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ABSTRACT

Amylase is an enzyme that has a role in hydrolyzing starch. This enzyme can be obtained from germinated seeds, one
of them is soybean seed sprouts. The research aimed at studying the reaction kinetics in hydrolyzing the substrate, which
is called starch, has been done. The research was conducted in three stages: 1) preparation of amylase which included
germination of soybean seeds, isolation of amylase, purification with ammonium sulfate 35% (w/v); 2) optimization of
amylase activity (germination time, enzyme concentration, temperature, and pH), optimization of germination time, pH,
temperature, enzyme concentration, substrate concentration (starch); and 3) dete@elli()n reaction kinetics of amylase
in starch hydrolysis. The reaction kinetics study included the values of V,,, (maximum reaction velocity) and Ky
(Michaelis-Menten consm[). Determination of amylase activity using the DNS (Dinitrosalicylate) method. The data
that has been collected were analyzed by a descriptive quantitative method. The result showed that: 1) the optimum
concentration of the amylase enzyme is 2.5% (v/v), the optimum temperature in hydrolyzing starch is 30 °C, and the
optimum pH is 7; 2) value of V,, 15 6.869 Units/minutess; and 3) value of Ky is 11.87 Units/mL. This information is
very important to increase the economical value and efficiency of amylase in the industry.
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1. INTRODUCTION namely from germinated seeds [7], one of which is
31 sprouts from soybeans [8]. By utilizing soybean seeds as
Amylase is an enzyme that can hydrolyze starch a source of amylase, it is a breakthrough in technological

molecules, a polymer made up of g]ucmunils, which innovation that will support the achievement of a prog to

consist of glucose units. This enzyme is one of the main meet the needs of local and global enzymes that utilize

enzymes use@ the industry. The need for a-amylase is biological sources.
very large, about 30% of the world's total enzyme
production. The demand for amylase reaches at least 25%
of the tdpsd enzyme requirement [1]. Amylase has a
potential application in various industrial processes such
as food, fermentation and the pharmaceutical indy [2]
paper, pharmaceutical and detergent industries, clinical,
medicinal and analytical chemistry, and their wide
application in starch saccharification and the textile,
food, brewing and refining industries [3][4]. This enzyme
has been used for the hydrolysis of starch to fructose and
glucose syrup [5]. This high amylase requirement has not
been supported by its availability.

Utilization in industry involving enzymes in general
and amylase in particular needs to consider efficiency,
which is determined by the product of the hydrolysis
reaction. The velocity of enzymatic reactions in
hydrolyzing or breaking down substrates/materials is
determined by many factors, including temperature,
enzyme concentration, pH, and substrate concentration.
The substrate concentration affects the velocity of the
reaction catalyzed by the enzyme. At very low substrate
concentrations, the reaction rate is also very low, but this
velocity will increase with escalating the substrate
concentration. At the maximum velocity limit (V... the

Amylase enzyme can be obtained by utilizing enzyme becomes saturated with its substrate, and cannot
materials that are abundantly available in nature, there function fast [9]. The use of substrates or raw materials
are: from plants, animals and microorganisms [6][2]. to be hydrolyzed excessively is less efficient in terms of
Amylase comes from plants that are easily obtained, its economical value. Therefore, the enzymatic reaction
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kinetics of amylase needs to be observed, especially the
value of Vi dan Ky (Michaelis-Menten constant).

2.METHOD

2.1. Materials

This study used germinated commercial soybean
seeds as a source of amylase and starch as amylase
substrate. Starch in this study was obtained from the
market

2.2. Soybean Amylase Extraction

This stage begins with sprouting soybeans. A small
amount of 50 g soybean seeds washed thoroughly,
soaked in water for 12 hours, then drained. Seeds are
germinated under wet and dark environment conditions
for 4 days. The sprouts that have grown are ready to be
extracted and the amylase enzyme is isolated by
blending with adding a little distilled water, the ratio
between seeds and distilled water is 50 g of seeds: 400
mL of distilled water. This step will create a slurry. The
slurry was centrifuged at 1500 rpm for 10 minutes. The
formed-filtrate is a crude amylase extract and ready to
be tested for its activity.

2.3. Preparation of the DNSA (3 5-
dinitrosalicylic acid) reagent

e preparation of the DNSA reagent was carried
out by dissolving 1 g of 3,5-dinitrosalicylic acid in 20
mL of distilled water, then put it into 100 mL
volumetric flask and homogenize. Furllgn()re, 1 gof
NaOH is added to the volumetric flask; 0.2 g of phenol;
0.05 g of Na2503; and | mL of Na-K-tartaric 40%, then
add distilled water to the limit of the miniscus, then

homogenize.
2 4. Determination of amylase activity

The determination of amylase activity begins with the
production of a standard glucose curve. The first stage
was making ilaamdau'd solution of glucose with a vary
concentration of 50 ppm, 100 ppm, 150 ppm, 200 ppm,
and 250 ppm. Each standard solution of 1 mL was put
into a separate test tube. For glucose solution blank
replaced with distilled water. Each 0.5 mL of standard
solution, blank or hydrolyzate sample was put into the
i)l tube, then added with 0.5 mL of distilled water and 2
mL of DNS reagent and vortexed. Each tube was placed
in boiling water for 10 minutes, then cooled on a room
temperature. Next, measuring the absorbance using UV-
VIS-spectrophotometer at a wavelength of 550 nm.
Making a standard glucose curve by mapping the
concentration of the standard solution versus the
absorbance, then the linear regression equation is
determined, namely Y = AX + B. By using the linear

regression equation, the mapping result of glucose
standard concentration vs absorbance can be known that
the glucose ration is a result of amylase activity in
hydrolyzing the substrate. This catalytic activity is
expressed in IU/mL. One international unit is expressed
as the total amount of enzyme capable of acting as a
catalyst to convert 1 uM of substrate/minutes under
standard conditions. Calculation of enzyme catalytic
activity:

1
Unit/ml = Glucose formed x P x P

Information:
P: dilution
Q: incubation time (minutes)

2.5. Determination of the optimum amylase
temperature

Soybean amylase activity was determinecasing the
DNSA test. Six test tubes were filled with | mL of 1%
starch solution (in phosphate buffer pH 7). Each tube was
added with an amylase enzyme solution that was
obtained from the extraction of soybean sprouts in the
optimum germination time. The next step, each tube
containing amylase and the substrate was reacted in
temperature variations, there were 25, 30, 35, 40, and
45°C for 10 minutes. Each hydrolyzate that has been
obtained is then lesle(mr glucose concentration which
was formed by adding 0.5 mL of distilled watcrﬂd 2mL
of DNSA reagent and vortex. Each tube was placed in
boiling water for 10 minutes, cooled at room temperature.
Then, measuring the absorbance using a UV-VIS
spectrophotometer at a wavelength of 550 nm. By
entering the absorbance value into the glucose standard
regression equation, it will be known that the glucose
level is formed as amylase activity. The temperature that
shows the highest glucose yield indicates the optimum
temperature.

2.6. Determination of the optimum pH of
amylase

Six test tubes were filled with 1 mL of 1% starch
solution (in buffers of pH 5, 6,7,8,and 9). Each tube was
added with amylase enzyme solution and reacted at
optimum temperature for 10 minutes. Each hydrolyzate
that has been obtained was then tested fm;lucose
concentration which was formed by adding 0.5 mL of
distilled water am2 mL of DNS reagent and vortexed.
Each tube was placed in boiling water for 10 minutes,
then cooled to room temperature. Finally, measuring the
absorbance using a UV-VIS-spectrophotometer at a
wavelength of 550 nm. By entering the absorbance value
into the glucose standard regression equation, it will be
known that the glucose level is formed as an amylase
activity. The pH that shows the highest glucose yield
shows the optimum pH.
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2.7. Determination of the optimum substrate
concentration

Six test tubes filled with 1 mL of starch solution of
varies concentration 0 (control); 0.5; 1; 1.5; 2; and 2.5
ppm (in the optimum pH buffer). Each tube was added
with amylase enzyme solution and reacted at an optimum
temperature for 10 minutes. Each hydrolyzate that has
been obtained was then tested m;luc:()sc concentration,
which was formed by adding 0.5 mL of distilled water
d 2 mL of DNSA reagent and vortex. Each tube was
placed in boiling water for 10 minutes, cooled at room
temperature. After that, measuring the absorbance using
a UV-VIS-spectrophotometer at a wavelength of 550 nm.
By entering the absorbance value into the glucose
standard regression equation, it will be known that the
glucose level is formed as amylase activity. The substrate
concentration that showed the highest glucose yield
showed the optimum substrate concentration

2.8. Enzymatic Reaction kinetics of amylase

The reaction kineticss that have been tested were V..
and Km. Vma and Kwm were determined using the
Lineweaver-Burg equation. The result of 1/[substrate] vs
I/[reaction velocity] mapping results obtained by the
might-line equation y = ax + b. The intercept with the
Y axis where the value of X = 0, value 1/Vmax is
obtained, and the intersection point on the X axis (Y = 0)
will give the value -1/Kwm.

3. MATH AND EQUATIONS

3.1. Glucose Standard Curve

Table 1 shows the absorbance results of the stafffard
solution of glucose in the concentration variations of 50
ppm, 100 ppm, 150 ppm, 200 ppm and 250 ppm.

Table 1. The absorbance of the glucose standard
solution in various concentration

Glucose Concentration
Absorbance
ndard (ppm)
Standard 1 50 0183
Standard 2 100 0.354
Standard 3 150 0.507
Standard 4 200 0.646
Standard 5 250 0.803

- T 0,0031% + 0,030
e R? = 0,9989

Absorbance

Concentration

Figure 1 Glucose standard curve

Based on the result of glucose concentration mapping
versus absorbance, a linear regression equation is
obtained, Y =0.003 X + 0.039 with a value of R2=0.998.
This equation is used to determine the glucose
concentration in a sample as a result of amylase activity.

3.2. Determination of the Optimum Enzyme
Concentration for Amylase

Data Table 2 shows the results of testing the amylase
activity of various enzyme concentrations. The

measurement result of mobile amylase are presented in
Table 2.

Table 2. Amylase activity ad data in various enzyme
concentration

Enzyme Glucose Amylase | Amylase

concentration | yield (ppm) | activity | activity

(%) Unit / (Units /
2mlL) mL)

0 34.44 34.44 0

25 52 52 8.78

5 71.56 71.56 18. 56

75 871 871 26.33

10 14522 145. 22 55.39

15 158. 56 158. 56 62.06

Information: Measurements were made at a temperature
of 37°C, pH 7 and an incubation time of 10 minutes

Table 2 shows that at 0% enzyme concentration the
enzyme has no activity, at 2.5% enzyme concentration is
8.78 U/mL and increases within elevation of enzyme
concentration. This proves that the enzyme concentration
has an effect on amylase activity.

3.3. The Determination of the Optimum
Temperature

The determination of optimum temperature was done
by reacting amylase with 1% starch substrate in
temperature variations of 25, 30, 35, 40, and 45°C, pH 7
for 15 minutes. Then measured the level of glucose
formed, and the highest glucose level states the optimum
temperature. The result of varied tests in incubation
temperature are shown in Table 3.
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Table 3 Amylase activity with temperature variations

ase Amylase

Temperature {?Iucme a;ctAmy'Mty acnt‘ivy'ity

Q) ﬁ?ﬂ) (Unit / (Units / mL)

2mL)

25 101.00 101.00 50.5

30 105.00 105.00 52.5

35 100.33 10033 50.2

40 97.67 97.67 48.8

45 87.00 87.00 435

50 71.33 7133 357

20

The gtivity of crude amylase extract from soylfih
seeds at temperature variations is shown in Table 3. Ata
temperature of 25 °C, the amylase activity was 50.5 U/
mL and increased at 30 °C, which was 52.5 U/mL.
Temperature 30 °C is the optimum temperature for
mobile amylase in soybean seed sprouts, because it has
the highest activity so that the amylase works optimally
in degrading starch to glucose. After reaching the
optimum condi@ the amylase activity will decline
again, namely at temperatures of 35°C, 40 °C@ °C,and
50 °C, whichis 50.2 U/mL, 48.8 U/mL, 43.5 U/mL, and
35.7 U/mL. The optimum temperature of the amylase
enzyme is 30 °C with amylase activity of 52.5 U /mL.

3.4. The Determination of Amylase Catalytic
Activity in Various Incubation Time

The optimum incubation time was carried out by
reacting amylase with starch substrate in 0, 5, 10, 15, 20
minutes and then measuring the levels of sugar formed
from each treatment using the DNSA method. The results
of varied tests in incubation time are shown in Table 4.

Table 4. Amylase activity in various incubation times

Incubation Glucose yield | Amylase Activity
Time (minutes) | /ppm) U/mL

5 87.83 43.92

10 88.67 44.33

15 7817 39.08

20 72.67 36.33

25 0.26 0.13

The activity of crude mobile amylase extract from
soybean seeds at various incubation times is shown in
Table 4. At 5 minutes the amylase activity is 43 92
U/mL, at 10 minutes it is 44 .33 U/mL, at 15 minutes the
amylase activity is 39.08 U/mL. at 20 minutes the

Advances in Engineering Research, volume 196

amylase activity was 36.33 U/mL, and at 25 minutes it

was 0.13 U/mL. Based on the data, the results of amylase
activity have been decreased with increasing incubation
time. The optimum incubation time was 10 minutes/

3.5. Determination of amylase catalytic activity
in various pH

The optimum pH had been done by reacting amylase
with starch substrate at various pH values 5, 6, 7, 8 and
9. Then measuring the sugar-formed content from each
treatment with the DNSA method. The reaction was
carried out at the optimum temperature and enzyme
concentration. The results of pH test variations are shown
in Table 5.

Table 5. Amylase activity in various pH

pH | Glucose yield/ppm) Amylase Activity U/mL
5 0,19 0,09
6 019 0,10
7 0,25 012
8 0,18 0,09
9 0,18 0,09

The activity of crud®ilimylase extract from soybean
seeds at various pH is shown in Table 5. At pH 5 the
amylase activity 1s 0.09 U/mL and increasing within
elevation of pH used, namely 0.10 U/mL at pH 6, and
0.12 U/mL at pH 7. At pH 7 the amylase activity shows
the optimum activity because it has the highest activity,
where amylase works optimally in degrading starch to
glucose. After being at the optimum condition, the
amylase activity A1l decrease again, namely at pH 8 and
9 of 0.09 Ume&e optimum pH of the mobile amylase
enzyme 1s pH 7 with amylase activity of0.12 U/mL.

3.6. Determination of Amylase Catalytic
Activity in Various Substrate

The substrate concentration used in this study was 0
(control); 0.5; 1: 1.5; 2; and 2 mL. The enzymes were
used 10% (optimization result item c¢), incubation
temperature 37°C, pH 7, and incubation time of 15
minutes. The results of the substrate concentration test
are shown in Table 6.
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Table 6. Amylase activity in various substrate
concentrations

Substrate Glucose Amylase Activity
Concentration (%) | yield (ppm) | (Unit/mL)

0 0,00 0,00

0.5 4,02 4,02

1 5,06 5,06

1.5 551 5,51

2 5,66 5,66

25 6,21 6,21

The activity of crude amylase extract from soybean
seeds on substrate variations is shown in Table 6, the
concentration of 0% substrate indicates that the relative
amylase activity of amylase is 0 U/mL, at a substrate
concentration of 0.5% of 4.02 U/mL and increases with
respect to the increase in substrate concentration, namely,
at 1% substrate concentration of 506 U/mL, at a substrate
concentration of 1.5% of 5.51 U/mL, at a 2% substrate
concentration of 566 U/mL, and at a substrate
concentration 2.5% of 6.21 U/mL. This process that the
substrate concentration affects amylase activity

3.7. Enzymatic Reaction Kinetics of Amylase

Based on the data in TABLE V1, it can be studied the
kinetic of the enzymatic reaction of soybean amylase in
hydrolyzing starch, namely V., and Ky, using the Line-
Weaver Burg equation.

Table 7. Correlation between starch substrate
concentration and amylase activity

Substrate Amylase v v
Concentration | Concentratio | [Substrate] | [Rate]
(ppm) n (Unit/imL)

0,5 4.02 2.00 0.249
1 5.06 1.00 0198
15 5.51 0.67 0181
2 5.66 0.50 0177
2,5 6.21 0.40 0161

Based on Table 7, a linear regression equation is
made and the results are shown in Figure 2.

V= 0,0519x+0,1458
;___,_’——" RZ=0,9871
=
*

1/[v]

1/[Substrate]

Figure 2 Line Weaver-Burg equation

The mapping result of 1/[substrate] vs 1/[v] obtained
a linear regression equation y = 0.052x + 0.146 wilh
value of R? = 0.987. The intersection point with the Y
axis where the value of X = 0, the value of ¥ =0.145
(1/V uay) 1s Obtained, then V ,,,, = 6.869. The intersection
point with the X axis (Y = 0) will get the value of X =
2.843, then Kny= 11.87 U/mL. Thus it can be said that the
maximum activity for amylase is 6.869 U/mL. The V .,
value of the soybean sprouts elmylin this study (6.869
U/minutes) was greater than that of amylase enzyme in
sweet orange (Citrus sinensis) juice clarification (0.0134
-0.0325 U/mL [10].

4. CONCLUSION

Based on the research results, it can be concluded
that: 1) the optimum concentration of the amylase
enzyme is 2.5% (v/v), the optimum temperature in
hydrolyzing starch is 30 °C, optimum pH is 7; 2) the
value of Vi 1s 6,869 U/mL; and 3) value of Ky is 11.87
U/mL. This information is very important to increase the
economic value and efficiency of amylase in the industry

REFERENCES

4

[1] WVaseekaran S, Balakumar S, Arasaratnam V. 2010.
Isolation and identification of a bacterial strain
producing thermostable a-amylase. Trop Agric Res.

(1): 1-11.

[2] Souza, P.M. and Magalhaes, P.O., 2010.Application

of microbial g-amylase inindustry — A review. Braz

agicrobiof. Oct-Dec; 41(4): 850-861

Simair, AA., Qureshi, AS., Imrana Khushk, IK.,

Ali, CH., Lashari, S., Bhutto, MA., Mangrio, G.,

and Lu, C., 2016. Production and Partial

3

[Rin}

Characterization of a-Amylase Enzyme

from Bacillus sp. BCC 01-50 and Potential

Applications. BioMed Research

International. Volume 2017. doi.org/10.1155/201
173040

[4] Pandey A.. Nigam P., Soccol CR., Soccol V.T.,
Singh D., Mohan R. 2000. Advances in microbial

335




ATLANTIS

PRESS

[5]

[6]

7

[8]

(9]

amylases. Biotechnol Appl Biochem. 31(Pt 2):135—
152. [%]

Nielsen JE. and Borchert T.V., 2000. Protein
engineering of bacterial alpha-amylases. Biochim
jophys Acta.;1543:253-274. [PubMed]

Mushtaq, Q., Irfan, M., Tabssum, F., & Iqbal Qazi,

1. (2016). Potato peels: A potential food waste for

amylase production. Jouwrnal of Food Process

Engineering, 40(4),
2512, doi:10.1111/jfpe.12512

Damaris,R..Lin,Z., Yang, P., & He, D. (2019). The

Rice Alpha-Amylase, Conserved Regulator of Seed

Maturation and Germination. International Journal

of Molecular Sciences, 20(2),
0. doi:10.3390/ijms20020450

Kumari, A., Singh, V. K., Fitter, I., Polen, T., &
Kayastha, A. M. (2010). a-Amylase from
germinating soybean (Glycine max) seeds -
Purification, characterization and sequential
similarity of conserved and catalytic amino acid
residues.  Phytochemistry, 71(14-15), 1657-
1666. doi:10.1016/j phytochem.2010.06.012

Anam, Khairul. Kinetika Reaksi Enzimatis.
Bioteknologi IPB. (2010).

[10] Utami, R..E Widowati, A Christy (2016). Screening

ond Characterization of Amylase Enzyvme In Sweet
Orange (Citrus _Sinensis) Juice Clarification.
Nusantara Bioscience, Vol. 8 No. 2.45-1_14

Advances in Engineering Research, volume 196

336




The Study of Amylase’s Reaction Kinetics From.pdf

ORIGINALITY REPORT

18. 16. 11+  10.«

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

link.springer.com

Internet Source

1o

)

mafiadoc.com

Internet Source

1o

Mahshid Defaei, Asghar Taheri-Kafrani, Mehran
Miroliaei, Parichehreh Yaghmaei. "Alpha-
amylase immobilized on polycaprolactone
grafted magnetic nanoparticles: Improving
stability and reusability", Journal of Chemical
Technology & Biotechnology, 2020

Publication

1o

=

docobook.com

Internet Source

1o

£l

Submitted to Universitas Brawijaya
Student Paper

1o

Mikias Wondimu Mulat, Vimlendu Bhushan
Sinha. "First report for availability of HRT-like
genes in Eragrostis tef and in silico analysis for
elucidating their potential functions”, Plant

1o



Gene, 2020

Publication

=0

es.scribd.com

Internet Source

1o

Submitted to Georgia Gwinnett College

Student Paper

1o

www.bioflux.com.ro

Internet Source

1o

RN
(@)

Froystad, M.K.. "Cloning and characterization of
@a-amylase from Atlantic salmon (Salmo salar
L.)", Comparative Biochemistry and Physiology,
Part A, 200612

Publication

1o

—
—

www.academicjournals.org

Internet Source

1o

-
N

www.scielo.br

Internet Source

1o

RN
w

Submitted to Florida Institute of Technology

Student Paper

1o

—
N

biosains.mipa.uns.ac.id

Internet Source

1o

—_
(&)

Submitted to Universitas Indonesia
Student Paper

1o

SN
(@)

archive.org

Internet Source

1o



Submitted to Higher Education Commission 1 o
(0)

Pakistan
Student Paper

Rugaiyah A. Arfah. "Production Optimization 1 o
and Characterization of Amylase Enzyme °
Isolated from Termofil Bacteria <i>Bacillus

sp</i> RSAIl-1b from Lejja Hot Spring South

Sulawesi", American Journal of Biomedical and

Life Sciences, 2015

Publication

Submitted to Nottingham Trent Universit
Student Paper g y < 1 %
Oghenetega J. Avwioroko, Akpovwehwee A. < 1 o

Anigboro, Akpoyovware S. Ejoh, Francis O.
Atanu et al. "Characterization of a-amylases
isolated from Cyperus esculentus seeds
(tigernut): Biochemical features, kinetics and
thermal inactivation thermodynamics",
Biocatalysis and Agricultural Biotechnology,

2019

Publication

www.bioscience.com.pk 1
Internet Source < %

22

repozitorij.unizg.hr <1 %
0

Internet Source

www.tandfonline.com



B
W

Internet Source

<1 %

idoc.pub

InternetFS)ource <1 %
www.ncbi.nlm.nih.qgov

Internet Source g <1 %
d-nb.info

Internet Source <1 %
iIr.amu.ac.in

Internet Source <1 %

Marc J.E.C van der Maarel, Bart van der Veen, <1 o
Joost C.M Uitdehaag, Hans Leemhuis, L °
Dijkhuizen. "Properties and applications of
starch-converting enzymes of the a-amylase
family", Journal of Biotechnology, 2002
Publication

rr.hec.gov.pk

IFr?ternet Sourge p <1 %
etheses.whiterose.ac.uk

Internet Source <1 %
www.journalijar.com

Internet SJource J <1 %

Isaac Ishaaya. "Chapter 7 Nutritional and <1 "

Allelochemic Insect-Plant Interactions Relating



to Digestion and Food Intake: Some Examples"”,
Springer Science and Business Media LLC,
1986

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



	The Study of Amylase’s Reaction Kinetics From.pdf
	by

	The Study of Amylase’s Reaction Kinetics From.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


