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ABSTRACT

Background: Federal Agricultural Rice Oryza Sativa (FARO) variety of rice, have been developed in
Nigeria using interbreeding techniques. Rice like other cereals is a good source of industrial amylases.
The aim of this study is to determine the effect of sprouting on the amylase activities and amylose
content of ten randomly selected FARO rice varieties, which includes FARO 15, 16, 20, 22, 30, 45, 47,
55, 61 and 62. Methods: The rice varieties were sprouted for twelve (12) days according to standard
procedures, in order to determine the amylases activities and their amylose content. The alpha, beta
and glucoamylase activities and amylose content of the FARO rice samples were determined daily during
sprouting. Results: The result showed that α-amylase activity of the FARO rice samples increased from
the 3rd to 10th day of sprouting. The highest α-amylase activity was attained on the 5th and 6th days
which ranges from 50.18x10-3-52.17x 10-3 U/ml. The β-amylase activity for the FARO rice samples
increased from the 3rd to the 8th day of sprouting. The highest β-amylase activity was attained on days
5 and 6, which range from 45.01x10-3- 48.07x10-3 U/ml. The glucoamylase activity for most of the FARO
rice sample increased from the 3rd to the 7th day of sprouting; the highest activity was on day 5 which
was 100x10-3 U/ml. The result of the effect of sprouting on the amylose content of the FARO rice samples
revealed that as the number of days of sprouting increased the amylose content decreased. The amylase
activities correlated significantly with the amylose content of the FARO rice varieties used in this
study. Conclusion: From this study, sprouting has shown to be a cheap and economical way of
improving amylase yields and modifying the amylose content of FARO rice samples for better application
in food industries and confectioneries.
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1.0 Introduction
Oryza sativa (rice) is one of the grains that have an important dietary role in the nutrition of
humans; it is also ranked as the third most important cereal grain after wheat and maize and
is reported to constitute the most important staple food of half the world’s population [1]. In
developing countries, rice plays a very important role in diets by providing 27% of dietary
energy and 20% of protein intake [2].
Rice is a good source of carbohydrates, vitamins, minerals, proteins [3]. These nutrients are
said to exist in the germ and bran layer of the rice, which is almost removed during milling to
produce the white rice which is consumed. Rice has a high amino acid content compared to
other grains, because of its high lysine content. Rice is grown in different ecological zones of
Nigeria and this has given rise to different varieties, adaptation in each zone [4]. Moreover,
amylases are known as hydrolytic enzymes which are involved in the breakdown of glycosidic
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bonds in starch [5, 6]. Different types of amylases break down starch to give rise to
oligosaccharides with specific lengths of glucose units. These enzymes are also required in
the production of malt, brewing and confectionery industries to carry out certain processes
that require its use [7]. Sources of these enzymes include plants, animals and microorganisms [8]. Wheat and barley are crops, which have proven to be a good source of
amylases that are required in the food industry for malt production, confectioneries etc. They
are grown in the temperate regions, due to favourable conditions such as the soil texture and
climatic factors [5].
The tropical climates are not favourable for the growth of barley and wheat [4]. Hence tropic
region relies on the importation of wheat and barley for their food industry. Developing
countries in the tropical region spend huge amounts of money on the importation of wheat
for the food industry [6]. It will be of great economic benefit if wheat importation is greatly
reduced and substituted with locally produced cereals grains [10].
Locally produced cereals grains such as rice has been shown to have different amylase
activities, which could be utilized in the food industry [11]. Moreover, the sprouting of cereals
such as rice is a process of germination, where the seeds experience further growth by
producing new leaves or buds [6]. In Nutritional term, sprouting involves the practice of
germinating seeds such as cereals, which is considered very nutritious to the health. During
the sprouting of cereals, the metabolic activities of the seeds increase as soon as they absorb
water [12]. The chemical constituents of the seeds such as the proteins, carbohydrates, lipids
are being broken down into smaller units by enzymes. Enzymes such as amylases which are
important in the food industry are said to be produced in a very high amount during sprouting
for the breakdown of carbohydrate constituents of the seeds [13].
Since the sprouting technique could be used to increase the amylase activity, it is important
to determine the activity of the amylase in some Federal Agricultural Rice Oryza (FARO) rice
variety inbred in Nigeria. This could help to reduce the demand on the importation of barley
for our local food industry, and also enhance economic value for farmers not only for food but
also for the starch and food industries. Sprouting also modifies the amylose content property
of starchy material, which could also be utilized in the starch industry and confectioneries [6].
The objective of this study is to determine the effect of sprouting on the amylase activities
and amylose content of some FARO rice varieties in order to employ them in the food and
starchy industry.
2.0 Materials and Methods
2.1 Sample collection
Ten different FARO rice varieties developed in Nigeria were collected from National Cereals
Research Institue (NCRI) Badeggi, Niger state, Nigeria. They include the following FARO
(Federal Agricultural Rice Oryza sativa), rice varieties 15, 16, 20, 22, 30, 45, 47, 55, 61, 62
as designated by NCRI [14].
2.2 Experimental set-up
A hundred grams (100g) of each FARO rice sample were sprouted for 12 days, beginning from
day 0 to day 12. The grains were first cleaned thoroughly; foreign materials were removed
from them. The rice varieties were soaked overnight in distilled water. The excess water was
removed in the morning, and further rinsed with distilled water. The samples were then spread
on a clean sack made from jute in plastic trays and covered by another jute sack. They were
sprayed water, twice each day and kept in a favourable condition (dark environment) to
ensure sprouting. Each day 20g of the rice were dried at room temperature of 25 0C. They
were ground using an electric blender. The powder samples were sieved using a mesh size of
600 microns and kept in containers for further analysis.
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2.3

Measurement of Enzyme activity

2.3.1 Alpha and beta- amylase activity
The activities of α and β-amylases were assayed from the day 0 to 12, according to the
method described by Egwim and Oyelode, [15]. Αlpha amylase was extracted using the citrate
buffer at pH of 5.0 while beta-amylase was done using citrate buffer at pH of 3.0. One gram
(1g) of each sprouting rice variety that has been ground was added to 5ml of prechilled
(0.05M) citrate buffer. The resulting homogenate was centrifuged for 10 minutes at 3200rpm.
The supernatants were poured into sample bottles, for the enzyme assay.
Soluble starch slurry (2%) was prepared by dissolving 2g of starch in 100ml of distilled water.
A starch slurry of 0.9ml was added to each of the test tubes, containing the supernatant from
the different varieties of rice. The starch slurry and the supernatant were incubated in a
shaking water bath at 500C for 30 minutes. The reaction, after 30 minutes was stopped by
adding 1ml of 3, 5-dinitrosalicylic acid. They were then boiled for 3 minutes for colour
development. The absorbance was read at a wavelength of 550nm, using a UV
spectrophotometer. The absorbance was then converted to amylase activity, as modified by
Asante et al. [16]. Standard glucose curve was prepared from glucose concentration of 0.0,
0.2, 0.4, 0.6, 0.8, 1.0 mg/ml. The Enzyme activity is defined as the amount of glucose
produced per ml of the amylase solution per minute under the necessary conditions.
Enzyme activity (U/ml) =

𝑥 (mg/ml (glucose) x10−3 )
time( 𝐬𝐞𝐜𝐨𝐧𝐝𝐬)

2.3.2 Glucoamylase activity
The glucoamylase activity was assayed according to the method described previously [17].
Soluble starch of 0.9ml of slurry (2%), which has been prepared was added to test tubes
labeled with the names of different rice varieties. An extract of 0.1ml of the solution, which
was pipette into the sample bottles, were also added to the various test tubes containing the
names of each of the rice variety. The test tubes were then incubated in a water bath at 500C
for 10 minutes. After 10 minutes, it was taken away from the water bath. 0.5ml of 1M of HCL
was added to each of the test tubes to stop the reaction. 2ml of iodine prepared from 5mM of
iodine and 5mM of potassium iodide were added for colour development. The absorbance was
read at a wavelength of 580nm, using the UV spectrophotometer.
Standard starch curve, was prepared from different concentration of starch, 0.0, 0.2, 0.4,
0.6, 0.8, 1.0 mg/ml. Corresponding concentration of iodine 1.0, 0.8, 0.6,0.4,0.2,0.0 mg/ml
of iodine was added to the different concentration of starch. The absorbance was read at a
wavelength of 580nm. The starch curve of absorbance versus starch concentration was
plotted to generate the standard. The enzyme activity is the amount of starch broken down
per ml of the glucoamylase solution per minute under the necessary conditions.
Enzyme activity (U/ml) =

𝑥 (mg/ml (starch) x10−3 )
𝑡𝑖𝑚𝑒( 𝑠𝑒𝑐𝑜𝑛𝑑𝑠)

2.4 Determination of Amylose content of FARO rice samples
The Amylose content of rice samples used for this study was determined from day 0 to
12th day according to the method described by Saeed, [18]. The different rice samples of
0.32g were dissolved into 8ml of 90% Dimethysulfoxide reagent. The solution was placed in
the water bath for 10 minutes at 80 oC. Then cooled to room temperature for 30 minutes.
After cooling, an aliquot of 1.0ml of each of the solutions was mixed with 5.0ml of freshly
prepared iodine reagent and 44ml of distilled water in a volumetric flask. The freshly prepared
iodine was used for colour development. The absorbance was read from the
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spectrophotometer set at 600nm. The value gotten was extrapolated from a standard curve
of pure potatoes amylose [18].
The regression equation of the standard curve was given as Y= 0.0168X + 0.2138
Where Y= absorbance at 600 and X=%Amylose.
2.5 Correlation Coefficients
The correlation coefficient (r) between amylase activities and the amylose content of the FARO
rice varieties was calculated. It was done using SPSS (Statistical Package for Social Sciences)
3.0 Results
3.1 Effect of sprouting on Alpha- amylase activity
The assay for the alpha-amylase activity revealed that the alpha-amylase activity of FARO
15, 16, 20, 22, 30, 45,47, 61, 62 varieties exhibited a remarkable increase from day 3 of the
sprouting to day 10, while FARO 55 picked up at day 5 of the sprouting. The highest enzyme
activities were seen on the 5th and 6th days for most of the FARO rice samples.
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Figure 1: Effect of sprouting on alpha-amylase activity

3.2 Effect of sprouting on β-amylase activity of FARO rice ample
The Beta-amylase activity for the FARO rice samples showed an increase from day 3 to day 9
for most of the FARO rice samples such as FARO 61, 62, 16, 22,45, the highest enzyme
activity was seen on day 5, which was attained by FARO 16 followed by FARO 45 as presented
in Figure 2.
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Figure 2: Effect of sprouting on β-amylase activity of FARO rice samples.

3.3 Effect of sprouting on Glucoamylase activity of FARO rice samples
Glucoamylase activity for FARO 15, 16, 20, 22, 30, 45, 47, 61, showed an increase from day
3 to day 7. Faro 62 started increasing from day 2, to day 6. The highest glucoamylase activity
was shown by FARO 15, 45, 20, 30, 22 as presented in figure 3.
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Figure 3: Effect of sprouting on glucoamylase activity of FARO rice samples
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3.4 Effect of sprouting on amylose content of the FARO rice samples
The result of the effect of sprouting on the amylose content of the FARO rice samples is shown
in Figure 4. The amylose contents of the FARO rice samples decreased during sprouting days.
A sharp fall or decrease was seen on the 5th day of sprouting for most of the FARO rice samples
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Figure 4: Effect of sprouting on the amylose content of FARO rice samples

3.5 Correlation analysis of amylase activities and amylose content of the FARO rice
varieties
Table 1, reveals that there is a significant correlation between Amylose and Beta Amylase
contents as the Pearson ‘r’ is negative (-.734) which is significantly corresponded with 0.04
which is less than 0.05 significant alpha level of significance. Also, the relationship between
Alpha-Amylase and Amylose is significant with the Pearson ‘r’ at negative (-.164) and
significant value of 0.03 which is less than 0.05 significant alpha level of significance. The
result of Glucoamylase and Amylose reveals a high negative significant correlation as the
Pearson ‘r’ is (-.949) and significant value of 0.001 which is less than 0.05 significant alpha
level of significance.
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Table 1: Correlation coefficient of amylase activities and amylose content of the FARO rice varieties

Amylose

Pearson Correlation

Amylose

β-Amylase

α-Amylase

Glucoamylase

1

-.734

-.164

-.992

.004

.003

.001

1

.625*

-.734**

.002

.004

1

-.949**

Sig. (2-tailed)
β-Amylase

α-Amylase

Glucoamylase

Pearson Correlation

-.734

Sig. (2-tailed)

.004

Pearson Correlation

-.164

.625*

Sig. (2-tailed)

.003

.002

Pearson Correlation

-.992

-.734**

-.949**

Sig. (2-tailed)

.001

.004

.000

.000
1

*. Correlation is significant at the 0.05 level (2-tailed).

4.0 Discussion
This present study shows that sprouting increased the activity of the amylase in plants such
as cereals, although it depends on the type of cereals [19]. According to Egwim and Oloyede
[15], who studied the effect of sprouting on the alpha-amylase activity of cereals such as
sorghum, acha and rice. They reported that the highest amylase activity for acha, sorghum,
and rice was attained on day 3 to day 5 of sprouting. Saleh et al. [20] reported that during
the germination of a local variety of wheat (Balady), the amylase activity increased from day
1 to day 6 of sprouting before a decline in the amylase activity.
FARO rice samples have shown a remarkable increase in amylases activities, which extended
for a longer period of sprouting, unlike other samples which amylases activity would only last
for a few days of sprouting. The increase in the enzymatic activities over a longer period of
sprouting could be as a result of the genetic modification of the rice, which is a hybrid. The
trend established by the FARO rice samples showed an increase in amylases synthesis from
day 3 which continued to day 10 of sprouting days, for most of the samples. This was a result
of the increase in the demand for simple sugars for tissue development.
After the 10th day of sprouting, there was a decline in the production of the enzyme, which
could be attributed to the fact that most of the starch reserved in the endosperm has been
broken down to simple sugar units as a result; the biosynthesis of amylases was reduced.
The highest alpha-amylase activities with an estimated value of 50.18x10-3- 52.17x 10-3
U/ml were seen on day 5 and day 6 of sprouting days. The trend in α-amylase activities
follows the work of Asante et al. [16] who described the effect of sprouting on alpha-amylase
synthesis in rice (WITA 7).
Β-amylase is a heat-labile enzyme and can easily be inactivated by heat. Savitha and Chandra
[21] studied the effect of sprouting on the β-amylase activity of cereals such as rice, wheat
and ragi; they reported that during the sprouting, the β-amylase activity increased
significantly. The highest enzyme activity was attained on day 4 of sprouting for rice samples,
ragi and day 6 for wheat samples. Wheat had the minimum enzyme yield and declined on
day 8 of sprouting. This present study reveals that β-amylase activity increased from day 3,
and the increase was sustained to day 8 before a decline in the activity. The highest β-amylase
activities with an estimated value of 45.01x10-3- 48.07x10-3 U/ml were attained on days 5
and 6 of sprouting days.
Glucoamylase is an enzyme, which is needed in the food industry for the production of high
fructose corn syrup, glucose syrup. The FARO rice samples in this study showed an increase
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in glucoamylase activity during sprouting, the highest value of 100x10-3 U/ml was attained
on day 5 of sprouting.
Moreover, most of the FARO rice samples showed good amylases (α, β, glucoamylase) activity
from day 3 to day 10 such as FARO 62, 61, 45, 16, 20. The sustained rise in the amylase
activities over a long period of time, suggests a high yield in the amylases during sprouting.
This genetically modified rice (FARO) could be a good substitute for barley in the food and
starch industry since it has shown a sustained rise during sprouting. Therefore, the sprouting
of these FARO rice samples could be employed for malt production, fructose and glucose
syrups in the food industry.
The amylose content of the FARO rice samples decreased as the sprouting days increased.
This could be a result of the production of enzymes in the rice during germination. From the
result shown in Figure 4, the amylose content decreased during sprouting. Most of the FARO
rice samples showed a sharp decline in amylose content between the 5th -6th days of
sprouting. This could be as a result of the increase in the activity of the amylase during this
period of sprouting, as the enzymatic activity of the FARO rice samples increased, the amylose
content decreased [22]. The sprouting of cereals such as maize caused a decrease in the
amylose content as the number of sprouting days increased which was reported by Otutu et
al., [23]. The amylase activities have a strong negative correlation with the amylose content
of the FARO rice variety used in this study. The increase in the enzyme activities causes a
decrease in the amylose content of the FARO rice samples.
This suggests that sprouting of cereals (FARO rice) causes a reduction in the amylose content
of cereals as a result of the increase in the starch hydrolysis, by the enzyme produced during
sprouting. The low amylose content of about twenty percent (20%) for FARO rice samples
such as 61, 62, 45, and 20, during sprouting, makes it suitable for the production of noodles,
low pasting food products. Sprouting of these FARO rice samples makes them suitable for the
starch industry and also gives them a better cooking quality. The technique of sprouting can
be used to modify the amylose content of the FARO rice samples, depending on what the
manufacturer in the starch industry wants to produce. If the manufacturer wants to make a
very low-pasting product, he would have to sprout the FARO rice samples for up to 12 days
and vice versa.
5.0 Conclusion
This present study shows that sprouting is a simple technique that increases the amylase
activities of FARO rice samples. The sustained rise in the amylase activities of the FARO rice
over a long period during sprouting indicates a high yield in amylases, which makes them a
better source of amylase as compared to other local cereals for the food industries and
brewing processes. The amylose content of the FARO rice samples can be modified using
sprouting, which could be employed in the food industry for the production of starchy food
products. Furthermore, this study shows that the sprouting of our locally breed grain (FARO
rice), could be a potentially useful raw material in our food industry and this will reduce overdependency on the importation of grains such as wheat and barley for the food industry.
Competing interests: The authors declared no conflict of interest exist
Acknowledgement: The authors acknowledge the Biochemistry Department of Federal
University of Technology, Minna Niger state for providing a suitable laboratory environment,
where this research was carried out.
Authors' contributions: All authors participate in the execution of this project. All authors
read and approved the final manuscript.
Funding: This study received no external funding

BIOMED Natural and Applied Science 2022;2(1):13-22
ISSN: 2789-178X

https://doi.org/10.53858/bnas02011322

Page |9
References
1. Alaka, I. C., Ituma, J.,O. and Ekwu, F.C. (2011). Physical and Chemical Properties of
Some Selected Rice Varieties in Ebonyi State. Nigeria Journal of Biotechnology. 22:4046.
2. FAO, 2001. FAO Rice Information. Volume 2. Food and Agriculture Organization of
United Nation, Rome Italy.
3. Mondal S., C., Azizul M. and Mahomud M., S. (2010). A comparative study on the
physicochemical properties of selected varieties of rice grains in Bangladesh. Journal
of Agricultural and Food Chemistry, 50(19):5326-5332.
4. Sanni, S. A, Okeleye K. A Soyode, A.F. & Taiwo, O.C (2005) PhySicochemical
properties of early and medium maturing Nigerian rice varieties. Nigerian Food Journal
23:148-152.
5. Van der Maarel, M. J. E. C., Van der Veen, B., Uitdehaag, J. C. M., Leemhuis, H.
&Dijkhuizen, L. (2002). Properties and applications of starch converting enzymes of
the α-amylase family. Journal of Biotechnology; 94: 137-155
6. Gupta, R., Gigras, P., Mohapatra, H., Goswami, V. K., & Chauhan, B. (2003). Microbial
α-amylases: a biotechnological perspective. Process Biochemistry; 38:1599-1616.
7. Souza, P. M. D. (2010). Application of microbial α-amylase
review. Brazilian journal of microbiology, 41(4), 850-861.

in

industry-A

8. Mojsov K. (2012). Microbial α-amylases and their industrial applications: a review.
International Journal of Management, IT and Engineering. 2(1) 583-609
9. Ohimain, E. I. (2014). The prospects and challenges of composite flour for bread
production in Nigeria. Global Journal of Human-social science; H Interdisciplinary,
14:42-52
10. Arendt, E. K., & Zannini, E. (2013). Cereal grains for the food and beverage industries.
Elsevier.
11. Ayernor, G., S. and Ocloo, F., C., K. (2007). Physico-chemical changes and diastatic
activity associated with germinating paddy rice. African Journal of Food Science.
01:037-041.
12. Egli, I., Davidson, L., Juilerat, M.A., Barclay, D., Hurrel, R.F. (2002). The Influence of
Soaking and Germination on Phytase Activity and Phytic content of Grains and Seed
potentially useful for complementing feeding. Journal of Food Science, 67(9):34843488
13. Rumiyati, J., James, A. (2013). Total Phenolic and Phytosterol CompouAbola, E. E.,
Sussman, J. L., Prilusky, J. & Manning, N. O. (1997). Protein Data Bank archives of
three dimensional macromolecular structures. Methods Enzymology; 277:556-71.
14. Danbaba N. (2017). RICE; History, Research &Development in Nigeria. National Cereal
Research Institue (NCRI), Badeggi Niger State
15. Egwim, E., C. and Oloyede O. B. (2006). Comparism of amylase activity in some
sprouting Nigeria Cereals. Biokemistri,18 (1):15-20.
16. Asante, E., Adjaottor, A.A., and Woode M.Y (2013). Isolation of α-amylases from
malted rice (Wita 7) extract using cassava starch column procedure. African Journal
of Biotechnology. 12 (23):3738-3744.
BIOMED Natural and Applied Science 2022;2(1):13-22
ISSN: 2789-178X

https://doi.org/10.53858/bnas02011322

P a g e | 10
17. Zhizhuang X., Reginald S., and Adrian T. (2006) A quantitative starch-iodine method
for measuring glucoamylase activities. Analytical Biochemistry 351(1):146-148
18. Saeed T., Fereshteh, M.,Eilya S. & Ali A. (2010). Effect of Amylose/Amylopectin ratio
on Physico-mechanical properties of rubber compounds filled by starch. Journal of
Applied Chemical Researches, 4:14
19. Fabiola A. G., Javier C., Carlo A. G. & Rosalva M. (2018) Enzyme activity during
germination of different cereals: A review. Food Reviews International 35(5): 1-24
20. Saleh A.H., Taha, K. & Abdulrahman L. (2009). Partial Purification and Characterization
of Five amylases from wheat local variety (Balady) during germination.Austrialian
Journal of Basic and Applied Sciences, 3(3), 1740-1748.
21. Savitha G. & Chandra K . (2013). Evaluation of changes in A-Amylase, B-amylase and
Protease during germination of cereals. International Journal of Agricultural Science
and Research 3; 55-62
22. Zubair, A.B. &Osundahunsi, O.F. (2016). Effect of Steeping Period on Physicochemical
and Pasting Properties of Sorghum Starch. Applied Tropical Agriculture, 21(3):12-18
23. Otutu, O. L., Ikuomola, D. S., & Oloruntoba, R. O. (2014). Effect of sprouting days on
the chemical and physicochemical properties of maize starch. American Journal of
Research Communication, 2(6), 131-149.

Submit your article to AROC JOURNALS
-AROC in Pharmaceutical and Biotechnology
-AROC in Agriculture
-AROC in Bioinformatics
-AROC in Food and Nutrition
-AROC in Natural Product Research
-BIOMED Natural and Applied Science
Via https://arocjournal.com/
Copyright © 2022 Onukogu et al. This is an open access article distributed under the terms and conditions of the
Creative Commons Attribution License (CC BY) which allowed unrestricted download, distribution and reused as
long as the original authors are properly cited.
BIOMED Natural and Applied Science 2022;2(1):13-22
ISSN: 2789-178X

https://doi.org/10.53858/bnas02011322

