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Corn flour has undergone numerous modifications, however, the use of  Accepted June 27, 2025
fermentation with Indigenous mixed cultures (molds and bacteria) followed  Published June 29, 2025
by pregelatinization has not been extensively explored. The aim of the study
was to assess the impact of fermentation with indigenous mixed cultures,
specifically Aspergillus sp. (AS) and Lactobacillus fabifermentans (LF), on the
physicochemical properties of modified corn flour, as well as its application
in product quality. Corn flour was fermented using mixed cultures of AS and o
LF in a Complete Random Design (CRD) at five different ratios (AS: LF) of 1:0, Pregelatl'nlzed
1:1, 1:2, 1:3, and 0:1. Each culture was incubated for 120 hours for AS and Flour, Mixed

48 hours for LF, then diluted by mixing 1 mL of the culture with 10 mL of Cultt.'lres, .
sterile water. This diluted solution (according ratio) was aseptically added to Phy5|cthem|caI
a sterile corn flour dispersion at a ratio of 1:2 (w/v) and fermented under ~ Properties.
microaerophilic conditions for 48 hours. The fermented dispersions were

dried and subsequently steamed (80°C) for 15 minutes at a 30% (w/v) ratio

to prepare samples for analysis of amylose content, starch content, pasting,

and rheological properties. The optimal AS: LF ratio determined through

statistical analysis was 1:3, resulting in a final pH of 3.60 + 0.10. The

physicochemical properties of the corresponding steamed samples were as

follows: amylose content (%), 17.45 + 0.62; starch content (%), 68.94 + 0.69;

apparent consistency index (cP), 25,286 + 512.9; and apparent power-law

index, 0.32 £ 0.005, indicating pseudoplastic rheological behavior. The

modified corn flour (AS: LF at 1:3) was then used in a 50% formulation for

making bread and noodles. The resulting products showed potential for

larger-scale development.

Modified Corn
Flour, Fermented

Starch is a carbohydrate composed of glucose units linked by glycosidic bonds. Corn
stores glucose in the form of starch, which is a polysaccharide. The starch content in corn
varies depending on the type. For instance, Corn Bisi-2 has a starch content of approximately
60.87%, while POP contains about 56.86% (1). The Bisi-18 hybrid corn variety is widely grown
in Indonesia. This corn variety provides significant benefits to farmers due to its large and
uniform cob size (2). The hybrid corn Bisi-18 is reported to have about carbohydrates 77.68%,
protein 6.88%, fat 3.45%, water 10.78%, ash 1.21%, and hardness level of 403.14 (3),
indicating its potential as a food product.
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The starch content and variety of corn significantly influence its functional properties.
Key differences in pasting profiles and thermal properties can be observed among different
starches (4). The physicochemical, thermal, and rheological characteristics of corn starch are
largely determined by its type. Hybrid varieties yield the highest amount of starch, which also
contains the greatest levels of fat, moisture, and protein while exhibiting the lowest onset
temperature of gelatinization (5).

Although valuable in the food industry, starch in its native form has several limitations,
such as a tendency toward retrogradation, high viscosity even at low concentrations, handling
issues, poor freeze-thaw stability, low process tolerance, and gel opacity that hinder its use
in food processing (6). Therefore, modified starches are utilized in numerous processed foods
due to their enhanced functional properties compared to native starches (7) and
fermentation is a notable method. Fermentation reduces the enthalpy, which makes the
starch structure more rigid and diminishes its crystalline characteristics. During fermentation,
bacterial activity breaks the carbon bonds in starch into smaller fragments. As a result,
fermentation can lower the peak viscosity, breakdown value, final viscosity, and trough
viscosity of the flour (8). In addition, corn contains anti-nutritional compounds like tannins,
phytic acid, and oxalate (9,10). Fermentation reduces these anti-nutritional compounds (11)
and increases nutritional content, such as protein, amino acids (lysine), and polyphenol in the
resulting corn flour (12).

Aspergillus sp. (13), Enterobacter cloacae subs. cloacae (14) and Lactobacillus
fabifermentans (15) have been successfully isolated from spontaneous fermentation corn
flour, and Aspergillus sp. with L. fabifermentans are used as starters in corn flour
modifications (16,17). Aspergillus sp. are notable as they produce amylase (18,19) and gluco-
amylase (20) to degrade starch. Corn flour was fermented for 24 hours using Aspergillus sp.
at a 1% (w/v) level to obtain an acceptably treated corn flour with amylose and starch
contents of approximately 26% and 52%, respectively. Given the strong influence of amylose
content on starch properties, a reduction in amylose content could yield a different product.
Fermented corn flour with Lactobacillus fabifermentans at a 1% level for 24 hours and
obtained a modified flour with a higher amylose content (29%) and lower starch content
(49%) than with the Aspergillus sp. (21). With these differences in products and actions of
these microbial enzymes, fermentation with their mixed cultures is worthwhile to be
investigated to understand the mutual or antagonistic actions of the two sources of enzymes.

Fermentation using the single culture L. casei has also been shown to modify sweet corn
flour. The fermentation process with this bacterium results in a higher quality sweet corn flour
compared to flour that has not undergone fermentation. Notably, the fermented flour has
reduced moisture content, lower starch levels, decreased crude fiber, and lower total sugar
content (22). The fermentation method was effective in improving the quality of corn flour.
Additionally, the physicochemical quality of corn flour can be further enhanced when
combined with the starch pregelatinization process. This approach can significantly improve
the functional properties of flour, in terms of both its physical attributes and functional
content.

The modification of taro flour through fermentation using a mixed culture of lactic acid
bacteria, specifically L. plantarum and Leuconostoc mesenteroides, followed by
pregelatinization, results in a modified taro flour with high resistant starch, low digestibility
starch, and potential as a prebiotic candidate (23). However, the modification of corn flour
using the fermentation method followed by pregelatinization, particularly with mixed
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cultures, has not been extensively researched, most studies have utilized single cultures for
this purpose. One study found that fermenting corn flour using L. plantarum followed by heat
treatment resulted in modified corn flour where starch granules lost their spherical and intact
structure, underwent melting and reorganization, and displayed an increase in particle size.
These changes significantly improved the thermal stability and textural properties of the corn
flour (24). There have also been studies on modifying corn flour with fermentation processes
using single cultures, such as Indigenous L. fabifermentum or Aspergillus sp., followed by
pregelatinization. These modifications resulted in corn flour with good dietary fiber content
(25) and low digestibility starch (26). In contrast to these previous studies, the current
research aims to modify corn flour using a fermentation process with Indigenous mixed
cultures followed by pregelatinization.

This approach is expected to enhance the physicochemical quality of modified corn flour
compared with that produced using a single indigenous culture. A mixed culture of Aspergillus
and L. fabifermentum is anticipated to optimally modify corn flour. Furthermore, it is hoped
that the modified corn flour will yield high-quality food products, thereby becoming a valuable
main ingredient for developing locally based products with excellent functional properties.
Therefore, the aim of this study was to modify corn flour by fermentation using mixed cultures
of Aspergillus sp. and L. fabifermentans combined with heat-moisture treatments for
pregelatinization and how these modifications affected the physicochemical properties of the
products.

The main material used in this study was hybrid corn Bisi 18, obtained from the Mattiro
Baji farmer group, Bantaeng Regency, South Sulawesi, Indonesia. The cultures used were
Aspergillus sp. (AS) and Lactobacillus fabifermentans (LF) isolated from spontaneous
fermentation of corn flour Bisi 16 and developed in the Microbiology Laboratory of
Agricultural Technology Education, Universitas Negeri Makassar. The growth media used
were MRSA Merck, MRSB Merck, and PDA. All the chemical reagents were of analytical grade.

Corn kernels were subjected to grating and subsequently immersed in water for 24
hours, which facilitated separation of the pericarp and germ prior to draining. Following this
process, the kernels were processed using a disk mill (MDM-30; Andaro, Malang, Indonesia)
and dried in a controlled environment (dryer room; PT ATMI Kreasi Agro, Jakarta, Indonesia)
at a temperature range 50-60°C for 48 hours. Finally, the dried material was sieved through
an 80 mesh sieve.

A pure culture of Aspergillus species (AS) derived from the spontaneous fermentation
of Bisi-18 corn flour (13) was used in this study. The culture was aseptically transferred using
the scratching method and subsequently incubated for 120 hours at 30°C on potato dextrose
agar (PDA).
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A pure culture of L. fabifermentans (LF), obtained from the spontaneous fermentation
of Bisi-18 corn flour (15), was utilized in this study. The culture was aseptically transferred
using the injection method and subsequently incubated for 48 hours at 30°C in a De Man,
Rogosa, and Sharpe broth (MRSB).

Each incubated culture was diluted by combining 1 mL of the culture with 10 mL of
sterile water. This diluted solution was then aseptically incorporated into a sterile dispersion
of corn flour at a ratio of 1:2 (w/v) and was fermented under microaerophilic conditions for a
duration of 48 hours.

Five ratios of starters, specifically AS: LF ratios of 1: 0, 1: 1, 1: 2, 1: 3, and 0: 1, were
examined in conjunction with a corn flour dispersion at a ratio of 1: 2 (w/v). The mixed-culture
microaerophilic fermentation process was conducted over a period of 24 hours. Following
fermentation, the resultant fermentate was removed and dried for 48 hours at a temperature
of 50°C. Subsequently, the dried material was blended using a food disc mill grinder (IC-
10B). The pH of the fermenting liquids was measured at the conclusion of the fermentation,
adhering to the standards set forth by the AOAC.

Water (70% w/v) was added to the fermented corn flour and steamed at 80°C for 15
min. Subsequently, the mixture was dried for 48 hours, blended, and stored until further
analysis. The analyses conducted included the determination of amylose content, starch
content, and rheological properties (27). The moisture content of the fermented,
pregelatinized, and dried samples averaged 6.6 + 0.91 (%).

A rotational viscometer (Brookfield; Model RVT, Spindle #6, Middleboro, MA 02346-
1031, USA) was used for the apparent rheological properties. A known weight (10 g) of each
sample was mixed with water (100 mL) before the determination, and the dispersion was
rotated at 5, 10, 20, 50 and 100 rpm at 70°C. Although rotational speeds are not exact shear
rates, but functions, relationships between viscosity and rotational speeds can be cautiously
used to understand apparent rheological behaviours of food systems (19,27). In the present
study, results are presented as viscosity-rotational speed sets, and the data were modelled
using the power-law equation:

p=Ky-1 (1)

where p = apparent viscosity, K = apparent consistency index, y = rotational speed as a
measure of shear rate and n = apparent power law index.

Flour was measured using a 60:40 ratio, comprising 150 g of modified corn flour and 100
g of wheat flour. Other ingredients included 80 g of sugar for sweet bread (or 40 g for plain
bread), 4 g of yeast, 50 g of eggs, 25 g of milk powder, 25 g of margarine, 260 mL of water,
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and 3 g of salt. To prepare the modified cornstarch gel, the modified cornstarch was dissolved
in water. The flour suspension was then heated while stirring until it thickened at 72°C (but
did not boil). Once thickened, the flour gel was placed in a container and covered with plastic
wrap. The remaining ingredients were combined in the container and mixed using a mixer.
The bread dough was mixed until smooth and transferred to a container greased with
margarine. It was covered and allowed to rest for 10 minutes. Next, the dough was divided
into several portions, each weighing 30 g. The pieces were rounded and allowed to rest for
10 minutes. The dough was then rolled out with a rolling pin to release gas, shaped
accordingly, and left to rise (proof) for 60 minutes. Finally, the molded bread was baked in an
oven at 180°C for 15 minutes.

The ingredients were measured using a 50% ratio of modified corn flour to 50% wheat
flour. For every 100 g of dough, the mixture included 1 g salt, 1 egg, 1 g carboxymethyl
cellulose (CMC), and 80 mL water. The weighed ingredients were combined in a designated
mixing pan and stirred until they were well-incorporated. The mixture was then heated to
50°C for 6 minutes to facilitate gelatinization, which formed the dough. After heating, the
dough was allowed to rest and cool for 30-45 minutes. Once cooled, the dough was divided
into four equal parts. The roll press process, which is used for sheet formation, was performed
with a level 7 hole noodle-making machine, which is the largest setting. The dough was
successively flattened to levels 5 and 3. After reaching Level 3, the flattened dough was cut
using noodle molds. Finally, the resulting noodles were dried in a cabinet dryer at 70°C for 2
hours.

The chemical analysis method used follows the AOAC procedure (28), namely starch,
amylose, pH, proximate (moisture content, ash, fat, protein, and carbohydrate content), fiber,
and reducing sugar. The total plate count analysis followed the SNI 01-2332.3-2006 method
(29). Sensory analysis of bread and noodle products was carried out by 25 panelists. The
analysis includes sensory attributes of colour, aroma, texture, and taste of bread and noodles
made from modified corn flour. The sensory attributes were analyzed using a scale of 1-5.

Samples were analyzed in triplicate and analysis of variance (ANOVA) was conducted
using Duncan’s t-test at a confidence level of 95%.

Potential of Hidrogen (pH) is an important parameter during fermentation, as
microbial growth and microbial enzyme activities are strongly dependent on pH (30). Figure
1 shows the pH of the fermented corn flour at the end of the fermentation, with the presence
of the L. fabifermentans significantly reducing the pH leading to AS: LF 1: 3 (pH = 3.6 £ 0.10)
and 1:2 (pH = 3.80 + 0.10) producing the most sour samples in the treatments.
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This observation is expected because lactic acids are produced by Lactobacillus genus,
lowering the pH, extracellular amylases are produced and degradation of the corn starch
heterofermentatively occurred, with ethanol and carbon dioxide being the side products
(31,32). The lactic acid produced under more acidic conditions also prevented the unwanted
growth of other microbes. Decreases in pH are also thought to be influenced by indigenous
bacteria, where they are thought to remain alive in corn flour, especially from the
Lactobacillus genus. Lactic acid bacteria are the dominant indigenous bacteria during the
spontaneous fermentation of corn flours. The addition of AS: LF mixed cultures produces
amylases that degrade corn starch to dextrin or maltose, triggering the growth of indigenous
lactic acid bacteria.

The pH value in this research was lower than pH value of 4.92, when corn flour was
fermented by 1% Aspergillus sp. (16), of 5.08, when corn flour was fermented by 1% L.
fabifermentans (17). Perhaps the mixed AS: LF cultures were more effective and the starters
acted cooperatively for the reduced pH. Low pH in corn flours is expected to influence
physicochemical properties of the flours, like hydrolysis of complex components of the corn
flour, increase in amylose or amylopectin linearization through the breakdown of starch a-
1,4 and a-1,6 glucosidic bonds and improved dispersion in water (33,34).

Amylose is the linear fraction of starch, and although there are high amylose corn
varieties, corn starches have medium molecular weight amylose. Figure 2 shows the amylose
content of fermented corn flour. It can be observed that the mixed culture had a significant
effect on the amylose content. AS: LF 1:0 and 0:1 produced the lowest amylose content, while
1:2 and 1:3 had the highest amylose content, suggesting that the presence of L.
fabifermentans enhanced amylose, which could be due to the highly acidic conditions.

Glucoamylase, exoenzyme, a-amylase, endoenzyme, basically have the same optimum
pH to work, which are respectively 4-5 and 4-6 (35,36). a-amylase produces mixtures of
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dextrin, maltose and glucose as it severs a-1.4 glycosidic bonds in starches, while
glucoamylase severs both a-1.4 and a-1.6 bonds to produce glucose (19).The amylose
contents in this research are generally lower than those obtained (16,17) with fermented corn
flours using single cultures of Aspergillus sp. (26.45%) and L. fabifermentans (29.45%). Hence,
the mixed cultures in the present study caused more chain severance of amylose and
amylopectin.

Aspergillus sp. is a mold that plays a role in the spontaneous fermentation process of
corn flour. This mold is typically observed at six hours into the fermentation, displaying white
colonies and a greenish-black mycelium when grown on Potato Dextrose Agar (PDA) medium
(13). Additionally, L. fabifermentans is also present during the spontaneous fermentation of
corn flour. This bacterium forms large, round, beige colonies on MRSA and is characterized as
Gram +, catalase -, and endospore - (15).
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Both types of microbes used in this fermentation are indigenous microbes found in
corn, so Aspergillus sp. and L. fabifermentans can modify amylose because of their ability to
produce amylase enzymes. L. fabifermentans is a lactic acid bacteria that produces lactic acid
as the main metabolite. In the AS:LF 1:3 ratio, the LF composition was the highest compared
to other culture ratios, which caused the highest lactic acid production and caused the pH to
be the lowest in this treatment. An acidic pH value causes a decrease in the activity of the
amylase enzyme produced by both types of microbes that are not in their optimum conditions.
In addition, high lactic acid during fermentation in the AS:LF 1:3 treatment, can cause
modification of the branch structure through linearization of amylopectin bonds by breaking
the a 1.6 D glycosidic bond into a linear structure of a 1.4 D glycosidic bonds, because acid
can disrupt the glycosidic bond in the starch fraction. Both of these things cause the amylose
content in the AS:LF 1:3 treatment to be the highest compared to other treatments.

Starch contains hydroxyl groups and simple glycosidic bonds that can be easily modified
to enhance its functional properties or to introduce specific features. These modifications can
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improve cooking properties, gel clarity, texture, adhesion, and film formation, while also
increasing freeze-thaw stability or reducing syneresis, retrogradation, and gelling tendencies.
Additionally, modifications can enhance the amphiphilicity, hydrophobicity, mechanical
strength, and thermal stability of starch(37). Figure 3 shows the starch contents of the
samples, with the AS:LF 1:3 ratio having the highest starch content, to show that the L.
fabifermentans culture enhanced the starch content. It is possible that the starch-degrading
enzymes were not optimal under acidic conditions and less starch was degraded, AS:LF 1:3
ratio had the lowest pH (most acidic conditions), whereas the AS:LF 1:0 ratio, with its higher
pH (Figure 1), had the lowest starch content.
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The starch content positively correlates with amylose content, as amylose impedes
starch digestion, whereas amylopectin, because of its branched nature, enhances starch
digestion. The starch contents in the present study are higher than those from fermented
corn flour by single cultures of Aspergillus sp. (51.57%) and L. fabifermentans (48.73%)
(16,17,37).

The results of this study indicate that single cultures, particularly Aspergillus sp., cause
the greatest decrease in starch content. This is due to Aspergillus sp.'s ability to produce
enzymes such as amylase and glucoamylase, which break down both amylose and
amylopectin, the two components of starch. When Aspergillus sp. was mixed with L.
fabifermentans, both organisms initially grew together by utilizing the substrate to modify
corn starch. However, as the starch was broken down, L. fabifermentans produced a
significant amount of lactic acid, which affected the resulting pH level. Notably, the
combination of Aspergillus sp. and L. fabifermentans at a ratio of 1:3 resulted in the lowest
pH value. This low pH negatively impacted the activity of the amylase enzyme, moving it away
from its optimal conditions. As a result, the amount of amylose remained the highest, and the
overall starch content did not significantly decrease in this treatment.
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Rheology is the study of deformation and flow of raw materials, processing
intermediates and final products (27). Viscosity is the resistance to flow, and it shows how
molecules move easily because of the friction between material layers. Amongst others,
rheological behaviours simply can manifest in the dependence of viscosities on shear rates,
and Figure 4 shows how the viscosities of the samples depended on the rotational speeds.
The viscosity decreased as the shear rate (rotational speed) was increased, a case of non-
Newtonian pseudoplastic behaviour, and pseudoplastic foods are very suitable for uses as
thickeners and food-additives, for example, bread dough from some flour free gluten (38).
The power-law equation (Table 1) was suitable (r> > 0.99) in describing the relationships, and
shows the apparent consistency and power-law indices of the samples. The power-law indices
were less than 1 to confirm the pseudoplastic behavior of the samples.

Rheological

Properties AS:LF(1:0)  AS:LF(1:1)  AS:LF(1:2)  AS:LF(1:3)  AS:LF(0:1)
(Apparent)

Consistency 25,020 b 25,173 b 28,207 a 25,286 b 17,534 ¢
index (cP)

:Dnzvgir law 0.36£0.007a  0.29+0.015b  0.30:0.022b  0.3240.005b  0.37+0.012a
R-sq 0.999+0.0003  0.998+0.0004  0.998+0.0010  0.999+0.0005  0.987+0.0151

Mixed culture influenced the consistency and power-law indices. The mixed culture (AS:
LF) yielded a generally lower power law index than the single cultures (AS:LF; 1:0 and 0:1)
(Table 1). However, the consistency index of the samples was not drastically affected and
there was no particular trend, although the single culture of AS:LF (0:1) produced the least
viscous sample of 17,534 cP. Corn flour is gluten-free. Similar to other gluten-free flours, such
as einkorn wheat, chestnut, rice, and sweet potato, corn flour is classified as a non-Newtonian
pseudoplastic (38). The current viscosity measurements do not fully explain the differences in
the rheological properties of the five modified corn flour samples. Therefore, a more in-depth
study is needed to investigate the pasting, gelatinization, and retrogradation properties of the
resulting starch.
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Modified corn flour processed through a mixed culture fermentation with a ratio of LF
1:3, followed by pregelatinization, has shown promising results in the production of sweet
bread, white bread, and dry noodle products. The incorporation of 50% to 60% of this
modified corn flour in bread-making resulted in favorable chemical, microbiological, and
sensory qualities for the sweet bread, white bread, and dry noodles produced (Table 2). All
resulting products met the Indonesian National Standards (SNI), specifically SNI 01-3480-1995
for sweet bread and SNI 01-2974-1996 for dry noodles. The white bread produced also
complied with SNI standards regarding water content, protein, ash, microbial quality, and
sensory attributes. However, the sugar and fat content of the white bread exceeded the
specified standards. This was due to the relatively low amounts of sugar and margarine used
in the white bread formulation.

Parameters White Bread Sweet Bread Dry Noodles

Proximate:

Moisture content (%) 26.53+0.31 21.78+0.71 9.02+0.45

Ash (%) 1.26+0.03 1.27+0.03 1.63+0.06

Fat (%) 3.9110.29 4.80+0.25 4,19+0.27

Protein (%) 8.3210.04 7.8910.18 12.22+0.40

Carbohydrates (%) 42.70+0.51 43.85+0.48 60.351£1.44

Chemical Contents:

Fibre (%) 0.36+0.07 0.31+0.02 0.32+0.01

Amylose (%) 13.44+1.95 13.40+1.40 4.94+0.45

Starch (%) 63.031£0.73 47.93+1.62 70.431£0.36

Sugar (%) 3.53£0.08 5.4410.46 -

Microbiology:

Total Plate Count (TPC) 6.51£0.30 6.41£0.52 6.410.36

(Log CFU/g)

Hedonic Attribute:

Colour 3.4910.35 3.2810.42 2.7810.13
(bit yellow) (bit yellow) (brownish yellow)

Aroma 3.1610.35 3.4910.27 2.8810.04

(slightly distinctive corn)  (slightly distinctive corn) (not typical corn)

Texture 3.391£0.15 3.2110.36 3.031£0.16
(slightly soft) (slightly soft) (slightly crunchy)

Taste 3.531£0.18 3.5210.21 2.99140.18

(slightly distinctive corn)

(slightly distinctive corn)

(not typical corn)

The results indicate that this modified corn flour has significant potential for future
development. Further studies on its application in formulating and scaling up production are
feasible. Notably, this flour can substitute up to 60% of wheat flour in bread making and 50%
in the production of dry noodles.
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Addition of mixed cultures of Aspergillus sp. and L. fabifermentans influenced the
physicochemical properties of the modified corn flour produced. Mixed culture
concentrations of Aspergillus sp. and L. fabifermentans (1:3) treatment gave an acceptable
product with desirable properties (high starch and amylose contents) that would influence
starch digestibility. Modified corn flour AS: LF (1:3) can be used in the production of bread
and noodle products, allowing for an increase of up to 50%.

This study was supported by the Directorate General of Higher Education, Research,
and Technology, Ministry of Education, Culture, Research, and Technology, Republic of
Indonesia.

A.S. conceived and designed the experiments; A.S. and R.P.P. performed the
experiments; A.S. and R.F. analyzed the data; R.F. and |LS.M.A.T. contributed
reagents/materials/analysis tools; A.S. and R.P.P. wrote the paper.

This research received no any external funding.

Not applicable.

Invalid.

No conflict of interest.

1. Sukainah A, Tawali AB, Laga A. The Effect Of Fermentation On Adsorption Isotherm Corn
Flour And Corn Crackers. International Journal of Scientific & Technology Research.
2013;2(5):263-7.

2. Sukainah A, Lawa S, Putra RP, Fadilah R. Proximate Analysis and Digestibility of Modified
Corn Flour. Curr Nutr Food Sci. 2023;20(7):857-64.

3. Astuti LP, Lestari YE, Rachmawati R, Mutala’liah. Preference and development of
Tribolium castaneum (Herbst, 1797) (Coleoptera: Tenebrionidae) in whole grain and
flour form of five corn varieties. Biodiversitas. 2020;21(2):564-9.

4.  Agustinisari |, Luna P, Joni Munarso S. Physicochemical and Functional Properties of
Starch Extracted from Indonesian Specialty Corn: Efforts to Increase the Value of
Biodiversity. IOP Conf Ser Earth Environ Sci. 2023;1172(1).

5. Bustillos-Rodriguez JC, Tirado-Gallegos JM, Orddéinez-Garcia M, Zamudio-Flores PB,
Ornelas-Paz J de J, Acosta-Muiiiz CH, et al. Physicochemical, thermal and rheological

116



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (1): 105-119

properties of three native corn starches. Food Science and Technology (Brazil).
2019;39(1):149-57.

Bashir K, Aggarwal M. Physicochemical, structural and functional properties of native
and irradiated starch: a review. J Food Sci Technol. 2019;56(2):513-23.

Karmakar R, Ban DK, Ghosh U. Comparative study of native and modified starches
isolated from conventional and nonconventional sources. Int Food Res J.
2014;21(2):597-602.

Putra ASEJRP. Characteristics of Spontaneously Fermented Corn. International Journal
of Science and Research (1JSR). 2017;6(8):1408—13.

Oladapo AS, Adepeju AB, Akinyele AA, Adepeju DM. The Proximate, Functional and Anti-
Nutritional Properties of Three Selected Varieties of Maize (Yellow, White and Pop Corn)
Flour. International Journal of Scientific Engineering and Science. 2017;1(2):23-6.
Paterne RN, Gladys DG, Bernard ST, Anicet EB. Comparative Study on Proximate, Mineral
and Anti-Nutrient Content of Composite Roasted Corn Flour with Its Traditional Roasted
Corn Counterpart for Homemade Complementary Foods. Asian Food Science Journal.
2019;(May 2019):1-9.

Mbata TI, lkenebomeh MJ, Alaneme JC. Studies on the microbiological , nutrient
composition and antinutritional contents of fermented maize flour fortified with
bambara groundnut ( Vigna subterranean L ). 2009;3(6):165-71.

Cui L, Li DJ, Liu CQ. Effect of fermentation on the nutritive value of maize. Int J Food Sci
Technol. 2012;47(4):755-60.

Sukainah A, Johannes E, Putra RP. Identification and isolation of fungi indigenus on
spontaneous fermentation corn flour Bisi 18. Vol. 24, Copyright@ EM International.
2018.

Andi Sukainah, Johannes Eva, Putra Reski Praja. 6. Prosiding Seminar Nasional PATPI
2017 Peran Ahli Teknologi Pangan dalam Mewujudkan Ketahanan Pangan Nasioanl.
2017;(Isolasi dan Identifikasi Bakteri Indigenus pada Tepung Jagung Bisi 16 selama
Proses Fermentasi Spontan):1176—-86.

Sukainah A, Johannes E, Fadilah R, Mustarin A, Putra R. Isolation and identification of
indigenous lactic acid bacteria on corn flour BISI-16 during spontaneous fermentation
process. In: IOP Conference Series: Earth and Environmental Science. Institute of Physics
Publishing; 2019.

Sukainah A, Putra R, Hatima H. The Changes in Aspergillus Sp Population and
Biochemical Changes During The Process of Controlled Corn Flour Fermentation and The
Rheological Properties of Corn Flour Produced. In Atlantis Press; 2018.

Sukainah A, Fadilah R, Mustarin A, Putra RP, Taufieq NAS. Changes in Lactobacillus
fabifermentans Population and Biochemical Changes during the Process of Controlled
Corn Flour Fermentation and the Rheological Properties of Corn Flour Produced. In:
Journal of Physics: Conference Series. Institute of Physics Publishing; 2019.

Shukla RM. Optimization for a-amylase production by Aspergillus oryzae using
submerged fermentation technology [Internet]. 2014. Available from:
www.basicresearchjournals.org

A STUDY ON AMYLASE: REVIEW. Int J Biol Pharm Allied Sci. 2021 Apr 1;10(4).

Jain D, Katyal P. Optimization of gluco-amylase production from Aspergillus spp. for its
use in saccharification of liquefied corn starch. 3 Biotech. 2018 Feb 1;8(2).

117



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (1): 105-119

Andi Sukainah, Fadilah Ratnawaty, Johannes Eva. Isolasi dan Identifikasi Bakteri Asam
Laktat Indigenus Jagung sebagai Starter Fermentasi Terkontrol untuk Meningkatkan
Sifat Fungsional Tepung Jagung Modifikasi. Laporan Penelitian Dasar Unggulan
Perguruan Tinggi, Universitas Negeri Makassar. Makassar; 2019.

Anasiru MA, Ntau L, Sumual MF, Assa J, Labatjo R. The effect of fermentation period on
physicochemical properties of lactobacillus casei fermented sweet corn meal (Zea may
saccharate sturt). Food Res. 2019 Feb 1;3(1):64-9.

Setiarto RHB, Jenie BSL, Faridah DN, Saskiawan, Sulistiani. Effect of lactic acid bacteria
fermentation and autoclaving-cooling for resistant starch and prebiotic properties of
modified taro flour. Vol. 25, International Food Research Journal. 2018.

Mao C, Wu S, Zhang L, Zhuang H. Effects of Fermentation Modification and Combined
Modification with Heat-Moisture Treatment on the Multiscale Structure, Physical and
Chemical Properties of Corn Flour and the Quality of Traditional Fermented Corn
Noodles. Foods. 2024 Dec 1;13(24).

Sukainah A, Ratna R, Putra RP, Fadilah R. An Analysis of Soluble and Insoluble Fiber
Content of Various Modified Corn Flours Using Fermentation Followed by
Pregelatinization - Systematic Literature. In: I0P Conference Series: Earth and
Environmental Science. Institute of Physics; 2022.

Sukainah A, Lawa S, Putra RP, Fadilah R. Proximate Analysis and Digestibility of Modified
Corn Flour. Curr Nutr Food Sci. 2023 Aug 23;20(7):857-64.

Sopade PA, Kassum AL. Rheological characterization of akamu, a semi-liquid food made
from maize, millet and sorghum. Journal of Cereal Science . 1992;15:193-202.

AOAC. Official Methods of Analysis of the Association of Official Analytical Chemist.
Association of Official Analytical Chemists. Washington DC; 1995.

Cara uji mikrobiologi-Bagian 3: Penentuan angka lempeng total (ALT) pada produk
perikanan Standar Nasional Indonesia.

Gunawan S, Aparamarta HW, Anindita BP, Antari AT. Effect of fermentation time on the
quality of modified gadung flour from gadung tuber (Dioscorea hispida Dennst.). In: IOP
Conference Series: Materials Science and Engineering. IOP Publishing Ltd; 2019.
Yusmarini Y, Pato U, Johan V, Ali A, Kusumaningrum K. Characterization of Amylolitic
Lactic Acid Bacteri from Sago Starch Processing Industry. Agritech Journal.
2017;37(1):95-100.

Lumba R, Djarkasi G, Molenaar R. Modification of Indigenous Mulu Bebe Banana Flour
North Halmahera as a Prebiotic Food Source. Agriculture Technology Journal .
2017;8(1):1-16.

Zuhri MA, Setyohadi, Ridwansyah. The Chemical and Functional Characteristics of
Modified Durian Seed (Durio zibethinus Murr) Flour. Education and Food Technology
Journal. 2015;3(2):1-8.

Kusumaningrum A, Sumardiono S. Improvement of Cassava Flour Properties By Cassava
Sawut Fermentation Process by Lactic Acid Bacteri Starters. Food Technology
Application Journal. 2016;5(2):31-3.

Setiarto R, Jenie B, Faridah D, Saskiawan |, Sulistiani. Selection of Lactic Acid Bacteri
Amylase and Pululanase Producer and Its Aplication to Fermented Talas. Indonesia
Agriculture Education Journal. 2015;26(1):80-9.

118



36.

37.

38.

Canrea Journal: Food Technology, Nutritions, and Culinary, 2025; 8 (1): 105-119

Djekrif DS, Gillmann L, Bennamoun L, Ait-Kaki A, Labbani K, Nouadri T, et al. Amylolytic
Yeasts: Producers of a-Amylase and Pullulanase. International Journal Life Science
Scientific Research. 2016;2(4):339-54.

Sujka M, Wiacek AE. Physicochemical Characteristics of Porous Starch Obtained by
Combined Physical and Enzymatic Methods, Part 1: Structure, Adsorption, and
Functional Properties. Int J Mol Sci. 2024 Feb 1;25(3).

Gechev B, Zsivanovits G, Marudova M. Rheological models of gluten free bread dough.
In: AIP Conference Proceedings. American Institute of Physics Inc.; 2019.

119



