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Abstract

Finger millet (Eleusine coracana L. Gaertn.) is a gluten-free crop with a high amount
of fiber, calcium and iron, outstanding malting qualities and a low glycemic index.
The study aimed to determine the physicochemical, functional, antioxidant and mi-
crostructural properties of malted finger millet (light and dark brown) flours. The two
varieties of finger millet grains were germinated for O, 24, 48 and 72h and kilned for
8h. The lightness (L*) values of malted finger millet flours significantly increased, with
light brown having the highest L* value of 76.62. The hue angle and total color dif-
ferences (AE) of the malted finger millet flours increased significantly (p <.05.), and
values ranged from 63.43° to 71.20° (light brown) and 2.12° to 4.32° (dark brown),
respectively. The moisture, ash, fiber, protein, total phenolic, total flavonoids contents
and DPPH activity of both malted finger millet flours significantly increased. On the
contrary, the fat, carbohydrate, energy contents and FRAP activity significantly de-
creased with each malting period of both finger millet flours. Both malted finger millet
flours' solubility index, water and oil absorption capacity increased significantly while
the packed and loose bulk density decreased. Malting had no significant effect on
the viscosity of the cold paste; however, a significant decrease in the viscosity of the
cooked paste in both finger millet flours was observed, with values ranging from 285
to 424.00¢P (light brown) and 271.33 to 418.00cP (dark brown), respectively. Malting
resulted in changes in the thermal properties of finger millet flours with an increase
in the onset, peak and conclusion temperatures. Fourier-Transform Infrared Spectra
showed that malting slightly changed the peaks of both finger millet flours. Scanning
electron microscopy showed that malting altered the microstructural characteristics
of finger millet flours. The results showed that malted finger millet flours are promis-

ing raw materials for gluten-free bakery products.
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1 | INTRODUCTION

Finger millet (Eleusine coracana L. Gaertn.) is a cereal crop with
significant cultural, nutritional and historical importance mainly
cultivated in Africa and Asia (Mirza & Marla, 2019; Mueller
et al., 2022). The plant's name derives from the crop's panicle
shape, forming several fingers-like structures (Sood et al., 2019).
Finger millet is a tiny, seeded cereal crop belonging to the Poaceae
grass family. The crop has many other names, such as mufhoho,
uphoko in South Africa, poho and rapoko in Zimbabwe, madua or
ragi in India and tokuso or dagussa in Ethiopia (Gull et al., 2014;
Ramashia et al., 2019). Finger millet is ranked sixth in production
in India among other cereals such as sorghum, rice, wheat, bajra
and maize. It is a drought-resistant crop with high antioxidant and
nutraceutical properties (Kandel et al., 2019). It is a gluten-free
cereal crop high in fiber, calcium and iron with outstanding malt-
ing qualities and a low glycemic index (Anagha, 2023; Singh, 2016;
Udeh et al., 2018). Thus, finger millet is a healthy food choice
for diabetic and gluten-intolerant patients (Patil et al., 2023;
Wafula et al., 2018). Millets products are gaining popularity in
recent years because of global warming, water shortage, popu-
lation growth and health concerns of gluten-containing foods
(Aljobair, 2022). Moreover, the health-promoting compounds of
malted cereal grains are attracting high interest as functional in-
gredients applied to decrease the risk of some chronic diseases
such as colorectal cancer (Lin et al., 2019; Nelson et al., 2013).The
finger millet grains' flour is utilized as a whole meal to prepare
traditional foodstuffs such as pancakes, unleavened bread, dump-
lings and thin or soft porridge (Sood et al., 2019). Application of
flour in food system depends on its functional property (lgbabul
et al., 2014; Ojha et al., 2018).

Malting is a food processing technique that has been em-
ployed for years to transform and increase the nutritional qual-
ities of millets (Adebiyi et al., 2016; Gowda et al., 2022; Hejazi &
Orsat, 2016). Malting practices differ between countries, also vary
among communities within a country (Alowo et al., 2018; Bokulich
& Bamforth, 2013) and malted cereals are a vital part of the ev-
eryday diet of people (Swami et al., 2013; Syeunda et al., 2020).
Adetokunboh et al. (2022) stated that malting caused an incre-
ment in the activities of hydrolytic enzymes, improving total sug-
ars, amino acids content, B-group vitamins and a decrease in starch
and dry matter. Malting of finger millet grains for brewing and child
feeding has been traditionally practiced in many parts of Africa,
namely South Africa, Zimbabwe, Nigeria, Kenya, Rwanda and India
(Adebiyi et al., 2018; Kubo, 2016). In addition to its nutritional ad-
vantages, malting provides an easy, less expensive method of lower-
ing paste viscosity and raising the calorie content of cereal slurries
(Baranwal, 2017). The traditional finger millet malting process is sim-
ilar to sorghum (Embashu & Nantanga, 2019). It includes steeping for
24 h by continuous immersion. Germination is conducted for two to
three days, resulting in sprout formation. It is then followed by solar
energy dehydration for one to two days at 25-30°C (Adetokunboh
etal., 2022).

Functional qualities are a food item's physical and chemical char-
acteristics that influence its behavior during preparation, storage
and consumption (Sachdev et al., 2021). Flour is a flexible ingredient
that may be utilized in various food items to enhance their nutritional
content, sensory and texture quality due to its functional qualities
(Awuchi et al., 2019). The cereal-based finger millet flour ingredi-
ent has several valuable qualities, making it a desirable addition to
food compositions (Budhwar et al., 2020). These characteristics in-
clude the capacity to absorb water and oil, the stability of foam and
emulsions, rheological characteristics, gelatinization, flavor and scent
(Abah et al., 2020). Water absorption capacity refers to the functional
property of a food ingredient or item to take in water when mixed or
immersed (Adanse et al., 2021). This property is essential for deter-
mining food products' texture, stability and overall quality properties
(Abah et al., 2020). Qil absorption capacity is the physical trapping
of oil, which retains flavor and enhances food taste for consumers
(Abah et al., 2020). The body uses fat for various reasons, a vital part
of the diet (Hiremath & Geetha, 2019). The mouthfeel of a food item
and the choice of the packaging material can be influenced by the
bulk density of the food material (Awuchi et al., 2019). The lower
bulk density of the flour improves the digestion of food products,
especially in children with undeveloped digestive systems (lkujenlola
& Ogunba, 2018). Differential scanning calorimetry determines the
least energy needed to break down a food product's starch structure.
Some elements affecting starch are granule shape and concentration
(Leyva-Porras et al., 2019; Shahzad et al., 2019). Finger millet flour is
rich in fiber, a vital biological and nutritional element of the human
body as it increases the bulk of a diet (Hiremath & Geetha, 2019).
Soluble fiber decreases cholesterol and controls blood sugar levels.
The insoluble fiber helps in promoting regular bowel motions and pre-
venting constipation (Khalid et al., 2022; Laxmi et al., 2015).

Free radicals are dangerous molecules that can injure cells and
tissues but are neutralized by antioxidants which shield the body
from oxidative stress (Kabel, 2014; Kumar, Kaur, et al., 2021; Sharma
et al., 2015). There are a lot of phenolic compounds and antioxidants
in finger millet, and these have several health advantages. The finger
millet bran and germ of the grain contain most of these antioxidants
(Sharma et al., 2018). Malting also increases finger millet flour's an-
tioxidant activity (Sharma et al., 2022). The flours have a prominent
level of antioxidants, making it a beneficial component of functional
foods and supplements meant to boost well-being and fend off
chronic diseases (Kumar, Kaur, et al., 2021).

However, there is inadequate research done on the thermal
and functional properties of malted finger millet and other millet
flours. Nefale and Mashau (2018) observed modifications in the
functional characteristics of germinated finger millet flours. Adebiyi
et al. (2016), Olamiti et al. (2020), and Mudau et al. (2022) studied
modifications in functional and thermal characteristics of malted
and fermented finger millet and pearl millet flours. Finger millet flour
has good thermal stability and can withstand elevated temperatures
without losing its nutritional value or functional properties (Mudau
et al., 2022). However, despite the potential benefits of malted fin-
ger millet flour, there has been limited research done since it is not



MURUNGWENI ET AL.

-Wi LEYM

widely cultivated compared to other cereal grains such as sorghum,
maize and rice. It is important to research malting because it might
improve the nutritional value of finger millet flours, improving their
worth as a food source in areas where malnutrition is a problem.
Malting might contribute to finger millet's grain palatability and di-
gestibility, which might boost its demand. Moreover, it might give
farmers and the food industry opportunities to market new val-
ue-added products, boosting revenue and supporting sustainable
agricultural methods. Therefore, the study determined the physi-
cochemical, antioxidant and microstructural properties of malted
finger millet flours.

2 | MATERIALS AND METHODS

2.1 | Materials and reagents

Ten kilograms of light brown (LB) and dark brown (DB) finger mil-
let grains were obtained from street vendors and local markets in
Thohoyandou, Limpopo, South Africa. Analytical grade reagents
and chemicals were purchased from Merck, Chemicals (PTY) Ltd.,

Germiston, South Africa.

2.2 | Malting of finger millet grains and
flour production

The LB and DB grains were cleaned with cold tap water to remove
foreign materials such as dirt and stones. They were placed ina 5L
cold-water bucket and left to soak for 10h at 30°C. After soaking,

the grains were drained, weighed and divided into four equal sec-

*

black tiles. The color was interpreted by Hunter values such as L*, a
and b*. The a* designated hue on the green (-) to red (+) axis, whereas
b* denoted hue on the blue (-) to yellow (+) axis, yellowness index
(Y1) denoted yellowness and whiteness index (WI) denoted white-
ness. L* denotes lightness, which runs from black to white (0-100).
The chroma (C), hue angle (H®), total color difference (E), YI and WI

were calculated using Equations (1-5).

AE:\/(L*—LC)Z+(G*—0C)2+(b*—bc)2 @

Hue(H°)=tan‘1{ 2—:} 2

Chroma = /(@)% + (b)? (3)

v) = 142.86bx @
L
WI = \/(100—L*)2 +(@%)? + (bx)? (5)

2.4 | Proximate composition analysis

Moisture, ash, fat, protein and fiber contents of finger millet flours
were determined with the method of AOAC (2016). Method No.
934.01 was used for moisture, 978.10 for protein, 923.03 for ash,
920.39 for fat and 990.03 for fiber contents. The carbohydrate con-
tent of malted finger millet flour was determined based on differ-
ence method as described by Farzana et al. (2017).

Carbohydrate (%) = 100 — (% Moisture + % Protein + % Ash + % Fat + % Fiber (6)

tions. Individual finger millet grains were placed on clean cheese fab-
rics and permitted to germinate for 0, 24, 48, and 72h. Water was

The energy value of malted finger millet flour was determined as
stated by Farzana and Mohajan (2022)

Energy value (kcal) = g / 100 g carbohydrate x 4 + g/ 100 g fat x 9 + g/ 100 g protein x 4 + g / 100 g fiber x 2 (7)

sprayed onto finger millet grains every 4 h interval to promote germi-
nation. The grains were kilned for 8h and then sprouted in an oven
dryer at 50°C, resulting in a distinct malt fragrance. The kilned grains
were milled into flours using a miller (Retsch ZM 200, Germany). The
samples were stored at 20°C using polyethylene bags for further
laboratory analysis. Two different batches of malted finger millet

flours were prepared and analyses were duplicated for reliability.

2.3 | Determination of color properties

The color properties of LB and DB finger millet flours were meas-
ured using a ColourFlex spectrophotometer (Hunter Associates
Laboratory in Reston, Virginia, USA) after calibration with white and

2.5 | Determination of functional characteristics

2.5.1 | Packed and loose bulk density

The density of finger millet flours was calculated using the proce-
dure suggested by Amandikwa et al. (2015), which involves measur-
ing the packed bulk density and loose bulk density. Ten grams of
finger millet flour were weighed and placed in a measuring cylin-
der of 25mL. The packed bulk density was established by slightly
beating the cylinder at the bottom repeatedly until the flour volume
became constant. The finger millet flour mass per unit volume was

utilized to calculate the packed and loose bulk densities (g/cm3).

Flour weight (g)

Bulk density =
uikdensity Volume cm3 (8)
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2.5.2 | Water and oil absorption capacity

Water and oil absorption capacities of finger millet flours were
measured using the method described by Mudau et al. (2022). One
gram of finger millet flour was weighed into a 50 mL centrifuge tube,
and 10mL of sunflower oil was added. The mixture was mixed thor-
oughly using a vortex stirrer for 30min at room temperature (25°C)
and centrifuged for 25min at 3000rpm (Rotina 380 R-Labotech
Ecotherm centrifuge, Midrand, South Africa). The volume of water or
oil absorbed was measured by subtracting the original volume from
the volume after centrifugation.

2.5.3 | Swelling power

The swelling power of malted finger millet flours was assessed using
a method stated by Adebiyi et al. (2016). Finger millet flours were
added to a 100mL measuring cylinder until it reached the 10 mL level
and filled with distilled water to the 50 mL mark. The measuring cyl-
inder was firmly closed and inverted for 2min. After that, the meas-
uring cylinder was flipped and left to stand for 30 min. The volume

of the flour samples was then measured.

2.54 | Solubility index

The solubility index of finger millet flours was measured follow-
ing a method described by Chandrasekar et al. (2022). Zero point
one gram of finger millet flour was mixed with 10 mL of distilled
water in a centrifuge tube and shaken at 70°C for 30min, fol-
lowed by cooling in cold water for 5min. Afterwards, the tubes
were centrifuged at 1700rpm for 5min. The liquid portion was
evaporated using a water bath at 100°C until it reached a con-
stant weight. The weight of the flour liquid was then used to cal-
culate the solubility.

2.5.5 | Viscosity (cold & hot) pastes

The viscosity of the malted finger millet flours was determined
using a Brookfield viscometer (RV model, Brookfield Engineering,
Inc., Stoughton, USA) following a procedure outlined by Ramashia
et al. (2018). A beaker containing 10 g of each finger millet flours
was filled with 90 mL of distilled water, and the mixture was left
to hydrate for 30 min. The blend was intermittently stirred until it
forms a slurry, and the viscosity of the slurry was quantified while
the viscosity of the cold paste was observed. A water bath was
used to heat the slurry until it reached its boiling point at 95°C.
Viscosity was observed after boiling and cooling of the paste at
30°C.

2.6 | Polyphenolic compounds and antioxidant
activity measurement

Fifty grams of finger millet flour was mixed with 500 mL of methanol.
The mixture was then centrifuged (Rotina 380 R-Labotec Ecotherm
(Pty) Ltd, Midrand, SA) for 10 min at 3000rpm (Mudau et al., 2022).
Whatsman no.1 filter paper was used to filter the extract and evapo-
rated; different centrifuge tubes were stored in the refrigerator at
4°C until used.

2.6.1 | Total phenolic content (TPC)

The TPC extracted from finger millet flours was evaluated using a
method by Dimov et al. (2018) with minor adjustments. Zero point
two milliliter of the flour sample was incorporated in test tubes with
2.5mL of Folin-Ciocalteu that had been diluted five times in 5mL of
distilled water. Seven and half milliliters of 15% sodium carbonate
was added to the tubes after 5min, and the mixture was vortexed
(Model 36110740, Separation Scientific, South Africa) and after-
wards, it was kept in the dark for 30min. A spectrophotometer (UV-
1600, Shimadzu Tokyo, Japan) was used to measure the absorbance
values at 760 nm. The standard curve was produced using gallic acid,
and the outcomes were expressed as mg of gallic acid per gram of

the sample flour.

2.6.2 | Total flavonoid content (TFC)

A slightly altered version of Mahloko et al. (2019) approach was used
to determine the TFC of finger millet flours extract. The extract of
the flour samples was mixed with 5% NaNO, (0.3mL) in a tube, and
the mixture was left to react for 5min before 10% AICI, (0.6 mL) was
added. Distilled water and 2mL of 1M NaOH were added after 6 min
and vortexed. The absorbance values at 510 nm were measured with
a spectrophotometer. The quercetin standard (R?>=0.9992) was used
to produce the standard curve, and results were presented in mil-

ligrams of quercetin per gram of flour samples (mgCE/g).

2.6.3 | DPPH (2,2-Diphenyl-1-pycryl-hydrazyl) free
radical scavenging activity

Following the procedure outlined by Ramashia et al. (2021), DPPH
assay of finger millet flour samples (LB & DB) was measured. Two mil-
liliters of each sample and 2mL of 0.1 mM DPPH were mixed in 95%
ethanol. After being stirred up ferociously, the combination was left
to sit for 30min at 25°C under low light. A UV spectrophotometer
was used to measure the absorbance of the mixture at 517 nm. The

standard curve was produced using a gallic acid solution, and results
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were expressed as a percentage of the inhibition of DPPH radical
activity. The calibration curve equation was y=3.6574x+0.0363; R?
was 0.9986.

2.6.4 | Ferric reducing antioxidant power (FRAP)
The FRAP assay of finger millet flours was measured following a
method described by Lou et al. (2017). A test tube containing 100mL
of the extracted sample from malted FM flours combined with
1mL of methanol was used. The mixture was thoroughly blended
with 2.5mL of 1% K;[Fe (C N),] and 0.2M phosphate buffer before
being centrifuged for 20min at 5000rpm (Rotina 380 R-Labotech
Ecotherm, Midrand, South Africa). One milliliter of distilled water
and 0.1 mM FeCL, solution were added to the resultant supernatant.
Utilizing a spectrophotometer, the transmission density of the mix-
ture was then measured at 700nm. A bigger absorbance combina-
tion suggested a larger reducing power.

2.7 | Determination of thermal characteristics

The thermal characteristics of finger millet flours were measured
using differential scanning calorimetry (DSC 4000, Perkin-Elmer,
Shelton, CT, USA). An empty DSC pan was used as the control, and
then 25mg of finger millet flours was placed in a sealed pan on a
weighing balance. Heating of the pan was done from 20 to 130°C
at a rating of 10°C per min. Pyris thermal system software linked to
DSC was used to record the onset, peak and conclusion tempera-
tures as the gelatinization temperature and enthalpy range of malted
and control finger millet flours (Mudau et al., 2022).

2.8 | Fourier-Transform infrared spectra analysis

The Nicolet 8700 FTIR spectrometer (Thermo Scientific, Inc.,
located in Santa Clara, CA, USA) was used to analyze the func-
tional groups of finger millet flours following a method by Adebiyi
et al. (2016). The spectral analysis included wavelengths spanning
from 400 to 4000cm 2. Zero point five grams of flour was prepared
and placed on the instrument for analysis, and the spectra of the
flour samples was obtained. The instrument ran 32 scans for each

collected spectrum.

2.9 | Scanning electron microscopy (SEM) analysis

The method described by Gull et al. (2015) was used to determine
the microstructure of finger millet flours with slight modifications.
Using a gold palladium layer, a coater was employed for coating fin-
ger millet flour samples. The samples were placed on a sample holder
throughout the coating process. To examine the microstructure of
finger millet flours, scanning electron microscopy (Model: JSM

6610-LV, Chicago, IL, USA) was used. The analysis was performed at

a magnification of 1000x and a scale of 20 pum.

2.10 | Statistical analysis

The experiment was duplicated on different days. All analyses
were conducted in triplicates, and mean +standard deviation (SD)
was used to present the results. A one-way analysis of variance
(ANOVA) was employed to analyze the data using SPSS software
26.0 (SPSS Chicago, lllinois, USA). The Duncan multiple range
test was used to compare mean values with a significance level
of p<.05.

3 | RESULTS AND DISCUSSION

3.1 | Impact of malting periods on the color
properties of light and dark brown finger millet flours

The influence of malting periods on the color properties of finger
millet (FM) flours is displayed in Table 1. The lightness (L*) of the LB
and DB flour samples ranged from 73.92 to 76.62 and 70.56 to 74.71,
respectively. The L* values significantly increased in both FM flours.
The color of malted FM flour is often lighter than that of control
FM flour (Agrahar-Murugkar et al., 2015). This is because when FM
grains were immersed in water during malting, enzymatic activities
took place and broke down complex molecules, including the color
pigments of the grain (Adetokunboh et al., 2022; Udeh et al., 2018).
Nefale and Mashau (2018) observed increased in L* values of germi-
nated FM flours.

The redness (a*) values of the malted and control FM flours
ranged from 3.23 to 3.81 (LB) and 2.53 to 3.65 (DB), and the yellow-
ness (b*) values ranged from 7.62 to 9.49 (LB) and 6.84 to 7.09 (DB),
respectively. A significant decrease in a* values was observed in both
FM flours. Malted FM flours production involves heating and dry-
ing, affecting some pigments. The presence of phenolic compound
like tannin in the testa and pericarp of the grain, which was reduced
by leaching, could be responsible for the color shift during malting
(Devi et al., 2014), particularly in a* values. Tannins undergo polym-
erization reactions when exposed to oxygen and enzymes (Siwela,
2009). These polymers might have influenced the color changes of
the malted FM flours. The b* values significantly increased in LB
flours with a decrease in DB flours. The decrease in b* color param-
eter of malted DB flour might be associated with decreased pigment
concentration, such as tannins on the surface of FM flours by water
absorption (Table 3). Degradation of tannins during soaking for 10h,
probably due to the diffusion of soluble tannins into the water, might
have contributed to color loss (Boon et al., 2010). Moreover, some
oxidative enzymes such as polyphenol oxidase and peroxidase were
activated during malting, which resulted in browning, thus increasing
the b* (yellowness) of LB flour. Yenasew and Urga (2023) observed
increased b* values in germinated FM varieties.
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108.91+6.18°
117.33+5.3¢

15.78+0.18%°
16.49 +0.15°
16.45+0.14°

2.12+0.84%°
2.84+0.78°

68.59+2.93°
70.05"¢+0.46°

8.91°°+0.75%

3.25+0.16° 8.29+0.85°

75.85+0.50°

M24
M48
M72

129.48 +7.23¢

71.20+0.08°

9.38+0.18°
10.02+0.18¢

3.20+0.13° 8.82+0.14°

76.42+0.80°
76.62+0.81¢

3.34+0.47°

9.49+0.18¢

3.23+0.05°

DB finger millet flour

99.59 +3.51°
85.94+2.98°
82.08+2.75°

15.31+0.19°
13.66+0.11°
13.10+0.12
13.21+0.13?

64.23+0.77°
70.36+0.71°
70.00+0.62°

8.38+0.03°

7.56+0.06¢
7.09 +0.27°

3.65+0.03¢
2.53+0.01°

70.56+0.99°

Control
M24
M48
M72

3.80+1.68"

7.53+0.26°

7416 +1.34°
74.57 +0.23°
74.71+0.71¢
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82.65+2.80°

4.24+0.83°

7.29+0.13°

6.84+0.15°

2.49 +0.04°

4.32+1.28°

7.40+0.14%° 69.99+0.50°

6.91+0.11°

2.65+0.11°

Note: Values are illustrated by average +standard difference. Different letters in the same line are notably different at p <.05.

Abbreviations: AE, total color difference; a*, redness; b*, yellowness, chroma; DB, dark brown; H®, hue angle; L*, lightness; LB, light brown; M, malted (24, 48, 72 h); WI, whiteness index; YI, yellowness index.

The chroma of the FM flours ranged from 8.52 to 10.02 (LB)
and 7.29 to 8.38 (DB). A significant increase in the chroma of the
LB flours was noted with a decrease in DB flours. Korus et al. (2017)
and Olamiti et al. (2020) observed that the higher chroma values
with the increase in malting resulted in the liberation of glycones
from conjugated glycosides triggered by the stimulation of enzymes
or by the synthesis of flavonoids. The high concentration of a* and
b* color values in LB flours could have increased chroma, and as the
concentration decreased, the color got darker (Alotaibi et al., 2021).
The leaching of polyphenols during malting might have contrib-
uted to the variations in chroma of the malted FM flours (Radonji¢
etal., 2020).

Hue angle (H°) is the qualitative aspect of color, typically based
on greenish, reddish and other hues (Olamiti et al., 2020). Pathare
et al. (2013) and Emery et al. (2021) mentioned that hue values be-
tween 0° and 90° correspond to the red hue, whereas values be-
yond 90° correspond to the yellow hue. The hue angle values for
the FM flours samples ranged from 63.43° to 71.20° (LB) and 64.23°
to 70.36° (DB), respectively. At 72h of malting, a higher H° was
observed in LB flours in contrast to the lower DB flours. However,
the hue angles for both malted FM flours were <90°, indicating red-
dish-yellow (Kortei & Akonor, 2015). Variations in values of H° of
FM flours could be due to differences in malting periods that pro-
duced different protein content (Table 2) and soluble sugars. Azeez
et al. (2022) observed an increase in hue angle in germinated brown
FM flours.

The extent of the color shift between the malted and control FM
samples is indicated by the total color difference (AE) (Wirkijowska
et al., 2020). The change of color ranged from 0.00 to 3.34 (LB) and
0.00 to 4.34 (DB). Both FM flour samples showed no significant
difference. Amadou and Moussa (2018) observed similar results in
germinated millets.

The whiteness index (WI) and the yellowness index (Y1) of FM
flours are presented in Table 1. The WI values of LB flours signifi-
cantly increased (p <.05) with values ranging from 102.41 to 129.48.
Nevertheless, the WI values of DB flour significantly decreased with
an increase in malting time. The decrease in WI of malted DB flour
might be due to the natural darker color. Nguyen et al. (2022) ob-
served a decrease in WI in germinated millet flours. The YI values
significantly increased in LB flours with an increase in malting rang-
ing from 14.73 to 16.45 whereas the Yl in DB flours significantly
decreased. The decreasing trends in Y| of malted DB flours could be

attributed to the lower b* values observed.

3.2 | Proximate composition of malted light and
dark brown finger millet flours

The effect of malting periods on the proximate composition of FM
flours is displayed in Table 2. A significant increase in the moisture
content with the increase in malting time was observed in both FM
flours with values ranging from 10.60% to 11.09% (LB) and 10.51%
to 11.09% (DB), respectively. During the malting process, the FM
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Note: Values are illustrated by average + standard difference. Different letters in the same column are notably different (p<.05).
Abbreviations: DB, dark brown; LB, light brown; M, malted (24, 48, 72h).

TABLE 3 Functional characteristics of malted light brown and dark brown finger millet flours.

TABLE 2 Impact of malting time (h) on the proximate composition of finger millet flours.
Energy
Malting time (h) Moisture (%) Ash (%) Fiber (%) Fat (%) Protein (%) Carbohydrate (%)  (kcal/100g)
LB finger millet flour
Control 10.60+0.80°  1.57+0.37%  1.90+0.10° 1.72+0.09°  10.80+0.50°  72.03+0.69° 353.00+0.75°
M24 10.75+0.81*  1.68+0.08°  2.36+0.09" 1.59+0.08°  11.20+0.87°  71.96+0.54° 352.66+2.530°
M48 10.93+0.54>°  1.80+0.03° 2.85+0.11° 1.42+0.04™  11.89+0.18°  71.56+0.04° 351.30+0.99°
M72 11.09+£0.50°  2.27+0.04°  3.01+0.02° 1.36+0.03"  12.20+0.36°  71.44+0.29° 350.50+0.72°
DB finger millet flour
Control 10.51+0.99°  1.46+0.40° 1.81+0.11° 1.70+0.02¢ 10.75+0.55*  72.57+0.47 352.53+1.32¢
M24 10.92+1.34°  1.65+0.04° 2.38+0.13" 1.58+0.10°°  11.48+0.07°  71.56+0.31° 351.97+0.86°¢
M48 11.01+0.23°  1.77+0.06° 2.82+0.11° 1.40+0.05®  11.85+0.35° 71.34+0.59" 351.17£0.62"
M72 11.09+0.71¢  2.21+040% 3.01+0.13% 1.35+0.03*  12.30+0.36% 71.24+0.87° 349.25+3.39°

Visc cold Visc cooked
Malting time (h)  SOLB (%) PBD (g/g) LBD (g/g) WAC (g/g) OAC (g/g) SP (mL) paste (cP) paste (cP)
LB finger millet flour
Control 1.78+0.01° 0.81+0.01° 0.68+0.01° 1.55+0.01° 1.31+0.01° 10.38+0.04° 19.59+0.66*  424.00+1.00¢
M24 2.05+0.06° 0.79+0.01° 0.64+0.03° 1.68+0.01®® 1.36+0.01° 10.00+0.05° 19.52+0.67*  376.00+1.00°
M48 293+0.15° 0.75+0.01* 0.59+0.01° 1.70+0.02¢ 142+0.01°  9.89+0.01° 20.00+0.51°  335.67+1.15"
M72 3.80+0.10¢ 0.74+0.01* 0.54+0.01° 1.72+0.02° 1.49+0.01¢9  9.88+0.01° 20.62+0.77°  285.00+5.00°
DB finger millet flour
Control 1.79+0.02° 0.82+0.02° 0.68+0.01Y 1.54+0.02° 1.32+0.01° 10.15+0.06° 19.59+0.95°  418.00+1.00¢
M24 2.09+0.11° 079+0.01° 0.63+0.02° 1.69+0.02° 1.36+0.01° 10.00+0.03* 20.33+0.79° 386.00+1.00°
M48 3.03+0.15° 0.74+0.01° 0.58+0.01° 1.73+0.01° 1.43+0.02° 992+0.03° 20.08+0.99® 321.00+1.00°
M72 390+0.10% 0.73+0.10° 0.53+0.01° 1.78+0.02¢ 1.48+001%  9.89+0.01° 20.46+0.76% 271.33+1.53°

Note: Values are illustrated by average + standard difference. Different letters in the same column are notably different (p <.05).
Abbreviations: cP, specific heat capacity; DB, dark brown; LB, light brown; LBD, loose bulk density; M, malted (24, 48, 72h); OAC, oil absorption
capacity; PBD, packed bulk density; SOLB, solubility; SP, swelling power; Visc, viscosity (cold and cooked paste); WAC, water absorption capacity.

grains absorbed water, which triggered the liberation of enzymes
that broke down complex starches and proteins into simpler compo-
nents that the growing plant could use for energy. Thus, the moisture
content of the grain increased. Abioye et al. (2018) mentioned that
the increase in the moisture content of malted FM flour was linked to
the fact that whole grains absorbed moisture from the soaking water
during germination, and more cells within the grains were moistened
as the soaking duration increased.

The ash content of the malted FM flours ranged from 1.57%
to 2.27% (LB) and 1.46% to 2.27% (DB). There was a significant in-
crease (p<.05) in the ash content of malted LB and DB flours from
24 to 72h. This was a positive effect as it resulted in more nutri-
ent-rich flour. Guzman-Ortiz et al. (2019) also stated that enzymes
break down complex proteins and carbohydrates into simpler parts
for the growing plant to use as energy during germination. Thus, the
longer germination period activated enzymes, and more minerals

were released from the grain. Lande et al. (2017) observed a high
ash content in malted FM flours.

Malting increased the total dietary fiber (TDF) of FM flours with
values ranging from 1.90% to 3.01% (LB) and 1.81% to 3.01% (DB),
respectively. As anticipated, a significant increase (p <.05) in the TDF
of both FM flours as malting increase was observed. As the malting
time increased, the concentration of both soluble and insoluble fiber
in the grain increased, leading to a subsequent increment in the fiber
content of the resulting flours. Obadina et al. (2017) observed an
increase in the TDF of pearl millet flour samples with the length of
the malting time.

The fat content of finger millet flours ranged from 1.36% to
1.72% (LB) and 1.35% to 1.70% (DB), respectively. A significant
decrease in the fat content of both FM flours was observed as the
malting period increased. The decrease in fat content in both malted
FM flours was attributed to enzymes hydrolyzing triacylglycerol to
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release free fatty acids during germination. Moreover, p-oxidation
of free fatty acids took place to produce essential energy to sup-
port the growth of seeds (Jan et al., 2017; Saithalavi et al., 2021; Xu
et al., 2019). As a result, low fat content was expected throughout
germination (Cornejo et al., 2015). Gowda et al. (2022) observed a
decrease in the fat content of germinated foxtail millet.

The protein content of FM flours ranged from 10.80% to 12.20%
(LB) and 10.75% to 12.30% (DB). There was a significant increase
in the protein content of both FM flours with the increase in the
malting time. The increase in protein content of the malted FM
flours might be due the formation of enzymes or an encompass-
ing change following degradation of other constituents (ljarotimi
& Keshinro, 2011; Owheruo et al., 2019). Moreover, the increase in
protein content could be the effect of dry weight loss because of the
utilization of some fats and carbohydrates during respiration and the
synthesis of some amino acids during germination (Devi et al., 2015;
Saithalavi et al., 2021). The protein content of FM flours increased
with a longer malting time. This was in line with earlier research find-
ings that crop protein content increased during germination (Abioye
et al., 2018). Hejazi and Orsat (2017) and Chauhan (2018) observed
a high protein content of germinated FM flour.

The carbohydrate content of FM flours ranged from 71.44% to
72.03% (LB) and 71.24% to 72.57% (DB). No significant difference
was observed in the LB flour samples, but a significant decrease was
noted in DB flour samples. Malting enhanced the enzymatic deg-
radation of carbohydrates in DB flour into simple sugars by stimu-
lating endogenous enzymes like a-amylase, improving digestibility
because starch was broken down to give energy for the seed growth
(Oghbaei & Prakash, 2016; Samtiya et al., 2020). Malting reduced the
carbohydrate content of grains, which may benefit individuals with
certain health conditions, such as diabetes or obesity (Ojedokun
etal., 2020). Gowda et al. (2022) observed low carbohydrate content
in malted pearl and kodo millet.

The energy content of FM flours ranged from 350.50 to
353.00kcal/100g (LB) and 349.25 to 352.53kcal/100g (DB), respec-
tively. A significant decrease was observed in the energy value of
both malted FM flours compared to both control FM flours. The ger-
mination process caused the breakdown of complex carbohydrates,
which reduced carbohydrates in the flour and lowered its energy
value (Saithalavi et al., 2021). Kulla et al. (2021) observed a decrease
in the energy content of malted pearl millet flour.

3.3 | Impact of malting on functional
characteristics of light and dark brown finger
millet flours

Table 3 shows the impact of malting on the functional properties of
FM flours. The solubility index of FM flours significantly increased
with an increase in malting time from 24 to 72h compared to the
control samples. The values ranged from 1.78% to 3.80% (LB) and
1.79% to 3.90% (DB), respectively. The increase in solubility index
might be attributed to the elevated changes that starch molecules

undergo that caused them to broke down into simpler sugars, re-
sulting in these sugars having a high solubility index for both malted
FM flours (Nefale & Mashau, 2018). The malting process decreased
the size of the particles in millet flour, resulting in an increase in the
surface area of flour, which enhanced its ability to absorb water
and, consequently, increased its solubility index (Panda et al., 2020).
Kumar, Rani, et al. (2021) found that as the germination time of FM
increased, the water solubility index showed a significant increased.

The packed bulk density of malted and control FM flour sam-
ples ranged from 0.74 to 0.81g/mL (LB) and 0.73 to 0.82g/mL (DB),
respectively. The packed bulk density of both FM flour samples
significantly decreased with increase in malting periods. The same
trend was also observed for loose bulk density. The decrease in bulk
density (packed and loose) might be attributed to the degradation of
complex composites, such as proteins and starch, caused by alter-
ations during germination (Ocheme et al., 2015). The broken down
of starch during malting decreased starch content resulting in low
bulk density (Ojha et al., 2018; Oti & Akobundu, 2008). The changes
that took place at the molecular level during malting could have re-
sulted in a reduction of interparticle attraction, thereby reducing the
bulk density. Low bulk density flour is suitable for infant formulation
and might be useful in various bakery products (Okoye et al., 2010).
Adebiyi et al. (2016) and Obadina et al. (2017) observed decrease in
bulk density of malted finger and pearl millet flours.

The water absorption capacity (WAC) of malted and control FM
flours ranged from 1.55 to 1.72g/g (LB) and 1.54 to 1.78g/g (DB). A
significant increase in the WAC of both FM flours with an increase in
malting periods was observed. The formation of molecules such as
soluble sugars, which have a high water-holding capacity, may have
contributed to the improved WAC in both malted FM flours (Nefale
& Mashau, 2018; Oskaybas-Emlek et al., 2021). Abah et al. (2020)
stated that flour that can absorb water may contain a higher propor-
tion of hydrophilic components, such as polysaccharides. Moreover,
low WAC observed in control FM flours suggests low water-bind-
ing hydrophilic groups (Adebowale et al., 2005; Mudau et al., 2022).
Yenasew and Urga (2023) observed similar increases in WAC of ger-
minated FM flours.

The oil absorption capacity (OAC) of FM flour samples ranged
from 1.31 to 1.49g/g (LB) and 1.32 to 1.48g/g (DB), respectively.
The OAC values of both FM flour samples showed a significant
increase with malting time. The increase in OAC observed during
malting could be attributed to the breakdown of starch during ger-
mination, as hydrolyzed starch has a higher capacity to absorb both
water and oil (Horstmann et al., 2017). Ojha et al. (2018) observed
an increase in the OAC of malted sorghum flour and suggested that
the increased ability of sorghum flour to bind with oil indicated its
potential usefulness in food formulations where retaining oil was
a significant factor to consider. Thus, the increase of OAC in both
malted FM flour samples suggested an increased potential in food
formulations. Nazni and Shobana (2016) observed an increase in
OAC during the germination of barnyard and foxtail millet samples.

The swelling capacity of FM flour samples ranged from 9.88 to
10.38g/g (LB) and 9.89 to 10.15g/g (DB), respectively. The swelling
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power of both malted FM flours significantly decreased with increase
in malting time. Low swelling power in both malted FM flours could
be attributed to the alterations in protein content or quality, as some
proteins may form complexes with starch molecules and reduced
their ability to swell (Wilson et al., 2022). Nefale and Mashau (2018)
and Yenasew and Urga (2023) noted a decreased of swelling power
in germinated FM flours.

The viscosity of FM flours is presented in Table 3. Finger millet
flours' cold paste viscosity values ranged from 19.52 to 20.62cP
(LB) and 19.59 to 20.46 cP (DB), respectively. The hot paste values
of FM flours ranged from 285.00 to 424.00cP (LB) and 271.33 to
418.00cP (DB), respectively. A significant difference in the cold
paste viscosity was observed in both FM flours. Malting increased
the cold paste viscosity of flour by altering its composition, spe-
cifically by increasing the level of soluble fiber and decreasing the
amount of starch (Aswalekar et al., 2021; Claver et al., 2010). This
increase in soluble fiber was significant since it formed gels that
contributed to the cold paste viscosity of the flour and could hold
water effectively (Ahmed et al., 2019; Shand, 2000). A significant
reduction in the viscosity of the cooked paste with each malting
stage in both FM flours was observed. The reduction was mainly
caused by alterations in the composition of flour and enzymatic
activity, which decreased its starch content (Atuna et al., 2022).
The decreased in viscosity in both malted FM flours showed that
the flour was suitable for producing infant foodstuffs (Kaushik
et al., 2021). Sharma et al. (2021) observed similar results in ger-
minated kodo millet flours.

3.4 | Impact of malting period on the
polyphenols and antioxidant capacity of light
brown and dark brown finger millet flours

Table 4 illustrates the polyphenols and antioxidant activity of
malted FM flours. Comparing the malted and control FM flours,

TPC increased significantly from 67.74 to 94.22mg (GAE)/100g
(LB) and 68.57 to 95.40mg (GAE)/100g (DB). Enzymes that break
down the cell wall became functional during malting and altered
the structure of the cell wall of the grain, increasing the content of
phenolic chemicals in FM flours (Arya, 2022). The malting process
decreased the antinutrients like tannins and phytic acid, which can
attach to phenolic compounds and decreased their effectiveness.
Consequently, removing these antinutrients increased the overall
phenolic content of malted finger millet flours (Yousaf et al., 2021).
Azeez et al. (2022) recorded an increased TPC in germinated brown
FM flour.

The TFC of light and dark brown FM flours ranged from 7.22 to
10.18 mg QE/g (LB) and 7.28 to 10.21 mg QE/g (DB). A significant
increase of TFC in both FM flour samples at each malting period was
observed. The increase in TFC at each malting period might be be-
cause of the metabolic alterations that took place in the grain and
produced secondary metabolites or flavonoids (Kaur & Gill, 2021).
Moreover, malting resulted in the liberation of glycones from conju-
gated glycosides triggered by the stimulation of enzymes or by the
alteration or synthesis of flavonoids (Sharma et al., 2022). Sharma
et al. (2018) observed that malting at 48 h substantially increased the
TFC of foxtail millet flour.

The DPPH values significantly increased in both FM flours,
ranging from 67.31% to 90.70% (LB) and 76.61% to 95.14% (DB),
respectively. The activity of enzymes, released bound antioxidants
and reduction of antinutritional factors during malting contributed
to the high values of DPPH in both FM flours. The increase in DPPH
values suggested that the antioxidant capacity of both FM flours
increased, which positively influences consumers' health (Nkhata
et al., 2018). Sharma et al. (2021) observed an increment in DPPH
radical scavenging activity with malting time in kodo millet. The
FRAP values of FM flour samples ranged from 0.87 to 1.88mg/g
GAE (LB) and 0.90 to 1.87 mg/g GAE (DB), respectively. A significant
increase in FRAP with the malting periods in both FM flours from
48 and 72h was observed. The consumption or transformation of

TABLE 4 Polyphenols and antioxidant activity of malted light brown and dark brown FM flours.

Malting time (h) TPC (mg GAE/g) TFC (mg QE/g) DPPH (%) FRAP (mg GAE/g)
LB finger millet flour
Control 67.74+1.01° 7.22+1.05° 67.31+1.83° 0.93+0.00°
M24 71.42£1.26 8.48 £0.74% 73.32+1.69° 0.87+£0.02°
M48 81.55+1.64° 9.30+0.97° 82.52+0.86° 1.33+0.10°
M72 94.22+3.71¢ 10.18+0.95° 90.70+£2.29¢ 1.88+0.12¢
DB finger millet flour
Control 68.57+0.77° 7.28+0.94° 76.61+0.87° 0.96+0.00°
M24 72.53+1.26° 8.41+1.05° 78.02+4.91° 0.90+0.02°
M48 83.62+1.40° 9.41+0.78° 87.43+1.38° 1.41+0.17°
M72 95.40+4.59¢ 10.21+0.41¢ 95.14+1.59¢ 1.87+0.12¢

Note: Values are illustrated by average +standard difference. Different letters in the same column are notably different at p <.05.
Abbreviations: DB, dark brown; DPPH, 2,2-Diphenyl-1-picrylhydrazyl; FRAP, ferric reducing antioxidant power; LB, light brown; M, malted (24, 48,

72h); TFC, total flavonoids content; TPC, total phenolic content.
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antioxidants by the enzymes generated during the malting process
could have contributed to low FRAP assay at 24 h in both malted FM
flours (Yang et al., 2021).

In contrast, theincreasein FRAP assay at48 to 72 hin both malted
FM flours was likely due to the production of new antioxidants and
further generation of metabolites produced during malting, as well
as the released of phenolic compounds (Yang et al., 2021). Sharma
et al. (2018) observed an increase in FRAP in malted foxtail millet
flours. Foods that are high in antioxidants may reduce oxidative
stress and decrease the risk of conditions like cardiovascular disease,
cancer and neurodegenerative disorders (Pham-Huy et al., 2008).

3.5 | Thermal characteristics of malted light and
dark brown finger millet flours

The thermal properties of the malted and control FM flours are
presented in Table 5. The more extended malting period in both
the LB and DB flours increased the onset temperature (TO), peak
temperature (Tp), and conclusion temperature (T.). A significant
difference in the malted and control FM flours in relation to the
onset, peak and conclusion temperatures was observed. The FM
flour samples malted for 72h exhibited elevated temperatures
required for gelatinization. The peak temperature increased after
malting could be due to the build-up of proteolytic enzymes pro-
duced by indigenous microorganisms, which degraded the walls
of the grain cell, leading to a greater liberation of starch and
larger dimensions of crystalline structures in the sample (Mudau
et al., 2022). Malting modified the structure of the macromolecu-
lar or configuration of amylose and amylopectin present in flour
granules and caused variations in gelatinization temperatures (Su
et al., 2020). Sharma et al. (2018) and Li et al. (2020) observed an

increase of (T) and (Tp) of germinated millet, sorghum and foxtail
millet.

The differences in gelatinization temperatures, including T, Tp
and T, values, observed in both malted FM flours might be attributed
to inherent alterations in granule size, morphology, distribution of
starch and organization of internal starch fractions within the gran-
ules (Nagaprabha et al., 2017). The observation of increased gelati-
nization temperatures in both FM flours at 72 h of malting indicated
that greater force was necessary to initiate the starch gelatinization.
An increase in gelatinization temperatures observed in malted LB
and DB flours might be attributed to the generation of amino acids,
which resulted from modifying proteins during germination (Azeez
et al., 2022; Gebremariam et al., 2014). Starches that exhibited
lower gelatinization temperatures, like those in both control and
24 h malted flours, have superior culinary quality (Tomar et al., 2022;
Waters et al.,, 2006). No significant differences were observed
in both malted FM flours in relation to the range of gelatinization
temperatures.

3.6 | Fourier-Transform infrared spectra (FTIR) of
malted light and dark brown finger millet flours

Figure 1 illustrates the FTIR analysis of the functional groups in
malted and control FM flours. There were no significant changes
in the spectra of malted and control FM flours, but slight varia-
tions in the intensity of the peaks were observed. The LB peaks
ranged from 3000 to 3600cm™, and DB peaks from 3000 to
3650cm™. A broad stretch was observed, indicating the presence
of the O-H group. This was caused by water, alcohol, carboxylic
acids, and the interaction between protein and starch (Kaur &
Prasad, 2022).

TABLE 5 Thermal characteristics of malted light brown and dark brown finger millet flours.

Malting time (h) T,(°C) T,(°C)

LB finger millet flour
Control 76.03+1.15° 80.41+0.93°
M24 78.22+1.09° 82.64+0.81°
M48 79.62+1.02° 83.26+£0.72°
M72 82.18+0.95¢ 85.21+0.65¢

DB finger millet flour
Control 74.16+1.35% 75.91+1.26°
M24 75.20+1.24 76.18+1.18"
M48 76.07 +1.14° 76.01+1.13
M72 77.52+1.08¢ 77.70+1.09°

T.(°C) T.(°C) AH (J/g)

86.04+0.45° 3.33+1.56° 5.38+0.76"
87.21+0.32° 3.08+0.63° 5.04+0.68°
89.15+0.28¢ 3.65+1.20° 4.80+1.12°
90.26 +0.15¢ 3.82+1.42° 4.32+097°
80.12+0.95° 8.78+1.84° 4.65+1.72°
80.83+0.92° 8.54+1.22° 4.52+1.55¢
81.13+0.83¢ 8.88+0.56° 4.30+0.99"
82.15+0.78° 9.38+0.67° 4.15+1.09°

Note: Values are illustrated by average +standard difference. Different letters in the same column show notable differences (p <.05).
Abbreviations: AH, gelatinization enthalpy; DB, dark brown; LB, light brown; M, malted (24, 48, 72h); T,, conclusion temperature; T, onset

temperature; Tp, peak temperature.
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FIGURE 1 FTIR of malted FM flours.
DB control (0), dark brown; FM, finger
millet; LB control (0), light brown; M,
malted (24, 48, 72h).
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The peaks of the FM flours were in the range of 3253 to 3.7 | Scanning electron morphology of malted

3275cm™ (LB) and 3252 to 3277cm™ (DB) in the O-H region, re-
spectively. The peaks detected in the spectra could be attributed to
the vibrations stretch of the O-H. Variations in the intensity of the
peaks might be associated with variations in the moisture content of
the flours resulting from the malting process, as shown in Table 2.
As the malting period increased, the width of the C-H band in both
malted FM flours widened, with peaks absorption falling between
2914 to 2920cm™ (LB) and 2925 to 2927 cm™ (DB), respectively.
The widening was most likely due to vibrations stretching of both
aliphatic and aromatic C-H bonds (Olamiti et al., 2020). The peak
variations could be related to variations in fat content in both malted
FM flours (Table 2).

The more pronounced intensities of amide | peak in both malted
FM flours might be due to high protein content (Table 2) resulting
from the malting of FM flours (Olamiti et al., 2020). Additionally, this
study observed many bands in the fingerprint area (800-1600 cm™).
FTIR analysis provided important information on the composition
of the malted and control FM flours which could be used to ana-
lyze quality and nutritional value (Kaur & Prasad, 2022). The peaks
shown on the FTIR graph corresponded to various functional groups
present in both malted FM flours, and the variations in these peaks
provided insights into changes in the flour composition. Adebiyi

et al. (2016) observed similar changes in malted pearl millet flour.

light and dark brown finger millet flours

Figure 2 illustrates the scanning electron microscopy of malted
and control FM flours. The control LB flour had a tightly packed
arrangement of protein bodies (PB), but malting caused the break-
down and disintegration of this structure. Both the control LB and
DB flours displayed a variety of starch granules (SG) in terms of
size, with some being small and others large. Furthermore, the SG
was linked together within the PB. On the other hand, the malted
FM flours had smaller PB and a greater number of liberated SG
than control FM flours. This could be caused by the fact that the
process of malting dismantled large compounds of starch into sim-
pler molecules, resulting in the liberation of SG. The liberated SG
in both malted FM flours had variations in size and form, ranging
from small to large, featuring polygonal shapes, spherical and oval
shapes.

Moreover, scanning electron microscopy revealed that both
FM malted flours had more holes between the SG than control
FM flours. Li et al. (2017) observed pits and holes in germinated
starches. Further liberation of SG was observed at 72h in both
malted FM flours, which might have been due to the breakdown
of the cell wall. Faltermaier et al. (2015) and Tian et al. (2018)
indicated that the cell wall breakdown influenced the SG. The
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FIGURE 2 Scanning electron morphology of malted LB and DB finger millet (FM) flours, (a) unmalted LB flours, (b) unmalted DB flours, (c)
24 h malted LB flours, (d) 24 h malted DB flours, (e) 48 h malted LB flours, (f) 48 h malted DB flours, (g) 72 h malted LB flours, (h) 72 h malted
DB flours. CW, cell walls; DB, dark brown; FM, finger millet; LB, light brown; PB, protein bodies; SG, starch granules.

perceived differences in the thermal characteristics, WAC, solu- 4 | CONCLUSIONS
bility and swelling power could be the result of the starch com-
position switching or loosening, as observed in both malted FM Variations in nutritional composition in finger millet flours were ob-

flours (Khoza et al., 2021). served throughout a 72-h malting. Nutritional composition dictates
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the physicochemical characteristics as well as food applications.
Malting led to a higher mineral content, functional and thermal
properties of finger millet flours. The improved thermal stability
displayed by both malted finger millet flours renders them suitable
for various processing and cooking methods. Malting also modified
the microstructural characteristics and functional groups of finger
millet flours. Taking into consideration that malting improves the
antioxidant properties of finger millet extracts, these malted fin-
ger millet flours may be used as functional ingredients in preparing
healthy grain-based products such as weaning foods and gluten-

free bakery products for people suffering from celiac disease.
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