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ABSTRACT

Objective: Egg white protein (ovalbumin) is well known to be freshly consumed in Indonesia as traditional medicine, or it is usually known as “Jamu.” 
Ovalbumin, as well as egg white albumin, is able to form complex compounds with other substances through the formation of weak chemical and 
physical bonds. The objective of this study is to understand the behavior of ovalbumin as radical scavenger when it binds to antioxidants such as 
aspirin and caffeine (as a complex).

Methods: In this study, docking sites and ovalbumin as scavenger were studied using computer-modeling software. An ovalbumin was used only for 
computer modeling, whereas in the wet laboratory, the freeze-drying albumin was used for electron spin resonance (ESR) and Fourier transform-
infrared (FTIR) spectroscopy to determine its ability as a scavenger and functional groups, respectively. Albumin solution was applied to measure the 
viscosity.

Results: The variability of tridimensional structures of aspirin was investigated after binding with ovalbumin. However, these structures cannot 
be seen clearly on caffeine. The root-mean-square deviation analysis showed that aspirin, as well as caffeine, altered the dynamic conformation of 
ovalbumin. The complex of aspirin-ovalbumin-caffeine which was treated at a temperature of −70°C showed intermolecular force. ESR results showed 
that the complex compounds could effectively reduce more free radicals when compared to aspirin or caffeine. The existence of aromatic compounds 
(as confirmed by FTIR) was useful for the scavenger molecules and chemical interaction occurs. The viscosity of the complex was similar with normal 
gastric mucus, which associated with radical scavenger.

Conclusion: The characters of albumin when it binds to aspirin and caffeine indicated that scavenging activity of the complex and the viscosity 
showed an important result to be physiological scavengers of free radicals.
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INTRODUCTION

Fresh ovalbumin from avian eggs is usually used in Indonesia as 
traditional medicine, which is commonly known as “Jamu.” Raw egg, 
which is mixed with coffee, is useful for the prevention of fatigue and 
body recovery. It is reported that ovalbumin has a scavenging activity. 
Ovalbumin peptides consist of Tyr-Ala-Glu-Glu-Arg-Tyr-Pro-Ile-Leu, 
which have strong angiotensin I-converting enzyme inhibitor and 
exhibited a high radical scavenging activity [1]. It is highly probable that 
the complex of caffeine and ovalbumin has strong free radical scavenging 
activity. The free radical scavenging activity may have beneficial 
application to reduce overwhelmingly production of free radicals. The 
rationale in this study is to improve affectivity of physiological oxidant 
scavenger system. A single antioxidant may turn into pro-oxidant in the 
presence of transition metal ions, resulting in accumulative free radical. 
During interaction with a single antioxidant, metal ions can be reduced, 
oxidized, and then rereduced (redox cycling) that can generate reactive 
oxygen species. Inversely, a complex antioxidant can scavenge free 
radical without accompanied by the formation of new radical species 
because of a lot of electron on its surface. We are reporting model study 
of interaction of ovalbumin and caffeine, as well as aspirin with the 
objective of studying the potential as oxidant scavenger.

Several biological activities of egg white were antioxidant properties, 
antimicrobial activities, antiadhesive properties, immunomodulatory, 
anticancer, and nutrient bioavailability [2]. Furthermore, ovalbumin, as 
well as egg white albumin, can produce complex compounds when they 

interact with other molecules. Weak chemical and physical bonds 
may be responsible for these interactions. It is known that ovalbumin 
is poorly digested and absorbed in a digestive tract, which has a 
potential to be used as a transporter. The rate of ovalbumin digestion 
is considerably slower than hydrolysis of bovine hemoglobin or globin, 
even by pepsin [3]. Ovalbumin can be digested thermally [4].

The heavy metal can be chelated and metal ion can be trapped within 
the sulfhydryl bonds of protein by ovalbumin. The chelating function 
prevents the absorption of the metals into a gastrointestinal cell and 
poisoning [5]. The capacity of ovalbumin antioxidant can be improved 
by the addition of aspirin and caffeine. It can form complexes with 
aspirin and caffeine as a complex of scavenger because it is easy to 
receive and to release the ligand [3]. The complex receives and releases 
electrons as it functions as a free radical scavenger.

Aspirin has an antioxidant effect [6]. In low dose, aspirin is effective in 
preventing heart attacks, strokes, and blood coagulation, and it is used 
to prevent certain type of cancer, particularly colorectal cancer  [7]. 
Caffeine is a natural product from several plants and is derivative of 
a methylxanthine. It acts as a central nervous stimulant and resorting 
alertness. Furthermore, it can scavenge hydroxyl radicals by the “Fenton 
reaction” effectively [8,9]. Due to the valuable properties of molecules 
that have been mentioned before, our study focuses on the behavior 
of ovalbumin as a transporter and radical scavenger when it binds 
to antioxidants such as aspirin and caffeine. The use of ovalbumin is 
only for computer modeling, while egg white albumin is applied in the 
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wet laboratory. Egg white albumin was utilized because it commonly 
used for “Jamu,” easily obtained and inexpensive. From this related 
background, the combination of egg white albumin with aspirin and 
caffeine as a complex is expected to be more effective scavenger. To the 
best of our knowledge, there is no any report dealing with a complex 
antioxidant of aspirin-ovalbumin-caffeine. As a free radical scavenger, 
this complex is more effective than that of its counterparts (a single 
antioxidant). Accordingly, the objective of this study is to understand 
the behavior of ovalbumin as radical scavenger when it binds to 
antioxidants such as aspirin and caffeine (as a complex).

METHODS

In this study, computer modeling of ovalbumin, aspirin, and caffeine 
was provided from NCBI and PubChem database [10,11]. Docking 
sites and conformational properties of ovalbumin were observed using 
Pyrex [12] and Pymol [13]. LigPlot was used to visualize the chemical 
bond [14], and Yasara was used for root-mean-square deviation (RMSD) 
analysis [15]. Docking was proceeded by entering aspirin, caffeine, and 
ovalbumin molecules to Pyrex, and subsequently visualized by Pymol. 
Structural changes of the simulated molecules were observed using 
the RMSD analysis, i.e.,  ovalbumin, ovalbumin-aspirin, ovalbumin-
caffeine, and complex of aspirin-ovalbumin-caffeine. We would confirm 
in silico study using ovalbumin, which the majority of egg albumin 
was ovalbumin. In egg white, ovalbumin was the most abundant 
protein [2,16].

Egg white albumin, which was already in the freeze dryer (CHRIST, 
ALPHA 1-2 LD Plus, Germany) at a temperature of −70°C, complexes 
with aspirin and caffeine. Aspirin, caffeine (SIGMA-Aldrich Co. LLC, 
China), and complex compounds were observed by electron spin 
resonance (ESR) to determine the ability as free radical scavenging, 
and by Fourier transform-infrared (FTIR) to determine the functional 
groups. The measurement conditions of ESR spectrometer (JEOL, 
JES-RE1X, Japan) were as follows: Center field: 335.6 mT; sweep 
width: 15 mT; and field modulation width: 0.5×1 mT. To confirm 
functional groups of aspirin, caffeine, albumin, and their complex, FTIR 
spectrophotometer (SHIMADZU, 8400S, Japan) was set in the range of 
400–4000/cm wave number. The ESR standard as free radical used 
2.2-diphenyl-1-picrylhydrazyl (DPPH) compound (Fluka AG Buchs 
SG, Switzerland). This experiment also interested to know about the 
rheology of aspirin, egg white albumin, caffeine, and complex, which was 
called as viscosity. Viscosity measurement of individual component and 
complex scavenger was performed by a viscometer (DV-E Viscometer, 
BROOKFIELD, USA).

RESULTS

The results of docking of aspirin-ovalbumin-caffeine complex showed that 
aspirin and caffeine occurred at different docking site in the ovalbumin. 
Complex compounds formed by the hydrogen bond and hydrophobic 
interaction (Fig.  1a-c). The variability of tridimensional structures of 
aspirin and caffeine after binding to ovalbumin is shown in Fig. 1d-f.

The RMSD analysis showed that aspirin, as well as caffeine, altered 
the dynamic conformation of ovalbumin (Fig. 2). ESR results of DPPH, 
aspirin, egg white albumin, caffeine, and complex are shown in Fig. 3. 
FTIR spectra of aspirin, caffeine, egg white albumin, and its complex are 
shown in Fig. 4. Viscosities of egg white albumin, egg white albumin-
aspirin, egg white albumin-caffeine, and complex were 7.95, 5.53, 7.73, 
and 6.87 centipoises (cP), respectively.

DISCUSSION

In silico analysis
Interaction of aspirin-ovalbumin and caffeine-ovalbumin occurred at 
the different site of ovalbumin. This finding indicated that there was 
non-competitive docking site between aspirin and caffeine (Fig.  1a). 
It means that aspirin and caffeine attached at ovalbumin at separated 
area or they did not accumulate in the same site. Ovalbumin was 

Fig. 1: Computational modeling. (a) The results of docking of 
aspirin-ovalbumin-caffeine. (b), (c) Hydrogen bonding which was 
shown with a green line and marked with a small line on the atom 

showed a hydrophobic bond. The shape of aspirin and caffeine 
structure, before (red) and after (green) docking (d), (e) Aspirin, 

and (f) Caffeine

Fig. 2: The Root-Mean-Square-Deviation (RMSD) of ovalbumin, 
aspirin, and caffeine. (a) Comparison of single compounds and 

complex. (b) Temperature treatment, ovalbumin in a temperature 
of 25 °C (blue line), complex in 25 °C (red line), complex in 37 °C 

(green line), and complex in -70 °C (purple line)

similar to albumin. Ovalbumin had non-specific binding properties 
to any compound, and they had transporter function. Ovalbumin 
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had non-specific domain of aspirin and caffeine. Aspirin and caffeine 
bind to both hydrophilic and hydrophobic amino acids in ovalbumin. 
However, aspirin was slightly soluble with water, and it more likely 
binds to the hydrophobic amino acid. On the other hand, caffeine 
was more soluble with water. It bound to hydrophilic amino acid in 
ovalbumin. The successful docking, as illustrated in Fig. 1b and c, was 
indicated by the existence of hydrogen and hydrophobic bond between 
docking molecules (aspirin and caffeine) and amino acids of ovalbumin. 
Moreover, hydrogen bonds contributed the free energies of biological 
macromolecules and macromolecular complexes. It was a quantum 
mechanical phenomenon where hydrogen atoms were provided by 
covalent effects, polarization, and charge transfer [17].

Aspirin and caffeine bind to both hydrophilic and hydrophobic in amino 
acids of ovalbumin. Hydrophobic amino acids consisted of alanine 
(Ala), leucine (Leu), methionine (Met), and tyrosine (Tyr), whereas 
hydrophilic amino acids were composed by lysine (Lys), arginine (Arg), 
serine (Ser), and glutamine (Glu). Glycine was a particular amino acid 
that could act as both hydrophobic and hydrophilic [18].

The success of docking process showed that ovalbumin could serve as a 
transporter for both aspirin and caffeine. Albumin was also able to bind 

other molecules such as metals ions, fatty acids, drugs, and hormone. 
Such phenomenon above played an important role on the regulation 
of blood rheology of osmotic pressure, and on the distribution of fluid 
among different compartments, which was influenced by albumin. The 
flexible structure of albumin could adapt easily to ligands, whereas its 
domain design provided a variety of binding sites [19] and contributed 
easiness to receive and to release the ligand [3].

The variability of tridimensional structures of aspirin was shown 
after binding to ovalbumin. Aspirin model was rotated, and it resulted 
in the change of its angle. The angle of aspirin occurred on the base 
of carboxylic acid functional groups (Fig.  1d) were 119.1° before the 
docking, and it became 119.4° after the docking. Ester functional group 
(Fig. 1e) showed the changes in the angle of 120.9° before the docking, 
and it became 121.1° after the docking. This variability, however, 
could not be seen clearly on caffeine (Fig.  1f). Aliphatic compounds 
tended to accept several binding mechanisms because they were more 
flexible, for example, rotation, folding, etc. In contrast, an aromatic 
compound was less flexible because of rigid molecule. Both aspirin and 
caffeine contained the cyclic ring, but aspirin had another functional 
group (aliphatic chain), which was more flexible than caffeine. The 
angular changes that occurred in aspirin were caused by the atom 
rearrangements.

RMSD analysis showed that aspirin, as well as caffeine, altered the 
dynamic conformation of ovalbumin (Fig. 2a). Accordingly, ovalbumin, 
which was known to have the capacity to act as peptide antioxidant, 
showed cooperative and synergistically works of the amino acids 
when they conduct conformational changes [20]. Complex of RMSD 
(purple line) was almost coincident with ovalbumin line (blue line) and 
showed no significant chemical bond change to ovalbumin structure. 
This result meant that the nature of ovalbumin remained unchanged. 
Accordingly, this molecule was hard to be absorbed in the digestive 
system because intestinal enzymes degraded ovalbumin poorly [21]. 
Ovalbumin had a proteolytic digestion rate (even by pepsin) which 
was considerably slower than the rate of bovine hemoglobin or human 

Fig. 3: ESR profiles of DPPH after it was added with aspirin, caffeine, egg white albumin, and complex (a), and DPPH after it was added 
with aspirin, egg white albumin, aspirin-egg white albumin, caffeine-egg white albumin, and complex (b)

Fig. 4: FTIR spectra of aspirin, caffeine, and egg white albumin (a), 
and aspirin combined with egg white albumin, caffeine combined 

with egg white albumin, and complex (b) 

a

b

a b
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globin hydrolysis [3]. This was the reason why ovalbumin did not affect 
in pharmacokinetics; ovalbumin also acted as a transporter of aspirin 
and caffeine. Furthermore, this finding that ovalbumin could be applied 
as an effective antioxidant peptide scavenger.

The complex of aspirin-ovalbumin-caffeine was treated at various 
temperatures such as a temperature of 25°C (room temperature), 37°C 
(body temperature), and −70°C (freeze-drying temperature). RMSD 
of the complex was at 25°C (red line) and 37°C (green line) almost 
gave a same trend. However, a complex structure at a temperature 
of −70°C (purple line) showed a similar RMSD trend like that of the 
ovalbumin (blue line). The complex of aspirin-ovalbumin-caffeine was 
treated at −70°C showed intermolecular force (Fig. 2b). During freeze-
drying process, the complex had lost water to become a solid. Water 
loss affected to the chemical bond, in which, the random motion of 
molecules in the liquid state into vibration within molecules (stretching 
and bending). Accordingly, intermolecular forces became stronger 
which increased the magnetic force or the overall magnetic moment in 
the system because of the decreasing tendency toward the antiparallel 
coupling.

From the explanation above, we can conclude that magnetic field 
became stronger during the complex freezing. The motion of atoms 
in the complex was stable but not functional, which resulted in the 
strengthening of a magnetic bond while hydrophobic bond in the 
complex weakened. All atoms started sticking to each other. Then, it 
had a very regular pattern with molecules, which was rigidly close to 
each other that formed a crystalline lattice. Accordingly, the stability of 
complex structure increased (no denaturation) which could transform 
its function to be a stronger scavenger.

ESR analysis
Several methods were utilized for the determination of the radical 
scavenging effect of antioxidant molecules. The favored method was the 
DPPH method due to its simplicity with no requirement for a special 
tool and reaction. In addition, this method provided reliable and fast 
measurement. DPPH was a stable colored synthetic free radical which 
did not deteriorate in water and alcohols. The free radical scavenging 
activities of molecules depended on their ability to release hydrogen and 
to transform the structural conformation of their components [22,23]. 
Soares et al. [24] reported that DPPH easily accepted hydrogen 
or an electron from antioxidant molecules to convert into a stable 
diamagnetic molecule. In another report, Molyneux [25] stated that 
DPPH loss of violet color when it was mixed with a hydrogen donor 
substance. Discoloration occurred because of the decreasing quantity 
of DPPH radicals in the system. Therefore, the discoloration of the 
DPPH corresponded to the radical scavenging activity of the analyzed 
molecules.

In this study, the radical scavenging activities of aspirin, caffeine, egg 
white albumin, aspirin-egg white albumin, caffeine-egg white albumin, 
and aspirin-egg white albumin-caffeine (complex) were studied using 
ESR with DPPH as the free radical. As shown in Fig. 3, DPPH had the 
highest peak. The DPPH peak decreased more drastically when the 
complex compound (aspirin-egg white albumin-caffeine) was added, 
rather than the addition of aspirin, egg white albumin, and caffeine 
(Fig.  3a). Reduction in the peak reflected a decline in the quantity 
of the DPPH as free radical. The complex compound had plenty of 
electrons that could be donated to the DPPH through electron mobile 
or transition. Then, the resulted electron pairs caused an intensity 
decreasing of the DPPH as free radical. In addition, to donate electrons, 
the complex compounds could also accept excess electrons from an 
atom so that the formation of a new radical can be avoided. It meant 
that the complex compound could act as the comprehensive free radical 
scavenger. When aspirin or caffeine was used as a single antioxidant, it 
was possible that it could generate the existence of a new radical.

The free radical chain reaction could be interrupted by the presence 
of antioxidants. Antioxidants donated H• to the free radical, which was 

formed during oxidation of the radical itself, which usually contained 
aromatic or phenolic compounds [26]. When a combination of the 
aspirin-egg white albumin or the caffeine-egg white albumin was 
added, the peak of the DPPH radical decreased lower than the single 
addition of aspirin and caffeine. Moreover, the addition of the caffeine-
egg white albumin to the DPPH resulted in lower peak intensity than 
the addition of the complex compound (Fig.  3b). Although it was an 
interesting phenomenon, this mechanism was still not clear. Thus, it 
needs further investigations.

Several studies using a single antioxidant have been conducted using 
aspirin [27], indomethacin [27], and astaxanthin [28]. Although these 
compounds could inhibit spin adduct formation, in the presence of 
relatively high concentration of reactive oxygen species, the formation 
of new radical species cannot be avoided. Such results indicated that 
our study by employing the complex antioxidant is more effective than 
a single antioxidant due to the existence of high amount of electron 
in the complex. If there is excess of reactive oxygen species, its effect 
would be reduced during the cycling redox process.

FTIR analysis
The FTIR analysis of aspirin, caffeine, and egg white albumin is shown 
in Fig.  4a. The sharp peaks of aspirin were at 1693.38, 1188.07, and 
916.12/cm. It correlated with the stretching of C=O bond (carboxylic 
acids), the waging of C-H bond (alkyl halides), and the bending of O-H 
bond (carboxylic acids). The sharp peaks of caffeine were at 1656.74 and 
742.54/cm. It correlated with the stretching of the C=C bond (alkenes) 
and C-H bond (alkenes). Aspirin and caffeine had an aromatic ring. 
However, they were not at a sharp peak (aspirin: 1575.73 and caffeine: 
1598.88/cm). Albumins have three sharp peaks as follows: 3296.12, 
1650.95, and 1541.02/cm. It correlated with the stretching of O-H 
bond (carboxylic acid), the stretching of the C=C bond (alkenes), and 
an aromatic ring. The FTIR analysis of the aspirin-albumin, the caffeine-
albumin, and the complex compound (aspirin-albumin-caffeine) is 
given in Fig. 4b. The sharp peaks of aspirin-albumin were at 3296.12, 
1649.02, and 698.18/cm. It correlated with the stretching of O-H bond 
(H-bonded), C=O bond, and the bending of C-H bond (aromatic).

The sharp peaks of caffeine-albumin were at 3448.49, 1647.10, and 
1544.88/cm. It correlated with the stretching of O-H bond (H-bonded), 
C=O bond, and C=C bond (aromatic). The complex compound had 
several peaks at 3450.41, 1649.02, 1542.95, and 665.40/cm. It 
correlated with the stretching of O-H bond (H-bonded), the stretching 
of C=O bond (Amide bond), the bending of C=C bond (aromatic), and 
the waging of N-H bond (1.2 amines). FTIR analysis of aspirin-egg white 
albumin resulted in a chemical reaction producing C-N or C=O groups 
at a a wavenumber of 1649.02. On the other hand, caffeine-egg white 
albumin which was the amino group in egg white albumin reacted on 
the C=O group with caffeine to C-O or C-N groups, which was detected at 
a wavenumber of 1074.28. The FTIR analysis results showed a chemical 
interaction between the complex of aspirin-egg white albumin-caffeine, 
which were shown by the stretching of C=O bond at a wavenumber of 
1649.02 that was the amide. All FTIR analyses in this study showed 
the existence of aromatic groups, which were useful for the scavenger 
molecules.

Viscosity analysis
Egg white albumin (as a control) had a viscosity of 7.95 cP. When egg 
white albumin was added into aspirin, its viscosity decreased to 5.53 cP. 
Aspirin caused the phenomena of dilution, which was showed by the 
decreasing viscosity. The phenomena are similar to human serum 
blood thinning when interacting with aspirin. Gibb energy distribution 
changed along with conformational dynamics of the complex of 
albumin-aspirin [29]. On the other hand, caffeine did not significantly 
change the viscosity; the viscosity was found to be 7.73 cP, which was 
close to egg white albumin itself. The viscosity of the complex (aspirin-
egg white albumin-caffeine) was 6.87 cP, which was almost similar to 
the viscosity of stomach, as well as duodenal mucin [30]. It indicated 
that the complex of aspirin-egg white albumin-caffeine was a proper 
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viscosity for a therapeutic agent when it was applied for antioxidants 
scavenger in the digestive tract system. The complex of ovalbumin had 
similar viscosity with normal gastric physiology, with the same value 
of normal duodenal human mucus, which was 6.1 cP [31]. Mucus was 
capable to act as an antioxidant and to reduce mucosal damage mediated 
by oxygen free radicals [32]. Mucus gel had several functions, it acted as 
lubrication for the passage of objects, maintenance of hydrated layer 
over the epithelium, a permeable gel layer for the exchange of gases and 
nutrients with the underlying epithelium, and a barrier to pathogens, 
noxious substances, nutrients, and enteric drugs that must interact and 
diffuse [33].

CONCLUSION

The characters of albumin when it binds to aspirin and caffeine 
indicated that scavenging activity of the complex and the viscosity 
showed an important to be physiological scavengers of free radicals. 
Both aspirin and caffeine were not competitively bind to albumin. They 
also have a non-specific binding location to albumin.
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