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ABSTRACT 
 

Maize was traditionally the second most common staple food in Indonesia. Conversion to maize flour has been accomplished to improve its 
convenience. Traditionally, maize flour is produced by soaking the kernels in water followed by grinding. It was reported that final physicochemical 
characteristics of the maize flour were influenced by spontaneous fermentation which occurred during soaking. This research aimed to isolate and 
identify important microorganisms that grew during fermentation thus a standardized starter culture can be developed for a more controlled 
fermentation process. Soaking of maize grits was conducted in sterile water (grits:water=1:2, w/v) in a closed container at room temperature 
(±28ºC) for 72 hours. After 0, 4, 12, 24, 36, 48, 72 hours, water and maize grits were sampled and tested for the presence of mold, yeast, and lactic 
acid bacteria (LAB). Isolates obtained from the spontaneous fermentation were reinoculated into the appropriate media containing starch to observe 
their amylolytic activity. Individual isolate was then identified; mold by slide culture method, while yeast and LAB by biochemical rapid kits, i.e. API 
20C AUX and API CH50, respectively. The number of each microorganism was plotted against time to obtain the growth curve of the 
microorganisms during spontaneous fermentation. The microorganisms were identified as Penicillium chrysogenum, P. citrinum, A. flavus, A. niger, 
Rhizopus stolonifer, R.oryzae, Fusarium oxysporum, Acremonium strictum, Candida famata, Kodamaea ohmeri, Candida krusei/incospicua, 
Lactobacillus plantarum 1a, Pediococcus pentosaceus, L. brevis 1, L. plantarum 1b, and L. paracasei ssp paracasei 3. Four molds and one yeast 
were amylolytic while none of the LAB was capable of starch hydrolysis. The growth curve suggested that the amylolitic mold and yeast grew to 
hydrolyze starch during the course of fermentation, while the LABs benefited from the hydrolyzed products and dominated the later stage of the 
fermentation. 
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ABSTRAK1 
 

Jagung merupakan makanan pokok kedua terpenting di Indonesia dan berbagai upaya telah dilakukan untuk memproduksi tepung jagung 
guna meningkatkan kemudahan penggunaannya. Secara tradisional, tepung jagung dibuat dengan merendam biji jagung dalam air, diikuti dengan 
proses penggilingan. Selama perendaman terjadi fermentasi spontan yang telah dilaporkan dapat mempengaruhi karakteristik fisiko kimia tepung 
jagung yang dihasilkannya. Penelitian ini bertujuan untuk mengisolasi dan mengidentifikasi mikroba penting yang tumbuh selama fermentasi 
spontan jagung sehingga dapat dikembangkan kultur starter standar untuk proses fermentasi terkendali. Grits jagung direndam dalam air steril 
(grits : air = 1:2, b/v) dalam wadah tertutup pada suhu kamar (±28ºC) selama 72 jam untuk mensimulasi proses fermentasi spontan. Setelah 0, 4, 
12, 24, 36, 48, 72 jam, sampel air dan grits jagung diambil untuk dianalisis jenis kapang, kamir, dan bakteri asam laktat (BAL) yang tumbuh. Isolat 
yang diperoleh dari fermentasi spontan diinokulasi kembali pada media yang sama dengan menambahkan pati untuk mengamati aktivitas 
amilolitiknya. Selanjutnya, masing-masing isolat diidentifikasi: kapang dengan metode slide culture, sementara kamir dan BAL dengan perangkat 
cepat biokimiawi berturut-turut API 20C AUX dan API CH50. Jumlah masing-masing mikroba diplotkan terhadap waktu untuk mendapatkan kurva 
pertumbuhan mikroba selama fermentasi spontan. Hasil penelitian menunjukkan bahwa mikroba yang tumbuh selama fermentasi spontan terdiri 
dari kapang Penicillium citrinum, P. chrysogenum, A. flavus, A. niger, Rhizopus stolonifer, R. oryzae, Fusarium oxysporum, Acremonium strictum, 
khamir Candida famata, Kodamaea ohmeri, Candida krusei/incospicua, serta bakteri asam laktat Lactobacillus plantarum 1a, Pediococcus 
pentosaceus, L. brevis 1, L. plantarum 1b, dan L. paracasei ssp paracasei 3. Empat kapang dan satu kamir bersifat amilolitik sementara tidak ada 
BAL yang bersifat amilolitik. Kurva pertumbuhan menunjukkan bahwa kapang dan kamir amilolitik tumbuh dan menghidrolisis pati selama 
fermentasi awal sementara BAL memanfaatkan produk hasil hidrolisis dan mendominasi tahap selanjutnya selama fermentasi. 
 
Kata kunci: amilolitik, BAL, fermentasi spontan, jagung, kamir, kapang 
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INTRODUCTION  

 
Maize used to be an important staple food in Indonesia but 

has became less popular because of the inconvenience in its 
preparation. Traditionally, maize flour is made by soaking of the 
maize kernel in water followed by draining, grinding and drying. 
The length of the spontaneous fermentation occurred during 
soaking was reported to have influence in the physicochemical 
characteristics of the maize flour (Aini et al. 2010). Several 
studies on spontaneous fermentation of maize have been 
reported, such as in ogi production (Nago et al. 1998) and pozol 
(ben Omar and Ampe, 2000). During the fermentation, 
amylolytic, lipolytic, and proteolytic bacteria, molds as well as 
yeasts were isolated.  

Presence of various microorganisms during fermentation 
were thought to affect the physicochemical properties of white 
maize flour produced (Aini et al. 2010). The spontaneous 
fermentation decreased the protein, fat, crude fiber, ash, starch, 
reducing sugar, pH, bulk density, and fat absorption capacity of 
the flour produced, while increased the bulk angle, whiteness, 
and water absorption capacity. Aini et al. (2010) reported that 
fermentation for 24 hours reduced the gelatinization tem-

perature from 82 to 76.2C. Meanwhile fermentation for 72 
hours increased the gelatinization temperature of the maize 

flour to 85.2C. Fermentation for 48 hours increased the flour 
peak viscosity (648 BU), while 72 hours fermentation decreased 
its peak viscosity to 550 BU which was similar to the 
unfermented flour. Fermentation for 12 to 60 hours increased 
the heat stability of the maize flour. Meanwhile, fermentation for 
up to 36 hours reduced the retrogradation tendency of the 
maize flour and soaking 48 hours increased the gel strength as 
compared to unfermented flour. The above results suggest that 
it is possible to control the fermentation process to achieve 
desired physicochemical properties of the maize flour. At the 
present, maize fermentation commonly rely on the naturally 
occuring microorganisme in the raw materials. Therefore, a 
consistent quality of the product may be difficult to achieve. The 
use of known microorganisms originated from the spontaneous 
fermentation is expected to better control the quality of the 
product. The study aims to isolate and identify microorganisms 
naturally growing during spontaneous fermentation of maize. 
The microorganisms isolated can be further used to design a 
starter culture for a controlled fermentation to produce maize 
flour with desired physicochemical characteristics. 

MATERIALS AND METHODS 

 
Materials 

The maize used in this study was of Anoman type1 local 
variety obtained from the Cereal Crops Research Center, 
Maros, Sulawesi. Maize grits was obtained by grinding using a 
pin disc mill followed by sievering with a shaker-siever. 

 
Spontaneous fermentation of maize grits 

Maize kernels were washed with sterile distilled water 
(kernel:water=1:4, w/v, 5 mins) and made into grits (±4 mm in 

diameter) by using pin disc mill. The resulting grits were then 
sieved by mesh siever 10 and the grits retained in the siever 
were collected. After that, grits were washed in sterile water 
(grits:water =1:4, w/v, 5 mins), floating and unused part were 
discharged, and drained for 30 mins. Fermentation of the maize 
grits was carried out by soaking the grits with sterile water 
(grits:water = 1:2 w/v) in a covered container at room 

temperature (±28C) for up to 72 hours (modified from Aini et al. 
2010). Sampling was done at 0, 4, 12, 24, 36, 48, and 72 hours 
of fermentation.  

 
Enumeration of microorganisms (Nago et al. 1998) 

Samples of maize grits and water (10 g) were homogenized 
with 90 ml of sterile peptone physiological saline solution. One 
ml of the appropriate dilution were plated onto media (a) Plate 
Count Agar (PCA, Oxoid) for total plate count (TPC), (b) de Man 
Rogosa and Sharpe Agar (MRSA, Oxoid) added with 0.5% 
CaCO3 for LAB; (c) Yeast Extract Glucose Agar (YEGA, Oxoid) 
and 0.01% oxytetracyclin for yeasts and (d) Acidified Potato 
Dextrose Agar (APDA, Oxoid) for molds. Plates were incubated 

at 30C for 24 hours for TPC and LAB, 48 hours for yeast and 5 
days for mold. Enumeration for each visually distinct colony was 
quantified at all sampling times. 

 
Microbial isolation and identification (Nago et al. 1998) 

Any visually distinct bacterial, yeast or mold colony 
appearing on the plates was isolated and streaked onto the 
appropriate media until single colonies were obtained. The 
isolated bacterial colony was Gram stained, microscopically 
observed and tested for catalase activity. LAB isolates were 
further identified using API 50CH. Yeast isolates were identified 
using API 20C AUX rapid kits. Individual mold isolate was 
streaked onto media APDA and Czapek Yeast Extract Agar 
(CYA) and incubated for 7 x 24 hours at 5, 28 dan 37°C. The 
color and diameter of the colonies were observed and recorded. 
The mold growth on the above media made into slide culture 
preparates on CYA and observed under microscope  and the 
conidiophore types, metulae, phialide, and conidia forms were 
compared to these described in Pitt and Hocking (2009) and 
Samson et al. (1981). The amylolytic activity of the isolates was 
observed on MRS containing-2% starch + 1% anyline blue for 
LAB; or YEGA containing-2% starch for molds and yeasts. 

 
Determination of pH (AOAC, 1995) 

The pH of the media at various fermentation time was 
measured according to AOAC (1995). 

 
Enzyme activity (EC.3.2.1.1) 

The mixture of maize and water after 0, 4, 12, 24, 36, 48, 
and 72 hours of fermentation was centrifuged at 7000 rpm at 

4C for 10 min and the substrate-free supernatant was used for 
estimation of enzyme activity. The amylase activity was deter-
mined by measuring the reducing sugar formed by the 
enzymatic hydrolysis of starch (EC.3.2.1.1).  
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RESULTS AND DISCUSSION 
 

Growth of naturally occuring microorganisms during 
spontaneous fermentation  

During spontaneous fermentation for 72 hours, the total 
microorganisms grew from 4.3 to 8.7 log CFU/mL. In the first 
two hours the number of microorganisms remained constant 
suggesting an adaptation period (lag phase). This phase was 
followed by slow growth during 2-4 h and a rapid growth (log 
phase) during 4-12 hours of fermentation. After 12 hours the 
population reached stationary phase as shown by a plateau 
curve, during which a subset of the population underwent death 
phase, and concomitantly another group grew. Overall, there is 
an increase of microbial population of 4 log cycles throughout 
the 72 hours of fermentation process (Figure 1). 

 
The pH value 

During the first four hours of the fermentation, the pH of 
medium was relatively stable (pH 5.8-5.9). However, the pH 
experienced a sharp decline during 4-12 hours of fermentation, 
reaching a pH of 4.4 at 12 hours. The pH was relatively stable 
afterwards. During lag and early log phase fermentation (0-4 
hours), pH did not change much due to lack of microbial 
metabolisms (pH 5.8-5.9). The significant decrease in pH 
corresponds to the rapid growth of the microorganisms during 
fermentation (Figure 1).  
 
Microbial isolation and identification 
 

Mold isolates 
During enumeration of the colonies, five visually distinct 

molds were observed. Initial identification suggested that molds 

growing during fermentation consisted of Penicillium sp, A. 
flavus, A. niger, Rhizopus sp, and Fusarium sp. Further 
identification based on slide culture suggested that the 
Penicillium consisted of 2 species i.e. amylolytic P. citrinum and 
non-amylolytic Penicillium chrysogenum, the Rhizopus 
consisted of non-amylolytic Rhizopus stolonifer and R.oryzae, 
while the Fusarium can be differentiated into amylolytic 
Acremonium strictum and non-amylolytic Fusarium oxysporum. 
Since the species of the three genuses can not be differentiated 
visually, the number of these species was reported as the 
corresponding genus (Figure 2). Description of all molds based 
on slide culture observation is presented in Table 1. An example 
of such observation can be seen in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Total plate counts (TPC) of microorganisms and the pH 

changes during spontaneous fermentation of maize 
 

 
 
Table 1.  Description of molds growing during spontaneous fermentation maize grits  

Visual Observation of 
Colonies 

Slide Culture Observation Identification Amylolytic Activity 

White hypae, blue-
greenish spores 

Colonies are yellow-gray with diameter of 27.7 mm after 7 days incubation at room 
temperature. When incubated at 37°C colonies are tosca green with 25-32 mm diameter. 
Conidiophores have three-stage branch pattern. Metulae somewhat cylindrical with an 
average number phialide 5. Phialide looks like a flask. Conidia roundish shaped and 
translucent. 

Penicillium 
chrysogenum 

Non-amylolytic 

 Conidiophores have one-stage branch pattern which grow from the surface of hyphae. At 
the top there are metulae with an average of 3, growing spread. Phialides looks like a flask 
with an average number 6. Conidia are spherical and translucent. 

Penicillium 
citrinum 

Amylolytic  

White hypae, blue-
greenish yellow spores 

Conidiophores are translucent. Vesicles are roundish in shape. Phialides grow directly on 
the vesicle. Conidia are spherical and conidial heads have radiate type. 

Aspergillus flavus Amylolytic  

White hypae, short, 
gray to black spores 

Conidiophores are translucent. Vesicles are roundish. Phialides grow on the metulae. 
Metulae are translucent. Conidia are spherical and conidial heads have radiate type. 

Aspergillus niger Amylolytic  

White hypae, long, 
grays and black spore 

Sporangiophore are tall, mostly grown on their own. Sporangium are rounded, rounded-
oval columella, and elliptical sporangiospore. There are branched rhizoid and no 
clamydospora. There are long stolon that connected sporangiophore. 

Rhizopus 
stolonifer.  

Non-amylolytic 

 Sporangiophore mostly grown on their own. The sporangiospore grows directly from the 
stolon without rhizoid. Sporangium are roundish shape. Clamydospora are oval and 
columella are rounded shape.  

Rhizopus oryzae Non-amylolytic 

White hypae, pink and 
orange  

Mycelium grow sparsely and pink colored after 24 hours incubation at room temperature. 
After 48 hours incubation, mycelium are purple. Conidia have septat. Phialids are oval-
shaped. Conidiophores have a short branch and there are chlamydospora. 

Fusarium 
oxysporum  

Non-amylolytic 

 Colonies are orange with a diameter of 13-17 mm after 7 days incubation at 37°C. 
Conidiophores are simple and not branched. Phialides are slender and unbranched which 
grow at slightly fasciculate aerial hyphae. Slimy head are rounded-ellips and translucent 
which contain conidia. 

Acremonium 
strictum  

Amylolytic 
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Figure 2.  Mold growth during spontaneous fermentation of maize 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 3. An example of microscopic observation of mold slide culture 

identified as Acremonium strictum 

 
Figure 2 shows that Penicillium and Fusarium were isolated 

throughout the fermentation process. For Penicillium and 
Fusarium, each had two peaks of growth. Very likely the first 
peaks were amylolytic P. citrinum and Acremonium strictum 
while the following growth curves belongs to the non-amylolytic 
P. chrysogenum and F. oxysporum.  

Penicillium citrinum is mesophillic and grows at 5-40°C with 
optimum temperatures of 26-30°C. It grows at pH 2-10 with 
optimum pH between 5-7. This mold is also xerophillic and 
grows at aw 0.80-0.84. Penicillium citrinum can produce a toxin, 
citrinin, at 15-37°C with the optimum temperature of 30°C 
(Sweeney and Dobson, 1998). Citrinin, also known as a yellow 
rice toxin (Pitt and Hocking, 2009) is found in rice (Kumar, 
2008). Penicillium chrysogenum is commonly found in maize. 
The mold is an endophyte which is widespread in nature and is 
often found living on food and indoor environment. This mold 
can produce antibiotics such as penicillin, chrysogine, 
xanthocillins, secalonic acids, sorrentanone, and PR-toxin 
(Meng, 2011; van den Berg, 2010). 

The main source of Acremonium strictum is maize, but it 
can be found in black bean seeds, raw cork, wheat, barley, rice, 
bananas with crown rot, fresh vegetables, peanuts, pecans, 
hazelnuts and walnuts, soybeans, frozen meat, salami and 
biltong. A. strictum and other Acremonium species encountered 
in foods are not known to produce mycotoxins (Pitt and 
Hocking, 2009). Acremonium strictum as an endophytic fungi 

benefits from the host plant, i.e. nourishment, water, and 
physical protection against biotic and abiotic adversities. 
Meanwhile, the host plant may be protected by the endophyte 
that produce secondary metabolites, e.g. alkaloids, antibiotics, 
or toxins that may be toxic to pathogenic fungi (D’amico et al. 
2008). Wicklow et al. (2005) reported that A. strictum, also 
known as Acremonium zeae is antagonistic to kernel rotting and 
mycotoxin producing fungi A. flavus and Fusarium verticillioides 
in cultural tests for antagonism, and interferes with A. flavus 
infection and aflatoxin contamination of preharvest maize 
kernels. 

Fusarium oxysporum is known to produce trichothecenes 
which have been linked to alimentary toxic aleukia, fusario-
toxicoses and are cytotoxic to mammalian cells. These toxins 
are produced at the optimal growth conditions for Fusarium 
(Sweeney and Dobson, 1998). The average concentration of 
trichotheces found in maize is 226.2 μg/kg and ranging from 
9.6-745.1 μg/kg (Adejumo et al. 2007).  

Both Aspergilli were amylolytic but A. niger seemed to grow 
throughout the fermentation process while A. flavus grew well in 
the first 24 hours and decline afterward. This observation 
suggested that A. flavus was not a good competitor and A. niger 
as well as other microorganisms may have over grown A. flavus. 
This phenomenon is good with regard to food safety because 
inhibition of A. flavus is expected to decrease the aflatoxin 
production during fermentation. Purwijantiningsih et al. (2005) 
found that Rhizopus oligosporus dan Candida can inhibit the 
growth of A. flavus (37.21%) and aflatoxin production (99.96%). 
Recent study in East Java, Indonesia, showed that aflatoxins 
were found in 30% of maize at farmer level at the concen-
trations of more than 20 ppb and 10% of maize contains 
aflatoxin more than 100 ppb. At the trader level, the frequency 
of finding the toxin in maize was even higher, i.e. 45% of maize 
contain aflatoxin more than 20 ppb with 18% contain more than 
100 ppb of aflatoxins (Rahayu, 2008). Unfortunately, A. niger is 
also known to produce other mycotoxin, i.e. ochratoxin A (OTA) 
at 15-40°C which could lead to nephrotoxin. OTA’s production is 
low at aw 0.92 and temperature 25-40°C (Alborch et al. 2011). 

According to Sweeney and Dobson (1998), Fusarium, 
Aspergillus and Penicillium are commonly found as 
contaminants in cereals and legumes during drying and storage. 
Kaaya and Kyamuhangire (2006) also isolated Aspergillus, 
Fusarium, Penicillium, and Rhizopus in dried and stored maize. 
Amusa et al. (2005) also reported that during spontaneous 
fermentation of maize and soybeans for the making of ogi, A. 
niger, A. flavus, Fusarium oxysporum, and Rhizopus stolonifer 
were found. Pitt and Hocking (2009) stated that Fusarium sp, 
and Penicillium sp were commonly found in preharvest maize, 
while A. flavus can be found in preharvest maize and during 
storage.  

Maize is a good substrate for mold growth because it 
contains high protein and carbohydrate needed for mold growth 
(Alborch et al. 2011). Generally maize has moisture contents of 
10.4–15.1% at 12-40°C. When stored at ambient temperature, 
maize will support A. flavus and A. niger that grow well at 32-

33C and 25-40C, Penicillium sp at 26-30°C, Fusarium sp at 
24-26°C (Sweeney and Dobson, 1998). Meanwhile R. stolonifer 
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Candida famata Kodamaea ohmeri

Candida krusei/incospicua

and R. oryzae’s optimum growth are at 25C (Ramos-Gracia et 

al. 2012) and 37C (Pitt and Hocking, 2009), respectively. 
 Both Rhizopus were non amylolytic and grew in low number 

during fermentation. Amusa et al. (2005) reported the presence 
of Rhizopus sp in white maize (10.5%) and yellow maize (9.5%). 
R. oryzae has cellulase, xylanase, pectinase, tannase, 
protease, phytase and lypase activities (Ghosh and Ray, 2011) 
which probably explains the low number of the mold when 
competing with various amylolytic mold presence. R. stolonifer 
is not pathogenic (Pitt and Hocking, 2009), but causes rot in 
fruits (Hahn et al. 2004). 

Growth of amylolytic Fusarium, Aspergilli and Penicillium 
resulted in carbohydrate hydolysis to produce simpler sugar.    
This will trigger growth of the successive molds of P. 
chrysogenum, F. oxysporum, and Rhizopus. This overall 
process is expected to influence the quality of the maize, 
especially with regard to its digestibility.  

 
Yeast isolates 

Isolation of yeast in YEGA resulted in four visually distinct 
colonies (Table 2). However, biochemical identification 
suggested that the four isolates belong to three species, i.e. 
Candida famata, Kodamaea ohmeri, and Candida krusei or C. 
incospicua (Figure 4). 

 
Table 2. Description of yeasts isolated during spontaneous fermen-

tation of maize grits  

Morphology Characteristics 
Amylolytic 

Activity 
API 

Identification 
% ID 

Round-shaped, white, 
mucous, surface is dull  

Amylolytic Candida 
famata 

92.8 

Round-shaped, serrated at 
the edges, cream, mucous, 
surface is dull  

Non- amylolytic Kodamaea 
ohmeri 

94.7 

Round-shape with growing 
spread, creamy-white, 
mucous, surface is dull 

Non- amylolytic Candida 
krusei/incosp
icua 

98.9 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Yeast growth during spontaneous fermentation of maize 

 
Growth of yeast and LABs are commonly observed in 

naturally fermented maize, such as those during the production 
of ogi, kenkey, mawe, and mahewu, traditional foods of of West 
Africa. These microorganisms are reported to play important 
role in aroma and flavor production as well as the stability of the 
final products. LABs and yeast affect the taste and structure of 
the dough in kenkey making (Omemu et al. 2007).  

C. krusei is commonly isolated during maize fermentation. 
Nago et al. (1998) reported that during the fermentation of ogi, 
yeasts (7 log CFU/g) consisting of Candida krusei and C. 
humicola (41%) as well as Geotricum spp. (26%) were found. 
Omemu et al. (2007) isolated Candida krusei, Saccharomyces 
cerevisiae, Candida tropicalis, Geotrichum candidum, G. 
fermentans, Rhodotorula graminis on maize fermentation for 
making ogi. Candida krusei can live in the presence of lactic 
acid because it has a high tolerance to lactic acid (Halm et al. 
2004). In addition C. krusei can stimulate the growth of L. 
plantarum and found in fermented maize for ogi production that 
has lipase and esterase activity that may contribute the final 
flavor of food (Omemu et al. 2007). In this study of C. krusei 
grew well and the number was higher than the other two yeasts.  

Candida famata is usually found in plant and soil 
(Chaturvedi, 2003), dairy product especially cheese (Jacques 
and Casaregola, 2008) and Moroccan sourdough (Mohamed et 
al. 2007). Candida famata isolated from Moroccan sourdough 
shows high glucoamylase activity and produces biomass. This 
amylolytic yeast however did not grow as well as C. krusei. It 
has been reported that the yeast also exhibited lipolytic and 
proteolytic activities (Wojtatowicz et al. 2001).  

Kodamaea ohmeri, previously known as Pichia ohmeri or 
Yamadazyma ohmeri, is a yeast within the family of 
Saccharomy cetaceae. K. ohmeri is the teleomorphic form of 
Candida guilliermondii and is widely used for the fermentation of 
fruit, pickles, and rinds (Yang et al. 2009).  

 

Lactic acid bacteria 
Identification of LAB isolates using API 50CH rapid kit 

suggest that the the isolates were Lactobacillus plantarum1a, 
Pediococcus pentosaceus, Lactobacillus brevis 1, Lactobacillus 
plantarum 1b, and Lactobacillus paracasei ssp paracasei 3. All 
LABs were not capable of degradating starch. Description of the 
characteristics of LAB isolated during spontaneous fermentation 
of maize is presented in Table 3 and Figure 5. 
 

Table 3. Identification and characteristics of LABs isolated during 
spontaneous maize fermentation 

Morphological Characteristics API Identification % ID 

Round-shaped, creamy white, 
mucous, embossed on the surface of 
the media, shiny 

Lactobacillus 
plantarum1a 

99.9 

Oval-shaped, white, mucous Pediococcus 
pentosaceus 

96.9 

Round shaped, white mucus, growing 
in the center of the media 

Lactobacillus brevis1 73.4 

Half-round shaped, white, mucous Lactobacillus 
plantarum1b 

54.2 

A small oval-shaped, white, mucous Lactobacillus paracasei 
ssp paracasei3 

99.3 

 

Lactic acid bacteria are the predominant bacteria found in 
the fermentation of maize products. Nago et al. (1998) reported 
that during the fermentation of ogi, maize flour is immersed in 
water for 1-3 days at 25-35°C and lactic acid bacteria consisting 
of Lactobacillus fermentum cellobiosus, L. brevis and L. 
fermentum spp grow up to 9 log CFU/g. Other researcher 
isolated L. plantarum, Saccaharomyces cerevisiae, Candida 
crusei, C. tropicalis, Geotrichum candidum, G. fermentans, and 
Rhodotorula graminis during ogi fermentatin (Omemu et al. 
2007).  
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LAB is also found in Pozol and reach 7-8 logs CFU/g during 
the first day of fermentation, 9 logs CFU/g the second day and 
then decline to 8 logs CFU/g on the third day. During fermen-
tation of ogi, Streptococus sp (25-75%) and L. fermentum were 
isolated in the first 2 days and followed by L. plantarum, L casei, 
L. delbruekii (ben Omar and Ampe, 2000 ).  

This study shows that all LABs are non amylolytic, however 
they grew well throughout the fermentation process and 
maintained viability until 72 hours of fermentation. Presence of 
LABs may also contribute to the decrease in A. flavus. Edema 
and Sanni (2008) reported that LABs (L plantarum, L brevis, L. 
fermentum, L. acidophilus) and yeasts (Pediococcus acidilactici, 
Leuconostoc mesenteroides, Leuconostoc dextranicum and 
Saccharomyces cerevisiae) isolated from spontaneously 
fermented maize can inhibit the growth of A. flavus.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Growth of LABs (log CFU/mL) during spontaneous fermen-

tation of maize 

 
Amylase activity 

The amylase activity observed during the spontaneous 
fermentation of maize grits shows similar pattern with the growth 
of amylolytic microorganisms. The amylolytic molds and yeast 
grew at the beginning of fermentation and hydrolyzed starch into 
simple sugars, which was used by the non-amylolytic 
organisms. The highest amylase activity was found at 12 hours 
fermentation (1.7 unit/mL.min), and the activity declined 
afterward (0.7 unit/mL.min) at 72 hours fermentation (Figure 6). 
The dominance of the lactic acid generated by LAB possibly led 
to the decrease in mold growth, thus decrease the amylolytic 
activity. 

 

 
 
 
 
 
 
 
 
 
 
Figure 6. Changes in amylase activity during spontaneous 

fermentation of maize 

CONCLUSION 
 

Eight species of molds, three species of yeasts, and five 
species of LAB grew sequentially during spontaneous fermen-
tation of maize grits. Four of the eight mold isolates and one of 
three yeast isolates were amylolytic, i.e. P. citrinum, A. flavus, A. 
niger, Acremonium strictum, and Candida famata. Non 
amylolytic molds and yeasts that grew during the spontaneous 
fermentation of maize were P. chrysogenum, R. oryzae, R. 
stolonifer, F. oxysporum, Kodamaea ohmeri and Candida krusei 
or C. incospicua. Five non amylolytic species of LAB were 
Lactobacillus plantarum 1a, Pediococcus pentosaceus, 
Lactobacillus brevis 1, Lactobacillus plantarum 1b, Lactobacillus 
paracasei ssp paracasei3. 

Based on the growth curves, it was very likely that 
amylolytic mold such as P. citrinum, A. flavus, A. niger, 
Acremonium strictum, and Candida famata grew and hydrolized 
starch during the course of fermentation. Non amylolytic 
microorganisms grew later on the fermentation benefiting from 
the hydrolyzed products. The amylolytic activity in the early 
fermentation was high and decreases with longer fermentation 
time.  
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