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1 | INTRODUCTION
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Abstract

The aim of this study was to develop a nutrient-enhanced millet-based composite
flour incorporating skimmed milk powder and vegetables for children aged
6-59 months. Two processing methods were tested to optimize nutrient content and
quality of millet-based composite flour, namely germination for O, 24 and 48 hr and
roasting at 80, 100, and 140°C. The amount of ingredients in the formulation was
determined using Nutri-survey software. Germinating millet grains for 48 hr at room
temperature significantly (p < 0.05) increased protein content (9.3%-10.6%), protein
digestibility (22.3%-65.5%), and total sugars (2.2%-5.5%), while phytate content
(3.9-3.7 mg/g) decreased significantly (p < 0.05). Roasting millet grains at 140°C sig-
nificantly (p < 0.05) increased the protein digestibility (22.3%-60.1%) and reduced
protein (9.3%-7.8%), phytate (3.9-3.6 mg/g), and total sugar content (2.2%-1.9%).
Germinating millet grains at room temperature for 48 hr resulted in millet flour with
the best nutritional quality and was adopted for the production of millet-based com-
posite flour. Addition of vegetables and skimmed milk powder to germinated millet
flour significantly (p < 0.05) increased the macro- and micronutrient contents and the
functional properties of millet-based composite flour. The study demonstrated that
the use of skimmed milk powder and vegetables greatly improves the protein quality
and micronutrient profile of millet-based complementary foods. The product has the
potential to make a significant contribution to the improvement of nutrition of chil-

dren in developing countries.
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one of the most important drought-resistant crops in Uganda, mil-

lets are widely grown in most parts of the country, especially the

Millets are nutritionally rich and occupy an important place in the
diet of people in many regions of the world (Jaybhaye, Pardeshi,
Vengaiah, & Srivastav, 2014). In East Africa, especially Uganda, mil-
let grains are the most important source of food for children aged
6-59 months (Shively & Hao, 2012; UBOS and WFP, 2013). As

southwest, east, and northern regions (Adhikari, Nejadhashemi, &
Woznicki, 2015). Millet serves as a major food component in various
traditional foods and beverages such as bread and porridges and is
also a major source of carbohydrates and proteins as well as other
important phytonutrients (Habiyaremye et al., 2017). However, the
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protein content of millet is inadequate for infant feeding and limiting
in some essential amino acids like lysine, which is required for chil-
dren’s growth (FAO, 1995; Friedman, 1996). Although millet has con-
siderably high iron content, its bioavailability is low (Sihag, Sharma,
Goyal, Arora, & Singh, 2015). In addition, millet has low levels of B-
carotene, vitamin C, zinc, calcium, sodium, and potassium (Queroz,
1991), which are required for child and infant feeding.

Thick porridge from millet flour is a major complementary food for
infants and young children in most parts of Uganda (Temba, Njobeh,
Adebo, Olugbile, & Kayitesi, 2016). The thick porridge from millet
flour contains poor quality and inadequate protein and micronutri-
ents required by weaning children. This is because it is nutritionally
bulky and children have small volumes of the stomach. Therefore,
they are not able to obtain adequate nutrients from the amount of
porridge, and their stomachs are able to accommodate. Achieving a
thin drinkable porridge requires the addition of copious amounts of
water during preparation, which lowers the energy density (Adenike,
2012). However, processes such as sprouting/germination of millet
grains activate endogenous enzymes that start modification of the
millet grain constituents, causing changes in soluble sugars, protein,
and fats that improve the nutritional quality, functional, and sen-
sory properties of millet flour (Adenike, 2012). Consequently, starch
(amylose and amylopectin) is degraded, resulting in a significant
reduction in the viscosity and an increase in protein bioavailability
during porridge preparation (Shaik, Carciofi, Martens, Hebelstrup, &
Blennow, 2014). Germinating millet grains thus provides an easy way
to improve the nutritional well-being of weaning babies.

Despite the improvement in nutritional and functional prop-
erties brought about by germination of millet grains, overall the
millet-based diet remains inadequate in protein and micronutrients.
Addition of vegetables and skimmed milk powder is a promising op-
tion to improve both the macro- and micronutrient profile and func-
tional properties of millet flour. This is because vegetables are rich
in B-carotene, zinc, calcium, sodium, and potassium (Buttriss, 1989;
Maass, 2014), while skimmed milk powder is rich in protein with bal-
anced essential amino acids and high digestibility (Hoffman & Falvo,
2004). The aim of this study was therefore to develop a nutrient-
enhanced millet-based composite flour incorporating skimmed milk

powder and vegetables.

2 | MATERIALS AND METHODS

2.1 | Selection of raw materials

The materials used in this study included millet grains, pumpkin
seeds, carrots, cowpea leaves, and skimmed milk powder. These
raw materials were selected because of their superiority in the
macro- and micronutrients essential for children aged 6-59 months.
Skimmed milk powder has a high protein content with balanced
essential amino acids and is stable during storage due to a low fat
content (Hoffman & Falvo, 2004). It also increases calcium and iron
bioavailability due to its high protein content (Gibson, Bailey, Gibbs,
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& Ferguson, 2010). Millet has high iron and calcium contents required
for infant blood transportation and bone formation, respectively. In
addition, it is a major source of energy for infant growth. Although
iron in millet is less available, the addition of cowpea leaves and car-
rots and processing methods was suggested ways of improving the
iron bioavailability (Christides, Amagloh, & Coad, 2015). Pumpkin
seeds are rich in zinc with 7.5%-14% bioavailability of the zinc re-
quirements (Glew et al., 2006), which is essential for child develop-
ment, while carrots are rich in B-carotene (Singh, Kawatra, & Sehgal,
2001), which is essential for immune development in infants aged
6-59 months. Cowpea leaves are rich in protein, iron, and calcium
and have low levels of antinutrients compared with other protein-
rich plant sources (Chikwendu, Igbatim, & Obizoba, 2014).

2.2 | Source of raw materials and
laboratory reagents

Millet, pumpkin seeds, carrots, and cowpea leaves were purchased
from Kisenyi-Market, Kampala, Uganda, while skimmed milk pow-
der was purchased from Pearl Dairies, Mbarara District, Uganda. All
the materials were delivered to the laboratory at the School of Food
Technology, Nutrition and Bioengineering, Makerere University for
further processing. Laboratory reagents were purchased from Neo
Faraday Laboratory Supply, Kampala, Uganda.

2.3 | Preprocessing of millet grains

Millet grains were divided into two equal portions. One portion was
germinated and the other roasted. Germination time was selected
based on the sprouting/germination time of millet grains (1-2 days)
(Saleh, Zhang, Chen, & Shen, 2013), while roasting temperatures were
selected based on methods of Adebiyi, Adeyemi, and Olorunda (2002).

2.4 | Preparation of vegetables

Cowpea leaves and carrots were washed with running tap water to re-
move surface soil. The cowpea leaves and carrots were blanched in a
water bath (Grants Instrument Ltd, Shepreth, UK) maintained at 80°C
for 10 min and 95°C for 5 min, respectively. After blanching, carrots
were shredded using a hand grater with holes of a diameter of 0.6 cm.
The shredded carrots and cowpea leaves were dried for 6 hrin an elec-
tric cabinet dryer (B.MASTER, Italy) set at 55°C. Dried carrots and cow-
pea leaves were then milled into fine powders using a locally fabricated
hammer mill. Pumpkin seeds were cleaned and roasted at 140°C for
20 min using an infrared Food oven (GU-6, New Zealand). Dry pump-
kin seeds were blended into a fine powder using an electric blender
(Lilaram Manomal and Sons, India).

2.5 | Millet grains processing conditions

Germination time and roasting temperatures were varied as shown in
Table 1. Regression analysis was used to determine the influence of
germination time and roasting temperature on the nutritional quality
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of the millet flour. The protein digestibility, protein content, total
phytates, and total sugars were expressed individually as functions of
the germination time and roasting temperature. The data were fitted

to the approximating linear model using Equations (1) and (2).

Y=fo+ 1 Xy (1)

Y= fo+ X (2)

where Y = Response function, g, = Constant (the intercept), g, or
p, = Coefficient of the linear effects, X; and X, = Linear effects of
germination time and roasting temperature, respectively.

2.6 | Formulation of the composite flour

Nutri-survey software, 2007 was used to estimate the optimum
amounts of skimmed milk and vegetable powders to add to mil-
let flour in order to meet the protein (13 g/day) and energy (1046
and 902 kcal/day for boys and girls, respectively) requirements for
children of age 6-59 months (WHO, 2012). The details of the vari-
ous combinations used to reach the optimum levels of millet flour,

skimmed milk, and vegetable powders are indicated in Table 2.

2.7 | Nutrient composition of millet flours

2.71 | Proximate composition and
energy estimation

The millet and millet-based composite flours were analyzed for
moisture, crude protein, crude fat, crude fiber, and ash contents
according to the method described by AOAC (2010). Carbohydrate
was determined by difference, and energy content was determined

using the Atwater factor (carbohydrate and protein values were each

TABLE 1 Processing variables of millet grains and their levels

Variables Symbol Variable levels
Germination time (hr) X, 0 24 48
Roasting temperature X, 80 100 140

(°C)

multiplied by 4 kcal/g, whereas fat values were each multiplied by
9 kcal/g).

2.7.2 | Determination of minerals

The amount of calcium, zinc, iron, magnesium, and copper in the
composite flour was measured by an atomic absorption spectro-
photometer according to the method of Hernandez-Urbiola, Pérez-
Torrero, and Rodriguez-Garcia (2011). Calibration equations were
derived, and concentrations of calcium, zinc, iron, sodium, and po-
tassium were expressed as mg/100 g.

((Slope x Absorbance)-y) x D x V

Concentration (mg/100g)=
(me/ gl Sample weight (g) x 10

where y = intercept on y-axis; D = Dilution factor; 10 = a conversion
factor from mg/kg to mg/100 g; V = volume of sample in ml.

2.7.3 | Determination of p-carotene

The B-carotene content of flour was determined according to
Rodriguez-Amaya and Kimura (2004). Carotenoid and the p-carotene
contents were expressed as pg/g and pg RAE, respectively.

A x V(ml) x 10*
% % plg)

1cm

Carotenoid content (pg/g) =

where A = absorbance; V = total extract volume; p = sample weight;
AL

om = 2592 (B-carotene extinction coefficient in petroleum ether).

Carotenoid content

—carotene RAE) =
p (ng RAE) o

)

where 12 =retinol activity equivalent conversion factor, 1
RAE = 12 pg p-carotene.

2.7.4 | Determination of total phytates

A modified method of ljarotimi and Babatunde (2013) was used for

the determination of phytate content in millet flour.

TABLE 2 Formulations to obtain maximum levels of millet flour, skimmed milk, and vegetable powders used in Nutri-survey software

Millet® Skimmed milk Pumpkin seed Energy

flour (g) powder (g) Carrot powder (g) Cowpea powder (g) powder (g) (kcal/100 g) Protein (g/100 g)
60 15 15 5 5 290 12.6

60 25 5 5 5 325 16.1

55 30 5 5 5 326 17.3

65 20 5 5 5 323 14.8

50 35 5 5 5 328 18.6

#Flour from millet germinated for 48 hr. The formulation in bold font was chosen as optimal and used in this study because it provided 113.9% and
35.8% of daily protein and energy requirements, respectively, for children aged 6-59 months.
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2.7.5 | Determination of protein digestibility

Protein digestibility was determined by the porcine pepsin method
as adapted by Gomez, Obilana, Martin, Madzvamuse, and Monyo
(1997).

2.7.6 | Determination of total sugars

Total sugars were determined according to the method described by
Nielsen (2010).

2.8 | Determination of physical properties of
millet-based composite flour

The bulk density, water, and oil absorption capacities of the mil-
let flours were determined according to the method described by
Onwuka (2005).

2.9 | Determination of swelling capacity and
solubility of millet-based composite flour

The method described by Leach et al. (1959) was used to determine
swelling power and solubility of the sample. The swelling power and
solubility of the samples were expressed as %.

weight of sediment paste (g) x 100
weight of sample (g) x (100 — %Solubility)’

Swelling power (%) =

weight of soluble starch (g) x 100

ili 0, —_
Solubility (%) = weight of sample (g)

2.10 | Pasting properties

Pasting characteristics of the porridge from the composite flour
were determined with a Rapid Visco Analyzer (Perten Instruments
AB, Kungens Kurva, Sweden) according to lkegwu, Okechukwu, and
Ekumankana (2010). Peak viscosity, trough, breakdown, final viscos-
ity, setback, peak time, and pasting temperatures were read from
the pasting profile with the aid of thermocline for windows software
connected to a computer (Newport Scientific, 2001). The viscosity
was expressed in centipoises (cP).

TABLE 3 Effect of roasting and
germination on the nutrient composition
and quality of millet flour Variable
Protein

Protein digestibility
Phytates

Total sugars

CWILEY-Z

2.11 | Contribution of porridge from millet-based
composite flour to RDA

Percentage contribution to recommended dietary allowance was ex-
pressed as % of RDA.

%RDA = )-; %100,

where X is the amount of nutrient analyzed and Y is the RDA for a
given nutrient/variable.

2.12 | Statistical analysis

All determinations were performed in duplicates and subjected to
statistical two sample t test analysis of variance (ANOVA) using
XLSTAT software version 2017 to determine variation between
means. Significance variation was accepted at p < 0.05. Simple linear
regression analysis was used to determine the influence of germina-
tion time and roasting temperature on the nutritional quality of the
millet flour.

3 | RESULTS AND DISCUSSION

3.1 | Effect of roasting and germination on the
nutrient content and quality of millet flour

The effect of roasting and germination on the nutrient composi-
tion of millet flour as predicted by the linear regression models is
indicated in Table 3. Germination time had a positive linear effect
on the protein content, total sugar content, and protein digestibility
as well as a negative linear effect on the total phytates in millet
flour. According to the results in Table 3, an increase in germina-
tion time significantly (p < 0.05) increased the protein content, pro-
tein digestibility, and total sugar content of millet flour by 0.03%,
0.79%, and 0.07%, respectively, and reduced the total phytates by
0.005 mg/g. Roasting temperatures had a positive linear effect on
the protein digestibility and a negative linear effect on the total
phytates, protein, and total sugar contents of millet flour. An in-
crease in roasting temperature significantly (p < 0.05) reduced the
total phytates by 0.003 mg/g, protein content, and total sugar con-
tent of millet flour each by 0.01%. However, an increase in roast-
ing temperature increased the protein digestibility of millet flour
by 0.34%.

Treatment (p)
No treatment

(Intercept)

Germination (X,) Roasting (X,) R?

9.3 0.03 (<0.05) -0.01 (<0.05) 0.98
20.9 0.79 (<0.05) 0.34 (<0.05) 0.76
3.9 -0.005 (<0.05) -0.003 (<0.05) 0.97
2.2 0.07 (<0.05) -0.01 (<0.05) 0.98
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3.2 | Optimal processing conditions of millet flour

Figures 1 and 2 show the effect of processing conditions on the nu-
trient composition of millet flour. Figure 1 shows that germinating
millet grains for 48 hr significantly (p < 0.05) increased the protein
content (9.3%-10.6%), total sugars (2.2%-5.5%), and protein digest-
ibility (22.3%-65.5%). Results in Figure 2 show that roasting millet
at 140°C significantly (p < 0.05) reduced total sugars (2.2%-1.9%),
protein content (9.3%-7.8%), and phytates (3.9-3.6 mg/g) but in-
creased protein digestibility (22.3%-60.1%). The study findings in-
dicate that germination for 48 hr resulted in millet flour with a high
protein content (10.6%), protein digestibility (65.5%), total sugars
(5.5%), and low levels of phytates (3.7 mg/g) and was therefore taken
as the optimal procedure to process the flour that was used in the
formulation of the composite flour. The increase in the total sugars

Germination time (hr)

59
57
80 100
21 ;
2 36
1.9
i
3.5
15
80 100 140 o o

Roasting temperature (°C)

&

24 48

Germination time (hr)

FIGURE 1 Effect of germination
time on the protein content, protein
digestibility, total sugars, and total
phytates in millet flour

24 48

140

Roasting temperature (°C)

T
. FIGURE 2 Effect of roasting
temperature on the protein content (a),
protein digestibility (b), total sugars (c),
and total phytates (d) in millet flour

140

during germination of millet grains is due to the hydrolysis of starch
into shorter chain sugars by amylases. The results of this study agree
with those reported by other researchers. Coulibaly and Chen (2011)
reported a drastic increase in total soluble sugars (1%-13%) in foxtail
millet germinated for 6 days.

The significant increase in protein content observed in flour
from germinated millet grains is attributed to an increased water
activity that activates hydrolytic enzymes (Nonogaki, Bassel, &
Bewley, 2010) as well as compositional changes associated with
dry matter loss following the degradation of other constituents
(Abdelhaleem, El Tinay, Mustafa, & Babiker, 2008). The physical
mechanisms and biochemical reactions that explain the observed
increase in bioavailability of protein content during the germination
process are strongly associated with the morphology of the finger
millet seed (Hejazi & Orsat, 2016). In the finger millet, endosperm
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represents the largest portion of the grain, which consists of an al-
eurone layer and three distinct starchy sections: peripheral, corne-
ous, and floury endosperms. The peripheral endosperm contains
small and tightly packed cells of protein bodies that are embed-
ded in fiber-starch-protein matrices (Belton & Taylor, 2002). The
observed increase in the crude protein level during germination
was the outcome of the activation of the plant a-amylase (Traoré,
Mouquet, Icard-Verniére, Traore, & Tréche, 2004). The activity of
a-amylase resulted in the starch granules breakdown, which led to
the release of the protein from the packed cells and consequently,
increased its bioavailability. Findings from this study are in agree-
ment with those of Chaturvedi (2015), who also reported a dras-
tic increase in protein content from 12.5%-58.6% in foxtail millet
germinated for 48 hr.

The increase in protein digestibility observed in flour from ger-
minated millet grains is due to phytic acid hydrolysis, which is known
to interact with proteins to form complexes as well as degradation
of long protein chains by proteases whose activity increases during
germination of cereals (Hassan et al., 2006; Mbithi-Mwikya et al.
2000). Osman (2007) observed a similar trend in germinated Lablab
beans.

Phytates form complexes with proteins, hence causing a detrimen-
tal impact by reducing protein digestibility and amino acid availability
(Selle, Cowieson, Cowieson, & Ravindran, 2012). Reduction in phy-
tates is due to increased phytase activity during germination (Azeke
et al., 2011; Coulibaly & Chen, 2011). A decrease in total phytates
(246-320 mg/100 g) of millet flour with an increase in germination
time was similarly observed by Shashi, Sharan, Hittalamani, Shankar,
and Nagarathna (2007).

Reduction in the total sugar levels and protein content during
roasting of millet grains could be attributed to Maillard reactions
and caramelization, which occur at higher temperatures (Baker et al.,
2003). During roasting, sugars, and amino acids, in particular lysine
because of its free €-amino groups, undergo Maillard reactions, thus
reducing protein and sugar contents (Gilani, Xiao, & Cockell, 2012) of
millet flour. In addition, roasting reduces the protein content of mil-

let flour due to protein denaturation (Kavitha & Parimalavalli, 2014).

3.3 | Proximate composition of millet-based
composite flour

Table 4 shows the proximate composition of millet-based composite

flour on a dry weight basis. Results in Table 4 show that addition
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of vegetables and skimmed milk powders to the millet, significantly
(p < 0.05) increased the crude protein, crude fat, crude fiber, ash,
and gross energy of millet-based composite flour by 7.3%, 2.1%,
2.5%, and 1.6%, respectively. These results further indicated that
moisture content and carbohydrate content of the millet-based
composite flour significantly (p < 0.05) decreased by 1.1% and 9.9%,
respectively.

The decrease in the carbohydrate content of the composite flour
is attributed to the dilution effect of skimmed milk and vegetable
powders, which are low in carbohydrates. The increase in the crude
protein content is attributed to the addition of skimmed milk and
cowpea leaves powders. Findings of this study are in agreement with
those of Kumar et al. (2013), who reported an increase in the crude
protein content (13.6%-17.5%) due to the addition of skimmed milk
powder and legumes to cereal flour. Increases in crude fat and fiber
content of millet-based composite flour may be attributed to the ad-
dition of pumpkin seed powder, which is reported to contain high
fat (29%) (Soha, Sameh El-SaftyAbd El-Ghany, & Dalia, 2010) and
crude fiber (31.5%) (Nyam, Lau, & Tan, 2013). Rico, Martin-Diana,
Barat, and Barry-Ryan (2007) reported that food preparations en-
riched with dried vegetables have higher values of fiber. The re-
ported crude fiber content was slightly higher than 5g per 100 g
recommended by the Codex Alimentarius for complementary foods.
In case, the product is to be fed to malnourished children, and fur-
ther modification will be required to reduce the fiber content to the
required standard. The significant (p < 0.05) increase in the ash con-
tent of millet-based composite flour is attributed to the addition of
vegetables as they are reported to be rich in minerals. Findings from
this study are in agreement with those of Mogra and Midha (2013),
who observed an increase in ash content of germinated wheat flour
enriched with green gram and spinach. The energy content of millet-
based composite flour significantly (p < 0.05) increased, as was to be
expected from the increased fat content (Table 4). The results of the
energy content from this study are in agreement with the findings
of Balasubramanyam and Lokesh (2000), who reported that supple-
mentary foods prepared from cereals and pulses provide 10%-30%
proteins and 350-380 kcal energy.

3.4 | Mineral and vitamin A (RAE) content of millet-
based composite flour

Table 5 shows the results of mineral and vitamin A content of

millet-based composite flour. A significant increase (p < 0.05) in zinc

TABLE 4 Proximate composition (%) of millet-based composite flour on a dry weight basis

Sample Moisture Ash Fat

Millet-based 6.1°+0.1 4.2°+0.1 3.7+£0.0
composite flour*

Millet flour 7.22+0.0 2.6°+0.0 1.6°+0.3

Protein CH,O0 Energy (kcal) Crude fiber
15.32+0.5 70.7°+£0.1 3782+ 0.1 8.5+ 0.3
8.0°+0.1 80.6°+ 0.0 369°+0.0 6.0°+0.2

Notes. Values in the table are means of duplicate determinations * standard deviations. Means in the same column with different superscripts are

significantly different (p < 0.05).

*Millet composite flour contains millet flour, cowpea leaves, pumpkin seeds, carrots, and skimmed milk powders. CH,O = carbohydrates.
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TABLE 5 Mineral (mg/100 g) and vitamin A (ng RAE/100 g)
content of millet flour and millet-based composite flour

Sample

Millet-based composite

Nutrient flour® Millet flour
Ca 667.8%+0.0 143.6°+ 0.0
Fe 3.6°+0.1 3.4°+0.3
Zn 42201 21°+0.2
Cu 0.9+0.0 0.5°+0.0
Mg 4.4+ 0.0 4.3+ 0.0
Vitamin A 6417+0.1 15.5°+ 0.1

Notes. Values in the table are means of duplicate determinations + stand-
ard deviations. Means in the same row with different superscripts are
significantly (p < 0.05) different.

*Millet-based composite flour contains millet flour, cowpea leaves,
pumpkin seeds, carrots, and skimmed milk powder.

(2.1-4.2 mg/100 g), copper (0.5-0.9 mg/100 g), and calcium (143.6-
667.8 mg/100 g) contents was observed in the millet-based compos-
ite flour. The results in Table 5 further indicate that the increases
in iron (3.4-3.6mg/100g) and magnesium (4.3-4.4 mg/100 g)
were not significant (p > 0.05). The findings also indicate that the
vitamin A content of millet-based composite flour was significantly
(p < 0.05) higher (641 pg RAE/100 g) than that of millet flour (15.5 pg
RAE/100 g). The increase in vitamin A content of the millet-based
composite flour is attributed to the addition of carrot and cowpea
leaves. Findings from this study were in agreement with those of
Sadana, Bakhetia, and Aggrawal (2008), who reported an increase in
vitamin A (1,021-1,322 mg/100 g) after supplementing germinated
wheat and soy with carrot powder.

Addition of vegetable powders to millet flour boosted the min-
eral content because cowpea leaves are rich in zinc, iron, calcium,
and magnesium, while pumpkin seeds are rich in zinc and copper
(Barrett, Beaulieu, & Shewfelt, 2010; Vicente, Manganaris, Sozzi, &
Crisoto, 2009). The findings from the analysis of the mineral con-
tents of millet-based composite flour are in agreement with those
reported by Sadana et al. (2008), who observed that products pre-
pared from germinated legumes had significantly higher values of
minerals than products prepared from germinated wheat alone.

Based on compositional analysis (Table 5), daily consumption of 100

Contribution to RDA Ca Fe Zn

Millet-based composite flour® 95.4 35.8 102.0
(%)

Millet flour (%) 20.5 34.1 50.5

RDA (mg/100 ml) 700.0 10.0 4.1

ml porridge from the millet-based composite flour will meet the RDA
of children 6-59 months.

3.5 | Contribution of mineral and vitamin A
content of porridge prepared from the millet-based
composite flour toward RDA for children aged
6-59 months

Table 6 shows the mineral and vitamin A composition of porridge
from millet-based composite flour as a percentage of the rec-
ommended dietary allowances for children aged 6-59 months.
Findings show that the porridge from composite flour contributed
more than 100% of the required zinc (102.0%), copper (158.9%),
and vitamin A (142.4%). However, the porridge from composite
flour only contributed 35.8% of the RDA for iron in children aged
6-59 months. The results further indicate that the mean calcium
(95.4%) contribution was closest to 100% of the RDA for children
aged 6-59 months. The high contributions of zinc, copper, and
calcium are due to high concentrations of these minerals as indi-
cated in Table 5. Zinc, copper, and vitamin A are nontoxic in the
body (Food and Nutrition Board, 1989), and therefore, their high
levels in the millet-based composite flour have no health concern.
Therefore, adoption of the millet-based flour and its proper prepa-
ration may greatly contribute to the reduction in mineral deficien-

cies among children aged 6-59 months.

3.6 | Contribution of energy, protein, and fat
content of porridge prepared from 100 g of millet-
based composite flour in 700 ml of water toward RDA
for children aged 6-59 months

Table 7 shows the contribution of millet-based composite
flour to the RDAs of energy, protein, and fat for children aged
6-59 months. The findings show that the protein contribution to
the RDA reduced with an increase in the age of children. For chil-
dren 0.5-1 year, the porridge from millet-based composite flour
would meet 109% of the RDA for protein, but it meets only 63.8%
for children aged 4-6 years. Energy and fat contribution followed
the same trend as that of protein, but all values were below 100%
(Table 7).

The high contribution of the millet-based composite porridge to
RDAs for protein and energy is due to high concentrations of these

TABLE 6 Contribution (%) of mineral

Vitamin A and vitamin A content of porridge
158.9 142.4 prepared from 100 g of millet-based
composite flour in 700 ml of water toward
92.9 3.4 RDA for children aged 6-59 months®
0.6 450°¢

*The recommended levels of the nutrients considered adequate for most healthy children aged

6-59 months (Food and Nutrition Board, 1989).

bMillet composite flour contains millet flour, cowpea leaves, pumpkin seeds, carrots, and skimmed

milk powder.
“ug/100 g while those without are in mg/100 g.
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TABLE 7 Contribution (%) of energy,
protein, and fat content of porridge from
100 g of millet-based composite flour in
700 ml of water toward RDA for children
aged 6-59 months

Variable

Energy (kcal/day)

Protein (g/day)

Fat (g/day)

CWILEY--Z

Contribution (%) of millet-based

Age group (years) RDA composite porridge to RDA
0-0.5 650? 58.2
0.5-1 850? 445
1-3 1300° 29.1
4-6 1800° 21.0
0-0.5 13* 117.7
0.5-1 142 109.3
1-3 16% 95.6
4-6 242 63.8
0-0.5 - -
0.5-1 - —
1-3 16.7° 22.2
4-6 23.3° 15.9

2Food and Nutrition Board (1989).
bAlasfoor, Rajab, and Al-Rassasi (2009).

nutrients in the composite flour (Table 5). In addition, the contribu-
tions of protein that are above the RDA are nontoxic to the body
(Food and Nutrition Board, 1989; Nutrition Board and Institute of
Medicine, N. A., 2011) because it was slightly above the protein re-
quirement. However, it is recommended that protein intake should
not be more than twice the RDA for protein (Food and Nutrition
Board, 1989). Reduction in the contribution of energy, protein, and
fat to the RDA with an increase in age is due to an increase in the
body needs during growth. For example, energy is needed for met-
abolic activities and body maintenance, while protein is for growth
and development in children. Fats are essential in the body for; cal-
orie supply, brain development, absorption and transportation of
vitamins A, D, E and K. In order to meet the protein, fat, and energy
RDAs of the older children, intake of more than 100 ml of the millet-

based composite porridge is recommended.

3.7 | The physical properties of millet-based
composite flour

Table 8 shows the physical properties of millet-based composite
flour. The oil absorption capacity (OAC) and water absorption ca-
pacity (WAC) of millet-based composite flour were significantly
(p < 0.05) higher than those of millet flour but bulk density did not
change (0.6 g/ml) on the addition of vegetables and skimmed milk

TABLE 8 Physical properties of millet

flour and millet-based composite flour
Sample

Millet flour

Millet-based composite

flour*

powder. OAC of the millet-based composite flour increased from
59.2% to 77.9%, while WAC capacity increased from 117% to 225%.

OAC is the ability of flour protein to physically bind fat by cap-
illary attraction, and it is of great importance as fats act as flavor
retainer and increase the mouthfeel of foods (Soria-Hernandez,
Serna-Saldivar, & Chuck-Hernandez, 2015). The increased OAC can
be attributed to the high protein content of the millet-based com-
posite flour, which enhanced hydrophobicity by exposing more polar
amino acids to the fat (Were, Hettiarachchy, & Kalapathy, 1997).
This observation is consistent with the reports of Chandra, Singh,
and Kumari (2015), who observed an increase in OAC of composite
flours prepared by blending wheat flour with rice flour, mung bean
flour, and potato flour from 146% to 156%. The values observed in
this study were higher than those of sweet potatoes flour (10%-12%)
(Choi and Yoo, 2008) but lower than those in lupin seed flour (167%)
(Sathe et al., 1982).

The high WAC of millet composite flour is due to the high pro-
tein content resulting from the addition of cowpea leaf and skimmed
milk powder as well as to the changes in the quality and quantity
of proteins in the flour upon germination of millet grains (Sreerama,
Sashikala, Pratape, & Singh, 2012). The higher protein content of the
composite flour increased hydrogen bonding thus facilitating water
binding and entrapment (Altchul and Wilcke, 1985). The high WAC

of millet-based composite flour gives it the advantage of being easily

Water absorption Qil absorption Bulk density
capacity (%) capacity (%) (g/ml)
117.2°+2.0 59.2°+0.2 0.6°+0.0
225.1°+1.4 779%+1.1 0.6+ 0.0

Notes. Values in the table are means of duplicate determinations + standard deviations. Means in the
same column with different superscripts are significantly (p < 0.05) different.
*Millet-based composite flour contains millet flour, cowpea leaves, pumpkin seeds, carrots, and

skimmed milk powder.
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soluble in water while preparing porridge. The values of WAC ob-
tained in this study were higher than the values reported for taro
flours (red—180%; white—166%; and nive—150%) (Tagodoe and Nip,
1994), soybean flour (130%) (Lin et al., 1974), fluted pumpkin seed
flour (85%) (Fagbemi and Oshodi, 1991), and sweet potato flours
(red—24% and white—26%) (Osundahunsi et al., 2003), probably be-
cause of the high protein content of the millet-based composite flour.
However, the values obtained were in the range of those reported
by Fasasi, Eleyinmi, and Oyarekua (2007), which were 226%-270%
in processed millet flour samples.

Incorporation of vegetable and skimmed milk powders did not
change the bulk density of millet composite flour (Table 8). This
could be attributed to the low weight of the added powders in com-
parison with millet flour. In contrast, Edema, Sanni, and Sanni (2005)
reported a decrease in bulk density of maize with increasing soy
supplementation. This is probably because of the high weight of soy
flour. The low values of bulk densities of millet composite flour make
it suitable for high nutrient density formulations of foods.

3.8 | Functional properties of millet-based
composite flour

3.8.1 | Effect of temperature on the solubility of
millet-based composite flour

Figure 3 shows the solubility of millet flour and millet-based com-
posite flour at different temperatures. The results indicate that the
solubility of the millet-based composite flour was higher than that of
millet flour at any temperature. These results further indicate that
the solubility of millet flours generally increased with an increase
in temperature from 14.0% to 37.4%. There was a gradual increase
in the solubility of millet composite flour (14.0% to 19.3%) and mil-
let flour (2.7%-8.7%) between 40 and 70°C, followed by a sharp in-
crease between 70°C and 80°C (Figure 3).

According to Alcazar-Alay and Meireles (2015) and Bolaji et al.
(2014), increases in temperature allow starch granules to swell and
eventually burst, leading to the leaching of amylose molecules into
the water. Amylose forms hydrogen bonds with water molecules,

hence the solubility of starch. The high solubility of millet-based
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FIGURE 3 Solubility of millet flour and millet-based composite
flour at different temperatures

composite flour can be attributed to high sugar content as a result of
germinating millet grains and the high protein content due to the ad-
dition of skimmed milk powder and cowpea leaves powder. The high
sugar content might have favoured formation of hydrogen bonds and
protein increased hydrophilicity of the flour, hence the high solubil-
ity (Alcazar-Alay & Meireles, 2015).

3.8.2 | Effect of temperature on swelling power of
millet-based composite flour

Figure 4 shows results of the effect of temperature on the swelling
power of millet-based composite flour. The swelling power of the
millet-based composite and millet flours generally increased with
an increase in temperature from 1.8% to 4.5% and 1.8% to 7.1%,
respectively. Between 40 and 60°C, there was no significant dif-
ference in the swelling power of millet-based composite and millet
flours. Between 60 and 80°C, the swelling power of millet flour was
higher than that of millet-based composite flour.

The general increase in swelling power of flours is due to gelatini-
zation of starch as a result of heating in the presence of excess water.
This could have resulted in water diffusing into the starch granules
(Jiménez et al., 2012). The starch granules substantially increased in
size due to hydration of the amorphous phase causing loss of crys-
tallinity and molecular order (Jiménez et al., 2012). At low tempera-
tures (40-50°C), starch granules are less soluble in water due to the
hydrogen bonds and crystallinity of the molecule, thus resulting
in the low swelling power observed in both samples. Between 50
and 80°C, which is the porridge cooking temperature, the size of
starch granules increased substantially, breaking the molecules and
consequently leaching the amylose to form a three-dimensional net-
work and increased the paste’s viscosity (Sarkar, Thapar, Kundnani,

Panwar, & Grover, 2013). The trend observed in this study was also
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FIGURE 4 Swelling power of millet flour and millet-based
composite flour at different temperatures
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reported by Adebowale, Adeyemi, and Oshodi (2005) for red sor-
ghum flour. The swelling power of the millet-based composite flour
was lower than that of millet flour due to the germination of the mil-
let grains. Amylases break down starch during germination of millet
grains, thus reducing the swelling power of the resultant flour. The
low swelling power of the millet-based composite flour makes it suit-

able as a weaning food as it will result in porridges of low viscosity.

3.9 | Visco-elastic properties of the millet-based
composite flour

Figure 5 shows the visco-elastic properties of millet-based com-
posite flour. The results indicate that millet-based composite flour
recorded a lower peak (38 cP) and lower final viscosity (17.7 cP) com-
pared to the 712.7 and 88 cP recorded for the flour from nongermi-
nated millet grains. The composite flour recorded lower pasting time
(2.6 min) and temperature (55.7°C) compared to that of flour from
nongerminated millet grains at 3.3 min and 67.9°C, respectively.

The low peak viscosity and final viscosity observed in millet
composite flour may be a result of modification of millet starch by
amylases during germination of millet grains. Final viscosity is the
change in the viscosity after holding cooked starch at 50°C, and it
is a measure of the stability of the granule. Final viscosity indicates
the ability of starch to form a viscous paste or gel after cooking and
cooling (Alcazar-Alay & Meireles, 2015; Iwe & Agiriga, 2014). The
results in Figure 5 indicate that millet-based composite flour had a
lower final viscosity (17.7 cP) than millet flour (96.2 cP). This is nu-
tritionally beneficial in infant formulas (Journal & North, 2014), as a
less viscous porridge is a better weaning food for children.

Peak viscosity is an indicator of the thickening behavior and
water holding capacity of starch (Alcazar-Alay & Meireles, 2015; lwe
& Agiriga, 2014). The low peak viscosities observed in millet-based
composite flour might be attributed to millet starch modification by

the amylase enzymes during germination. The low peak viscosity

800 -
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FIGURE 5 Rapid Visco-Analyzer
pasting curves for millet flour and millet-
based composite flour
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exhibited by millet-based composite flour is suitable for products
requiring low gel strength and elasticity. This property makes the
millet-based composite flour a suitable weaning food for children
because they require porridge with low viscosity.

The setback or viscosity of the cooked paste is the viscosity after
cooling to 50°C. The extent of increase in viscosity on cooling to
50°C reflects the retrogradation tendency (Chibuzo, 2012), a phe-
nomenon that causes the paste to become firmer and increasingly
resistant to enzyme attack (Horstmann, Lynch, & Arendt, 2017). It
thus has an effect on digestibility. Higher setback values are syn-
onymous to reduced paste digestibility (Shittu & Adedokun, 2010),
while lower setback during cooling of the paste indicates a lower
tendency for retrogradation and subsequently higher digestibility
(Sandhu, Singh, & Malhi, 2006). The low setback value (16.67 cP) for
the millet-based composite flour indicates that its paste would have
a higher stability against retrogradation (Mazurs, Schoch, & Kite,
1957) than millet flour whose setback value was 77 cP. It also implies
that the porridge when consumed by children will be easy to digest.

The pasting temperature of millet-based composite flour (55.7°C)
was significantly (p < 0.05) lower than that of millet flour (67.9°C).
The pasting temperature provides an indication of the minimum tem-
perature required for cooking the flours (Shimelis, Meaza, & Rakshit,
2006). The low pasting temperature of millet-based composite flour
implies that less energy is required for cooking porridge from millet-

based composite flour than for flour from nongerminated millet grains.

4 | CONCLUSION

Germination of millet grains and incorporation of skimmed milk and
vegetable powders resulted in a nutrient-enhanced composite flour
with improved functional properties. Scaling up production of this

composite flour can contribute toward improving the nutrition of

children in developing countries.

Viscosity of millet composite

Viscosity of millet flour

Temperature (°C)

Time (Min)




TUMWINE €T AL.

2 | \WiLEy—

ACKNOWLEDGEMENTS

We are grateful to Netherlands Organization for Scientific
Research/WOTRO Science for Development who provided fi-
nancial assistance that enabled this work to be done. We also ac-
knowledge the technical assistance offered by the laboratory team
at the School of Food Technology, Nutrition and Bioengineering,

Makerere University.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Gaston A. Tumuhimbise http://orcid.org/0000-0001-8810-088X

REFERENCES

Abd EI-Ghany, M. A, Dalia, A. H., & Soha, M. (2010, April). Biological study
on the effect of pumpkin seeds and zinc on reproductive potential
of male rats. In The 2nd International Annual Scientific Conference,
Faculty of specific Mansoura University (pp. 2384-3404).

Abdelhaleem, W. H., El Tinay, A. H., Mustafa, A. |., & Babiker, E. E. (2008).
Effect of fermentation, malt-pretreatment and cooking on antinutri-
tional factors and protein digestibility of sorghum cultivars. Pakistan
Journal of Nutrition, 7, 335-341.

Adebiyi, A. P.,, Adeyemi, I. A., & Olorunda, A. O. (2002). Effects of pro-
cessing conditions and packaging material on the quality attributes
of dry-roasted peanuts. Journal of the Science of Food and Agriculture,
82, 1465-1471. https://doi.org/10.1002/(ISSN)1097-0010

Adebowale, Y. A., Adeyemi, I. A., & Oshodi, A. A. (2005). Functional and
physicochemical properties of flours of six Mucuna species. African
Journal of Biotechnology, 4, 1461-1468.

Adenike, O. M. (2012). Effect of germination, boiling and co-fermentation
on the viscosity of maize/cowpea mixture as complementary infant
food. American Journal of Food Technology, 7(1), 1-12.

Adhikari, U., Nejadhashemi, A. P., & Woznicki, S. A. (2015). Climate
change and Eastern Africa: A review of impact on major crops. Food
and Energy Security, 4, 110-132. https://doi.org/10.1002/fes3.61

Alasfoor, D., Rajab, H., & Al-Rassasi, B. (2009). Food based dietary guide-
lines: Technical background and description - Task force for the develop-
ment and implementation of the Omani food based dietary guidelines.
Muscat, Oman: Ministry of Health.

Alcazar-Alay, S. C., & Meireles, M. A. A. (2015). Physicochemical proper-
ties, modifications and applications of starches from different botan-
ical sources. Food Science and Technology, 35, 215-236. https://doi.
org/10.1590/1678-457X.6749

Altschul, A. M., & Wilcke, H. L. (1985). New protein foods, Vol. 5. Food
Science and Technology, Orlando, FL: Academic Press Inc.

AOAC (2010). Official methods of analysis (25th ed.). Washington, DC:
Association of Official Analytical Chemist.

Azeke, M. A, Egielewa, S. J., Eigbogbo, M. U., & lhimire, |. G. (2011). Effect
of germination on the phytase activity, phytate and total phospho-
rus contents of rice (Oryza sativa), maize (Zea mays), millet (Panicum
miliaceum), sorghum (Sorghum bicolor) and wheat (Triticum aestivum).
Journal of Food Science and Technology, 48, 724-729. https://doi.
org/10.1007/s13197-010-0186-y

Baker, G. L., Cornell, J. A., Gorbet, D. W., O'Keefe, S. F., Sims, C.
A., & Talcott, S. T. (2003). Determination of pyrazine and flavor
variations in peanut genotypes during roasting. Journal of Food

Science, 68, 394-400. https://doi.org/10.1111/j.1365-2621.2003.
th14171.x

Balasubramanyam, V. B. M. N., & Lokesh, N. G. M. B. R. (2000). Moisture
sorption isotherms of nutritious supplementary foods prepared from
cereals and legumes for feeding rural mothers and children. European
Food Research and Technology, 211(1), 27-31.

Barrett, D. M., Beaulieu, J. C., & Shewfelt, R. (2010). Color, flavor, tex-
ture, and nutritional quality of fresh-cut fruits and vegetables - de-
sirable levels, instrumental and sensory measurement, and the ef-
fects of processing. Critical Reviews in Food Science and Nutrition, 50,
369-389. https://doi.org/10.1080/10408391003626322

Belton, P. S., & Taylor, J. R. (2002). Pseudocereals and less common cereals:
Grain properties and utilization potential. Berlin, Germany: Springer.
https://doi.org/10.1007/978-3-662-09544-7

Bolaji, O. T., Oyewo, A. O., Adepoju, P. A., Bolaji, O. T., Oyewo, A. O,
& Adepoju, P. A. (2014). Soaking and drying effect on the func-
tional properties of ogi produce from some selected maize varieties.
American Journal of Food Science and Technology, 2(5), 150-157.

Buttriss, J. (1989). Vitamins and minerals. Nutrition and Food Science, 89,
7-9. https://doi.org/10.1108/eb059212

Chandra, S., Singh, S., & Kumari, D. (2015). Evaluation of functional prop-
erties of composite flours and sensorial attributes of composite flour
biscuits. Journal of Food Scienceand Technology, 52(6), 3681-3688.

Chaturvedi, N. L. G. (2015). The impact of malting on nutritional compo-
sition of foxtail millet, wheat and chickpea. Journal of Nutrition and
Food Sciences, 5(5), 1.

Chibuzo, 1. M. (2012). Physicochemical and retrogradation character-
istics of modified sweet potato (Ipomoea batatas L. (Lam)) starch.
Journal of Agriculture and Food Technology, 2, 49-55.

Chikwendu, J. N., Igbatim, A. C., & Obizoba, I. C. (2014). Chemical com-
position of processed cowpea tender leaves and husks. International
Journal of Scientific and Research Publications, 4(5), 1-5.

Christides, T., Amagloh, F. K., & Coad, J. (2015). Iron bioavailability and
provitamin A from sweet potato-and cereal-based complementary
foods. Foods, 4(3), 463-476. https://doi.org/10.3390/foods4030463

Choi, H. M., & Yoo, B. (2008). Rheology of mixed systems of sweet potato
starch and galactomannans. Starch-Stdrke, 60(5), 263-269.

Coulibaly, A., & Chen, J. (2011). Evolution of energetic compounds, anti-
oxidant capacity, some vitamins and minerals, phytase and amylase
activity during the germination of foxtail millet. American Journal of
Food Technology, 6, 40-51.

Edema, M. O., Sanni, L. O., & Sanni, A. I. (2005). Evaluation of maize-
soybean flour blends for sour maize bread production in Nigeria.
African Journal of Biotechnology, 4, 911-918.

Fagbemi, T. N., & Oshodi, A. A. (1991). Chemical composition and func-
tional properties of full fat fluted pumpkin seed flour. Nigeria Food
Journal, 9, 26-32.

FAO (1995). Sorghum and millets in human nutrition. Rome, Italy: David
Lubin Memorial Library.

Fasasi, O. S., Eleyinmi, A. F., & Oyarekua, M. A. (2007). Effect of some
traditional processing operations on the functional properties of
African breadfruit seed (Treculia africana) flour. Food Science and
Technology, 40, 513-519.

Flores-Morales, A., Jiménez-Estrada, M., & Mora-Escobedo, R. (2012).
Determination of the structural changes by FT-IR, Raman, and CP/
MAS 13C NMR spectroscopy on retrograded starch of maize torti-
llas. Carbohydrate Polymers, 87(1), 61-68.

Food and Nutrition Board (1989). Recommended dietary allowances.
Nutrition reviews (10th ed., Vol. 18). Washington, DC: National
Academies Press.

Friedman, M. (1996). Nutritional value of proteins from different food
sources. A review. Journal of Agricultural and Food Chemistry, 44, 6-
29. https://doi.org/10.1021/jf9400167

Gibson, R. S., Bailey, K. B., Gibbs, M., & Ferguson, E. L. (2010). A review
of phytate, iron, zinc, and calcium concentrations in plant-based


http://orcid.org/0000-0001-8810-088X
http://orcid.org/0000-0001-8810-088X
https://doi.org/10.1002/(ISSN)1097-0010
https://doi.org/10.1002/fes3.61
https://doi.org/10.1590/1678-457X.6749
https://doi.org/10.1590/1678-457X.6749
https://doi.org/10.1007/s13197-010-0186-y
https://doi.org/10.1007/s13197-010-0186-y
https://doi.org/10.1111/j.1365-2621.2003.tb14171.x
https://doi.org/10.1111/j.1365-2621.2003.tb14171.x
https://doi.org/10.1080/10408391003626322
https://doi.org/10.1007/978-3-662-09544-7
https://doi.org/10.1108/eb059212
https://doi.org/10.3390/foods4030463
https://doi.org/10.1021/jf9400167

TUMWINE ET AL.

complementary foods used in low-income countries and implications
for bioavailability. Food and Nutrition Bulletin, 31, 134-146. https://
doi.org/10.1177/156482651003125206

Gilani, G. S., Xiao, C. W., & Cockell, K. A. (2012). Impact of antinutri-
tional factors in food proteins on the digestibility of protein and
the bioavailability of amino acids and on protein quality. British
Journal of Nutrition, 108, 315-332. https://doi.org/10.1017/
S0007114512002371

Glew, R. H., Glew, R. S., Chuang, L. T., Huang, Y. S., Millson, M., Constans,
D., & Vanderjagt, D. J. (2006). Amino acid, mineral and fatty acid con-
tent of pumpkin seeds (Cucurbita spp) and Cyperus esculentus nuts in
the Republic of Niger. Plant Foods for Human Nutrition, 61(2), 49-54.
https://doi.org/10.1007/s11130-006-0010-z

Gomez, C., Obilana, M. I, Martin, A. B., Madzvamuse, D. F., & Monyo, M.
(1997). Manual of laboratory procedures for quality evaluation of sor-
ghum and pearl millet. Telangana, India: International Crops Research
Institute for the Semi-Arid Tropics.

Habiyaremye, C., Matanguihan, J. B., D’Alpoim Guedes, J., Ganjyal, G. M.,
Whiteman, M. R,, Kidwell, K. K., & Murphy, K. M. (2017). Proso millet
(Panicum miliaceum L.) and its potential for cultivation in the Pacific
Northwest, U.S: A review. Frontiers in Plant Science, 7, 1961.

Hassan, A. B., Mohamed Ahmed, I. A., Osman, N. M., Eltayeb, M. M.,
Osman, G. A., & Babiker, E. E. (2006). Effect of processing treat-
ments followed by fermentation on protein content and digestibility
of pearl millet (Pennisetum typhoideum) cultivars. Pakistan Journal of
Nutrition, 5, 86-89.

Hejazi, S. N., & Orsat, V. (2016). Malting process optimization for pro-
tein digestibility enhancement in finger millet grain. Journal of Food
Science and Technology, 53(4), 1929-1938. https://doi.org/10.1007/
s13197-016-2188-x

Hernandez-Urbiola, M. ., Pérez-Torrero, E., & Rodriguez-Garcia, M.
E. (2011). Chemical analysis of nutritional content of prickly pads
(Opuntia ficus indica) at varied ages in an organic harvest. International
Journal of Environmental Research and Public Health, 8, 1287-1295.
https://doi.org/10.3390/ijerph8051287

Hoffman, J. R., & Falvo, M. J. (2004). Protein - Which is best? Journal of
Sports Science and Medicine, 3, 118-130.

Horstmann, S. W.,, Lynch, K. M., & Arendt, E. K. (2017). Starch charac-
teristics linked to gluten-free products. Foods, 6, 29. https://doi.
org/10.3390/foods6040029

ljarotimi, O. S., & Babatunde, I. O. (2013). Chemical compositions and nu-
tritional properties of popcorn-based complementary foods supple-
mented with Moringa oleifera leaves flour. Journal of Food Research,
2,117-132.

Ikegwu, O. J., Okechukwu, P. E., & Ekumankana, E. O. (2010). Physico-
chemical and pasting characteristics of flour and starch from Achi
Brachystegia eurycoma seed. Journal of Food Technology, 8, 58-66.

Iwe, M. O., & Agiriga, A. N. (2014). Pasting properties of Ighu prepared
from steamed varieties of cassava tubers. Journal of Food Processing
and Preservation, 38,2209-2222. https://doi.org/10.1111/jfpp.12201

Jaybhaye, R. V,, Pardeshi, I. L., Vengaiah, P. C., & Srivastav, P. P. (2014).
Processing and technology for millet based food products: A review.
Journal of Ready to Eat Food, 1, 32-48.

Journal, B., & North, O. F. (2014). Quality evaluation of composite millet-
wheat Chinchin. Agriculture and Biology Journal of North America, 5,
33-39.

Kavitha, S., & Parimalavalli, R. (2014). Effect of processing methods on
proximate composition of cereal and legume flours. Journal of Human
Nutrition and Food Science, 2, 1051.

Kumar, A., Goel, B. K., Karthikeyan, S., Asgar, S., Gedda, A. K., Choudhary,
K. K., & Uprit, S. (2013). Protein and calcium rich malted health drink
power. Journal of Food Processing Technology, 4, 3-7.

Leach, H. W., McCowan, L. D., & Schoch, T. J. (1959). Structure of the
starch granule: Swelling power and solubility patterns of different
starches. Cereal Chemistry, 36, 534-544.

CWILEY-®

Lin, M. J. Y., Humbert, E. S., & Sosulski, F. W. (1974). Certain functional
properties of sunflower meal products. Journal of Food Science, 39(2),
368-370.

Maass, O. J. B. (2014). Protein and iron composition of cowpea leaves:
An evaluation of six cowpea varieties grown in Eastern Africa. African
Journal of Food Agriculture Nutrition and Development, 14(5), 1-12.

Mazurs, E. G., Schoch, T. J., & Kite, F. E. (1957). Graphical analysis of the
brabender viscosity curves of various starches. Cereal Chemistry,
34(3), 141-153.

Mbithi-Mwikya, S., Van Camp, J., Yiru, Y., & Huyghebaert, A. (2000).
Nutrient and antinutrient changes in finger millet (Eleusine coracan)
during sprouting. LWT-Food Science and Technology, 33, 9-14. https://
doi.org/10.1006/fstl.1999.0605

Mogra, R., & Midha, S. (2013). Value addition of traditional wheat flour
vermicelli. Journal of Food Science and Technology, 50, 815-820.
https://doi.org/10.1007/s13197-011-0403-3

Newport Scientific. (2001). Interpreting test results rapid visco analyser:
Installation and operation manual (pp. 37-40). Warriewood, NSW:
Newport Scientific.

Nielsen, S. S. (2010). Food analysis laboratory manual (second). New York,
NY: Springer, New York Dordrecht Heidelberg London. https://doi.
org/10.1007/978-1-4419-1463-7

Nonogaki, H., Bassel, G. W., & Bewley, J. D. (2010). Germination-still
a mystery. Plant Science, 179, 574-581. https://doi.org/10.1016/j.
plantsci.2010.02.010

Nyam, K. L., Lau, M., & Tan, C. P. (2013). Fibre from pumpkin (Cucurbita
pepo L.) Seeds and rinds: Physico-chemical properties, antioxidant
capacity and application as bakery product ingredients. Malaysian
Journal of Nutrition, 19, 99-110.

Onwuka, G. I. (2005). Food analysis and instrumentation: Theory and prac-
tice (pp. 219-230). Surulere, Lagos, Nigeria: Naphthalic Prints.

Osman, M. A. (2007). Effect of different processing methods, on nutrient
composition, antinutrional factors, and in vitro protein digestibility of
Dolichos lablab bean [Lablab purpuresus (L) sweet]. Pakistan Journal of
Nutrition, 6, 299-303. https://doi.org/10.3923/pjn.2007.299.303

Osundahunsi, O. F., Fagbemi, T. N., Kesselman, E., & Shimoni, E. (2003).
Comparison of the physicochemical properties and pasting charac-
teristics of flour and starch from red and white sweet potato cul-
tivars. Journal of Agricultural and Food Chemistry, 51(8), 2232-2236.

Queroz, M. D. (1991). Sorghum and millets in human nutrition. Journal of
Science of Food and Agriculture, 83, 402-407.

Rico, D., Martin-Diana, A. B., Barat, J. M., & Barry-Ryan, C. (2007).
Extending and measuring the quality of fresh-cut fruit and vegeta-
bles: A review. Trends in Food Science and Technology, 18, 373-386.
https://doi.org/10.1016/j.tifs.2007.03.011

Rodriguez-Amaya, D. B., & Kimura, M. (2004). HarvestPlus handbook
for carotenoid analysis (Vol. 2). Washington, DC: International Food
Policy Research Institute (IFPRI).

Sadana, B., Bakhetia, P., & Aggrawal, R. (2008). Nutritional evaluation
of germinated wheat and soybean based supplementary food. Indian
Journal of Ecology, 35, 87-90.

Saleh, A. S. M., Zhang, Q., Chen, J., & Shen, Q. (2013). Millet grains:
Nutritional quality, processing, and potential health benefits.
Comprehensive Reviews in Food Science and Food Safety, 12, 281-295.
https://doi.org/10.1111/1541-4337.12012

Sandhu, K. S., Singh, N., & Malhi, N. S. (2006). Some properties of corn
grains and their flours |: Physicochemical, functional and chapati-
making properties of flours. Food Chemistry, 101(3), 938-946.

Sarkar, N. K., Thapar, U., Kundnani, P., Panwar, P., & Grover, A. (2013).
Functional relevance of J-protein family of rice (Oryza sativa). Cell
Stress and Chaperones, 18, 321-331. https://doi.org/10.1007/
s12192-012-0384-9

Sathe, S. K., Deshpande, S. S., & Salunkhe, D. K. (1982). Functional prop-
erties of lupin seed (Lupinus mutabilis) proteins and protein concen-
trates. Journal of Food Science, 47(2), 491-497.


https://doi.org/10.1177/15648265100312S206
https://doi.org/10.1177/15648265100312S206
https://doi.org/10.1017/S0007114512002371
https://doi.org/10.1017/S0007114512002371
https://doi.org/10.1007/s11130-006-0010-z
https://doi.org/10.1007/s13197-016-2188-x
https://doi.org/10.1007/s13197-016-2188-x
https://doi.org/10.3390/ijerph8051287
https://doi.org/10.3390/foods6040029
https://doi.org/10.3390/foods6040029
https://doi.org/10.1111/jfpp.12201
https://doi.org/10.1006/fstl.1999.0605
https://doi.org/10.1006/fstl.1999.0605
https://doi.org/10.1007/s13197-011-0403-3
https://doi.org/10.1007/978-1-4419-1463-7
https://doi.org/10.1007/978-1-4419-1463-7
https://doi.org/10.1016/j.plantsci.2010.02.010
https://doi.org/10.1016/j.plantsci.2010.02.010
https://doi.org/10.3923/pjn.2007.299.303
https://doi.org/10.1016/j.tifs.2007.03.011
https://doi.org/10.1111/1541-4337.12012
https://doi.org/10.1007/s12192-012-0384-9
https://doi.org/10.1007/s12192-012-0384-9

TUMWINE €T AL.

“ | wWiLEy—

Selle, P. H., Cowieson, A. J., Cowieson, N. P., & Ravindran, V. (2012).
Protein-phytate interactions in pig and poultry nutrition: A re-
appraisal. Nutrition Research Reviews, 25(1), 1-17. https://doi.
org/10.1017/50954422411000151

Shaik, S. S., Carciofi, M., Martens, H. J., Hebelstrup, K. H., & Blennow, A.
(2014). Starch bioengineering affects cereal grain germination and
seedling establishment. Journal of Experimental Botany, 65, 2257-
2270. https://doi.org/10.1093/jxb/erul07

Shashi, B. K., Sharan, S., Hittalamani, S., Shankar, A. G., & Nagarathna,
T. K. (2007). Micronutrient composition, antinutritional factors and
bioaccessibility of iron in different finger millet (Eleusine coracana)
genotypes. Karnataka Journal of Agricultural Sciences, 20(3), 583-585.

Shimelis, E. A., Meaza, M., & Rakshit, S. K. (2006). Physico-chemical prop-
erties, pasting behavior and functional characteristics of flours and
starches from improved bean (Phaseolus vulgaris L.) varieties grown in
East Africa. Agricultural Engineering International: CIGR Journal, 8, 1-19.

Shittu, T. A., & Adedokun, I. 1. (2010). Comparative evaluation of the func-
tional and sensory characteristics of three traditional fermented cas-
sava products. ASSET: An International Journal (Series B), 9, 106-116.

Shively, G., & Hao, J. (2012). A review of agriculture, food security and
human nutrition issues in Uganda. West Lafayette, IN: Department of
Agricultural Economics, Purdue University.

Sihag, M. K., Sharma, V., Goyal, A., Arora, S., & Singh, A. K. (2015). Effect
of domestic processing treatments on iron, p-carotene, phytic acid
and polyphenols of pearl millet. Cogent Food & Agriculture, 1(1),
1109171.

Singh, G., Kawatra, A., & Sehgal, S. (2001). Nutritional composition of se-
lected green leafy vegetables, herbs and carrots. Plant Foods for Human
Nutrition, 56(4), 359-364. https://doi.org/10.1023/A:1011873119620

Soria-Hernandez, C., Serna-Saldivar, S., & Chuck-Hernandez, C. (2015).
Physicochemical and functional properties of vegetable and ce-
real proteins as potential sources of novel food ingredients. Food
Technology and Biotechnology, 53, 269-277.

Sreerama, Y. N., Sashikala, V. B., Pratape, V. M., & Singh, V. (2012).
Nutrients and antinutrients in cowpea and horse gram flours in
comparison to chickpea flour : Evaluation of their flour function-
ality. Food Chemistry, 131, 462-468. https://doi.org/10.1016/j.
foodchem.2011.09.008

Tagodoe, A., & Nip, W. K. (1994). Functional properties of raw and pre-
cooked taro (Colocasia esculenta) flours. International Journal of Food
Science & Technology, 29(4), 457-462.

Temba, M. C., Njobeh, P. B., Adebo, O. A., Olugbile, A. O., & Kayitesi,
E. (2016). The role of compositing cereals with legumes to allevi-
ate protein energy malnutrition in Africa. International Journal of
Food Science and Technology, 51, 543-554. https://doi.org/10.1111/
ijfs.13035

Traoré, T., Mouquet, C., Icard-Verniére, C., Traore, A., & Tréche, S. (2004).
Changes in nutrient composition, phytate and cyanide contents and
a-amylase activity during cereal malting in small production units in
Ouagadougou (Burkina Faso). Food Chemistry, 88, 105-114. https://
doi.org/10.1016/j.foodchem.2004.01.032

UBQOS and WFP (2013). Comprehensive Food Security and Vulnerability
Analysis (CFSVA) Uganda. Kampala, Uganda: UBOS and WFP.

Vicente, A. R., Manganaris, G. A., Sozzi, G. O., & Crisoto, C. H. (2009).
Nutritional quality of fruits and vegetable. Postharvest handling: A sys-
tems approach (pp. 57-106). Amsterdam, the Netherlands: Elsevier-
Academic Press.

Were, L., Hettiarachchy, N. S., & Kalapathy, U. (1997). Modified soy pro-
teins with improved foaming and water hydration properties. Journal
of Food Science, 62, 821-823, 850.

WHO (2012). Technical note: Supplementary foods for the management
of moderate acute malnutrition in infants and children 6-59 months
of a technical note (p. 20). Geneva, Switzerland: World Health
Organization.

How to cite this article: Tumwine G, Atukwase A,
Tumuhimbise GA, Tucungwiirwe F, Linnemann A. Production
of nutrient-enhanced millet-based composite flour using
skimmed milk powder and vegetables. Food Sci Nutr.
2019;7:22-34. https://doi.org/10.1002/fsn3.777



https://doi.org/10.1017/S0954422411000151
https://doi.org/10.1017/S0954422411000151
https://doi.org/10.1093/jxb/eru107
https://doi.org/10.1023/A:1011873119620
https://doi.org/10.1016/j.foodchem.2011.09.008
https://doi.org/10.1016/j.foodchem.2011.09.008
https://doi.org/10.1111/ijfs.13035
https://doi.org/10.1111/ijfs.13035
https://doi.org/10.1016/j.foodchem.2004.01.032
https://doi.org/10.1016/j.foodchem.2004.01.032
https://doi.org/10.1002/fsn3.777

