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ABSTRACT
Micrococcus luteus synthesises glucose and protein
during the fermentation of a Nigerian rice. To regulate the formation of these substances, mutation was
carried out with an alkylating agent: ethylmethyl sulphonate (EMS). Screening the mutants generated for
the levels of the traits expressed, four major groups
were obtained. These are poor, moderate, good and
super producers of either glucose or protein. They
produced the properties at 0 - 1.00 (poor), 1.01 to 1.99
(moderate) in 2.0 to 2.99 (good) and 3.0 and above
(super) mg·mL–1 of each substance. The classes were
made up of 37, 40, 20 and 3 mutants for glucose production and 13, 35, 40 and 12 mutants for protein
synthesis. The wild strain bacterium made 0.86
mg·mL–1 glucose and 1.2 mg·mL–1 protein describing
the M. luteus as poor glucose maker and moderate
protein producer. It was also noticed that the mutation caused some variants (25%) to form more glucose than protein; the remaining 75% of the population are made up of two sets viz: mutants having better ability to synthesise protein at higher concentrations than glucose and those that formed about the
same amounts of the substances. It thus follows that
the glucose and protein productions in M. luteus are
genetically based and can be regulated by genetic
manipulation.
Keywords: Regulation; Glucose; Protein; Micrococcus
luteus; Rice Fermentation

1. INTRODUCTION
Rice belonging to the genus Oryza has more than 20
different species out of which very few are cultivated.
The cultivated ones include O. sativa and O. glaborrima.
China, India and Indonesia are the most important rice

producing countries in the world [1]. In the sub-Saharan
Africa, West Africa leads the producers and consumers
of rice. West Africa accounts for 64.2% and 61.9% of
total rice production and consumption respectively in
sub-Saharan Africa [2,3]. Nigeria ranked highest as both
producer and consumer of rice in the sub-Saharan Africa.
More than 50% of rice produced in this region is from
Nigeria [2].
Rice is one of the most staple foods consumed by
many people in the world. Except for Burkina Faso and
Niger, rice is a staple crop throughout West Africa especially in Côte d’Ivoire, Gambia, Guinea Bissau, Liberia,
Senegal and Sierra Leone [4]. In Nigeria, the rice ranks
first socially among the food crops (sorghum, millet,
cowpea, cassava and yam) consumed [3]. Since the mid1970s, rice consumption in the country has risen tremendously (10.3% and above per annum) due to increase per capita consumption (+7.3% per annum) [5].
Rice is an energy source food containing 80% carbohydrate, little protein, fat, vitamins (B1, B3, B6, B12, E,
and folic acid) and minerals (phosphorus, calcium, potassium, sodium and iron). More than 90% of the energy
in rice comes from the carbohydrates. These carbohydrates are made up of both complex type (starch-amylose and fibres) and simple form comprising of glucose,
fructose, lactose and sucrose [6,7]. Rice is useful in
treating hypertension because it is free from cholesterol.
It is also used in the preparation of baby foods being free
from allergens [8]. Rice starch serves as a source of glucose in oral rehydration solution for diarrhoeal infants
[9].
Rice fermentation is carried out commonly in the Asia
to improve its nutrient quality. Fermentation of foods
increases food security, preserves it from spoilage, salvages wastes, removes antinutrients, improves nutrition,
increase digestibility, increase vitamins and flavour of
the rice [10]. Fermentation converts rice to various products including wine (sake), vinegar, rice-coconut mix,
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oats, crispies, gruel, beer, pudding, ragi, tapai, candy and
sap [11,12]. Natural fermentation using microbes associated with surrounding environment is used in batch fermentation to produce Philippino rice. In the more advanced system, “starters” are added which are remnants
of a previously successful batch fermentation. These are
added to the new one [13]. Many microorganisms are
used as “starters” particularly the fungi, yeasts (Saccharomyces, Amylomyces, Endomycopsis, Hansenula anomala),
molds (Rhizopus, Aspergillus, Mucor) and bacteria (Lactic acid bacteria such as Lactobacillus lactis, L. acidophilus, Leuconostoc mesenteroides, Leuconostoc dextranicum and Pediococcus cerevisiae, acetic acid bacteria (Acetobacter aceti) [14].
In Nigeria, rice is not fermented for consumption and
when natural fermentation sets into left-over cooked rice,
it is considered spoilt and thrown away. In order to employ nutrient enrichment of fermentation in rice consumption, Nigerian indigenous rice variety “Igbimo”
was fermented [15]. Chemical analysis of the fermented
rice showed that there was improvement in the nutrient
contents of the rice. Boboye and Alabi [16] showed that
individual microorganisms isolated during the natural
fermentation of the rice carried out specific functions in
the synthesis and catabolism of nutrients. Micrococcus
luteus was identified as the best carbohydrate fermenter.
Mutation is important for the study of traits in living
systems. Ethylmethyl sulphonate (EMS) has been widely
used to induce mutations both in lower and higher organisms [17]. In order to investigate the genetic basis of
synthesizing glucose and protein in rice during natural
fermentation, Micrococcus luteus was mutated with
EMS. The mutants were used to ferment rice individually and amounts of glucose and protein produced were
assayed. This is important to show whether glucose and
protein anabolisms in the bacterium are directly controlled by specific gene(s) or not.

2. MATERIALS AND METHODS
2.1. Mutation Experiment
Micrococcus luteus was grown in 5 mL nutrient broth at
37˚C for 18 hours with agitation at 80 rpm. Using ethylmethyl sulphonate (EMS), the culture was mutated at
28˚C according to the method of Parkinson [18] modified as described by Boboye and Alao [19]. Mutational
rate was estimated. Mutants were screened for the synthesis of glucose and protein during the fermentation of
rice.

2.2. Fermentation of Rice with Mutants and
Wild-Type Yeast
Each mutant was inoculated into 5 mL of nutrient broth
and incubated at 37˚C for 24 hours after which cells
Copyright © 2011 SciRes.
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were spun down at 12,168 × 103 g for 15 min (MSE
Minor 35 Centrifuge). Cells were washed and resuspended in sterile distilled water. Equal cell load (0.867 at
670 nm) of each mutant was prepared and used to inoculate 4 g cooled rice previously sterilized for 15 min at
121˚C. The wild-type strain was used as a control. Fermentation was carried out for 7 days at 27˚C after which
glucose and protein contents were determined.

2.3. Determination of Glucose and Protein
Contents
Amount of glucose released by each mutant and wildtype was determined by using the standard dinitrosalicylic acid (DNSA) method slightly modified as described by Boboye and Alao [19]. DNSA reagent (0.5
mL) was added to 1.0 mL of fermented rice liquor,
boiled for five minutes after which 4.5 mL of distilled
water was added. It was cooled and the absorbance was
read at 540 nm. Glucose standard curve was used to estimate the amount of glucose released during fermentation. Glucose content was defined as the amount of glucose (mg/mL) released during fermentation. Protein concentration in the rice sample fermented with each mutant
and wild-type was estimated in milligram by standard
Biuret method [20] as reported by Boboye and Alao
[19].

3. RESULTS AND DISCUSSION
The mutational rate of the mutagen (EMS) was 99.9%.
This is a very high rate implying a very high chance of
hitting every part of the genome. Different types of mutant were obtained. None among these variants formed 0
mg/mL of glucose. All of them have ability to form the
glucose ranging in content from 0.12 glucose mgmL–1
(mutant 23) to 4.15 glucose mgmL–1 (mutant 62) (Figure 1). Some mutants (32%) produced the carbohydrate
at lower level and many (66%) at higher level than the
wild-type Micrococcus which formed 0.86 mgmL–1 glucose. Generally, the poor glucose producers made the
carbohydrate at ≤1.00 mgmL–1 (Table 1). These are 37
mutants and they span across low and high levels glucose producers. Only two mutants (No. 19 and 48) (Figure 1) synthesised the same amount of glucose as the
unmutated bacterium and these are named normal glucose producers. Thus, the mother strain is also a poor
glucose former. The higher level glucose synthesisers are
made up of three major groups: 1.01 to 1.99 (40 mutants)
and 2.0 to 2.99 (20 mutants) and 3.0 and above (3 mutants) mgmL–1 glucose makers. They are considered as
moderate, good and super glucose producers.
Mutants 23 and 5 respectively made the lowest (0.09
mgmL–1) and highest (5.0 mgmL–1) concentrations of
ABB
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Figure 1. Concentrations of glucose and protein produced by the mutants and wild strain of Micrococcus luteus during
the fermentation of a Nigerian rice, Oryza sativa var. “Igbimo”.
Table 1. Groups of Micrococcus luteus variants involved in
glucose synthesis during the fermentation of a Nigerian rice,
Oryza sativa var. “Igbimo”.
Class

1

2

3
4

Glucose Synthesis
Level
Identity

Mutants

1, 5, 6, 10, 11, 13, 14, 15, 16,
17, 18, 19, 20, 21, 23, 24, 27,
Poor producers
29, 30, 31, 35, 36, 37, 41, 42,
0 - 1.00
(PP)
48, 52, 53, 54, 56, 57, 59, 61,
63, 71, 84, 88.
2, 3, 7, 8, 9, 12, 25, 26, 28,
Moderate 32, 33, 34, 38, 39, 40, 45, 47,
1.01 - 2.0
producers 49, 50, 55, 58, 60, 64, 65, 67,
68, 69, 73, 76, 82, 85, 89, 90,
(MP)
91, 92, 93, 94, 95, 100.
22, 43, 44, 50, 66, 70, 72, 74,
Good produc75, 77, 79, 80, 81, 83, 86, 87,
2.01 - 3.00
ers (GP)
96, 97, 98, 99.
Super produc3.01 & >3.01
4, 46, 62.
ers (SP)

protein (Figure 1). Using the same classification scale as
for the glucose, the variants were grouped into classes
namely: poor, moderate, good and super protein producers (Table 2). They are composed of 13, 35, 40 and 12
mutants respectively. The wild strain bacterium made 1.2
mgmL–1 protein which lies in the range of 1.01 to 1.99
mgmL–1 protein; indicating that the original bacterium is
naturally a moderate protein producer as determined
under the growth conditions used in this experiment.
Some mutants formed more glucose than protein;
these are mutants 4, 23, 33, 37, 40, 43, 44, 45, 46, 47, 50,
58, 62, 63, 66, 70, 71, 72,74, 75, 83, 86, 97, 98 and 99
(Figure 1). Other variants were better in the making of
protein than glucose. The mother microbe synthesised
less glucose (0.86 mgmL–1) than protein (1.2 mgmL–1).
Copyright © 2011 SciRes.

Table 2. Mutants classes of Micrococcus luteus involved in the
total protein production during the fermentation of a Nigerian
rice, Oryza sativa var. “Igbimo”.
Class
1

2

3

4

Glucose Synthesis
Mutants
Level
Identity
Poor producers 11, 13, 14, 20, 23, 37, 41, 45,
0 - 1.00
(PP)
48, 58, 63, 71, 84.
1, 6, 12, 15, 16, 17, 18, 19, 21,
Moderate
24, 30, 32, 33, 35, 36, 40, 42,
47, 49, 53, 55, 57, 61, 67, 70,
1.01 - 2.0
producers
72, 74, 75, 83, 86, 88, 94, 98,
(MP)
99, 100.
2, 8, 9, 10, 25, 26, 27, 28, 29,
31, 38, 39, 43, 44, 46, 50, 51,
Good produc52, 54, 56, 59, 60, 62, 64, 65,
2.01 - 3.00
ers (GP)
66, 68, 69, 73, 80, 81, 85, 89,
90, 91, 92, 93, 95, 96, 97.
Super produc- 3, 4, 5, 7, 22, 34, 76, 77, 78,
3.01 & >3.01
ers (SP)
79, 82, 87.

This data means that the genes encoding the formation
of the two substances were affected by EMS to cause
higher production of glucose than protein and vice versa.
Ethylmethyl sulphonate is known to alkylate nucleotides [17]. It binds between purines on opposite strands
of DNA causing the removal of the base(s) affected. The
action results into mispairing. At times, the EMS can
cause baseless site [17,21] The mutants that produced
glucose or protein lower than the wild strain have the
genes coding for the synthesis of the products deleted
such that the bacterium could not form the macromolecules appropriately; hence, they were repressed. The
mutation appeared to have induced the relevant gene(s)
producing glucose and protein above the normal levels.
This underlies the good and super production of glucose
and protein. Variation in the concentrations of the prodABB
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ucts obtained in this work is an indication of different
levels of hit impacted by the mutagen on the concerned
genes; thus concluding that glucose and protein anabolisms in the bacterium are directly controlled by specific
gene(s).
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