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ABSTRACT

Modification of corn flour using spontaneous fermentation methods were deemed to be flawed in that type
of microbe that lives can be varied and difficult to control. The fermentation process needs to be controlled
so that the resulting higher quality flour, one of the efforts is the utilization of microbial isolates indigenus
as starter cultures. This study aims to determine the microbes involved in spontaneous fermentation of
corn as well as the isolation and identification of fungi indigenus. Corn milling was added water that has
been cooked in the ratio 1: 2 (b / v) spontaneously fermented in a fermentation tank clean for 48 hours in
microaerophilic.The calculation of the number of microbes performed to determine the indigenus microbes
(fungi, yeasts, bacteria and lactic acid bacteria) involved during the process of spontaneous fermentation
using media PCA, PDA, NA, and MRSA. In addition, the total acid titration (%) and the pH of the
fermentation liquid was also measured. Calculations and analysis was conducted on fermentation time
interval of 0, 3, 6, 24, 27, 30, and 48 hours.The results showed that at the beginning of fermentation, which
is 0 to 3 hours (adaptation phase), a microbe that was instrumental is mold, after fermentation entered the
exponential phase and stationary, i.e. 6 to 48 hours, the fermentation process is dominated by the growth of
yeasts, bacteria, and bacteria lactic acid which causes increased levels of total acid titration until 0.38%and
the pH value becomes 3.970. In this phase, the mold growth decreased. The result of the isolation and
identification of fungi using slide culture techniques are found 7 species of mold that are involved in the
process of spontaneous fermentation of corn Bisi 18, namely Aspergillus fumigatus, A. flavus, 3 types of
classified Aspergillussp, Cunninghamella elegans, dan Dendryphio psisatra.
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Introduction

Corn is one crop that has the prospect to be devel-
oped in all regions of Indonesia. One type of corn
that is grown in Indonesia is a type of hybrid maize.
Corn Bisi-18 is a derivative of corn hybrids Bisi-2
and have physicochemical characteristics that re-
semble corn hybrids Bisi-2 is its ability to adapt to
the environment so it can be grown easily in all re-
gions of Indonesia, ranging from rice fields in Java
to the dry plains in East Nusa Tenggara. Until now,

the use of corn into food products is still lacking.
Conditions were hard corn seed to form large seeds
require a longer processing time. Therefore, required
processing into maize flour products. Compared
with corn shaped grains, corn flour will be more eas-
ily applied to food products, despite the application
corn flour is highly dependent on the physicochemi-
cal properties.

The physicochemical properties is one of the
properties related to viscosity and gelatinization of
corn starch during the heating process, the peak vis-
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cosity and hot paste viscosity, where this parameter
describes the ability of granule undergo maximum
development upon heating  (Zhang et al., 2013).
Breakdown viscosityor changes in the hot pasta is
physico chemical properties that describe the resis-
tance of a granule of the process of heating and me-
chanical treatment during processing. Parameter
cold paste viscosity and setback is physico chemical
properties that describe the ability granules do ret-
rogradation during cooling (Alvanidkk et al., 2012).
In addition, the starch gelatinization profile is also
an important physicochemical properties that de-
scribe the initial temperature, peak temperature,
and the final temperature gelatinization, as well as
the value of the enthalpy which reflects the degree
of crystallization of a starch.

Corn flour as a natural starch still has a viscosity
gel that is not uniform, is not resistant to high tem-
peratures, is not resistant to acidic conditions, can
not stand the mechanical treatment, have limited
solubility, and still prone to siniresis. This led to the
application corn flour into food products is still very
limited, so it required an effort to modify the corn
flour that is expected to modify the physical proper-
ties corn flour so that the potential applications be-
come larger.

Modification of flour with fermentedis very po-
tential because low operational costs. The fermenta-
tion process is defined as the decomposition of
starch by enzymes produced by the microorganisms
on a substrate. Sukainah (2014) research three types
of corn flour (corn Bisi-2, pop) are modified using
spontaneous fermentation, pregelatinisasi and the
combination of spontaneous fermentation and
pregelatinisasi show preferential treatment to fer-
mentation capable of lowering the value of peak vis-
cosity, reverse viscosity, the initial temperature and
the peak temperature and enthalpy value of corn
flour. However, modification of corn flour using
spontaneous fermentation method has the disad-
vantage that it is still kind of living microbes can
vary and depends on the conditions and environ-
ment so it is difficult to control. The fermentation
process needs to be controlled to improve the qual-
ity of modified corn starch produced by utilizing
isolates indigenus as starter cultures. Therefore, this
study will focus on the observation of microbial
strains involved in the fermentation of corn flour
spontaneously as well as the isolation and identifica-
tion of microbial indigenus, particularly the identi-
fication of types of mold that are involved in the

process of spontaneous fermentation of corn.

Materials and Tool

The main materials used are Bisi-18 corn hybrids
derived from Jeneponto. Microbial growth medium
used was PCA media Oxoid Basingstoke Hamp-
shire England, media NA Merck Darmstadt Ger-
many, media PDA Oxoid Basingstoke Hampshire
England, and media MRSA Oxoid Basingstoke
Hampshire England. The materials used for the
analysis is water and distilled water,  NaOH 0.1 N
pa, PP indicator, iodine solution, filter paper, paper
filter “Whatman”, oil immersion, solution of crystal
violet, 70% alcohol, 95% alcohol, spirits, cotton, alu-
minum foil, and a solution of safranin.

Processing equipment used is discmill machine
blender type 9FZ -23 and corn seed milling machine
type PPK N 70. Equipment analysis covering, test
tube, tube rack vortek, hot plate, beaker glass, flask,
clamps, analytical balance, measuring cups, volume
pipette, a pipette, pH meter, water bath, Erlenm-
eyer, petri dishes, incubator, autoclave, burette, mi-
croscopes and glass objects

Research Methods

Equipment analysis covering, test tube, tube rack
vortek, hot plate, glass beaker, flask, clamps, analyti-
cal balance, measuring cups, volume pipette, a pi-
pette, pH meter, water bath, Erlenmeyer, petri
dishes, incubator, autoclave, burette, microscopes
and glass objects.

First Stage: Assessment of Microbial indigenus
Involved during Spontaneous Fermentation

Milling the Seed Corn

Bisi-18 corn seed that have been cleaned of impuri-
ties and defects seeds soaked for 1 hour at room
temperature with a ratio of corn with the amount of
water 1: 2 (b/v). Furthermore, the milling corn seed
using milling machine type PPK N 70.

Indigenous microbial Involved in Rice Corn basis
Spontaneous Fermentation

Rice corn added water that has been cooked in the
ratio 1: 2 (b/v) spontaneously fermented in a fer-
mentation tank clean for 48 hours using microaero-
philic. During fermentation calculation of the
amount of microbes to determine the microbial
indigenus involved during the process of spontane-
ous fermentation, total acid titration (%) and pH.
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Calculations and analysis was conducted on fermen-
tation time interval of 0, 3, 6, 24, 27, 30 and 48 hours.
Microbial count (total plate count) were grown us-
ing media PCA (CFU/mL), the number of bacteria
using media NA (CFU/mL), the number of fungi
and yeasts using a PDA (CFU/mL), and the amount
of lactic acid bacteria using media MRSA (CFU/
mL).

Total Microbial, total bacteria, total fungi and
yeasts, and total lactic acid bacteria during fermen-
tation was measured by the method of fertilization
on media PCA (calculation of the total microbial or
total plate count), PDA (calculation of the total fungi
yeasts), media MRSA (counting total bacteria lactic
acid), and media NA (counting total bacteria). A to-
tal of 10 mL of liquid sample is inserted in a physi-
ological solution NaCl 0.85% 90 mL and divortex for
dilution 10-1. Dilution is done to10-3 and 10-9 in the
same way. Fertilization is done in duplicate at dilu-
tions 102-10-3 and 10-7-10-8 using PCA, PDA, MRSA,
and NA in a petri dish. Petri dishes were incubated
at 37 oC in an inverted position. Colony counts for
total lactic acid bacteria and total bacteria were per-

formed after 48 hours based on ISO methods in
(CFU/mL).

Second Stage: Isolation and Identification
Kapangindigenus

Fungi that grows on PCA and PDA media were iso-
lated using the technique of scratching quadrant.
Having obtained isolates with separate colony to be
identified using a microscope with a slide culture
techniques. Petri dish was given of filter paper so
that the board pad inside a closed cup. U-shaped
rod placed in it, and above was placed alongside a
glass object with a glass cover. Grail sterilized in an
autoclave. Once cool, glass objects by a drop of ster-
ile media that has been thawed. Furthermore, the
media leveled using a sterile glass rod to form a thin
layer with an area not exceeding extensive cover
glass and allowed to solidify in a closed cup. After a
solid medium, the agar surface inoculated with a bit
of mold spores using a needle ose, then covered
with a sterile cover glasses. Glycerol 10% sterile as
much as 5-7 mL dripped on the paper filter to pro-
vide the optimum moisture for fungi growth. Incu-

Fig. 1. Microbial Biomass indigenus Involved during Spontaneous Fermentation of Corn Starch in Different Media
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bation was performed at room temperature for 3-5
days. Then the fungi structure was observed under
a microscope.

Data processing was performed using Descrip-
tive Analysis. The data were processed using SPSS
17.0 software.

Results and Discussion

Microbes indigenus Involved during Spontaneous
Fermentation of Corn Bisi-18

Changes in the number of microbesindigenus dur-
ing spontaneous fermentation of corn Bisi 18 is pre-
sented in Figure 1. At the beginning of fermentation,
produced the highest number of microbes on PDA
with the total amount of yeast fungi, i.e. 3.0 log CFU
/mL and produced the lowest number of microbes
on the media by the number of MRSA bacteria lac-
tic acid 1.9 log CFU/mL. These results indicate that
the initial fermentation, molds and yeasts was in-
strumental in the process of fermentation.The role of
the mold during the initial process of fermentation is
suspected as the microbes that contribute to elabo-
rate a complex carbohydrate compound from corn
Bisi-18 into simpler compounds, so that the com-
pound can be utilized by other indigenus microbes
for growth. In the adaptation phase, ie 0 to 3 hours,
mold growth have increased, but the growth is de-
creased when the fermentation process enters the
exponential phase, which is 6 to 24 hours, and the
stationary phase, which is 24 to 48 hours.

Growth of total microbial mesophilic (PCA),
yeast (PDA), total bacteria (NA), and total lactic acid
bacteria (MRSA) has increased in the fermentation 6
hours until the end of fermentation, 48 hours. The
number of microbes that are involved during the
process of spontaneous fermentation of corn Bisi 18
at the end of fermentation ranges from ± 9.2-9.6 log
CFU/mL. Microbial growth trends of the three
types of microbial growth media (PDA, NA, and
MRSA) used has similarities with trend growth of
microbes on media PCA. These results indicate that
the yeasts, bacteria and lactic acid bacteria involved
in the fermentation process ismesophilic. Mesophilic
microorganisms is a microorganism that has an op-
timum growth temperature between 20-40 pC
(Fardiaz, 1992).

Levels of Total Acid titration

Levels of total acid titration corn liquor Bisi 18 dur-

ing spontaneous fermentation increased (Figure 2).
Total acid fermentation began to increase at 6 hours
until the end of fermentation, ie 0.04 to 0.38%. At the
beginning of fermentation, which is 0 to 3 hours, to-
tal acid has not increased. This is due to the amount
of lactic acid bacteria is only around 1.9-3.7 log CFU
/mL (adaptation phase).

Fig. 2. Levels of Total Acid Titration Liquid Corn Bisi 18
during Spontaneous Fermentation

The increase in total acid fermentation began to
increase at 24 hours, which is 0:10%. Exponential
phase of lactic acid bacteria fermentation started 6
hours. The growth of lactic acid bacteria fermenta-
tion increased significantly after 6 hours, ie from 6.2
to 10.3 log CFU/mL, causing levels of total tertitrasi
acid also increased. Lactic acid bacteria are bacteria
that produce lactic acid as a major metabolite prod-
uct. According to Axelsson (2004) metabolism of lac-
tic acid bacteria during the fermentation result in a
change of carbohydrates (simple sugars) into the
substrate phosphorylation. This group of bacteria

Fig. 3. Changes in pH Value Fluid of Corn Bisi 18 during
Spontaneous Fermentation
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has the capacity to degrade carbohydrates (simple
sugars), the metabolism of sugar depending on the
substrate available, but generally the final product is
lactic acid.

The pH Value

The pH value (acidity) of corn liquor Bisi 18 de-
creased during spontaneous fermentation process
(Fig. 3). At the beginning of the fermentation, the liq-
uid corn Bisi 18 had a pH of 5.882. The pH value has
decreased significantly after 6 hours of fermentation,
the pH value of 5.506 into 4.685. A decrease in fluid
pH decreased until the end of fermentation.

A decrease in the pH value was positively corre-
lated with increased levels of total tertitrasi acid
which is the major metabolic product produced by
lactic acid bacteria during fermentation of corn
spontaneous Bisi 18. In addition, the fermentation
time also affects the pH value. The longer the fer-
mentation time, more and more number of microor-
ganisms that will grow to produce acid, so that the
pH value will decrease with increasing concentra-
tion of dissolved acid (Silins, 2014; Arroyo-López,
2009)

Isolation and Identification of Microorganisms
Growing on Fermentation of Corn Bisi 18

The results of microbial isolation indigenus involved
in the process of spontaneous fermentation of corn
Bisi 18 can be seen in Table 1. Microbial indigenus
involved during spontaneous fermentation of corn
Bisi 18 consists of molds, yeasts, bacteria and lactic
acid bacteria. The results of microbial isolation on
PDA showed at the beginning of fermentation up to
6 hours of fermentation found 7 isolates of mold that
are further identified using a slide culture tech-
niques.

Results of simple identification of bacterial iso-
lates from media NA and MRSA in the form of the
Gram stain, catalase test, and staining endospores
showed the bacteria involved in the spontaneous
fermentation of corn Bisi 18 not only from the group
of lactic acid bacteria, but the bacteria in addition to
the group of lactic acid bacteria are also involved
(test data not shown). Isolates of yeasts, bacteria and
lactic acid bacteria that have different colony mor-
phology are found in fermented 24-48 hours. This
shows the fermentation hours 24 to 48 hours (final

Table 1. Isolation of microorganisms on Spontaneous Fermentation of Corn Bisi 18

Isolates Media Hour Characteristics colonies Microorganisms
code type to - type

A PDA 0 Misty green colonies Fungi
B 0 Dark green colonies Fungi
C 3 White colonies Fungi
D 3 Cream-colored colonies with white mycelia Fungi
E 3 Colonies of dark gray with a texture resembling mounting cotton Fungi
F 3 Colonies of black with flat velvety texture. Fungi
G 6 White colonies, has a greenish-black mycelia Fungi
H Colonies of spherical, white and slimy Yeast
I 27 White colonies and have irregular shapes Yeast
J Colonies of spherical and white Yeast
K Colonies of spherical and beige Yeast
M Colonies of spherical, slimy, and form a transparent layer on the Yeast

surface of the colony
G NA 6 Colonies ofspherical, slimy, around (surface) transparent Bacteria
H Colonies of spherical, inside the colony and not transparent Bacteria
C 24 Colonies of white, small, spherical, and slimy Bacteria
A MRSA 24 Small spherical colonies, in the middle, produces mucus Bacteria
C 27 Spherical colonies with large size and do not produce mucus Bacteria
D 27 Spherical Colonies of with large size and produces mucus Bacteria
E 30 Colonies ofspherical, cream-colored, and does not produce mucus Bacteria
F 48 Colonies ofbeige, spherical, and situated in the middle Bacteria
G 48 Colonies ofspherical, located in the middle, and the edges of Bacteria

slimy colonies
H 48 Colonies ofspherical, large, situated at the base, beige Bacteria

3
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fermentation), the dominant microbes that play a
role in spontaneous fermentation derived from
yeast, bacteria and lactic acid bacteria.

The identification of isolates found fungii
ndigenus presented in Table 2. The results show the
identification of fungi involved in spontaneous fer-
mentation of corn Bisi 18 dominated from the genus
Aspergillus, 7 isolates produced fungi, five of which
are from the genus Aspergillus. Results slide culture

techniques showed that three out of five isolates
Apergillus species has not been identified, so it is re-
ported as Aspergillus sp.

Some studies have reported that the genus As-
pergillus are fungi indigenus of the corn including
Aspergillus sp isolated from maize kernels in Nigeria
(Atehnkeng et al., 2008), isolation of A. niger of fer-
mented foods Maza (Adegbehingbe, 2014) and Ogi
of corn (Adegbehingbe, 2013; Ojokoh, 2009), isola-

Table 2. Identification Results of Fungiindigenus on Spontaneous Fermentation of Corn Flour Bisi 18 with Culture
Technique Slide

Isolates code Picture Description Fungi Identified

A Conidia on columnar shape (elongated) green Aspergillus fumigatus
to dark green. Cup-shaped vesicles, smooth-
walled conidiophores are generally green,
Conidia glubusa, ekinulat green. Misty green
coloredColonies of with a texture like velvet.

B Mushrooms in this group often cause food Aspergillus flavus
spoilage. Conidia this group colored yellow to
green and may form skerotia (Heroine, 1989).
Conidiophores colorless, rough top roundish
to columnar, slightly rounded vesicles to the
rod-shaped heads, while the large head shape
globusa. Dark green Colonies of with average
grained texture

C Mushrooms grow forming colonies of filamen- Aspergillus sp
tous fungi, smooth, convex and compact colony.
Color white colored colonies with a texture
resembling velvet tight and flat.

D Forming long branched filaments, which Aspergillus sp
produce septate conidio phores or not that
produces konidium-konidium are colored
beige and gives color to the fungus. beige
Colonies of with white mycelia, texture
resembles velvet

E White mycelium, spread in culture, not Cunninghamella
insulated, single conidiophores, with tips elegans
enlarge heads of conidia bearing, form
globusa, generally saprophytic in soil.
Colonies of dark gray cotton with a texture
resembling mounting.

F Conidiophores dark, stout, upright, Dendryphiopsisatra
branched dendritically, branches producing
conidia solitary, 4 or more cells,
cylindrical, straight or curved; saprofit on
wood. Colonies of black with flat velvety
texture.

G Mushrooms grow forming colonies of Aspergillus sp
filamentous mold, smooth, convex and
compact colony. colonycolor is influenced
by the color of the spores. Mycelium
colored white and greenish-black spores.
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tion A. parasiticus and A. tamarii as fungiindigenus of
corn and beans in Kenya (Okun et al., 2015)

Aspergillusfumigatus found as one indigenus fungi
found on corn Bisi 18. A. fumigatus is a fungi patho-
genic to humans because it can cause allergic as-
pergillosis. This fungiColonies of misty green with a
velvety texture. It has also been reported by
Nyogesa et al. (2015) that the color green colonies of
A. fumigatus foggy on PDA, rod-shaped conidia and
mycelia less colorful. Fungi is also reported to have
been isolated from maize in France (Seung-Beom et
al., 2005) dan Kenya (Odhiambo et al., 2013).

Aspergillusflavus also found as corn
fungiindigenus Bisi 18 during spontaneous fermen-
tation. This Fungiare pathogen because it can pro-
duce aflatoxin is carcinogenic, teratogenic and mu-
tagenic for humans. A. flavusfungi has also been re-
ported as indigenus the spontaneous fermentation
of corn by Rahmawati et al., (2013). Other studies
have also reported the isolation of A. flavuson corn
in Iran (Houshyar-Fard et al., 2014) and a kernel of
corn in Italy(Mauro et al., 2013).

Cunninghamella elegans found as a corn
fungiindigenus Bisi 18. Several studies have re-
ported that C. elegans has been isolated from the raw
materials of food products in Lithuania (Lugauskas
et al., 2006) and sorghum (Soliman, 2003).
Dendryphiopsisatra also found as a fungi isolate
indigenus. D. atrafungiColonies of are black and
conidiophores are solitary (Prasher and Verma,
2016). Both types of these fungi (C. elegans and D.
atra) have not been reported as indigenusfungi on
corn. This may be due Bisi 18 corn are corn that has
undergone genetic engineering processes are con-
stantly being developed, so that the potential differ-
ence microfloraindigenus on corn has the potential
to change.

Conclusion

At the beginning of fermentation, which is 0 to 3
hours (adaptation phase), a microbe that was instru-
mental in the process of fermentation are fungi, af-
ter fermentation entered the exponential phase and
stationary, ie 6 to 48 hours, the fermentation process
is dominated by the growth of yeasts, bacteria and
acid bacteria which lead to increased levels of lactic
acid total tertitrasi until 0.38% and a pH value of
3.970. In this phase, the fungi growth decreased. The
result of the isolation and identification fungi using
slide culture techniques are found 7 species of mold

that are involved in the process of spontaneous fer-
mentation of corn Bisi 18, namely Aspergillus
fumigatus, A. flavus, 3 types of classified Aspergillus
sp, Cunninghamella elegans, dan Dendryphiopsisatra
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