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Abstract

The impact of fermentation on the biochemical properties, antinutritional compounds and
antioxidant activities of gelatinized flours from white and brown fonio grains were investi-
gated. The gelatinized flour was fermented at different periods (2, 4, 8. 16 and 24 h) using
Saccharomyces cerevisiae. Flour samples with moderate acidity were produced following gelatini-
zation, and combined fermentation and gelatinization. Gelatinization significantly (p< 0.05)
reduced the level of phytic acid, tannin and saponin content in both varieties compared to the
raw flour. In a time dependent manner, fermentation led to substantial reduction (p =0.05) in
antinutritional compounds, and improved phytochemical constituents (total phenolic content
and total flavonoids content) and antioxidant activities of the gelatinized fonio flours. This
study demonstrated that combined fermentation with Saccharomyces cerevisiae and gelatinization
could be utilized to produce fonio flour with low residual antinutrients and higher antioxidant
activities.

Keywords: White and brown fonio grains, Fermentation, Gelatinization, Antinutritional
Compounds,

Antioxidant capacity
1.0 Introduction
Cereal grains form the major portion of the diet of the global population. Wholegrain cereals
provide an affordable and accessible nutritional foundation (Erenstein e# a/., 2022). White fo-
nio (Digitaria exilis) and brown fonio (Digitaria iburna) are the two commonly cultivated fonio
varieties in West Africa (Agu ez al., 2020), are attracting research attention due to their low
gluten content and glycemic index and rich phytochemicals, encouraging their use in func-
tional foods formulation (Adams and Yakubu, 2020). Fonio grains are rich in macro- and
micronutrients as well as phytochemicals for human nutrition, with chemical compositions
similar to other cereals and pseudo-cereals (Zhu, 2020). On the other hand, antinutritional
compounds such as phytate present in fonio grains significantly reduce bioavailability of nu-
trients (Zhu, 2020), which limits its use in food system. Therefore, processing is a prerequisite
for the consumption of whole grains.
Several traditional and novel food processing methods have been employed to reduce the level
of antinutritional compounds and improve the nutritional quality of cereals including whole
grains. Research has established that biotechnological approach combining gelatinization and
fermentation caused significant reduction in the concentration of antinutritional compounds,
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improved the nutritional, antioxidant and technological properties of grains for the develop-
ment of functional foods (De Pasquale ¢ a/., 2020). Accordingly, fermentation involves bio-
chemical changes that occur in the macromolecules of the food materials by the action of
microorganism-derived enzymes, thus, modifying the functionality of the derived product. In
this study, the effect of fermentation on the biochemical properties, antinutritional factors and
antioxidant activities of two fonio varieties (white fonio, Digitaria exilis and brown fonio, Digi-
taria iburna) were evaluated.

2.0 Materials and Methods

2.1 Materials

The white and brown fonio grains were purchased from an Agro seed Company in Minna
Central Market, Minna, Nigeria. Chemicals and reagents were procured from a reputable Ag-
rochemical industry in Minna and Abuja

2.2 Sample preparation

Two fonio varieties (white and brown varieties) were prepared the same way. Cleaned fonio
grains were washed in clean tap water, drained, and dried in air draft-oven (Gallenkamp,
Cheshire, UK) at 50 °C for 24 h. The dried BGN grains were milled (Globe P 44, Diamond
Tools Co. Ltd. Henan, China) and sieved (mesh size of 100 um) to produce raw flour .

For the gelatinized flour, fonio grains from the two varieties were separately washed in cold
tap water and thereafter soaked in cold tap water (1: 5 w/v) for about 4 h at room temperature
(28 £ 1 °C), drained and the soaked seeds was steamed at 100 °C for 20 min. Afterwards, the
steamed grains were oven dried at 50 °C for 24 h and milled in a hammer mill (Globe P 44,
Diamond Tools Co. Ltd. Henan, China) and sieved using a mesh size of 100 um to obtain
gelatinized fonio flour.

The fermented-gelatinized flour samples were prepared as follows: 1 g of baker’s yeast was
dissolved in 100 mL of distilled water. The mixture was then added to 100 g of the flour to
act as starter. The batter was fermented at 37 °C in a fermentation cabinet (National MEG
Company, Lincoln, USA) at different periods (0, 2, 4, 8, 16 and 24 h). The fermented batter
was dried in an oven at 50 °C for 24 h and the dried flour was blended and sieved (to pass
through 100 um screen) to produce fermented-gelatinized flour.

2.3 Determination of pH and total titratable acidity

The pH of the fonio flours were determined by homogenizing 10 g of respective flours with
90 mL distilled water and determination using a calibrated pH meter (PHS-25, Techmel, USA).
Afterwards, the filtered slurry of the sample was used to determine the titratable acidity (%),
which was titrated against 0.05 M NaOH solution with phenolphthalein as an indicator (Azeez
et al., 2022).

2.3 Determination of antinutritional factors

Phytic acid and tannin content in the samples were assayed as reported by Azeez ez al. (2022)
while total saponin was assayed by a method reported by Lai ez @/ (2013). The phytic acid,
tannin and saponin content results were reported as mg/100 g, CE/mg and mg/ 100g, respec-
tively, on dry weight basis.

2.4 Determination of phytochemical constituents and antioxidant properties
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The samples extracts (methanolic extract) of the flour samples were assayed for the determi-
nation of total phenolic content (TPC) and antioxidant activities (DPPH and ABTS radical
scavenging activities) according to a method reported by Chinma ¢ a/. (2014). Total phenolic
content was determined following by the Folin—Ciocalteau reagent method (Chinma ef a/.,
2014), presented as mg GAE/g. The TFC was assayed following a standard procedure
(Sant’Anna et al., 2005) and presented as mg CE/g. The DPPH (1,1-diphenyl-2-picryl-hydra-
zil) radical scavenging activity and ABTS (2,2'-Azino-bis-3-ethylbenzthiazoline-6-sulfonic
acid) were profiled as reported by Chinma ¢ a/. (2014) and Sant’Anna ez al., 2016), respectively.
2.5 Statistical analysis

Data obtained in this study were subjected to analysis of variance using a statistical software
(SPSS 20, BM, Armonk, NY, USA). Tukey’s test was also employed to determine significant
differences at 5% probability level among means.

3. Results and Discussion

3.1 pH and TTA of raw, gelatinized, and gelatinized-fermented fonio flonrs

A drop in pH was recorded in the gelatinized, and gelatinized-fermented samples compared
to the raw samples from white and brown fonio grains (Table 1). In a time dependent manner,
fermentation led to significant reduction in pH with a corresponding increase in total titratable
acidity in gelatinized fonio samples compared to the control. Such decrease in pH values and
corresponding increase in TTA, may partly be attributed to hydrolysis of starch into organic
acids by microorganisms. The moderate pH range recorded in treated fonio samples is within
the optimum pH of some food enzymes (such as a-amylase, protease, phytase, and B-glu-
canase), and such pH could make them activated and improve the quality attributes of food
products (Ilowefah ez al, 2017). Moreover, higher total titratable acidity of the fermented-
gelatinized white and brown fonio flours may inhibit the proliferation of undesirable micro-
organisms that may cause poor fermentation of the fonio grains. This may influence the func-
tionality of the flour. Therefore, such information should be established in future studies.

3. 2 Antinutritional composition of raw, gelatinized, and gelatinized-fermented fonio flours

The antinutritional composition of raw, gelatinized, and fermented-gelatinized fonio flour
samples are presented in Table 1. The level of antinutritional compounds (phytic acid, tannin
and saponin) were significantly (p < 0.05) reduced in gelatinized fonio flours from both vari-
eties compared to the raw flour, probably due to hydrothermal effect that caused degradation
of the antinutritional compounds. In addition, the soaking of the grains in water probably
facilitated the leaching-out of the antinutritional compounds in water. In a time dependent
manner, fermentation caused an enormous reduction (p < 0.05) (in the level of antinutrient
compounds probably due to increased activities of microorganisms and or enzymes that
caused hydrolysis of ANFs; thus, in accordance with the report where significant reduction in
ANFs were recorded following lactic acid fermentation of legume flours (De Pasquale ¢f 4/,
2020). The level of residual antinutrients obtained in this study following gelatinization, and
combined gelatinization and fermentation were much lower than the concentration recom-
mended as safe level for human consumption (Farinde ez a/., 2018).

3.3 Antioxidant activities of raw, gelatinized, and gelatinized-fermented fonio flonrs
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Total phenolic content and total flavonoids content of the raw flour from brown variety was
significantly higher than the white fonio. Table 1 shows that the TPC and TFC of the gelati-
nized samples were significantly higher than the raw flour. Compared to the raw flour from
both varieties, fermentation caused significant increase in TPC and TFC of the flours probably
due to the increased activities of microorganism/microbial enzymes that caused the release
of phenolics which also accounted for increase total flavonoids content. The increased TPC
and TFC probably caused significant increase in the antioxidant properties of gelatinized, and
combined fermented and gelatinized fonio flours from both varieties. The fermented-gelati-
nized flour had high antioxidant activities followed by the gelatinized flour, and the control.
In addition, the brown fonio samples had higher antioxidant activities than the white fonio.
Conclusions

This study revealed that the moderate acidity of the gelatinized, and fermented-gelatinized
fonio flours indicated that the flours could be incorporated in food formulations. The study
established that fermentation could be sufficient to produce gelatinized fonio flours with low
residual antinutritional compounds and higher antioxidant activities. Further studies are
needed to provide insight on the impact of fermentation on the nutritional, functional and
structural properties of gelatinized flours from white and brown fonio grains for specific food
application.
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MANUSCRIPT ABI22-181
Table 1. Effect of fermentation on the biochenucal properties, antmutritional compounds and antiomdant actvities of gelatimized flours from g, fomg vaneties
(white and brown)
Parameters FT pH TTA Phytic Tannim Saponin TPC TFC DPFH ABTS

(L) (mg/100y (mgCE/g) (wg/l00g) (mg GAE/ (mgCE/y  (umolTE/p) (amolTE/g)

gl
White fonio 2w 605T001: 030%000- 32013F14% 027Z002 G644X004 1435001 3537 X002 1260T00L 21197002
0(GF) 389%001= 0675001 47405T117¢ 0.18T001  598L002¢ 1635001z 35301001 12975001 21702006

2 © 5.64T000- 0B9T001= 423071129 0.15%001 561T 003 170%001:  565Z001 13241001 21991003
4 5571001=  107f001r 38056+110 (.1310.01r 5391001: 1847002 5971002 13481003 22263005
B8 55341000 1175001 326931125  0.10T0.01s= 485T001=  1972001-  6.13T001¢ 13704003 226470022
16 5497000 1205001+ 25745%136¢ 007Z001= 4407003  215T001¢ 6601001 13.95+002¢  22.8810.07¢
24 5461001 1185001+ 203.60+114= 007Z0.01= 381001  233Z001=  7.05%001: 14281003 23302004
Brown fomg  1aw 6.111000= 032002 35240+123 (0312001= 6921003 1672001: 5831000 13211001 22353001
0(GF) 3941001 0.70X001¢ 49652%121: 0202001 6641002 1905003  6.242001f 13503000 22.8310.03¢
2 5631001 098T001e  463.17+117: 0.1BX0.01e 6301001  203X001e 63571001 13661001 23201006
4 560£001=  1.09T0000 397841119  (0.16T0000 592T001¢ 2171001  6.79T0.01¢ 13.981001¢  23.61£002:
8 558£001= 1191001 34115+11%  Q.14700Cc 5347003 22850020 6962002 14231003 23961005
16 35310.01=  1247001- 28562+113% (0117001 4777001z 2457001 7271001 14491003 24171001
24 5481001 1277001= 2392571 04= 0102001 4147001 2397000  7.6470.04 14851003 24437004

Data presented as means T standard deviation from triplicate analysis. Means with no com-
mon letters within a column are significantly different at (p=0.05).

DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS= 2,2'-Azino-bis-3-ethylbenzthiazoline-6-sul-
fonic acid, FT= Fermentation time; GF = Gelatinized flour
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