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Abstract 

This work aims to investigate the interaction of amylase 
enzyme with oleic acid, as an anionic surfactant through 
surface tension and FTIR spectroscopy measurements. The 
surface tension results show that the CMC of the oleic 
acid-amylase mixture is less than each of them separately. 
The interaction is defined as attractive and exhibits 
synergism. Also, it is found that the area per molecule for 
the oleic acid-amylase mixed isotherm is higher than that 
of oleic acid only. The increase in the area/molecule may 
be due to the accommodation of amylase molecules in-
between the oleic acid chains. The changes in the FTIR 
spectrum feature of amylase after oleic acid addition 
indicate an interaction between amylase and oleic acid in 
their mixture. 
 
Keywords: Enzyme, Oleic acid, Surface tension, Amylase, surface 
pressures, Surfactant  
 

1. Introduction 

Surfactants0T 0Tare compounds that lower the0T surface tension0T 
between two liquids or between a liquid and a solid. 
Surfactants are organic compounds0T 0Tthat contain 
both 0Thydrophobic 0Tgroups (tail) and hydrophilic 0T 0Tgroups 
(head) [1]. Surfactants diffuse in water and adsorb 
at0T 0TInterfaces between air and water. The water-insoluble 
hydrophobic group may extend out of the bulk water 
phase, into the air, while the water-soluble head group 
remains in the water phase. Surfactants form aggregates 
(micelles), where the hydrophobic tails form the core of 
the aggregate and the hydrophilic heads are in contact with 
the surrounding liquid. The dynamics of surfactant 
adsorption is of great importance for practical applications 
such as flotation process, where bubbles are generated and 
need to be stabilized.  

Interactions of protein and surfactant in their mixture 
solution and at interfaces depend to a great extent on the 
molecular parameters of the surfactant, such as the charge 
of the head group and the length of the hydrophobic tail. 
Complexation between proteins and surfactants, especially 

ionic surfactants, occurs in response to several different 
thermodynamic driving forces [2]. The binding behavior is 
complex and involves combination of electrostatic forces 
and hydrophobic interactions [3]. The binding regime of 
protein/surfactant was proposed to involve three distinct 
stages to occur [4-5]. At low surfactant concentrations, the 
surfactant binds to specific sites on the protein. As the free 
surfactant concentration approaches the critical micelle 
concentration, there is usually a dramatic increase in the 
number of surfactants bound per protein over a relatively 
small free surfactant concentration range [3]. In addition, it 
was suggested that the interaction between ionic detergents 
and protein are governed by the aggregation state of the 
detergent [6-7]. Thus, globular proteins unfolding occur 
above the critical micelle concentration of the detergent 
[8]. Besides, the ability to denature proteins stems from the 
amphiphilic properties, shared by protein and detergent. 
For example, sodium dodecyl sulphate, binds to protein 
via interactions between the sulphate group and positively 
charged amino acid side chains and between the alkyl 
chain and hydrophobic side chains [9]. In this research, the 
interaction of oleic acid, as an anionic detergent, with 
amylase enzyme will be investigated. This interaction is 
studied using different techniques such as surface tension 
and FTIR spectroscopy. 

 
2. Materials and Methods 

 
Bacterial amylase, 22U/mg was purchased from Fisher 
chemical. Oleic acid (cis-9-octadecenoic acid; purity 
99.4%), NaOH and HCl are analytical grade were supplied 
by Alfa Products. The surface tension measurements for 
solutions were performed at room temperature (20 – 22°C) 
using a pendant drop technique with the G10 Krüss 
instrument. Turbidity Meter, HI 93703, Microprocessor, 
HANNA Instruments measure the solution turbidity and 
readings of turbidity recorded with time. In this research, 
turbidity is used as a parameter to reflect the degree of 
dispersion where a higher value of turbidity represents 
higher dispersion efficiency. A Digilab FTS-40 Fourier 
Transform Infrared Spectrometer at 4 cmP

-1
P resolution, 

recorded infrared spectra. Solutions of 10P

-4
PM oleic acid, 

0.1% amylase and mixture of 10P

-4
PM oleic acid and 0.1% 
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amylase at pH 6 were used in the FTIR measurements. 
One drop of the tested solutions is inserted between two 
KBr desks. A germanium-coated KBr beam splitter and a 
liquid nitrogen-cooled Hg-Cd-Te detector were used, and 
each sample was scanned 64 times. 

3. Results and Discussion 
3.1. Surface tension of oleic acid, amylase and their 

mixture   

The variation of surface tension with oleic acid 
concentration is shown in figure 1. It shows that the 
surface tension is strongly dependent on the surfactant 
concentration.   The γ- concentration behavior of this 
solution is described by the Gibbs adsorption equation: 
[10-11] 

-dγ = nRTΓRsR dlnC             (1) 

Where R is the gas constant, T is the absolute temperature, 
ΓRsR is the surface excess and C is the surfactant 
concentration. This equation applies only to the range of 
concentration, where it is assumed that only monomers are 
present in solution, below that for which γ levels off and 
attains a constant value thereafter. This concentration is 
known as the CMC. It denotes the concentration starting 
with which no further adsorption of surfactant species 
occurs at the air/water interface with continued additions 
of surfactant to the solution. Instead of adsorbing at the 
interface, the surfactant species added to the solution, in 
excess of CMC, are all utilized in forming colloidal 
aggregates within the bulk solution. At the CMC the slope 
of the γ- concentration curve, dγ/dlnC, changes suddenly 
from a high value to zero. This sudden fall off signifies 
that there is no further change in the quantity of surfactant 
adsorbed at the air/water interface; that is ΓRsR = constant. 
Figure 1, shows that the surface tension levels off at a 
limiting value of about 34 mN/m at concentrations in the 
vicinity of the reported values of CMC for oleic acid, 
(1mM) [12].  

From the surface tension–pH graphs of oleate solution 
Fig.2, it is found that maximum lowering of surface 
tension occurs at pH 8 [12]. It was reported that, lower 
surface tension is obtained in the pH range of extensive 
dissociation. This extra lowering of surface tension at such 
pH of dissociation is due to the formation of intermediate 
species, an acid-soap complex (RCOOH-RCOOP

−
P), 

containing a 1:1 complex of ionized and unionized 
carboxylates. This lowering of surface tension is caused by 
co-adsorption of these two surfactant species at the 
air/water interface. 
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Fig.1. Effect of oleic acid concentration on surface tension 

of water. 
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Fig.2. Effect of pH on surface tension of Oleic acid 

solution. 

 

The surface tension measurements for amylase, as a 
function of solution pH at different concentrations, are 
shown in Fig. 3, where it shows a classic surfactant 
behavior, e.g., water surface tension decreased with the 
increasing of amylase concentration. It is seen also that, 
the pH of the system has a pronounced effect on enzyme 
activity, [13]. Extremes of pH can lead to denaturation of 
enzyme, because the structure of the catalytically active 
protein molecule depends on the ionic character of the 
amino acid side chains. However, stronger adhesion of 
amylase amino group to water sub-phase would account to 
the observed low surface tension. Besides, each enzyme 
has a characteristic pH at which its activity is highest. For 
some enzyme the optima are quite sharp. For others there 
are rather broad optimum pH ranges. Hence, it seems that 
amylase is active at pH 4, Fig. 3, at which a maximum 
lowering of surface tension was obtained. This decrease in 
surface tension at this pH may be due to the increase in 
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hydrophobicity and adsorption of amylase molecules at the 
air/water interface.  
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Fig.3. Effect of pH on surface tension of water in presence 

of amylase. 

 

Ionic surfactants, such as oleic acid, are known to show 
strong association behavior with globular proteins in 
aqueous solution [13]. The charged head group of 
surfactant is electrostatically attracted to an oppositely 
charged amino acid residue of the protein. Additionally, 
the alkyl chain of the surfactant is hydrophobically 
attracted to non-polar regions on the surface as well as in 
the interior of the globular protein. 

Fig.4, gives the surface tension of solutions of oleic acid in 
the presence of amylase enzyme at pH6. The surface 
tension curve of oleic acid-amylase mixture below the 
CMC of oleic acid alone, followed by a plateau region. 
The appearance of the break point at lower oleic acid 
concentration for the oleic acid-amylase curve than for the 
oleic acid curve may be regarded as indication of 
formation of oleic acid-amylase complex. The interaction 
in this case is defined as attractive and exhibits synergism 
since the CMC is lower for the mixture than for the 
individual components. The binding isotherm of oleic 
acid-amylase is best described by an initial steep part that 
corresponds to electrostatic binding of oleic acid to 
oppositely charged sites on the amylase molecules [13]. 
After saturation of charged sites, at higher oleic acid 
concentration, a cooperative association takes place that is 
driven by hydrophobic interactions. The concentration at 
which this cooperative binding occurs is lower than the 
CMC of oleic acid alone. This verifies the assumption that 
oleic acid could induce the opening of the amylase lid. The 
side of the lid structure facing the amylase active site is 
mainly composed of aliphatic hydrophobic side chains 
while the opposite side of the lid was hydrophilic, 

stabilized by water molecule with hydrogen bond. 
Therefore, when the amylase lid opens and exposes its 
hydrophobic side, the surface tension of the mixture 
decline to the minimum value.  
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Fig.4. Effect of amylase on surface tension of Oleic acid 

solution at pH6 

 

The adsorption of surfactants at the air/water interface can 
be described using equation (1). By rearranging, we get 
[14]:            

ΓRsR = −(C/RT) (dγ/dC)   (1) 

Γ is the surface concentration, it represents excess of 
solute per unit area of the surface over what would be 
present if the bulk concentration prevailed all the way to 
the surface. It has units of mol/mP

2
P. 

• 1/Γ : Area occupied by a molecule (ÅP

2
P/molecule). 

• C is the concentration (M) of the substance in the 
bulk solution.  

• R is the gas constant (R : 8.3144621×10P

7
P 

erg KP

−1
P molP

−1
P) 

• T is the temperature K° 
 

Since γ decreases with increasing surfactant concentration, 
i.e. dγ/dC < 0 and ΓRsR must always be a positive quantity, 
i.e. ΓRsR R R> 0. The slope dγ/dC at a certain concentration can 
be determined graphically from Fig.5, and substituted in 
equation (1) to yield the surface excess concentration ΓRsR, 
from which the area ‘A’ occupied by each molecule can be 
calculated from: 

A = 1/ ΓRsR   (2) 
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Table (1) shows that as the oleic acid concentration 
increases, the area occupied by each molecule decreases. 
This trend continuous until the limiting value of γ is 
reached. Therefore at this stage, a complete (close packed) 
monolayer of oleic acid is present at the air/water interface 
[15]. Also, it is observed that the area per molecule for the 
oleic acid/amylase mixed isotherm is higher than the pure 
oleic acid. This increase in the area/molecule may be due 
to the accommodation of amylase molecules in-between 
the oleic acid chains [16].  
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Fig.5. Plot of ln (oleic acid concentration) versus ln 

(surface tension). 

Table 1: Effect of oleic acid concentration on the area 
/molecule for oleic acid and oleic acid-
amylase mixtures 

The surface pressure is an important quantity in 
determining the behavior of the surfactant film which is 
adsorbed at the air-water interface. The surface pressure is 
the expanding pressure exerted by the surfactant which 
opposes the normal contracting tension of the clean 
interface. It is given by the extent of lowering of the 
surface tension of the solvent: [17] 

π = γ° − γ                                   (3) 

Where γ° : the tension of surfactant-free surface and γ : the 
tension of the interface under the influence of surfactant 
film.  

The adsorbed surfactant at the air-water interface acts, 
essentially, as a two-dimensional film. Two factors 
influence the behavior of the adsorbed two-dimensional 
film; the first is the repulsion force between the ionic 
heads of the surfactant in the water phase, and the second 
is the mutual attraction between the hydrocarbon chains in 
the air phase. The relative magnitude of the two forces 
determines the surface pressure value. In order to 
understand the physical characteristics of binary mixed 
monolayer containing oleic acid and amylase, the surface 
pressure-area/molecule isotherms for oleic acid and oleic 
acid-amylase mixture were investigated, Figure 6.  

It is seen that as the surface pressure of oleic acid increases 
the area occupied by each molecule decreases. This trend 
continues until the limiting value which is reported in the 
literature for the cross sectional area of oleic acid molecule 
[18]. Therefore, at this stage, a complete (close packed) 
monolayer of oleic acid is present and oleic acid molecules 
orient perpendicular to the water surface. 

At low surface pressure, oleic acid forms π-A curve 
characteristic of expanded film, as each molecule has a 
large molecular area. The film was thereby changed from a 
gaseous state with a large average molecular area, via an 
expanded liquid state, to a condensed monolayer in which 
the molecules were tightly packed, [19]. The horizontal 
portion of the isotherm has a slope near zero, indicating, in 
this region of the isotherm, a coexistence of liquid and 
solid phases.  

The interaction of amylase with oleic acid could account 
for the observed trend of decreasing the surface pressure 
lower than oleic acid alone. This demonstrates alterations 
of both the loosely packed and the condensed monolayer 
film, where the surface pressure of the mixed monolayer 
has a significantly lower value than oleic acid alone at a 
corresponding molecular area. Therefore, the presence of 
amylase compresses the binary mixed monolayers with 
respect to the films for oleic acid alone. 

Oleate, M 1/Γ(ÅP

2
P/mol) 

Oleate only With amylase 
1×10P

−6 381.0 371.3 
2×10P

−6 371.9 365.4 
3×10P

−6 335.0 321.3 
5×10P

−6 276.9 269.3 
7×10P

−6 239.9 195.2 
9×10P

−6 218.4 192.2 
1×10P

−5 208.6 185.3 
2×10P

−5 195.7 180.2 
3×10P

−5 182.4 167.3 
5×10P

−5 169.8 146.2 
7×10P

−5 151.7 121.2 
9×10P

−5 126.5 95.1 
1×10P

−4 104.1 83.2 
2×10P

−4 89.6 57.1 
3×10P

−4 56.5 36.0 
5×10P

−4 34.0 27.0 
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Fig.6. Variation of surface pressure with area/molecule. 

 
3.2. FTIR measurements 

13TIn order to investigate whether oleic acid was indeed bind 
to 13Tamylase13T enzyme, FTIR spectrum was performed. Figure 
7, 13Tshows the FTIR spectrum of amylase, oleic acid and 
their mixture from 400 to 4000 cmP

−1
P.  

The characteristic transmission band at 3000 – 3600 cmP

−1
P 

is attributed to the –CH and –OH groups for the mixture 
which is broader at 2990 – 3745 in comparison with the 
same peaks recorded for oleic acid and amylase alone. 
Moreover, the amide group peak (O=C-NH) 
corresponding to amylase at 1631 cmP

-1
P and C=C stretching 

peak corresponding to oleic acid at 1634cmP

-1
P were shifted 

to 1639cmP

-1
P. This indicates an interaction between 

amylase and oleic acid. The changes in the FTIR features 
of amylase, after oleic acid addition, could be caused by 
the breaking of some inter and intramolecular bonds and 
by re-organizing of macromolecular chains in a more 
ordered structure [20-21]. 

3.3. Turbidity measurements 

Turbidity is a parameter reflecting the degree of 
dispersion. High degree of turbidity is an indication of a 
large size particle and represents high dispersion 
efficiency. The interactions between oleic acid and 
amylase in water have been investigated by measuring the 
turbidity of the system. 
The turbidity curve of oleic acid with enzyme is presented 
in (Fig. 8). It shows that at the oleic acid concentration 
range lower than 8×10P

-5
P M, the turbidity of the system 

keep almost invariable, mostly because the size of the 
mixed aggregates retains almost constant. With the 
increasing of oleate concentration turbidity curve of the 
mixture is increases. This increase started at lower oleic 
acid concentration than oleic acid turbidity curve. This 

indicates a strong interaction between amylase and oleic 
acid molecules. As the concentration of oleic acid comes 
close to about 10P

-4
P M, the turbidity value reaches a 

maximum. At higher oleate concentrations, (>10P

-4
P M), 

turbidity is decreased due to more extensive settling of 
precipitated aggregates. This is consistent with a greater 
hydrophobic attraction between the formed complexes. 
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13TFig.7. 13TFTIR spectra of amylase, oleic acid and their 
mixture. 
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13TFig.8. 13TSolution turbidity of oleic acid with 0.1% Amylase. 
 

CONCLUSIONS 
The interaction between amylase and oleic acid can be 

summarized as follows: 
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- Surface tension data of the amylase - oleic acid blend 
show a pronounced lowering of surface tension 
than for oleic acid alone.  

- As the oleic acid concentration increases, the area 
occupied by each molecule decreases. 

- The area per molecule for the oleic acid/amylase mixed 
isotherm is higher than the pure oleic acid.   

- The interaction of amylase with oleic acid could account 
for the observed trend of decreasing the surface 
pressure lower than oleic acid alone. 

- FTIR spectrum features of amylase after oleic acid 
addition were changed. 

- Turbidity measurements show increases in turbidity of 
the mixture started at lower oleic acid concentration 
than oleic acid turbidity curve. At higher oleate 
concentrations, (>10-4 M), turbidity is decreased 
due to more extensive settling of precipitated 
aggregates. 

The above remarks indicate strong interaction between 
amylase and oleic acid in their mixture. However, the 
binding behavior is complex and involves a combination 
of electrostatic forces and hydrophobic interactions.  
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