www.eajournals.org/

Published by European Centre for Research Training and Development UK

[41]

[42]

[43]

[44]

[45]

Bola, A.A., Okereke, N.U., Eze, K.M. (2023). Acceptability of traditional foods among diabetics
in Nigeria: A case study on Soybean and Pumpkin leaves. Journal of Ethnic Foods, 10(1), 1-10.
doi:10.1186/s42779-022-00104-8.

American Diabetes Association -ADA. (2022). Nutrition recommendations and interventions for
Diabetes: A position statement of the American Diabetes Association. Diabetes Care, 45 (1) S48-
S65. doi: 10.2337/dc22-S005.

Evert, A.B., Boucher, J.L., Cypress, M., et al. (2019) Nutrition Therapy for Adults with Diabetes
or Prediabetes; A Consensus Report. Diabetes Care , 42(5): 731-754. D0i:10.2337/dc19-0348.
AOAC. (2005). Official methods of analysis of the Association of Official Analytical Chemist,
Washington, D. C. 23rd edition. AOAC. Arlington Virginia. pp. 327.

Oche |, Patrice-Anthony O, Ubwa S, Adoga S, Inegedu A, et al. (2017) Micronutrients, Oxalate
and Phytate Composition of a Potential Infant Food Made from Soybean, Yellow Maize, Short
Rice, Egg Yolk and Crayfish. J Hum Nutr Food Sci 5(3): 11156.

Ikese, C.O., Okoye, P.A.C., Ubwa, S.T., Akende, S. (2017). Proximate Analysis and Formulation
of Infant Food from Soybean and Cereals Obtained in Benue State, Nigeria. International Journal
of Food Science and Biotechnology. 2(5), 106-113. doi: 10.11648/j.ijfsb.20170205.12.

Feng, J., Wang, Y., Zhang, Y. (2021). The effects of moisture content on the quality and shelf-life
of functional bread: Implications for product development. Food Research International, 104,
110118. doi:10.1016/j.foodres.2020.110118.

Khan, M. 1., Bukhsh, A., Atta, A. (2020). Effect of milling on quality characteristics of whole grain
wheat flour. Journal of food processing and preservation, 44(3), e14608. doi:10.111/jfpp.14608.
Adebowale, A.A., Adetunji, M.A., Adebayo, [.A. (2021). Physicochemical properties and mineral
content of refined flour from different cereals. Journal of nutritional science, 10, e8.

doi: 10.1017/jns.2021.3.

Kumar, S., Puttaraju, N. (2022). Nutritional composition and functional properties of refined and
unrefined soybean flour. Food Science and Nutrition, 10(5),1404-1411. Doi:10.1002/fsn3.2732.
Wang, J., Fang, Z., Chen, H. (2021). Effects of processing on protein content and quality of soybean
products: A Review. Journal of the Science of Food and Agriculture, 101(70),2667-2675.
doi:10.1002/jsfa.11487.

Khan, M.1., Bukhsh, A., Atta, A. (2021). Impact of milling and refining on the nutritional quality
of wheat flour: An analysis of fibre content and health implications. Journal of food science and
technology, 58(4), 1333-1341. doi:10.1007/s11483-020-04261-9.

Tiwari, U., Singh, A. (2019). Assessment of Nutritional Quality of Refined Flour Products and
Their Health Implications: A Review. Comprehensive Reviews in Food Science and Food Safety,
18(6), 1347-1363. doi: 10.1111/1541-4337.12484.

Drewnowski, A. (2017). Nutrient Density: A Concept that can help improve public health. The
Journal of Nutrition, 147 (12), 2177S-2184S. d0i:10.1093/jn/nxx238.

Wang, Y., Li, Y., Zhang, M. (2022). Iron metabolism and its role in regulating the immune
response. Frontiers in Immunology, 13, 814562. Doi: 10.3389/fimmu.2022.814562.

Mucevic, D. et al. (2018). The dual role of iron in diabetes: A review. Journal of Diabetes Research,
2018

Kirkland, A.E., et al. (2018). Magnesium and the regulation of glucose homeostasis. The American
Journal of physiology -Endocrinology and Metabolism, 315 (3) ES87-E595.

Tzeng, Y.C., et al. (2017). Dietary Magnesium intake and risk of Type 2 diabetes: A systematic
review and meta-analysis. Diabetes Care, 40(6),e99-¢100.

32


https://www.eajournals.org/

International Journal of Nutrition and Metabolism Research, 3 (1), 18-33, 2025
Print ISSN: 2399-7052
Online ISSN: 2399-7060

Website: https://www.eajournals.org/

Published by European Centre for Research Training and Development UK

Rude, R. K., et al., (2009). Magnesium deficiency and glucose metabolism: An Overview. The
Journal of Nutritional Biochemistry, 20(11), 865-872.

Boucher, B. J. et al., (2008). Calcium and Vitamin D status and the risk of Diabetes. The journalof
Clinical Endocrinology and Metabolism, 93 (6), 2334-2340.

Huang, Y., Wang, M., Chen., C. (2013). Associations of dietary glycemic index and glycemic load
with the risk of type 2 diabetes: a meta-analysis. Diabetes Care, 36(6), 1864-1871.
doi:10.2337/dc12-1385.

Bauman, W.A., Spungen, A.M., Herbert, V. (2000). Iron deficiency in diabetes: a common and
important problem. The Lancet, 356(9231), 337-339. Do0i:10.1016/S0140-6736(00)02591-0.
Chaurasia, S.S., et al., (2016). Zinc supplementation can improve glycemic control. IndianJournal
of Endocrinology and metabolism, 20(3), 360-365.

U.S. Department of Agriculture (2020): ¢’ Dietary Guidelines for Americans, 2020-2025" 9th
Edition.

American Diabetes Association (2023). Standards of medical care in Diabetes -2023. Diabetes
Care, 46 (Suppl 1) S1-S2. doi: 10.2337/dc23-Sint.

Kumar, A., et al. (2018). Impact of diet on glycemic control in type 2 diabetes; A narrative review.
Nutrients, 10(3), 337. doi: 10.3390/nu10030337.

Churruca, 1., et al. (2019). Low-carbohydrate vs. low-fat diets for type 2 diabetes: A systematic
review. Current Diabetic Reports, 19(1), 7. Doi:10.1007/s11892-019-1179-3.

Paoli, A., et al., (2013). The nutritional ketogenic diet: A healthy approach to weight loss and
metabolic control”. Nutrition and metabolism, 10(1), 20. Doi: 101186/1743-7075-10-20.

Bistrian, B.R., et al. (1995). The role of dietary fat in the management of obesity. The American
Journal of clinical Nutrition, 62 (3), 560S-562S. doi:10.1093/ajcn/62.3.560S.

33


https://www.eajournals.org/

