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Abstract

Spontaneous and ragi fermentations are the most common methods in producing
traditional fermented foods in Indonesia. The present work aimed to compare the impacts
of spontaneous and ragi fermentations on cereal flour properties. Three kinds of cereal,
namely whole sorghum, waxy coix, and white maize were processed into flours through
spontaneous fermentation, ragi fermentation, and without fermentation (control).
Fermentation methods were adopted from the Indonesian traditional processing methods.
Cereal grains were immersed for 72 h in distilled water (1:2 w/v) for spontaneous
fermentation, and in 1% ragi tapai solution (1:2 w/v) for ragi fermentation. Meanwhile,
native flour (without fermentation) was produced by grounding and sieving the cereal
grains. Results showed that both fermentation techniques significantly altered the physical
properties of cereal flours, as indicated by the increase in lightness index and decrease in
water-binding capacity and viscosity. However, cereal flours’ chemical and functional
properties remain unchanged during fermentation, except for lipid and amylose.
Spontaneous fermentation significantly resulted in the lowest lipid content of cereal flours,
while ragi fermentation resulted in the lowest amylose content of cereal flours. Sorghum
flour generally showed better nutritional properties among the examined cereal flours,
especially lipid, protein, and dietary fibre. Meanwhile, waxy coix and white maize flours
had the highest folate.

© All Rights Reserved

Introduction

In recent decades, researchers have revealed
that the consumption of gluten-containing food
products was strongly related to celiac disease, wheat
allergies, dermatitis herpetiformis, and other gluten-
related disorders (Moroni et al., 2010; Capriles et al.,
2016; Rocchetti et al., 2019). This, and increased
consumer awareness, thus led both the food industries
and researchers to exploring alternatives for gluten-
free flours (Rocchetti et al., 2019).

The use of non-wheat cereal grains such as
sorghum (Sorghum bicolor (L.) Moench), maize (Zea
mays L.), job’s tear (Coix lacryma-jobi L.), and other
pseudocereals has potential to obtain gluten-free
flours. These cereals are relatively inexpensive and
widely available, and better known as animal feeds
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rather than human foods. As food sources, these
gluten-free cereals are rich in starches, proteins,
lipids, vitamins, minerals, dietary fibres, polyphenols,
and other bioactive compounds that exert
pharmacological functions and benefits towards
human health (Kulamarva et al., 2009; Marengo et
al., 2015; Xu et al., 2018).

However, some nutritional deficiency issues
have often been associated with gluten-free-based
products as compared to wheat-based products
(Capriles et al., 2016; Rocchetti et al., 2019). In this
circumstance, fermentation could serve as a strategy
to improve gluten-free cereal products’ quality.
Fermentation is one of the oldest ways to transform
cereals into edible products (Bationo et al., 2020).
Several studies have revealed that fermentation can
enrich the nutritional values and sensory properties,
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and remove undesirable compounds in cereal
products (Aktas and Akin, 2020; Vikevéinen et al.,
2020).

Among fermentation techniques, spontaneous
and ragi fermentations are interesting to be evaluated
in-depth, since these are commonly used in producing
traditional ~ fermented foods in  Indonesia.
Spontaneous fermentation is widely applied in
developing countries since it is convenient and does
not require many processing facilities. Meanwhile,
the application of ragi as a starter culture for
fermented products is prevalent in Indonesia and
Malaysia. Ragi is a dry starter prepared from a
mixture of rice flour, spices, and water or sugar cane
juice (Azmi et al.,, 2010). Dry ragi tapai starter
contains a mixture of microorganisms such as yeasts
(Saccharomyces), moulds (Mucor, Rhizopus, or
Amylomyces), and bacteria (Azmi et al., 2010; Law et
al., 2011; Nursiwi et al., 2018).

To the best of our knowledge, no studies have
directly compared the impacts of spontaneous and
ragi fermentations on cereal flour properties.
Therefore, the present work intended to compare
spontaneous and ragi fermentations’ effectiveness in
enhancing cereal flours’ characteristics. We expect
better insight into proper and compatible
fermentation techniques which might extend the
cereal flour applications and improve the end-product
quality.

Materials and methods

Materials

Three types of cereals were investigated in the
present work, namely white sorghum, waxy coix, and
white maize cv. Srikandi Putih. These grain varieties
were obtained locally from farmers in Central Java,
Indonesia. In addition, ragi tape NKL (Na Kok Liong
Co., Surakarta, Indonesia) was purchased from a local
traditional market.

Sample preparation

The white sorghum was used as whole grain,
while waxy coix and white maize were decorticated
using an abrasive polishing machine to produce
refined grains. Each cereal grain was divided into
three treatments, namely without fermentation
(control), spontaneous fermentation, and ragi
fermentation.

Cereal grains were immersed in the distilled
water at a ratio of 1:2 w/v for spontaneous

fermentation, and soaked in the 1% vyeast (ragi)
solution of 1:2 w/v for ragi fermentation (Syahputri
and Wardani, 2015; Aini et al., 2016). After 72 h, all
fermented grains were washed and drained to remove
the excess water. Next, fermented grains were dried
in the cabinet dryer (50 + 5°C) for 24 h, then milled
and sieved into 80 mesh (British Standard) to obtain
the flours. Meanwhile, grains were cleaned, sorted,
ground, and sieved to 80 mesh particle sizes to
produce native flour (without fermentation). Finally,
fermented and unfermented flours were packed in
polyethylene (PE) bags, and stored in an airtight
container until further analyses.

Data collection and analysis

Determination of water-binding capacity
(WBC) was performed using a method described by
Sandhu et al. (2008). The viscosity was carried out
using a micro visco-amylograph (Brabender OHG,
Germany) (Mariotti et al., 2006), while colour was
measured by spectrocolorimeter (Hunter Associates
Lab., Inc., Reston, VA, USA) (Aboubakar et al.,
2008). The chemical properties such as moisture,
lipid, protein, and carbohydrate were determined
using a method proposed by the American
Association of Cereal Chemists (AACC, 2000).
Meanwhile, the measurement of functional properties
included amylose (Nwokocha and Williams, 2011),
total folate (Kariluoto and Piironen, 2009), and
dietary fibre (Asp et al., 1983). Each variable of
chemical and functional attributes was represented on
a dry basis (db).

Statistical analysis

A completely randomised factorial design, in
which cereal types and fermentation methods were
considered factors, was employed in the present
work. Each treatment consisted of three replications.
Data were examined using two-way ANOVA.
Further analysis using Duncan’s Multiple Range Test
(DMRT) at p < 0.05 was carried out to determine the
differences between treatments. All statistical
analyses were performed using SPSS 20.0 software
(SPSS Inc., Chicago, IL, USA).

Results and discussion

Physical characteristics

Results showed that fermentation significantly
decreased the WBC value of cereal flours (Table 1).
This is consistent with an earlier study on sorghum
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flour (Elkhalifa et al., 2005). However, there was no
significant difference in WBC value between
spontaneous and ragi fermented flours. Among all
cereal types, white maize flours had the highest WBC

value. Using flour with high WBC in bread
formulation would help the dough to have sufficient
viscoelastic properties, and to increase the specific
bread volume (Lestari et al., 2019).

Table 1. Effects of different fermentation methods on the WBC and viscosity of the cereal flours.

Cereal type Fermentation method WBC (%) Viscosity (BU)
Native (control) 1.40 £ 0.00? 780.0 £ 10.0%
Whole sorghum Spontaneous 1.33+0.10° 603.3+12.7°
Ragi 1.33 £0.06" 575.0 + 17.0°
Native (control) 1.60+0.18° 1395.0 + 15.0°
Waxy coix Spontaneous 1.20 +0.20P 943.3 + 40.4¢
Ragi 1.37 £0.04° 965.0 + 12.1¢
Native (control) 2.03+0.15° 1545 £ 25.0°
White maize Spontaneous 1.87 £0.15¢ 1080 + 17.9¢
Ragi 1.70 £ 0.10¢ 951.7 + 40.4¢
Cereal type 0.000 0.000
p-value Fermentation method 0.015 0.000
Cereal x Fermentation 0.017 0.335

Means followed by different lowercase superscripts within columns are significantly different (p < 0.05).

Fermentation also influenced the viscosity of
the cereal flours. The viscosity of fermented cereal
flours was significantly lower than native flour. A
similar occurrence was reported in fermented wheat
starch (Zhao et al., 2019), fermented rice flour (Lu et
al., 2005), and fermented maize flour (Ntso et al.,
2017). It was presumed that fermentation decreased
the molecular weight and changed the starch’s
molecular structure, culminating in the viscosity
decrease (Zhao et al., 2019). However, there was no
significant difference in the viscosity values between
spontaneous and ragi fermented flours. Among all
cereals samples, whole sorghum flour had the lowest
viscosity. This might be related to the existence of

brans in the whole sorghum flour. Another study in
fermented cereal-based products also reported that
higher amounts of brans might decrease the viscosity
values of flours (Aktas and Akin, 2020).

The colour characteristics of the cereal flours
are presented in Table 2. Results revealed that whole
sorghum flour was darker (low L* value) than the
other two cereal flours. The dark colour of sorghum
flour might be associated with the existence of
sorghum bran which was responsible for lignin
enhancement (Aktas and Akin, 2020). However, there
was an intensification of yellow colour (b* value) on
sorghum flours. This intense yellow colour indicated

Table 2. Effects of different fermentation methods on the colour index of the cereal flours.

Cereal type Fermentation method L* a* b*

Native (control) 62.44 £ 1.16% 17.16 + 0.05° 13.09 + 0.19°
Whole sorghum Spontaneous 68.25 + 4.53° 15.52 + 0.672 13.21 + 1.042
Ragi 68.08 + 3.13" 14.47 £ 4.75° 12.46 + 3.00°
Native (control) 75.82 £ 0.20° 11.32 +0.13? 9.36 +£0.24°
Waxy coix Spontaneous 80.84 + 2.15¢ 15.65 + 2.28? 10.31 £ 0.65"
Ragi 78.26 + 0.57¢ 14.19+1.11° 10.19 +£0.87°
Native (control) 75.60 £ 0.32° 13.99 + 0.912 11.23+0.07°
White maize Spontaneous 77.13+1.73¢ 12.94 + 0.93? 10.37 £0.42°
Ragi 78.76 + 2.78° 15.40 + 1.522 11.11+£1.35°

Cereal type 0.000 0.089 0.000

p-value Fermentation method 0.002 0.788 0.993

Cereal x Fermentation 0.353 0.045 0.635

Means followed by different lowercase superscripts within columns are significantly different (p < 0.05).
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higher availability of some pigment components such
as carotenoid in sorghum flours.

As expected, the lightness (L*) value of
fermented flours was higher than the native flour.
However, there was no significant difference in the
L* values between spontaneous with ragi fermented
flours. No significant difference was detected for a*
and b* values among native and fermented cereal
flours, which indicated that pigment compounds in all
flours remained constant during fermentation. The
slight changes in fermented flours’ colour could
probably be due to a restricted starch breakdown

during fermentation (Marengo et al., 2015).

Chemical characteristics

Table 3 presents the chemical properties of
sorghum, coix, and maize flours produced from
different fermentation methods. Each cereal type had
different moisture content. This indicated that
different species of cereals would affect the moisture
content of the flour produced. However, there was no
significant difference in the moisture contents of
spontaneous and ragi fermented cereal flours.

Table 3. Effects of different fermentation methods on the chemical characteristics of the cereal flours.

. Moisture Lipid Protein Carbohydrate
Cereal type Fermentation method (%) (% db) (% db) (% db)

Native (control) 11.17+0.11* 3.88+0.18  11.90+ 0.46* 84.49 + 0.99°
Whole sorghum Spontaneous 9.42+0.63° 3.46+027° 11.85+0.69° 85.06 + 2.22°
Ragi 9.39+0.79° 3.70+0.57*  10.87 + 0.46° 84.79 + 0.58°
Native (control) 6.06 + 0.14¢ 2.57 £ 0.45° 5.97 + 0.44° 87.65 + 0.29°
Waxy coix Spontaneous 9.67 + 0.46¢ 1.48+0.76" 657 +0.83° 87.74 £ 0.69°
Ragi 9.38+0.05¢ 2.06+0.18¢  6.88 +0.86" 87.20 + 1.21°
Native (control) 6.27 + 0.06° 2.21 +0.06° 6.59 +0.13" 89.83 + 0.39°
White maize Spontaneous 8.95 + 0.43f 1.69+0.76°  6.60+1.03° 89.51 +0.22°
Ragi 8.26 +0.87"  1.87+0.09  6.59 +0.40° 88.52 +0.12°

Cereal type 0.000 0.000 0.000 0.000

p-value Fermentation method 0.000 0.017 0.736 0.276

Cereal x Fermentation 0.000 0.738 0.169 0.575

Means followed by different lowercase superscripts within columns are significantly different (p < 0.05).

A major decrease in lipid was detected in
spontaneous fermented flours. This could be
associated with leaching or high microbial activities
during fermentation (Kumoro et al., 2020). It has
been highlighted that among the microbial abundance
in spontaneous fermentation, Lactobacillus is the
predominant species (Rahmawati et al., 2013; Coda
et al., 2014; Park et al., 2020). During spontaneous
fermentation, Lactobacillus spp. would produce some
extracellular enzymes such as saccharolytic,
proteolytic, and lipolytic enzymes, which have a
significant role in some nutrient bioavailability
alteration (Gunawan et al., 2015; Nkhata et al., 2018;
Park et al., 2020). Our earlier work indicated that
Lactobacillus spp. produced higher lipolytic
enzymes, thus leading to higher lipid degradation
during fermentation (Gong et al., 2020).

On the other hand, the fermentation did not
significantly affect the cereal flours’ protein values (p
> 0.05). Thus, the protein content of native cereal

flour was not significantly different from spontaneous
and ragi fermented flours’ protein contents. Similar
result regarding persistent protein after fermentation
was also reported in Amorphophallus sp. and teff
flour (Koni et al., 2017; Marti et al., 2017). Although
another study reported an increase (Istianah et al.,
2018), others reported a decrease (Pranoto et al.,
2013; Syahputri and Wardani, 2015; Park et al., 2020)
in proteins and amino acids during fermentation.
These different results might be attributed to different
experimental  designs,  preparation  methods,
fermentation times, temperatures, initial starter
cultures, and nutritional variation of samples.

It is noteworthy that the present work used
cereal grains as the substrate (i.e., the grains were
directly fermented before being ground into flour),
while other experiments were performed using flours
as the substrate (i.e., the materials were milled into
flour before fermented). It could be assumed that this
different particle size influenced the substrate C/N
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ratio and microbial activity during fermentation.
Decreasing cereal particle size would increase the
contact area between substrate and microorganisms
during  fermentation, thus activating some
extracellular enzymes that contribute to protein
changes (Garrido-Galand et al., 2021).

The present work also showed no alteration in
the carbohydrate content of cereal flours after 72 h
fermentation. This finding agrees with an observation
in rice grains that showed no significant change in the
total starch content during fermentation (Park et al.,
2020), thus indicating that the degree of fermentation
was insufficient to induce hydrolysis in the
amorphous region of starch. However, several studies
observed that the effect of fermentation on the cereal
carbohydrate had broad variation. Some studies
identified carbohydrate degradation (Adiandri and
Hidayah, 2019; Kumoro et al., 2020), while other
claimed carbohydrate enhancement (Adebiyi et al.,
2017) following fermentation. Similar to protein, the
unchanged carbohydrate of cereal flours observed in
the present work might also be attributed to the grain
particle size. The large particle size of cereal grains
might become a restricting factor that caused the
hydrolysis of carbohydrate molecules to occur less,
thus resulting in carbohydrate retention following
fermentation. It was reported that several pre-
treatments on cereal grains, such as milling and
germination, would support the effectiveness of
endogenous enzymes metabolism and microbial
activity during fermentation (Majzoobi et al., 2016;
Nkhata et al., 2018; Garrido-Galand et al., 2021).

Sorghum flour had the highest protein and lipid
contents but the lowest carbohydrate among the
cereal flours. This was reasonable considering that
protein is the second largest component in sorghum
seeds (Kulamarva et al., 2009). Furthermore,
sorghum is also known as a lipid source, with its
content being higher than in wheat and rice (Felicia,
2006; Kulamarva et al., 2009). Earlier studies also
stated that sorghum had lower carbohydrates than
other cereal commodities (Felicia, 2006; Suarni,
2012; Suarni and Firmansyah, 2013).

Functional properties

Table 4 summarises the impact of different
fermentation methods on the functional properties of
cereal flours. Whole sorghum flour had the highest
amylose, while white maize flour had the lowest. The
proportion of amylose is affected by the starch

(Marques et al., 2006). Maize and coix used in the
present work were waxy cereals, so it is plausible that
the flour produced had low amylose due to its high
amylopectin.

Ragi fermentation resulted in the lowest
amylose content of cereal flours. This is consistent
with the previous report which stated that the amylose
content of job tears or coix flours decreased
significantly during fermentation (Dewana, 2019).
Since Saccharomyces is the main species in ragi
fermentation (Azmi et al., 2010; Law et al., 2011),
probably the amylolytic yeast activities could have
led to more amylose released from starch granules,
and solubilised in water during fermentation, thus
resulting in a visible decrease in amylose content (van
der Maarel et al., 2002; Kumoro et al., 2020). It was
reported that yeast as a strain-dependant feature, in
particular S. cerevisiae, Candida krusei, and C.
famata, have a high amylolytic activity during
fermentation (Rahmawati et al., 2013; Chaves-L0opez
et al., 2020).

The folate content in whole sorghum flour was
the lowest among the cereal flours. However, waxy
coix and white maize flour had no significant
difference in the folate content. Folate, also known as
vitamin By, is essential for human metabolism, and its
deficiency may lead to several health problems such
as anaemia, megaloblastic, neural tube defects, and
colorectal cancer (Bationo et al., 2020). The
fermentation methods had no impact on the folate
content of cereal flours. This finding contradicted
with previous observations that claimed fermentation
could increase the synthesis of folate (Poutanen et al.,
2009; Bationo et al., 2020). However, it had been
explained that sometimes fermentation of any kind of
duration had no significant influence on the folate
content (Saubade et al., 2018). Therefore, the steady
folate content after fermentation could be assumed
because there was no folate produced throughout
fermentation, or there was an equal between folate
auxotrophy and prototrophy since microorganisms
could produce and consume folate (Saubade et al.,
2018).

Whole sorghum flour had higher insoluble and
total dietary fibres than white maize flour (p < 0.05).
However, the three kinds of cereal flours had no
difference in their soluble fibre (p > 0.05). There was
also no difference in the native and fermented flours
(p>0.05). Some researchers also reported that flour’s
dietary fibre content occasionally remains constant
after fermentation (Marti et al., 2017).
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Conclusion

There was no difference in the physical
characteristics of cereal flours produced from
spontaneous and ragi fermentations. Spontaneous
and ragi fermented cereal flours had brighter colours
than native flour but lower water-binding capacity
and viscosity. However, there was almost no
alteration in cereal flours’ chemical and functional
properties following fermentation, except for lipid
and amylose. Spontaneous fermentation significantly
decreased the lipid content of cereal flour, while ragi
fermentation significantly decreased the amylose
content. Generally, fermented sorghum flours had
better nutritional properties than white-maize and
coix flour, especially lipid, protein, and dietary fibre.
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