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ABSTRACT 
 

Objectives: The objectives of this research were mainly to determine the rate of amylolysis of 
glycosidic bond and to formulate a dimensionally consistent quadratic equation for the 
determination of the changes in the concentration of substrate, molar concentration of product and 
the parameter exp (k t) where k and t are the pseudo-first order rate constant and duration of assay 
respectively. 
Study Design: Theoretical and Experimental. 
Place and Duration of Study: Chemistry & Biochemistry Department, Research Division of Ude 
International Concepts limited (RC: 862217). The research lasted for about 3 months between May 
and Sep, 2017. 
Methodology: Bernfeld method of enzyme assay was adopted for the generation of data. 
Results: The quadratic form of the equation for the quantification of the product of amylolysis gave 
results that were not significantly different from the use of usual equations (P > 0.05). The rate of 
hydrolysis of the glycosidic bond was 11851/min and the rate of formation of the product was 
23686/min. 
Conclusion: The quadratic form of the equation for the quantification of the product of amylolysis 
has a unifying value. It gives results that are similar to that obtainable from the usual equations. The 
rate of hydrolysis of the glycosidic bond is ~ 1/2

nd
 the rate of formation of the product. The making 

and breaking of bond seem to be the rate limiting step. 
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1. INTRODUCTION  
 
This research focuses mainly on a polymer 
called potato starch and Aspergillus oryzea alpha 
amylase (EC 3.2.1.1). It is not out of place to 
state that starch is an important source of energy 
and a major constituent of the human diet on 
account of which it is chemically and 
enzymatically processed into a variety of different 
products such as starch hydrolysates, glucose 
syrups, fructose, maltodextrin derivatives or 
cyclodextrins, used in food industry [1]. In 
addition to that, the sugars produced can be 
fermented to produce bioethanol [1-3]. It is 
known that starch can positively influence the 
textural properties of many foods and is widely 
used in food industries and has industrial 
applications such as a thickening agent, colloidal 
stabilizer, gelling agent, bulking agent and water 
retention agent [4]. Successful utilization of 
starch for most purposes, in food, paper, textile, 
fuel alcohol, detergent etc industries [1] is 
cognately tied to the efficiency of amylases. 
Hence hydrolysis of starch from various sources 
is widely studied [2-8]. Kinetic parameters for 
most enzymes, hydrolases in particular are 
regularly studied for different reasons [9-14]. For 
the purpose of thermodynamic characterization 
of enzyme catalyzed reaction, amylolytic activity 
in particular, the rate constant (k2) often called 
turn over number [15] is determined at different 
temperatures by many investigators [16-20]. 
Every rate constant is quite important to the 
process or chemical engineers who need to 
design the reactor in a cost effective way for the 
optimization of production objectives, viz: 
bioethanol, simple sugars production etc [2,3]. 
Amylolytic activity may also be studied for other 
purposes such as determination of amylose-
amylopectin ratio [5]. Incidentally, a well known 
formalism, Michaelis-Menten equation and direct 
expression such as vmax/[E0] are for the 
determination of k2. But as originally cited by 
Schnell and Maini [21] here is another equation 
[22-24] such as: 

 

� =
��	

�
�

���	 + 	[��]+ �Š��

− � ���	 +	 [��]+ [Š]�
�
− 4�Š�[��]

�   (1a) 

 
where v, k2, Km, and [E0] are the velocity of 
hydrolysis of starch, rate constant for the 
production of reducing sugar maltose, Michaelis-

Menten constant, and the concentration of the 

enzyme respectively; �Š�= [�]+ [�]= [��]−

[� ][21]  where [S], [S0], [C], and [P] are the 
concentration of free substrate, total 
concentration of substrate, concentration of 
enzyme-substrate complex, and concentration of 

product respectively. The parameter �Š� 
expresses the sum of the mass concentration of 
free substrate and substrate involved in complex 
formation with the enzyme as being equal to 
mass concentration of the substrate at zero time 
less mass concentration of the product and, it 
was according to Schnell and Maini [21] intended 
to correct the expression for substrate mass 

balance given hitherto as 	�Š�= [�]+ [�]. This 

implies that 	[��]= [�]+ [�]+ [� ]. The relevant 
issue is mass conservation and for the purpose 
of emphasis further explanation may be needed. 
Now on the issue of conservation law, D[S0] is 
also the mass of the product which does not 
include the water molecule involved in the 
hydrolytic attack on the glycosidic bond. For 
every one out of  − 1  hydrolytic bonds 
hydrolyzed by the amylolytic action of the alpha 
amylase, one molecule of maltose is yielded. 
Therefore, the number of moles of the reducing 
sugar maltose is equal to the number of moles of 
water molecule (or even the number of glycosidic 
bonds equal to the number of maltose molecules 
yielded). For alpha amylase, maltose is the 
product within at least a short duration of assay; 
but the yielding of one molecule of maltose is 
only equivalent to the loss of two glucose 
molecules combined in one maltose molecule. 
But within the short duration of assay (and even 
as t→) the entire polysaccharide is never 
hydrolyzed by alpha amylase. 
 

The issues to be raised about Eq. (1a) are: 1) 
The dimensional consistency considering the fact 
that, though v may be expressed in g/L.min, it is 
usually measured in mol/L.min while k2 in its 
standard form is measured in dimensionless 
quantity per unit time and 2) the mass 

conservation principle, to which, ���	 +	 [��]+

[Š]) may be amenable, but, by so doing may not 
be in agreement with the dimension of v and k2. 
However, with the understanding that mass 
concentration is not in any way the same as 
molar concentration, if the molar mass of the 
substrate and enzyme are known and by dividing 
the mass concentrations with corresponding 
molar mass, the result obtained for k2 will be 
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consistent with the usual unit. Any other issue (s) 
that may arise will be for feature consideration. 
 

At this juncture, it is important to comment that 
the hydrolysis of a tetrasaccharide, trisaccharide, 
and disaccharide presents results that can be 
used to accurately estimate the amount of the 
substrate transformed into product. This is unlike 
polysaccharides whose degree of polymerization 
() values are quite large requiring much longer 
duration of assay on the assumption that the 
polysaccharide is totally amenable to total 
amylolysis. For instance if n moles of maltose are 
totally hydrolyzed, 2n moles of glucose should be 
yielded; thus the rate constant for the production 
of glucose molecules is twice the rate constant 
for the hydrolysis of the substrate ([DS]/342[E0] 
were [DS] is mass concentration of maltose as an 
example if consideration is given to the fact that 
mass conservation is not an issue when 
preparing the standard curve using maltose as 
standard) for the hydrolysis of maltose (the 
degree of polymerization = 2). The issue is that 
unlike polysaccharide it is possible to determine 
the rate constant for the conversion of substrate 
like maltose with well known molar mass   from 
the rate constant for product formation because 
both maltose and glucose are reducing agents. 
Using spectrophotometer for instance, if x mole/L 
of maltose is totally hydrolyzed, the absorbance 
may be Ax; but 2x mole/L of glucose should be 
yielded such that the absorbance should be 2 Ax. 
Thus if different concentrations of the substrate 
maltose for instance is enzymatically hydrolyzed, 
the molar concentration of the product must be 
twice the molar concentration of substrate 
hydrolyzed within the chosen duration of assay. If 
the direct linear plot of velocity, v of hydrolysis 
versus concentration of substrate is carried out, 
the maximum velocity of hydrolysis, vmax 
expressed often as the maximum molar 
concentration of the product must be twice the 
maximum molar concentration of the substrate 
hydrolyzed. Yield comes after hydrolysis. The 
situation with respect to high molecular weight 
starch cannot be as straightforward as applicable 
to maltose. So far, researches have always been 
on hydrolysis of polysaccharide for diverse 
reasons without attention on the means of 
producing the reducing sugars. This appears to 
be a strange view; but there is time for 
translational motion leading to effective collision, 
catalytic orientation, breaking of bond or more 
technically the amylolysis of glycosidic bonds 
which require one water molecule per bond, and 
departure of product [15,25]. Thus the objectives 
of this research are mainly to determine the rate 

of amylolysis of glycosidic bond and to formulate 
a dimensionally consistent quadratic equation for 
the determination of the changes in the 
concentration of substrate, molar concentration 
of product and the parameter exp (k t) where k 
and t are the pseudo-first order rate constant and 
duration of assay respectively. 
 

2. THEORY: FORMULATION OF 
UNIFICATION QUADRATIC EQUATION 
AND RATE CONSTANT FOR THE 
AMYLOLYSIS OF GLYCOSIDIC BOND 

 
∆[��]

� 8

( − 1)�A = Number	of	glycosidic	bonds	(�G)	 

(1b) 

 
where  , [S0], NA, and MS  are the degree of 
polymerization per polysaccharide molecule, 
mass concentration of the substrate, Avogadro’s 
number, and molar mass of substrate which 
ensures dimensionless parameter, bG; if the 
entire chain of a polysaccharide is hydrolyzed, 
the value of MS may be the molar mass of the 
molecule. For the purpose of elucidation, it 
should be stated that, if the degree of 
polymerization of starch molecule for instance is 
designated as  the number of glycosidic bonds 
per polysaccharide molecule is	 − 1; there is a 
single covalent bond otherwise called glycosidic 
bond between every two glucose moieties. If 
D[S0] is the mass of the substrate (or perhaps the 
total mass of the portion of each polysaccharide 
hydrolyzed) and Ms remains as defined, then, the 
total number of endo-glycosidic bonds 
hydrolyzed to yield maltose molecules is as 
expressed in Eq. (1b) for the following reasons. 
Each polysaccharide molecule contain a number 
of glucose molecules = the degree of 
polymerization (). One mole of polysaccharide 
contains NA molecules of glucose; if D[S0] is 
mass concentration of the substrate as 
polysaccharide hydrolyzed, then (D[S0]/molar 
mass) NA molecules of glucose may be yielded 
if there is total hydrolysis. But with alpha 
amylase, maltose may be the only reducing 
agent at least within a short duration of assay 
such that the number of maltose molecules that 
may be yielded if D[S0] is hydrolyzed is 
(D[S0]/molar mass) NA/2 because the degree of 
polymerization of maltose is two. It is obvious 
that D[S0]/ molar mass) NA » 1. This means 
therefore, that the number of glycosidic bonds 
per mol = ( -1) NA; one polysaccharide molecule 
contains  - 1; yielding one maltose molecule per 
polysaccharide molecule involves the hydrolysis 
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of one out of  - 1 per molecule of 
polysaccharide. But there cannot be just 
unscientifically only one polysaccharide in say 
0.01 g/L of starch if the same amount is 
hydrolyzed. Thus if 2.0 exp (-6) mol/L of maltose 
was yielded hypothetically, the number of 
maltose molecules is 2.0 exp (-6)NA; this is 
equivalent to 2.0 exp (-6)NA glycosidic bonds. 
 
However, for the purpose of this investigation, a 
simple expression for the total number ( ) of 
glucose molecules in one polysaccharide 
otherwise called degree of polymerization is 
given by rearranging Eq. (1b) to give: 
 

 = 1+
� ���

∆[��]� �
                      (1c) 

 

 =
� �

���
	                           (2) 

 
Additional explanation is that one mole of any 
polyglucan contains 1 mole of its degree of 
polymerization; one molecule should, therefore, 
contain a number of glucose moieties equal to 
the degree of polymerization. Since [P] is molar 
concentration of maltose, twice its value should 
be the molar concentration of glucose, as long as 
 remains the degree of polymerization. Equation 
2 is based on the well known fact that the molar 
mass of the polysaccharide can be estimated 
from the product of  and dehydrated glucose 
(relative molar mass = 162). 
 

∆[��]= [��](1− ����)           (3a) 
 
where k and t are the pseudo-first order rate 
constant for the utilization of the substrate and 
duration of assay respectively and for convenient 
sake, exp (k t) is used in place of ekt. In line           
with step by step approach and for the purpose 
of elucidation, Eq. (3a) need to be analyzed      
(and for this purpose see Eq. (26) [21]) as 
follows: 

 

  In	
[��]

[�]
= �	�          (3b) 

 
[��]

[�]
= exp(�	�)          (3c) 

 

[�]=
[��]

���	(�	�)
           (3d) 

 
where exp	(�	�)  is > 1 and 	[�]  is the 
concentration of substrate remaining at the end 
of assay or when the assay is terminated. 
Therefore, 

∆[��]= [��]− [�]= [��]−
[��]

exp	(�	�)
 

 
Simplification gives Eq. (3a). Thus as time →, 
1/exp (k t) → zero and consequently the 
concentration of the substrate hydrolyzed → [S0]. 
 
Before proceeding further, it is important to state 
that the equations could be shorter by 4-5 steps 
but one has to avoid equations which cannot be 
easily corrected if error is observed and if several 
steps are avoided. A stepwise presentation is 
thus adopted. Besides, the issue of number of 
bonds broken has been of interest in the past 
[26]. Though not so clear, Marchal et al. [26] 
seems to have determined pseudo-first order 
rate constant by fitting an exponential function 
through the data points (mmol bonds hydrolyzed 
per kg dry weight and water, as a function of 
time) for each experiment: bh(t) = A(1 – 
exp(−Bt)), in which bh = number of bonds 
hydrolyzed [mmol/(kg dw + H2O)], A = maximum 
number of bonds hydrolyzed [mmol/(kg dw + 
H2O)], and B = pseudo-first-order reaction 
constant (min

-1
). Most important issue 

recognized by the authors [26] is the addition of 
water to the hydrolytic process. In this paper, 
however, the number of bonds that can be 
hydrolyzed given appropriate hydrolase is   -1 
where,   is the number of glucose molecules 
combined in a polysaccharide otherwise called 
the degree of polymerization.  
 
The purpose of Eq. (1b) and (3a) and their 
appearance in subsequent equations is for the 
formulation of a quadratic equation which can be 
used to determine exp (k t) and the rate constant 
for the hydrolysis of the glycosidic bond given 
specified [S0] and [P] without prior information 
about k. It should be made clear that, Eq. (1b) 
and (1c) are likely if the molar mass of the 
substrate is known. Nonetheless, the equations 
show mass concentration of the substrate 
converted to product. Consequently, the mass of 
the product is implied in line with mass 
conservation law. Therefore, division by the 
molar mass of the product, if clearly defined and 
certain gives the number of moles per unit 
volume. If other products that cannot be detected 
spectrophotometrically and glucose are present 
in the reaction mixture at the end of assay, then 
the absorbance read using maltose as standard 
may not be accurate. Therefore, it is necessary 
to be certain that only maltose is the only 
reducing sugar. However, the following 
relationship may hold: 
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[�]�� =
[��]

� �	
�1−

�

���(�	�)
� �

� �

���
− 1���          (4) 

 
Equation (4) is premised on the fact that for 
every mole of maltose yielded, one mole of the 
glycosidic bond is hydrolyzed. For further 

elucidation, recall Eq. (1b) where  =	
� �

���
 (Eq. (2)) 

and ∆[��] defined in Eq. (3a). Substitution of Eq. 
(3a) into Eq. (1b) gives Eq. (4). The glycosidic 
bonds are in the polysaccharide. Therefore, the 
molar concentration of the product, maltose, 
represents unambiguously, the number of moles 
of the bonds hydrolyzed. 
 

[�]=
[��](���	(�	�)��)�

��
���

���

� � ���(�	�)
           (5) 

 
For general comprehension it should be seen 
that exp (k t) and exp (- k t) are convenient way 
of presenting ��	�	and	���	�  respectively. 
Therefore, (exp	(�	�)− 1)=	��	� − 1  and   

�

���(�	�)
= ���	�. Rearrangement of Eq. (5) gives: 

 
	[��]

���
−

[��]

� �	
=

���(�	�)[�]

(���(�	�)��)
                                  (6) 

 
[��]

� �
=

[��]

���
−

���(�	�)[�]

(���(�	�)��)
                  (7) 

 
Let Eq. (8a) below holds temporarily for the 
purpose of brevity. 
 

ζ = [��]
�

���
−

���(�	�)[�]

(���(�	�)��)
          (8a) 

 

�� =
[��]

ζ
                                                    (8b) 

 

If the entire chain of a polysaccharide is 
hydrolyzed, the value of MS may be the molar 
mass of the molecule. This postulation is 
advanced because only a portion of the chain is 
hydrolyzed one after the order. The sum of all the 
portion of the polysaccharide molecules 
hydrolyzed presents a common molar mass. This 
implies that the reducing sugar produced within 
specified duration of assay is not necessarily 
from one polysaccharide.  
 

Just as k2 is expressed as vmax/[E0], where k2, 
vmax, and [E0] are the rate constant for the 
production of reducing sugar, maltose for 
instance, maximum velocity of the production of 
the reducing sugar, maltose in this case,  and the 
molar concentration of the enzyme, the 
equivalent rate constant, k2[S] (not a pseudo-rate 
constant) for the transformation of the substrate 

i.e. the hydrolysis of the glycosidic bond at the 
active site is: 
 

		��[�]	=
	�∆[��]	��	

���� �
	           (9a) 

  
Equation (9a) is applicable so long as M3 is = 324 
g/mol. (i.e. 2 162 g/mol) and  can only be 
retained if D[S0]/M3 is the number of moles of the 
product maltose which is equivalent to 2D[S0]/M3 
glucose molecules. Ultimately the integer 2 in the 
denominator and nominator cancel out. If 
D[��]/��  is the molar concentration of maltose 
yielded division by ��[�] is postulated to give 

perhaps crudely but reasonably the molar 
concentration of the substrate which formed 
complex and got transformed to product. The 
integer 2 is introduced to account for the fact that 
the degree of polymerization of maltose is two. 
Equation (9a) can be explained as follows: If 
twice the number of moles of the product of 
hydrolysis of starch is divided by its degree of 
polymerization it gives the number of moles of 

substrate, 	
	�∆[��]	

� �
 transformed to product (given 

that D[S0] is also equal to the mass concentration 
of the product in line with mass conservation 

law). Thus 
∆[��]	

� ���[�]�
= 	

�

��
 where k2[S] has earlier 

been defined. This implies that 162  = relative 
molecular mass of the substrate, but, as stated 
earlier, it may in this case conjecturally be the 
relative molar mass of the fragment of the 
polysaccharide hydrolyzed because within the 
short duration of assay, it is not likely that                    
the entire chain plus the branch chain is 
digested. This is very much applicable to alpha 
amylase. Consequently, Eq. (9a) can be re-
written as: 
 

		��[�]	=
∆[��]	��	

���� �
          (9b) 

 
where MS is redefined as the molar mass of the 
part of the polysaccharide transformed. 
 
The term transformation is simply the breaking 
and making of bonds before the departure of the 

product. In Eq. (9a), 
�

��
:

∆[��]

�� ���[�]
= 1 is simply an 

expression of the ratio of the molar concentration 
of the enzyme involved in complex formation (a 
well known parameter) to the molar 
concentration of the substrate that was 
transformed to product or more precisely, the 
number of hydrolyzed glycosidic bonds, given the 
value of M3. In Eq. (9b), k2[S]  1/MS. Thus, 
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��[�]=


			� �			
                        (10) 

 

where, for the purpose of brevity,  is 
∆[��]	��	

���
 . 

 
Substituting Eq. (8b) for MS in Eq. (10) gives: 

 

��[�]=
	ζ

[��]
≡

�
[��	]

���
�

[�]���(�	�)

(���(�	�)��)	
�

[��]
	         (11) 

 
where  is defined in Eq. (8a). 
  

[��]��[�] = 
[��]

���
−

[�]���(�	�)

(���(�	�)��)
	        (12) 

 
If k2[S] is replaced by Eq. (9b) the result is: 
 

[��]∆[��]
��

���� �
	 = 

[��]

���
−

[�]���(�	�)

(���(�	�)��)
	        (13) 

 
Rearrangement of Eq. (13) gives: 
 

[��]∆[��]
��	

��
= [��]

�� �

���
−

[�]���(�	�)�� �	

(���(�	�)��)
		  (14) 

 
Equation (14) can be rearranged to give: 

 

∆[��]=
�	[��]

				���		
���

�	
[�]���(�	�)���

(���(�	�)��)
	��	�

[��]��
           (15) 

 
Equation (9b) could be rearranged to give: 
  

�	� =
��∆[��]

�� ���[�]
	                 (16) 

 
As simple as Eq. (16) may be, it nevertheless 
needs further elucidation otherwise one may feel 
that k2 = k2[S]. This calls for the invocation of the 
conservation law. If one mole of the substrate is 
hydrolyzed, the number of times hydrolytic 
actions occur is -1 which represents the number 
of glycosidic bonds per molecule of the 
polysaccharide or the number of moles of water 
molecules needed. If D[S0] is hydrolyzed, then 
NA(D[S0]/MS)( 	 -1) is the number of glycosidic 
bonds if MS is the molar mass of the substrate. If 
not, the number of glycosidic bonds is NA 
D[S0]/M3 where NA is Avogadro’s number and M3 

=324 g/mol. To be clearer, the molar 
concentration of substrate hydrolyzed = 2[P]/	. 
Additional explanation is that one mole of any 
polyglucan contains 1 mole of its degree of 
polymerization; one molecule should, therefore, 
contain a number of glucose moieties equal to 
the degree of polymerization. Since [P] is molar 
concentration of maltose, twice its value should 

be the molar concentration of glucose, as long as 
 remains the degree of polymerization. 
 
The real mass of the product which includes a 
water molecule is 342 [P] > D[S0] = 324[P]. This 
is the case because the mass of the substrate 
starch, a polysaccharide, takes into account of 
the fact that it is formed by condensation reaction 
that entails loss of water molecules: To be 
clearer, for every glycosidic bond formed, one 
water molecule is lost or released. Meanwhile 
162 is usually a well known relative molar mass 
of “dehydrated” glucose (180-18). It applies to 
any monosaccharide moiety in polysaccharide 
including maltose as a substrate or product. If 
starch, a polysaccharide (formed by 
condensation reaction that always results in loss 
of water for every glycosidic bond formed) is a 
substrate as in this research, the production of 
maltose by the amylolytic action of alpha 
amylase requires the addition of water molecule 
to that part of the polysaccharide, the glycosidic 
bond, where one water molecule was lost during 
the formation of the polysaccharide. Thus 
maltose (342 g/mol) the product in this case has 
the mass of one water molecule less than the 
combined mass (360 g/mol) of two glucose 
molecules. Strictly for the purpose of illustration, 
if the degree of polymerization of an 
oligosaccharide is 10, then the number of 
maltose moieties should be 5: But the molar 
mass of the oligosaccharide  342  5 g/mol, 
otherwise the molar mass of maltose should also 
be 360 g/mol. Therefore, the only way to obey 
the mass conservation law is to take into account 
the gain or loss of water as the case may be. 
 
Therefore, the addition of water molecule to the 
polysaccharide for each molecule of maltose 
yielded should ultimately give total mass of 
product, maltose whose "hydrated" mass should 
be > than the mass of the substrate hydrolyzed. 
Hence, D[S0]=324[P]. This takes into account 
mass conservation law [26-29] and accounts for 
the fact that hydrolysis involves the uptake of 
water molecule which adds to the total weight of 
the product and substrate [26, 29], otherwise the 
actual mass of the product is 342 [P].  
 
2.1 Determination of the 1st Slope 
 
The purpose of Eq. (16) is the determination of a 
slope (SL (1)) which could be used to find an 
expression for MS. The slope from the plot of v t 
(or [P]) versus D[S0] ([S0] exp ((k t) 1)/exp (k t)) 
can be expressed as: 
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	��(�)=
��	

�� ���[�]
                     (17a) 

 

Equation (17a) leads to Eq. (17b). 
 

	��[�]=
��	

�� ���(�)
                     (17b) 

 

From Eq. (17a) 
 

		�� =
��

���	(�)��[�]
			                                 (18) 

 

Substitution of Eq. (18) into Eq. (15) gives: 
                        

∆[��]	= 	�

[��]
��

�����(�)��[�]

−
[�]���(�	�)��

(���(�	�)��)��(�)��[�]

��
�

[��]��	
           (19) 

 

Meanwhile, [P] = v t and Eq. (18) is substituted 
into Eq. (10) to give: 
 

��[�]=
�

��
	��(�)��[�]                         (20) 

 

 =
��

���(�)
           (21) 

 

Rearrangement of Eq. (19) and substitution of 
Eq. (21) into it gives the following after 
simplification, 
 

∆[��]= 

⎝

⎜
⎛

[��]��

162��(�)��[�]

−
[�]exp(�	�)��

(exp(�	�)− 	1)��(�)��[�]⎠

⎟
⎞

	�
�

[��]��	

 

=
��

���[�]��(�)
� �

[��]

���
−

[�]���(�	�)

(���(�	�)	�	�)
� �

�

[��]
	                 (22) 

 

2.2 Determination of 2nd Proportionality 
Constant 

 

A plot of D[S0] versus �
[��]

���
−

[�]���(�	�)

(���(�	�)	�	�)
� �

�

[��]
   

gives a 2nd slope, SL (2) expressed as: 
 

��(�) =
��	

���[�]	��(�)
� 		                     (23) 

 

Thus,  
 

��[�]=
��	

���(�)
� 	��(�)		

                                  (24) 

 

Equations (17b) and 24 give similar results if SL(1) 
is accurately known. 
 
In order to determine a unification, a quadratic 

equation without complex number (√−�) there is 
need to introduce what may be defined as 
correction factor, b into Eq. (4) as explained in 

appendix section. Several steps ultimately lead 

to	∆[��]
�		��(�)

� ��[�]

��
−

∆[��][�]

���
+

[�]�	

b
=. Several steps 

are in the manuscript in preparation where 
another homologue is addressed. However, Eq. 

(16) in this section is replaced by �	� =
��∆[��]

� ���[�]
	 

where M3 is the mass of the product given that 
mass conservation is obeyed. The detail of the 
derivation is in the appendix section which 
begins from Eq. (A1). 
 

3. MATERIALS AND METHODS  
 

3.1 Materials 
 
Aspergillus oryzea alpha amylase and soluble 
potato starch were purchased from Sigma – 
Aldrich, USA. Hydrochloric acid, sodium 
hydroxide, and sodium chloride, were purchased 
from BDH Chemical Ltd, Poole England. Tris, 3, 
5 – dinitrosalicylic acid, maltose, and sodium 
potassium tartrate tetrahydrate were purchased 
from Kem light laboratories Mumbai India,    
while potassium iodide was purchased from 
Merck Germany. Distilled water was purchased 
from local market. 
 

3.2 Equipment 
 
Electronic weighing machine was purchased 
from Wenser Weighing Scale Limited and 
721/722 visible spectrophotometer was 
purchased from Spectrum Instruments China. PH 
meter was purchased from Hanna Instruments, 
Italy. Water bath was purchased from 
Hospibrand, USA. 
 

3.3 Methods 
 
Stock solution of soluble potato starch was 
prepared by mixing 1 g in 100 ml of distilled 
water and subjected to heat treatment at 100°C 
for 3 minutes, cooled to room temperature, and 
decrease in volume was corrected by topping the 
volume with distilled water to 100 mL to give 1.0 
g%. Stock solution of the enzyme was prepared 
by dissolving 0.01g in 100 mL trisHCl buffer 
(pH=6) at room temperature. The determination 
of rate of hydrolysis of the glycosidic bond is 
given in its simplest form as Eq. (24). Assay was 
according to Bernfeld method [30] for the 
quantification of the molar concentration of 
reducing sugar, maltose and kinetic parameter, 
maximum velocity of hydrolysis in particular was 
by Lineweaver-Burk [31] and direct linear [32] 
plots. The value obtained from direct linear plot 
was adopted. 
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Table 1. Calculated parameters viz D[S0], exp (k t), k2[S] and k2 

 

Calculated parameters Time/min 

1 1.5 2 2.5 3 3.5 5 

D[S0]/g/L 0.167 0.234 0.348 0.479 0.518 0.592 0.897 

c[S0]/g/L 0.185±0.006 0.277±0.008 0.369±0.011 0.460±0.014 0.551±0.016 0.641±0.019 0.910±0.026 

Exp (k t) 1.0094±0.0003 1.0141±0.0046 1.0188±0.0061 1.0235±0.0008 1.0283±0.0009 1.0331±0.0011 1.0477±0.0016 

Exp (kc t) 1.0084±0.0009 1.0118±0.0001 1.0177±0.0006 1.0245±0.0014 1.0266±0.0001 1.0305±0.0010 1.0470±0.0011 

cQua 1.00842 1.01183 1.01773 1.02448 1.02659 1.03053 1.04694 

k2[S](1/min) (11851.94)±93)/min 

k2(1/min) (23686.0±34)/min(from direct linear plot) 

(24803.34±51.94)/min (from Lineweaver-Burk plot) 

c =
���(�	�)��

���	(�	�)
 , D[S0] is the amount of substrate hydrolyzed (= 324  average [P]); [S0], k2[S] and k2 are the mass concentration of the substrate, rate of hydrolysis/amylolysis of 

glycosidic bond, and the rate of production of the reducing sugar, maltose; k ((9.311 ± 0.299)exp (-3)  mean ± SD)/min is the slope of the plot of In ([S0]/([S0]-324[P])) versus t; 
kc (calculated pseudo-first order rate constant)= In ([S0]/([S0]-324[P]))/t; cQua is from quadratic equation (Eq.(A.25)); cQua is obtained by substituting average values of [P] per 

duration of assay into the quadratic equation
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The determination of rate constant for the 
hydrolysis of endo-glycosidic bond requires the 
determination of the first and second slopes: This 
is where assaying of the enzyme to generate 
data-velocity of hydrolysis with substrate 
concentration ranging from 6-16 g/L, maximum 
velocity of hydrolysis obtained from direct linear 
plot and via linear Lineweaver-Burk plot, and 
ultimately rate constant for product formation- is 
indispensible. The pseudo-first order rate 
constant k, was obtained from the plot of In [S0] – 
In ([S0]-324[P]) versus t. In order to verify the 
validity of the quadratic equation and any other 
equation the first slope from the plot of [P] versus 
D[S0] (Fig. 1) was substituted into Eq. (22) and 
Eq. (25) for the determination of D[S0] and exp 
(kt) respectively. The determination of rate 
constant for the hydrolysis of the glycosidic    
bond requires a plot of D[S0] versus             

�
[��]

���
−

[�]���(�	�)

(���(�	�)	�	�)
� �

�

[��]
  or the simplified form,  

�
�

���
−

[�]

∆[��]
� [�] as shown under Fig. (2). The first 

and second slopes are then substituted into Eq. 
(24) to give after calculation the rate constant for 
the hydrolysis of the glycosidic bond. 
 

3.4 Statistical Analysis 
 
 Significant difference is tested using internet 
based graph pad (www.graphpad. com/quick 
calcs /t-test). Micro-soft Excel was used to 
determine standard deviation (n=8).  
 

4. RESULTS AND DISCUSSION 
 
To begin with, it was not too clear what may be 
the significance of the quadratic equations as 
alternative to direct equations for the calculation 
of D[S0], [P], and exp (k t) until Eq. (1a) was 
located in literature. All are unification equations. 
While the use of calculated pseudo-first order 
rate constant (designated as kc as shown under 
Table 1) in the expression [S0] (exp (kc t) -1)/exp 
(kc t) gives the same results as 324 [P], it is not 
so with the use of graphically determined 
pseudo-first order rate constant k, the slope of 
the plot of In [S0] – In ([S0]-324[P]) versus t 
(Table 1). There was no significant difference (P 
> 0.05). There was also no significant difference 
between the result obtained from the substitution 
of data into the quadratic equation and 324 [P] (P 
> 0.05). There was also no significant difference 
between exp (k t), exp (kc t) and cQua (cQua = exp 
(k t) obtained from quadratic equation) (P > 
0.05). The question then is what is the ‘big deal’ 
using any of determined parameters against the 

backdrop of the observed ‘no significant 
differences’. The most important objective is the 
determination of the rate of amylolysis of the 
glycosidic bond which may be confused with the 
rate constant for the formation of product. This 
required two plots, one for the determination the 
first slope and for the second slope as in shown 
in Fig. 1 and Fig. 2 respectively. This constant, k2 
is an over-all constant covering catalytic 
orientation, binding, breaking of covalent bond 
and making of covalent bond, departure of 
product fragment, and the enzyme; there cannot 
be binding if there was no effective collision 
between the enzyme and the substrate in the first 
place [15,25]. The important issue is that each 
aspect has its duration. The slowest is the 
breaking and making of bond. The rate constant 
for amylolytic action is (11851.94)±93)/min 
(mean ± SD where df = 7) 
 
 An important deduction in the light of Eq. (A.26) 
is that it is possible to predict the value of [P] if 
the values of k2 [S], [S0], k, and k2 are known at a 
specified condition and duration of assay. The 
issue is that while [P] (or v t) = k [S0]t, the value 
of [P] in g/L will appear to be indefinite with 
different duration of assay or any enzyme 
activity. For the purpose of illustration a 
hypothetical case such as assay over a duration 
of 5 hours (300 min) given experimental value of 
k = 9.331875 exp(3)/min in this research need 
to be considered. If [S0] is 20 g/L (for the 
determination of k) as in this research, [P] should 
be = 55.99 g/L  0.17 mol/L if maltose is the 
product and, in this case v  0.187 g/L/min. Thus 
the value of [P] is indefinite with time for the 
same concentration of the substrate. However, if 

the operation, − ∫
�[�]

[�]

�

�
= ∫ �

�

�
d�,  is carried out, 

the result is first, [St] = [S0] exp (k t) and then, 
[P] = [S0] (1 exp (k t)). With the latter, [P] = 
18.783 g/L which observes mass conservation 
law because [P] < [S0]. This is applicable to Eq. 
(A.26) which appears to be more complex 
without very visible advantage until closer 
examination.  
 
As it is often the case, the rate of product 
formation, the rate constant is very often reported 
in most kinetic studies much more than the rate 
constant for the transformation of the substrate in 
the active site or rather the rate of breaking of 
glycosidic bond and making of any other covalent 
bond as observed in this research. A simple 
illustration of this issue is the hydrolysis of any 
disaccharide. As earlier stated for any one mole 
of substrate (maltose which can be detected by
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Fig. 1. Plot of v t i.e. [P] versus D[S0] for separate determination of the first (SL(1))  of two slopes 
 

 
 

Fig. 2. Plot of D[S0] versus c i.e. �
�

���
−

[�]

∆[��]
� [�] to give a 2

nd
 slope, SL (2) 

 
the spectrophotometer) hydrolyzed, two moles of 
glucose (or glucose and fructose) are yielded; 
thus rate constant for product formation is twice 
the rate constant for the transformation of the 
substrate via the hydrolysis of the glycosidic 
bond because the vmax for the formation of 
product is twice the vmax for the transformation of 
the substrate. If a given mass of a 
polysaccharide is the substrate for an 
appropriate enzyme, complete hydrolysis of n 
moles of the polysaccharide should give n 
moles of the monosaccharide. Therefore, the 
expression, v = k [S0], is purely equation of 
velocity of reaction which, if it remains constant 

(which is very unlikely, given different [S0]), 
enables one to determine the magnitude of P 
after a given time that seem to be indefinite. 
 
Sometimes a new model, mathematical model in 
particular may not possess immediate 
applicability except in the feature. Nonetheless 
the quadratic equations derived so far have 
unifying character such that various kinetic 
parameters are brought together in the same 
equation like Eq. (1a). However, any where [P] 
(i.e. v t) or v appears in the equations is a target 
for replacement with Michaelis – Menten 

equation 	� = 	
����	[��]

���[��]
. This can enable the 
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determination of the relationship between 
virtually all kinetic parameters including k2; it 
could also be used to predict the duration of 
assay given predetermined concentration of 
product desired with available concentration of 
enzyme and substrate. Every research has 
predetermined scope such that one need to 
reserve for further investigation this issue of the 
application of the quadratic equation derived in 
this research. 
 
5. CONCLUSION 
 
Despite the uncertainty as to what the application 
of the transformation into quadratic form for the 
quantification of either the product or the 
substrate might be it was however, successfully 
derived and compares with Eq. (1a). The results 
obtained from such quadratic transformations are 
not significantly different from the result 
obtainable from the use of the usual equations. 
The most important objective of this research is 
the determination of the rate of hydrolysis of 
glycosidic bond; the result showed that it is ~ 
1/2

nd
 the usual rate constant for the formation of 

product leaving one to conclude that the rate 
determining step is the making and breaking of 
bond. The fast steps may be the frequency of 
collision which may be higher at higher 
concentration of reactants and also, velocity of 
product departure. 
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APPENDIX A 
 
A closer look at this section, the appendix section, will reveal that it is intended for a different purpose, 
the derivation of unification equation which called for the introduction of a factor designated as, b. This 
does not appear in the corresponding Eq. (4) in theoretical section. Another difference is the presence 
of M3 (the molar mass of the product-maltose) in this section which should culminate to the equations 
that may not be found in the theoretical section. Also, the degree of polymerization () does not 
appear in any of the derivation in this section. Both theoretical and appendix section contains 
derivations but the main objective is the determination of rate constant for the hydrolysis of endo-
glycosidic bonds distinct from overall rate constant for product formation that entail stages as 
enunciated  in the main text.  The rate constants, k2[S] and k2[S] were conveniently left with same 

alphabets otherwise they represent different parameters namely 
∆[��]	��	

��� �
	(Eq.A.7) and rate constant for 

the hydrolysis of endo-glycosidic bond respectively. 
 

[�]�� =
b[��]

� �	
�1 −

�

���(�	�)
� �

� �

���
− 1���                                                                                 (A.1) 

 
where b is the correction factor (this may be referred to as a proportionality constant) if M3 is taken as 
the molar mass of the product, maltose. Equation (A.1) is premised on the fact that for every mole of 
maltose yielded, one mole of the glycosidic bond is hydrolyzed. 
 

[�]=

b[��](���(��)��)

���(��)
�
��
���

���

� �		
	                                                                               (A.2) 

 
Rearrangement of Eq. (A.2) gives: 
 

	[��]

���
−

[��]

� �	
=

���(�	�)[�]

b(���(�	�)��)
                                                                                                          (A.3) 

 
[��]

� �
=

[��]

���
−

���(�	�)[�]

b(���(�	�)��)
                                                                                     (A.4) 

 
Let Eq. (A.5) below holds temporarily for the purpose of brevity. 
 

ζ = [��]
�

���
−

���(�	�)[�]

b(���(�	�)��)
                                                                   (A.5) 

 

�� =
[��]

ζ
                                                                                                                                (A.6) 

  
It is necessary to bear in mind that the reducing sugar produced within specified duration of assay is 
not necessarily from one polysaccharide.  
 
Just as k2 is expressed as vmax/[E0], where k2, vmax, and [E0] are the rate constant for the production of 
reducing sugar, maltose for instance, maximum velocity of the production of the reducing sugar, 
maltose in this case,  and the molar concentration of the enzyme, the equivalent rate constant, k2[S] 
(not a pseudo-rate constant) for the transformation of a given amount of the substrate, being equal to 
the mass of the product in line with conservation law is: 
 

		��[�]	=
∆[��]	��	

��� �
	                                                                                (A.7) 

 
The term transformation is simply the breaking and making of bonds before the departure of the 

product. In Eq. (A.7), 
�

��
:

∆[��]

�� ���[�]
 is simply an expression of the ratio of the molar concentration of the 

enzyme involved in complex formation to the molar concentration of the substrate that was 
transformed to product or more precisely, the number of hydrolyzed glycosidic bonds, given that the 
value of M3 is known. However, if D[S0] is taken as mass of product, in line with mass conservation 
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principle, then M3 becomes the molar mass of the product - maltose for instance - and k2[S] should be 
 k2. The approximation is indicated because of imperfection in every assay. 
 

=
∆[��]	���

��[��]
                                                                               (A.8) 

  
Equation (A.8) is obtained by replacing M3 with Eq. (A.6). 
 
In Eq. (A.7), k2[S]  1/M3. Thus, 
 

��[�]=


			� �			
                                                                                             (A.9) 

 

where, for the purpose of brevity,  is 
∆[��]	��	

��
. 

 
Substituting Eq. (A.6) for M3 in Eq. (A.9) gives: 
 

��[�]=
	ζ

[��]
≡

�
[��	]

���
�

[�]���(�	�)

b(���(�	�)��)	
�

[��]
	                                                                                         (A.10) 

  

[��]��[�]= 
[��]

���
−

[�]���(�	�)

b(���(�	�)��)
	                                                                             (A.11) 

 
If k2[S] is replaced by Eq. (A.7) the result is: 
 

[��]∆[��]
��

��� �
	= 

[��]

���
−

[�]���(�	�)

b((���(�	�)��)
	                                                               (A.12) 

 
Rearrangement of Eq. (A.12) gives: 
 

[��]∆[��]
��	

��
= [��]

� �

���
−

[�]���(�	�)� �	

b(���(�	�)��)
		                                                                          (A.13) 

 

∆[��]=
�	[��]

				��			
���

�	
[�]���(�	�)��
b(���(�	�)� �)

	��	�

[��]��
                                                                                       (A.14) 

 
Equation (A.7) could be rearranged to give: 
  

�	� =
��∆[��]

� ���[�]
	                                                                                   (A.15) 

 
The purpose of Eq. (A.15) is the determination of a slope (SL (1)) which could be used to find an 
expression for M3. The slope from the plot of v t (or [P]) versus D[S0] ([S0] exp ((k t) 1)/exp (k t)) can 
be expressed as: 
 

	��(�) =
��	

� ���[�]
                                                                                          (A.16) 

 
Equation (A.16) leads to Eq. (A.17). 
 

	��[�]	=
��	

� ���(�)
                                                                                          (A.17) 

 
From Eq. (A.16) 
 

		�� =
��

��	(�)��[�]
			                                                                                                   (A.18) 
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Substitution of Eq. (A.18) into Eq. (A.14) gives: 
                       					 

∆[��]	= 	�[��]
��

�����(�)��[�]
−

[�]���(�	�)��

b(���(�	�)��)��(�)��[�]
��

�

[��]��	
                                                    (A.19) 

 
Meanwhile, [P] = v t and Eq. (A.18) is substituted into Eq. (A.9) to give: 
 

��[�]=


��
	��(�)��[�]                                                                   (A.20) 

 

 =
��

��(�)
                                                                 (A.21) 

 
Rearrangement of Eq. (A.19) and substitution of Eq. (A.21) into it gives the following after 
simplification, 
 

∆[��]=  �
[��]��

162��(�)��[�]

−
[�]exp(�	�)��

b(exp(�	�)− 	1)��(�)��[�]

� 	�
�

[��]��	

 

=
��

��[�]��(�)
� �

[��]

���
−

[�]���(�	�)

b(���(�	�)	�	�)
� �

�

[��]
	                                                                            (A.22) 

 
Knowing that v t = [P], Eq. (A.22) can then be transformed into a quadratic equation as follows. 
Expansion of Eq. (A.22) gives: 
 

���(��)��

���(��)
[��]

�		 ��[�]

��
	��(�)

� = 	 �
[��]

���
−

[�]���	(��)

b(���(��)��)
�	[�]                           (A.23) 

 
Equation (A.23) is as it is after cross multiplication, because D[S0] = [S0] (exp (k t)-1)/exp (k t). Further 
rearrangement gives: 
 

(���(�	�)��)�	

(��� �	�)�
[��]

���(�)
� ��[�]

��
=

[��]

���
(���(��)��)[�]

���	(�	�)
−

[�]�

b
                                       (A.24) 

 
Let, for the purpose of simplicity, c = (exp (k t) -1)/exp (k t). Thus, 
 

c =

�
[��]

���
[�]	±��

[��][�]

���
�
�
�	�	

[�]�

b
[��]

��(�)
�
��[�]

��
�

�[��]
���(�)

�
��[�]

��

                                                              (A.25) 

 
Equation (A.24) can be rearranged so as to make [P] or D[S0] subject of the formula in a quadratic 
equation. Thus, 
  

[�]=

⎝

⎜
⎛

∆[��]

���
		± ��

∆[��]

���
�
�
��×��(�)

�
��[�]

b��
∆[��]

�
�

�/b

⎠

⎟
⎞

                                                                (A.26) 

 

∆[��]= ��

⎝

⎜
⎛

[�]

���
	± ��

[�]

���
�
�
����(�)

�
��[�]

��
[��]

�

b

�

���(�)
� ��[�]

⎠

⎟
⎞

                                                               (A.27) 

 
As already stated above, D[S0] = [S0] (exp (k t)-1)/exp (k t) such that Eq. (A.24) can be rearranged to 
give: 
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∆[��]
�		��(�)

� ��[�]

��
−

∆[��][�]

���
+

[�]�	

b
= 0                                                    (A.28) 

 
Determination of b requires that D[S0] be converted to [P] (i.e. 324[P]) in line with conservation law. 
 

 324�[�]���(�)
� ��[�]

��
−

���[�]�

���
+

[�]�

b
= 0                                       (A.29) 

 
Ultimately, 1/b = 0.995924 and k2[S]/k2 = 1/324 SL(1) (Eq. (A.16) where M3 and SL(1) are 324 and 30.99 
exp (-4)/mol/g) respectively. 
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