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ABSTRACT 

This work aimed at the control of the production of 
protein and glucose-anabolic-enzyme (GAE) by Sac-
charomyces cerevisiae during the fermentation of a 
Nigerian rice, Oryza sativa variety “Igbimo”. The 
yeast was mutated with ethylmethyl sulphonate. The 
variants and the parental yeast were separately in-
oculated into cooked rice and allowed to ferment at 
27˚C for 7 days after which protein content and glu-
cose-anabolic-enzyme synthesis were determined using 
Dinitrosalicylic acid and Biuret reagents techniques. 
Mutants with varying capacities to form protein and 
GAE were obtained. Glucose-Anabolic-Enzyme (GAE) 
activity ranged from 0.25 to 12.06 Units forming five 
groups (classes 1, 2, 3, 4 and 5) with the average ac-
tivity of 0.52, 1.52, 2.28, 4.04 and 10.63 Units respec-
tively compared with that (0.38 Unit) of the parent 
strain. All the mutants synthesized protein although 
many of them produced it at lower level while others 
at higher level than the wild-type. The highest (5.92 
mg/mL) and lowest (0.10 mg/mL) levels protein pro-
ducers are mutants 44 and 14 respectively. Mutants 
No. 4, 7, 22 and 78 formed total protein similar in 
concentrations (1.46, 1.46, 1.45 and 1.45 mg/mL) to 
that of the wild yeast (1.46 mg/mL). These three sets 
of protein concentration have ratios 4.1 (highest), 
0.07 (lowest) and 1.0 (normal) to that of the parental 
yeast. 
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1. INTRODUCTION 

Rice is the second highest grain in the worldwide pro-
duction after maize [1]. Nigeria ranked highest as both 
producer and consumer of rice in the sub-Saharan Africa. 
More than 50% of rice produced in this region are from 

Nigeria. The crop has been grown for more than 3000 
years along the River Niger [2]. About 1.77 Millions 
Hectares of land is cultivated of rice annually in Nigeria 
[3]. Rice (Oryza sativa) is an indispensable staple food 
for many parts (one-half) of the world especially in the 
east, south, southeast Asia, middle east, Latin America 
and West Indies. It is a good source of carbohydrate with 
high energy level [1,4]. Rice is however low in protein, 
sodium, fats and free of cholesterol which makes it use-
ful in treating hypertension [5-7]. It contains higher per-
centage of lysine than and rate equal in amount of threo-
nine, methionine, cysteine and tryptophan with many 
carbohydrate rich foods (wheat, maize, millet, sorghum, 
rye, oats, potato, cassava and yam). It is a good source of 
vitamins and minerals such as thiamine, niacin, iron, 
riboflavin, vitamin D and calcium [8]. Rice is important 
in human diets. It is used to make starch which is em-
ployed in the manufacture of baby foods and extruded 
noddles. It serves as a glucose substitute in oral dehydra-
tion solution used for infants suffering from diarrhoea 
[9]. It is used industrially for the production of many 
things including snack foods, breakfast cereals, beer, 
wine, face powder, polish for camera lenses and expen-
sive jewelleries. The hull and straw are used to make 
construction materials and production of rope, paper and 
cattle feeds [10]. 

Fermentation of rice is usually carried out to improve 
its nutritional quality [11]. Fermenting rice increases 
food security, preserves it from spoilage, salvage wastes, 
removes antinutrients, improves nutrition, increase di-
gestibility, increase vitamins and flavour of the rice [12]. 
Fermentation of rice is most frequently practised in 
Asian countries [13]. Carbohydrate particularly starch, is 
an essential part of rice. The carbohydrate is the princi-
pal substrate fermented; microbes easily obtain their 
energy from it to effect good metabolism [14]. In fer-
mentation, the substrate is broken down to give rise to a 
mixture of end products. Rice is fermented to yield many 
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products such as milk, mirin, vinegar, wine (sake), Jap-
anese Miso, Angkak (red rice) and Sierra rice (Amarillo) 
[15-20]. In Nigeria, rice is not fermented for consump-
tion. Remnant cooked rice that naturally ferments is 
sweet but usually considered spoilt; it is thus thrown 
away. 

In a previous work, Nigerian indigenous rice variety 
“Igbimo” was fermented in order to employ nutrient 
enrichment of rice during fermentation. Chemical analy-
sis of the fermented rice showed that there was im-
provement in the nutrient contents of the rice [21]. Bo-
boye [22] showed that the chemical features of condi-
ments composed using naturally fermented Nigerian rice 
(“Igbimo”) and locust beans, at certain mix ratios, were 
similar to that of a commercial condiment (Maggi-star).  

Starter cultures are commonly used in the fermenta-
tion of rice to prevent contamination with pathogenic 
and toxigenic microbes and competition with unwanted 
microbes [23,24]. This increases rate of fermentation 
thus reducing fermentation time and minimizes dry mat-
ter losses. Boboye and Alabi [25, unpublished] showed 
that individual microorganisms isolated during the natu-
ral fermentation of the rice carried out specific functions 
in the synthesis and catabolism of nutrients. The use of 
starter culture should be optimised to achieve desired 
result. This will increase the level of safety consumers 
require in the manufactured product [26]. This is done 
by conventional selection, mutation and recombinant 
DNA Technology. Selection involves screening for nat-
ural strains that possesses the desired trait/s while re-
combinant DNA Technology is a modern technique of 
developing desired strains involving recombination 
processes (conjugation, transformation and transduction). 
Mutation is a heritable change in the nucleotide se-
quence of DNA. It occurs spontaneously which is a rare 
event (usually 1 in 109 cells) or induced (using physical, 
biological and chemical mutagens) [27]; causing various 
changes in living systems including modification of 
bases for mispairing to take place [28,29], tautomerism 
by base analog subsitution [27,29], intercalation [30], 
deamination [31] and alkylation [32]. Mutants generated 
will possess phenotype different or similar to the wild- 
type strain such as change in specific enzymatic pathway 
[33] or requirement for nutrient supplements [27], change 
in antibiotic production/reaction of strain to drug or 
chemicals, pathogenicity/virulence, temperature sensiti- 
vity, morphological/cultural appearance [27,34,35]. 

Sweet taste formed during natural fermentation of 
Nigerian rice (“Igbimo”) is related to the amount of sim-
ple sugars released from polysaccharides in the fer-
mented rice. In order to study the genetical basis of the 
process involved in the production of the simple sugar 
(glucose) released from polysaccharide (starch), we mu-

tagenized Saccharomyces cerevisiae which considerably 
digested carbohydrate better than most of the microbes 
isolated [25, unpublished]. Effect of the mutation on 
protein biosynthesized by the fungus was studied. Activ-
ity of glucose-anabolic-enzyme (GAE) in each mutant 
was investigated.  

2. MATERIALS AND METHODS 

2.1. Mutation Experiment 

Saccharomyces cerevisiae was grown in 5 mL potato 
dextrose broth at 27˚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 Parkin-
son [36] modified as described by Boboye and Alao [37]. 
Mutational rate was estimated. Mutants were screened 
for the synthesis of protein and glucose-anabolic-enzyme 
(GAE) during the fermentation of rice.  

2.2. Fermentation of Rice with Mutants and 
Wild-Type Yeast 

Each mutant was inoculated into 5 mL of potato dex-
trose broth and incubated at 27˚C for 24 hours after 
which cells 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 number 
of each mutant (0.867 at 670 nm) was used to inoculate 
4 g of cooled rice previously sterilized for 15 min at 
121˚C. The wild-type strain was used as a control at the 
same optical density. Fermentation was carried out for 7 
days at 27˚C after which protein content and glu-
cose-anabolic-enzyme (GAE) were determined.  

2.3. Quantification of Protein  

Protein concentration in the rice sample fermented with 
each mutant and wild-type was estimated in milligram 
by standard Biuret method [38] according to Boboye and 
Alao [37]. 

2.4. Assay for Glucose-Anabolic-Enzyme (GAE) 
Activity 

Synthesis of Glucose-Anabolic-Enzyme (GAE) was de-
termined by DNSA reagent and Biuret procedures [37]. 
One unit of GAE activity was defined as amount of glu-
cose released from rice starch when 1mg/mL protein was 
made. 

3. RESULTS AND DISCUSSION 

The mutation was carried out at 65% rate. Different 
types of mutant were obtained, all of which had ability 
to produce protein. The mutants expressed protein as did 
the unmutated yeast, although many variants produced 
protein at lower (56%) and higher (40%) levels than 
latter strain (Figure 1). The highest (5.92 mg/mL) and 

Copyright © 2011 SciRes.                                                                              ABB 



B. E. Boboye et al. / Advances in Bioscience and Biotechnology 2 (2011) 354-358 

Copyright © 2011 SciRes.                                                                              

356 

lowest (0.10 mg/mL) levels protein producers are mu-
tants 44 and 14 respectively. Only four mutants (Mutants 
No. 4, 7, 22 and 78) formed total protein similar in con-
centration (1.46, 1.46, 1.45 and 1.45 mg/mL) to that of 
the wild yeast (1.46 mg/mL). These three sets of protein 
concentration have ratios 4.1 (highest), 0.07 (lowest) and 
1.0 (normal) to that of the parental yeast. 

The mutants formed Glucose-Anabolic-Enzyme (GAE) 
at activity ranging from 0.25 to 12.06 Units (Table 1). 
Some mutated cells produced GAE at lower levels and 
others at higher levels than the wild-type yeast. Five 
groups of the variants were obtained with induction ra-
tios of 1.37, 4.00, 6.00, 10.63 and 27.97 when the aver-
age GAE activity (0.52, 1.52, 2.28, 4.04 and 10.63 Units) 
of the corresponding classes 1, 2, 3, 4 and 5 was com-
pared with that (0.38 Unit) of the parent strain. About 
20% of the mutants (class 1) were able to synthesize 
GAE at the same level with the parental strain, these are 

Normal-Poor-Level (NPL) GAE synthesizing mutants. 
None among these variants formed 0 Unit of GAE but 
seven members of the group produced GAE less than 
that of the mother yeast. Generally mutants in class 1 are 
poor GAE producers when compared with strains in 
classes 2 to 5. The moderate level producers of GAE had 
activity ranging from 2.0 to 2.99 Units. Forty eight per-
cents mutants (Class 2) have GAE activity at low level 
(1.0 - 1.99 Units), although higher than that of the 
wild-type (Table 1). Good (3.0 - 5.99 Units) (Class 4) 
and super-producers (6.0 and above 6.0 Units) (Class 5) 
of this GAE were very few constituting only 10% of the 
total mutants. Average level synthesizing GAE variants 
constituted the moderate class 3. 

The yeast used in this work is naturally poor in GAE 
synthesis since its activity is similar to the Normal-Poor- 
Level GAE synthesising mutants as determined under 
the growth conditions used in this experiment. The  

 

 

Figure 1. Concentration of protein synthesized by mutants and wild-type Saccharomyces cerevisiae during the fermentation of a 
Nigerian rice, Oryza sativa var. “Igbimo”. 1 to 100 are mutants 1 to 100 and w is the wild-type strain. 
 
Table 1. Effect of mutation on Glucose-Anabolic-Enzyme activity synthesized by Saccharomyces cerevisiae during the fermentation 
of a Nigerian rice, Oryza sativa var. “Igbimo”. 

Glucose-Anabolic-Enzyme Activity 
Class 

(GAE Units) Induction Ratio Level 
Mutants 

1 0 - 0.99 1.37 Normal-Poor-Level (NPL)
3, 7, 9, 13, 16, 17, 29, 36, 37, 39, 44, 45, 46, 50, 52, 84, 85, 91, 
92, 95. 

2 1.0 - 1.99 4.00 Low Level (LL) 
1, 4, 5, 8, 10, 11, 12, 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 30, 
31, 33, 35, 38, 40, 42, 48, 53, 58, 59, 60, 61, 63, 66, 68, 69, 70, 
73, 75, 77, 79, 80, 82, 86, 88, 89, 93, 94, 98, 100. 

3 2.0 - 2.99 6.00 Moderate Level (ML) 
6, 15, 41, 43, 47, 49, 55, 56, 57, 64, 65, 67, 71, 72, 76, 78, 81, 
83, 87, 90, 97, 99. 

4 3.0 - 5.99 10.63 Good Level (ML) 25, 32, 34, 51, 54, 62, 74, 96. 

5 6.0 - above 6.99 27.97 Super Level (SL) 2, 14. 
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variations observed in the production of Glucose-Ana- 
bolic-Enzyme and protein mean that the mutagen 
(ethylmethyl sulphonate, EMS) had hit the genome at 
various loci; thus there was a great change in the genes 
coding for the traits examined in this work. The EMS hit 
the genome to various extents, hence, the differences in 
the level of expression of the GAE and formation of the 
protein encoding gene/s in each mutant. The changes 
appeared to have endowed some mutants with ability to 
synthesize protein and GAE better than the wild-type 
yeast. The mutants in class 1 appeared relatively unaf-
fected by the EMS while those in group 2 were slightly 
modified in contrast to those mutants in classes 3, 4 and 
5 that showed good and very high levels of GAE pro-
duction. These last sets of variants and those able to 
produce protein at high levels have their genes encoding 
the traits induced. Genetic induction can be caused by 
various genetic manipulations including mutation [27]. 
Ethylmethane sulphonate (EMS), used for the mutation 
in this experiment is a mono-functional akylating agent 
that acts by adding methyl group to guanine causing 
faulty pairing with thymine in nucleotides, resulting in 
the transition of G-C to A-T [27,34,39]. This mutagen 
controlled the synthesis of protein and glucose-anabolic- 
enzyme by producing the mutants with varying capabili-
ties thus regulating the genes encoding these traits.  

4. ACKNOWLEDGEMENTS 

We appreciate Federal University of Technology Akure, Ondo State, 

Nigeria for provision of facilities, materials and reagents used for this 

study. 

REFERENCES 

[1] Ali, M.A., Hasan, S.M.K., Islam, M.N. and Islam, M.N. 
(2008) Study on the period of acceptability of cooked 
rice. Journal of Bangladesh Agricultural University, 6, 
401-408. 

[2] Imolehin, E.D. and Wada, A.C. (2000) Meeting the rice 
production and consumption demands of Nigeria with 
improved technologies. International Rice Commission 
Newsletters, 49, 23-41. 

[3] Longtau, S. (2003) Multi-agency partnerships in West 
African agriculture: A review and description of rice pro-
duction systems in Jos, Nigeria. EDO-DFID, 50. 

[4] Nabila, E.Y. and Abdullahi, H.E. (2003) Effect of natural 
fermentation on protein fractions and in vitro protein di-
gestibility of rice. Plant Foods for Human Nutrition, 58, 
1-8. 

[5] Eggum, B.O. (1979) The nutritional value of rice in 
comparison with other cereals. Proceedings of Workshop 
on Chemical Aspects of Rice Grain Quality, Los Banos, 
91-111. 

[6] James, C. and McCaskill, D. (1983) Rice in the American 
diet. Cereal Food World, 28, 667-669. 

[7] Davidson, S., Passmore, R., Brook, J.F. and Trustwell, 
A.S. (1999) Human nutrition and dietetics. 7th Edition, 

Livingstone Churchhill, New York, 296. 
[8] WHO (1985) Energy and protein requirements. Report of 

a Joint FAO/WHO/UNU Expert Consultation. WHO 
Technical Report, Geneva, 724, 206. 

[9] Juliano, B.O. (1985) Polysacccharides, proteins and lip-
ids of rice. Rice Chemistry and Technology, 2nd Edition, 
American Association of Cereal Chemist, Saint Paul, 
59-174. 

[10] Lu, J.J. and Chang, T.T. (1980) Rice in its temporal and 
spatial perspective. In: Luh, B.S., Ed., Rice Production 
and Utilization, AVI Publishing Co., Westport, 1-74. 

[11] Campbell, G. (2000) Fermented foods-a world perspec-
tive. Food Research International, 27, 253. 
doi:10.1016/0963-9969(94)90093-0 

[12] Anon (2010). Fermented foods.  
www.sakthifoundation.org 

[13] Batra, L.R. and Millner, P.D. (1974) Some Asian fer-
mented foods, beverages and associated fungi. Mycolo-
gia, 66, 942-950. doi:10.2307/3758313 

[14] Uaboi-Egbemi, P.O. (2000) Basic microbiology. New 
Waves Publishers, Lagos. 

[15] Dizon, F.L. and Sanchez, P.C. (1984) Mass production of 
red mould rice (“angkak”) and stability of the Monascus 
pigment. Philipp Agriculture, 67, 25-41. 

[16] Mitchell, C.R., Mitchell, P.R. and Nissenbaum, R. (1988) 
Nutritional rice milk production. US Patent No. 4, 8, 774, 
992. 

[17] Sagara, Y. (1988) The rice surplus and new technology 
for rice processing in Japan. Food Fert Technology Cen-
tral Asian Pacific Region Extension Bulletin, 273, 1127.  

[18] Luh, B.S. and Chang, T.T. (1991) Overview and pros-
pects of rice production. Rice Production, 2nd Edition, 1, 
1-11. 

[19] Chang, T.T. (1993) Sustaining and expanding the “Green 
Revolution” in rice. In: Brookfield, H. and Byron, Y., 
Eds., South East Asia’s Environment Future: The Search 
for Sustainability, Tokyo, 201-210. 

[20] Adams, M.R. and Moses, M.O. (1995) Food microbiol-
ogy. Royal Society of Chemistry, Thomas Graham House, 
Science Park, Cambridge, 377. 

[21] Boboye, B. and Terwase, D.E. (2004) Bacteria and nutri-
tional changes associated with natural fermentation of a 
Nigerian indigenous rice (Oryza sativa “IGBIMO”). 
Oriental Journal of Chemistry, 20, 235-237. 

[22] Boboye, B. (2007) Chemical and sensory evaluations of 
composed Nigerian-rice-based local condiments and a 
commercial condiment. Oriental Journal of Chemistry, 
23, 865-868. 

[23] Newman, R.K. and Sands, D.S. (1984) Nutritive value of 
corn fermented with lysine excreting Lactobacillus. Nu-
trition Reports International, 30, 1287. 

[24] Ko, S.D. (1985) Growth and toxin production of Pseu-
domonas cocovenenans, the so called “Bongkrek Bacte-
ria”. Asian Food Journal, 1, 78. 

[25] Boboye, B. and Alabi, O.J. (2011) Effect of monoculture 
fermentation on the proximate composition and sensory 
properties of a Nigerian indigenous rice (Oryza sativa 
“IGBIMO”). Food and Nutrition Sciences, unpublished. 

[26] Nout, M.J.R. (1994) Fermented foods and food safety. 
Food Research International, 27, 291.  
doi:10.1016/0963-9969(94)90097-3 

[27] Prescott, L.M., Harley, J.P. and Klein, D.A. (2002) Mi-

Copyright © 2011 SciRes.                                                                              ABB 

http://dx.doi.org/10.1016/0963-9969(94)90093-0
http://www.sakthifoundation.org/
http://dx.doi.org/10.2307/3758313
http://dx.doi.org/10.1016/0963-9969(94)90097-3


B. E. Boboye et al. / Advances in Bioscience and Biotechnology 2 (2011) 354-358 358 

crobiology. 5th International Edition, Mcgraw-Hill Pub-
lishing Company, New York. 

[28] Strachan, T. and Read, A.P. (1999) Instability of human 
genome: Mutation and DNA repair in human molecular 
genetics. John Wiley and Sons Inc., Hoboken. 

[29] David, T., Anthony, J.F., Jeffrey, H. and Richard, C. 
(2000) An introduction to genetic analysis. 3rd Edition, 
Freeman, W.F. and Company, New York, 127-143. 

[30] Redraw, C. and Miller, J. (2000) Molecular biotechnol-
ogy. Journal of Molecular Biology, 117, 577-607. 

[31] Maki, H. (2002) Origins of spontaneous mutations: 
Specificity and directionality of base-substitution mutagene- 
sis. Annual Review of Genetics, 36, 279-303.  
doi:10.1146/annurev.genet.36.042602.094806 

[32] Tortora, G.J., Funke, B.R. and Case, L.C. (2002) Micro-
biology: An Introduction. 7th Edition, Pearson Education 
Inc., Boston. 

[33] Taggart, R. and Starr, C.B. (2006) Biology the unity and 
diversity of life: Mutated genes and their protein prod-
ucts. Thompson Brooks/Cole, Pacific Grove, 14, 227. 

[34] Brock, T.D., Smith, D.W. and Madigan, M.T. (1984) 
Biology of microorganisms. 4th Edition, Prentice-Hall 
International, Inc., Boston, 244-310. 

[35] Griffiths, A.J.F., Gelbart, W.M., Miller, J.H. and Le-
wontin, R.C. (1990) The molecular basis of mutation. 
Modern Genetic Analysis, W.H. Freeman and Company, 
New York. 

[36] Parkinson, J.S. (1976) Che A, Che B and Che C genes of 
Escherichia coli and their role in chemotaxis. Journal of 
Bacteriology, 126, 758-770. 

[37] Boboye, B. and Alao, A. (2008) Effect of mutation on 
trehalose-catabolic-enzyme synthesized by a tropical 
Rhizobium species F1. Research Journal of Microbiology, 
3, 269-275. doi:10.3923/jm.2008.269.275 

[38] Gornall, A.J., Bardwill, C.S. and David, M.M. (1949) 
Quantitative determination of protein. Journal of Bio-
logical Chemistry, 177, 751. 

[39] Suzuki, D.T., Griffin, J.E., Miller, H.J. and Lewontin, 
C.R. (2001) An Introduction to Genetic Analysis. 7th 
Edition. Freeman Publishers, New York, 101-105. 

 
 

Copyright © 2011 SciRes.                                                                              ABB 

http://dx.doi.org/10.1146/annurev.genet.36.042602.094806
http://dx.doi.org/10.3923/jm.2008.269.275

