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Molecular simulation is a new technology to analyze the interaction between molecules. This review mainly
summarizes the application of molecular simulation technology in the food industry. This technology has been
employed to assess structural changes of biomolecules, the interaction between components, and the mechanism
of physical and chemical property alterations. These conclusions provide a deeper understanding of the mo-

lecular interaction mechanism in foods, break through the limitations of scientific experiments and avoid blind
and time-consuming scientific research. In this paper, the advantages and development trends of molecular
simulation technology in the food research field are described. This methodology can be used to contribute to
further studies of the mechanism of molecular interactions in food, confirm experimental results and provide new
ideas for research in the field of food sciences.

1. Introduction

In recent years, molecular simulation technology has been widely
used in physics, chemistry and other fields, but it is a relatively new
technology in the field of food sciences. With the development of com-
puter simulation technology, it is possible to obtain copious amounts of
important information that is difficult to obtain experimentally.
Although it does not completely replace experiments, molecular simu-
lation technology provides an important reference for scientific re-
searchers, guides experiments, verifies some theoretical hypotheses, and
reduces the blindness encountered in experiments (Al-Khafaji and Tok,
2020; Hata et al., 2019; Harris et al., 2020).

In the field of food sciences, molecular simulation technology has
mainly been applied to proteins, lipids and carbohydrates. (Cao et al.,
2020; Wang et al., 2021a; Russell et al., 2021; Miao et al., 2021; Zhang
et al., 2022). These food components are often combined with other
substances or processed under different conditions to improve their
functional properties. In the exploration of protein processing, nuclear
magnetic resonance imaging, X-ray crystallography and cryogenic
scanning electron microscopy provided very important information of
various conformations, but it was very difficult to provide dynamic in-
formation of molecular functional motion directly (Schlichting and
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Miao, 2012; Heel et al., 2000; Mcilwain et al., 2021). For the dynamic
description of protein molecules, fluorescence resonance energy transfer
(FRET) and stop flow spectroscopy can provide measurement data of
biomolecular structures (Roy et al., 2008; Schuler and Eaton, 2007;
Mckinney et al., 2006). These experiments provide considerable struc-
tural information about biomolecular systems. However, it is very
difficult for these methods to provide high-resolution structural infor-
mation for each conformation in the functional movement of biological
macromolecules. Molecular simulation technology can provide the dy-
namics and structural information of biological macromolecules simul-
taneously (Culletta et al., 2020; Moradi et al., 2020; Azadeh et al.,
2020). Carbohydrates are often combined with other substances or
processed under different conditions to improve their functional prop-
erties (Kang et al., 2022; Cai et al., 2020). During these processes, the
structure of the carbohydrate is altered. The structure of carbohydrates
can also be modified when they are processed through high pressure and
heating (Mapengo et al., 2022; Wang et al., 2021b). Molecular simula-
tion technology has been used in the structural analysis of carbohy-
drates, such as starch. Molecular simulation technology could provide
an opportunity to explore the description of molecular properties that
cannot be achieved in experiments. In addition, on the basis of tradi-
tional experimental and theoretical methods, molecular simulation

Received 7 July 2022; Received in revised form 7 October 2022; Accepted 9 October 2022

Available online 11 October 2022

2665-9271/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:foodzhangna@163.com
www.sciencedirect.com/science/journal/26659271
https://www.sciencedirect.com/journal/current-research-in-food-science
https://doi.org/10.1016/j.crfs.2022.10.012
https://doi.org/10.1016/j.crfs.2022.10.012
https://doi.org/10.1016/j.crfs.2022.10.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crfs.2022.10.012&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Wang et al.

technology could provide some supplementary information for scientific
experimental research, which could help us to better understand the
structure and function of food materials. Molecular dynamics (MD)
simulation technology was first applied to carbohydrates in 1986 by
introducing this well-developed technology to understand the relation-
ship between carbohydrate structure and its function. This prompted a
breakthrough in the study of the interaction mechanism between car-
bohydrates and other molecules. Due to the limitation of computer
hardware, resources, performance and MD simulation software, the
starch simulation could only use 6, 7 or 8 glucose units to represent
single chain starch molecules. Related studies showed that the bond
length of a virtual angle formed by O4-0O4’- O1’ could describe the
change in twist angle of glucose residues. Koehler et al. (Koehleret al.,
1988) studied the configuration change of a-cyclodextrin in aqueous
solution by MD simulation, but the simulation time was only tens of
picoseconds. Subsequently, Momany et al. (Momany and Willett, 2002)
measured the glass transition temperature under different hydration
conditions using the AMB99C force field with 10 glucose units as a part
of amylose, and the simulation results were consistent with the experi-
mental results. Godet et al. (Godet et al., 1993) intuitively demonstrated
the formation of a V-shaped construction between amylose and fatty
acids using molecular docking simulation technology, X-ray diffraction,
and differential scanning calorimetry (DSC). The following construction
features were noted. Hydrophobic long chains of fatty acids were located
in the spiral cavity by the traction of hydrophobic forces. The polar ends
of fatty acids were located outside of their spiral cavity due to steric
hindrance and electrostatic repulsion. The change in starch structure
during gelatinization of fermented dough was studied using the MD
simulation technique, and the melting process of amylose and amylo-
pectin was dynamically analyzed (Nivelle et al., 2019). Lipids can be
processed in many ways, including frying and emulsifying. These pro-
cessing could enrich food nutrients, extend the storage period and
enhance flavor. However, during processing, a series of chemical re-
actions, such as oxidation and saponification, occur in lipids (Chen et al.,
2017). These reactions could change the molecular structure and
properties of lipids. Therefore, it is crucial to explore the changes in
lipids during processing from a molecular perspective (Tian et al., 2014).
Some scientists have used spectral imaging technology combined with
molecular dynamics to explore changes in lipid processing (Cavaliere
etal., 2020; Zhang et al., 2020). Especially in recent years with the rapid
development of computers, molecular simulation technology has been
able to deal with the system, and the time scale has been significantly
improved. The theoretical method based on molecular simulation
technology has become an important means to study the functional
movement of biological macromolecules.

In summary, molecular simulation technology is critical to explain
the experimental mechanism, so it has been widely used in the field of
food sciences. This review focused on the commonly used software of
molecular simulation technology and summarized in detail the appli-
cation of molecular simulation technology in the field of proteins, lipids,
and carbohydrates. This review provides a comprehensive overview of
the application of molecular simulation techniques in the food field.
That will assist researchers in selecting appropriate simulation tech-
niques in the future.

2. Molecular simulation technology
2.1. Molecular docking

The history of molecular docking receptor theory can be traced back
to the 19th century. With the development of receptor theory, people
have a deeper understanding of the interaction between physiological
activities and biological molecules. Molecular docking focused on the
principle of complementarity. In 1894, Emil Fischer et al. (Fischer,
1894) believed that enzymes and substances have specific shapes that
could be complementary to each other and fixed. This notion served as
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the foundation for the lock-key model, which was later termed the rigid.
In 1958, Koshland proposed that the initial interaction between sub-
strate and enzyme would change the conformation of enzyme, thus
enhancing the binding with substrate and creating a flexible model
based on space and energy matching (Riziotis et al., 2022). The opti-
mization of the model makes it easier to simulate the interaction be-
tween molecules. The rapid development of computers and computing
science makes it possible to deal with large amounts of data. These two
factors contributed to the emergence of molecular docking methods
(Ding et al., 2022).

Molecular mechanics or quantum chemistry methods were used to
calculate molecular recognition between small molecules in the early
stage of molecular docking technology. Some molecular simulation
packages also contained molecular docking modules. However, it was
difficult to handle the docking process with macromolecules using early
molecular docking technology due to the limitations of algorithms and
computer processing power. Currently, some commercial or free mo-
lecular docking software has been developed that prompted the appli-
cation of molecular docking. Therefore, early molecular docking
technology has evolved into modern molecular docking technology. The
software was suitable for use in rigid docking, semiflexible docking,
flexible docking and other docking methods. Modern molecular docking
technology has been mainly applied to explore the interaction patterns
between small and large molecules, biomolecular recognition, molecu-
lar self-assembly, and supramolecular structures (Gray et al., 2003).

At present, many scholars had applied molecular docking software.
Common software were shown in Table 1.

2.2. Molecular dynamics simulation

2.2.1. Overview of molecular dynamics simulation

As early as 1957, Alder (Alder and Wainwright, 1957) first used MD
simulation to calculate the states of gas and liquid in the condensed state
and set a precedent for applying MD simulation to study the macroscopic
properties of substances. As a frontier technology combining mathe-
matics, physics, chemistry and biology, MD simulation has been devel-
oped and perfected in recent decades. It has become one of the most
widely used molecular simulation methods. In the last decade, with the
progression of computer science and technology, computing power has
improved by leaps and bounds, and MD simulation has begun to
demonstrate its powerful ability in many fields. Particularly in the field

Table 1
Introduction of molecular docking simulation software.

MD Is it Main application scope Download URL

software free?

AutoDock Yes It is designed to predict how small ~ https://autodock.scr
molecules, such as substrates or ipps.edu/
drug candidates, bind to a receptor
of known 3D structure.

LeDock Yes It is designed for fast and accurate http://www.lephar.
flexible docking of small molecules ~ com/software.htm
into a protein.

rDock Yes It can be used to dock small http://rdock.so
molecules against proteins and urceforge.net/
nucleic acids.

UCSF Yes It can predict binding modes of https://dock.

DOCK small molecule-protein complexes,  compbio.ucsf.edu/
search databases of ligands for
compounds that inhibit enzyme
activity and search databases of
ligands for compounds that bind a
particular protein.
Glide No Glide reliably identifies the correct  https://www.schr

binding modes for a large set of test
cases. It outperforms other docking
programs in achieving lower RMS
deviations from native
cocrystallized structures.

odinger.com/produ
cts/glide
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of biological macromolecules, MD simulation increasingly showed its
advantages of fast speed and high agreement with experimental results
(Baildya et al., 2022; Mukut et al., 2022; Anwar et al., 2020; Chamani
et al., 2022). Mr. Martin Karplus, one of the pioneers of MD simulation,
also won the Nobel Prize in chemistry in 2013. One of the most
important characteristics of MD simulation is that it can observe the
evolution of the system over time. With improvements in computers, MD
simulation has reached the picosecond (Ps) time scale (Shaw et al.,
2010; Raval et al., 2012).

2.2.2. Common software for MD simulation

Table 2 shows some commonly used MD simulation software. Some
of the software is free, but the focus of each software is slightly different.

Among them, GROMACS is the most commonly used MD simulation
software (Lange et al., 2010). GROMACS is MD simulation software
developed by the Department of Biophysics and Chemistry of Groningen
University in the Netherlands. First, the main purpose of GROMACS was
to study the folding of biomolecules, such as lipids, nucleic acids and
proteins, as well as the internal interactions of biomolecules (Hess et al.,
2008). Later, GROMACS performed a large number of algorithm opti-
mizations. GROMACS offered great advantages in simulating the New-
tonian motion of systems with several hundred to several million
particles, and its applicable research scope was also extended to liquid
crystals, crystals, polymers, biological macromolecules and other fields.
The simulation package of GROMACS mainly used the force field of
GROMACS combined with MD, stochastic dynamics or the path integral
method to simulate the motion of any molecule in the system and
analyze the internal interaction and conformational changes of the
system. In addition, GROMACS provides a visual trajectory program
with a user-friendly interface, which is convenient for users to operate.
GROMACS software also provides many plug-in tools for trajectory
analysis, and users do not need to write any scripts and programs for
conventional analysis. GROMACS can also be used on Windows, Unix,
Linux and other operating systems. The most important point is that
GROMACS software is free to download, and related application tuto-
rials can be found on the website. The latest version of GROMACS can be
freely downloaded at http://www.gromacs.org/.

Assisted Model Building with Energy Refinement (AMBER) is one of
the most widely used MD simulation software programs in the world
(Pearlman et al., 1995; Salomon et al., 2013; David et al., 2005). AMBER
is not only a program but also a collection of programs useful for system
preparation, dynamics simulation and trajectory analysis. AMBER is also

Table 2
Introduction of MD simulation software.

MD Download URL

software

Isit
free?

Main application scope

AMBER No It covers a variety of biomolecules,
including small drug molecules,
proteins and nucleic acids.

It is mainly suitable for the study of
protein folding and protein-protein
interactions.

It is suitable for the simulation of
macromolecular systems with
hundreds of thousands to billions of
particles.

Models for protein folding;
polymerization research; structure
prediction of peptides and small
proteins; and simulation of the role of
fluid dynamics in protein relaxation
and peptide aggregation.

A widely recognized and applied
molecular dynamics simulation
program for biomolecular simulation,
including energy minimization,
molecular dynamics and Monte Carlo
simulation.

http://amb
ermd.org/
GROMACS

Yes http://www.gro

macs.org/
LAMMPS

Yes http://lammps.

sandia.gov/

OPEP Yes http://www-1bt

.ibpc.fr/

CHARMM http://www.ch

armm.org/
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the name of a series of force fields (Wang et al., 2004; Jayaram et al.,
1998), including proteins, nucleic acids, sugars, lipids and many other
biological macromolecules. AMBER is especially good at dealing with
biological systems, and it is one of the most important software for
biomolecular simulation.

2.3. Quantum mechanics

Quantum mechanics (QM) can be used to describe the structure,
motion and change of molecules, electrons, nuclei and other microscopic
substances. Compared with other molecular simulations, quantum me-
chanics focuses more on electrons. It has been used to explore electronic
structures, including the formation and breaking of chemical bonds. QM
plays an extremely important role in explaining complex chemical sys-
tems. The techniques were mainly divided into ab initio algorithms,
semiempirical methods and density functional theory calculations
(Seritan et al., 2020; Gundelach et al., 2021). In the early days, quantum
mechanics could only be used to study atoms or highly symmetrical
systems. However, with the development of computer technology, it is
currently easier to model density functional theory to study large mol-
ecules (Schmitz et al., 2020). QM could be applied to more realistic
experimental systems, including molecular configurations and proper-
ties, chemical reaction mechanisms and biomolecular interactions. For
the microsystem, the computational accuracy of QM reached or even
exceeded the experimental accuracy. However, QM requires a large
amount of calculation in complex systems. In contrast to quantum me-
chanics, molecular mechanics can be used to calculate larger, more
complex systems. However, molecular mechanics technology cannot
accurately describe the process of bond formation and rupture. There-
fore, it is necessary to combine quantum mechanics and molecular
mechanics. Professor Martin et al. jointly applied QM and molecular
mechanics (MM) for chemical modeling through a process referred to as
QM/MM (Zhang et al., 2019).

QM/MM divides the whole research system into local areas in the
system (such as the need for precise calculation of the reaction area)
treated with the method of quantum mechanics. The remaining part is
treated by MM, which can reflect the change in electronic structure more
accurately (Vennelakanti et al., 2021). QM/MM was used to deal with
host-guest systems with more flexibility and larger conformational space
(Caratzoulas and Vlachos, 2011). Among biomolecules, QM/MM is
mostly used in the field of medicine but used less often in the field of
food sciences. In the future, with the development of computer tech-
nology and the continuous determination of molecular structures,
QM/MM is expected to be widely used in the food industry, and these
studies will promote the development of food processing mechanisms
and technology.

3. Application of molecular simulation in foods
3.1. Application of molecular simulation in carbohydrates

The structure and function of carbohydrates is an important
component of food research. The solvation of carbohydrates determines
the behavior of carbohydrates in water, significantly influencing the
taste, viscosity, storage and gelatinization of food. The interaction of
carbohydrates with proteins, lipids and other components determines
the proliferation or decline of microorganisms in the human intestinal
tract, which affects the balance of the microecosystem in the human
body and human health. To better understand these behaviors of car-
bohydrates at the atomic scale, MD simulation is helpful to further
explore its mechanism of action. Therefore, MD simulation is necessary
for further study of food carbohydrates. In addition, the development of
new force field or MD simulation programs on food carbohydrates
represents another research field for food scientists.

Molecular simulation techniques were used to study cyclodextrin,
artichoke pectin oligosaccharides and several microbial glycosidases
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and mannose (Sabater et al., 2020; Parthasarathi et al., 2011; Gornas
et al., 2009). The relationship between the host and object was explored
by  simulating the  cyclodextrin-ferrocene  complex  and
cyclodextrin-ferrocene acrylate complex. This analysis allowed for the
design of effective “enzyme simulation” capabilities. The MD of the
B-cyclodextrin inclusion complex formed with phenol, chlorogenic acid
and caffeic acid in aqueous solution and the stability of the inclusion
complex were determined. At the molecular level, the inclusion complex
was mainly stabilized by van der Waals interactions, and hydrogen
bonding improved the stability of the inclusion complex. These results
provide a reference for the control of the release of bitter compounds in
coffee by cyclodextrin. By studying the hydration of monosaccharide,
the compatibility of basic carbohydrates with water could be further
studied. To explore the hydration of glycosidic bonds, the conformation
of glycosidic bonds should be analyzed first, which requires molecular
simulation technology. The interaction mechanism between artichoke
pectin oligosaccharides and several microbial glycosidases was also
proposed by molecular simulation. The established structure-activity
relationship was helpful for further experimental research. In addition,
the structural basis and energetics of sugar-phospholipid interactions
can be obtained using quantum mechanics. Different phospholipids
(POPC and DOPC) and their interactions with mannose were studied.
The results showed that the interactions of OH-O, CH-O and CH-P had
important effects on the stability of intermolecular complexes. The
interaction of mannose with phospholipids caused changes in charge
distribution and conformation. In summary, molecular simulation could
effectively explore the structural changes in small molecules. These
findings should be verified with experimental results, and this infor-
mation could further predict the location of structural changes.

At present, MD simulation has been used in carbohydrate research.
Especially in recent years, MD simulations have been used to further
explain the mechanism of starch binding and structural change. The
influence of xanthan gum (XG) on the color stability of black rice
anthocyanin (BRA) and its mechanism could be measured by FTIR and
XRD as previously reported. However, the application of a molecular
simulation technique could supplement the experimental results of XG
action on BRA (Zhao et al., 2020). The results showed that the inter-
action between XG and BRA was mainly driven by hydrogen bonding
and hydrophobic interactions, thus improving the stability of BRA (Zhao
et al., 2021). Molecular simulation techniques could also describe the
dynamics of amylose in lipid solutions at the molecular level. Amylose
eventually folds into a V-shaped conformation driven by the interaction
between the aliphatic lipid tails and the hydrophobic core of the poly-
saccharide (Lopez et al., 2012). This study deepened the theoretical
solution of the formation of amylose in the v-conformation. This infor-
mation provided a theoretical basis for V-amylose to deliver hydro-
phobic nutrients. The stability of the amylopectin-linoleic acid complex
in water was obtained by molecular simulation (Cheng et al., 2018). The
following conclusions were reported. In the simulation process, linoleic
acid and amylose molecules formed a spiral structure and existed stably
in water. *C; was the main ring conformation in the interaction between
the glucose unit and linoleic acid in amylose. The complexation mech-
anism of amylose and linoleic acid was completely understood at the
atomic level using MD technology. This information provided a new
method for regulating starch regeneration and gelatinization and
inhibiting the oxidation of unsaturated fatty acids.

The structure of the carbohydrate is altered upon binding with the
ligand. Traditional experiments can only reveal the final structure of the
complex and cannot describe the dynamic changes during its formation.
There are two mechanisms by which starch binds with polyphenols. In
one mechanism. the amylose structure changed, and a spiral structure
formed by hydrogen bonding of starch under the action of external
conditions (Lorentz et al., 2012). For example, phenols enter the helix
cavity of starch through hydrophobicity and form a V-amylose complex
(Chi et al., 2018). Another mechanism relies on hydrogen bonding and
van der Waals forces to form the complex of starch and polyphenol
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(Gidley and Bociek, 1988; Kong et al., 2014). Determining how starch
interacts with polyphenols is very difficult in practice. Concentrated
chestnut rose juice was added to common wheat starch under micro-
wave treatment (Zhu et al., 2021). The initial conformation for MD was
obtained based on molecular docking. The docking conformation and
nonbonding interaction between juice and starch were obtained by MD
technology. This information promoted the progress of subsequent
experiments.

Rice starch has a multiscale structure (Pérez and Bertoft, 2010; He
et al., 2021), and different treatments alter the digestibility of starch to
varying degrees. For example, rice starch can be treated using the moist
heat method (Yang et al., 2019), or anthocyanins are combined with rice
starch (Ratseewo et al., 2019). These treatments lead to structural
changes in starch, thus altering the digestion characteristics of starch.
However, understanding the relationship between the specific structure
of starch and its digestibility remains unrealistic. Traditional research
methods do not clearly elucidate how the structure of starch changes.
Molecular simulation technology is the only way to solve this issue. The
interaction between anthocyanins and amylose by molecular docking
and the effect of anthocyanins on the physicochemical properties of rice
starch have been reported. (Miao et al., 2021). The effects of anthocy-
anins on the digestibility of rice starch could be divided into two aspects:
the combination of anthocyanins and rice starch and the combination of
anthocyanins and a-amylase. As shown in Fig. 1, the conformation of
amylose changed over time. The alteration of its conformation could
prevent the hydrolysis of a-amylase to starch. In addition, anthocyanins
occupied the active binding site of a-amylase. This resulted in compe-
tition with substrates and reduced starch digestibility. In particular,
some amino acid residues form hydrogen bonds with anthocyanins,
which could improve the stability of anthocyanins and a-amylase. These
results explained the reduction mechanism of rice starch digestibility in
the presence of anthocyanins at the molecular level. These results also
confirmed that the presence of anthocyanins could cause structural
changes in starch. In addition to anthocyanins, polyphenols can complex
with starch (Kan et al., 2020).

Flavonoids, quercetin and rutin inhibit the digestion of starch and
alter the structure of starch. The molecular docking technique revealed
the binding sites of rutin and quercetin (Wang et al., 2021a). Part of the
structure of rutin is similar to quercetin, but its exhibits reduced inhi-
bition of enzymatic activity compared with quercetin. Specifically, rutin
interacted with the enzyme mainly through C-H and O-H on the
glycoside structure, causing a spatial site block that limited the inhibi-
tory effect of quercetin. The glycosidic structure of rutin weakens the
inhibitory effect on the free digestive enzymes but did not affect the
anti-digestive effect of the starch-rutin complex. Molecular simulation
technology, an emerging experimental approach in the food field, il-
lustrates the interaction of anthocyanins with starch digestive enzymes.
This information could help to further demonstrate the mechanism of
altered starch digestibility (Miao et al., 2021). Molecular docking
techniques were used to study the interactions between molecules, such
as cyclodextrin and branched amylase as well as flavanols and a-amylase
(Chao et al., 2021). These scientific results revealed that the ligands in
the complex could not only combine with starch to alter its structure but
could also inhibit the digestion of starch by binding to amylase. In
conclusion, molecular simulation is an effective technology that can be
used to clarify the interaction mechanism between carbohydrates and
enzymes. This information also provides a new theoretical basis for
screening active substances and structural modifications. In addition, it
is helpful to understand the regulatory mechanism of enzyme activity to
promote the application of active substances as functional food com-
ponents. In addition, MD simulations have been used to gain an in-depth
understanding of the incorporation of nanoparticles self-assembled from
macromolecular components (amylose, protein and fatty acids) in food
into soluble small molecules (1-naphthol), solving the problem of the
limited application of small molecules with low solubility activity
(Bhopatkar et al., 2015). MD technology is a powerful tool to describe
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Fig. 1. Schematic illustration of the inhibitory digestion of amylase-anthocyanin complexes and a-amylase-anthocyanin complexes. Cyan circle, bonding site. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

the state of carbohydrates in solution and provides theoretical guidance
for starch modification, recombination of carbohydrates with small
molecules and the solubility of small molecule active substances.

3.2. Application of molecular simulation in proteins

Protein is also one of the main sources of energy in food. In addition,
proteins provide essential amino acids for the human body. The main
proteins in food included whey protein, casein, collagen, soy protein and
wheat protein. Taking a-lactalbumin as an example, the structure of
a-lactalbumin and how it is affected by medium conditions have been
elucidated. The effect of Ca>" on the thermal stability of a-lactalbumin
and the conformational change of a-lactalbumin were confirmed by
fluorescence spectrometry, circular dichroism spectrometry and calo-
rimetry. However, MD was used to study the molecular characteristics of
the a-La structure. The study findings revealed that Ca%* binding sites in
o-La of different structures gradually opened with increasing time. Ca%*
depletion triggered the complete loss of h2b and h3c helices and S1, S2
and S3 f-sheets and partial losses of H1, H2 and H3 a-helices. Specific
depleted structures (APO-a-La) were observed near the ends of the time
traces. The removal of Ca®* from a-La affected Asp82, Asp84 and Asp87,
causing electrostatic repulsion among these amino acids. Hydrophobic
clusters were formed in Phe9, Phe31l, Ilel, Va42, Ile55, Phe80 and
Leu81. These conformational changes led to a decrease in interfacial
tension and an increase in foaming ability (De Oliveira et al., 2021).
Proteins can also form complexes with other molecules. The possibility
and mechanism of binding could be explored by molecular docking and
molecular dynamics simulation. For example, zein interacted with
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EGCG (Liu et al., 2021). The fluorescence quenching of zein by EGCG
was mainly static. The formation of the zein EGCG complex was
confirmed by scanning electron microscopy. In addition, molecular dy-
namics simulations showed that residues Y171, Q174, L176 and L205
could form zein pockets, to which EGCG binds. The interactions mainly
involved electrostatic and van der Waals forces.

As shown in Fig. 2, the key residue formed binding pockets with
L205, and the conformation of the protein also changed. According to
RMSD analysis, the system reached equilibrium after 30 ns. Therefore, in
RMSF analysis, the trajectory in the equilibrium state was selected. The
results showed that the RMSD and RSMF values of Holo-Zein were lower
than those of APO-Zein, and EGCG promoted the structural stability of
zein. Similarly, the curcumin and myosin complex could be confirmed
by UV-VIS spectra. However, the specific mechanism of action needs to
be observed through molecular dynamics simulation. When curcumin
was added, the structure near the binding pocket of myosin could be
changed, but the folding of myosin remained unchanged (Zhang et al.,
2020). Molecular dynamics simulations confirm that the stability of
vanillic acid was dynamic in nature in the experiment assessing the
combination of p-lactoglobulin and vanillic acid (Abdollahi et al., 2021).
B-Lactoglobulin is a major food allergen. Enzymatic hydrolysis could
reduce the antigenicity of B-lactoglobulin. The antigenicity of p-lacto-
globulin significantly differed based on different cleavage sites. Protein
docking bags could form between the residues Tyr20, Glul57 and
His161 using molecular docking technology. According to the analysis
of binding free energy, the energy of the AY-10 cleavage site of the GIn
amino acid was the lowest, and enzymic hydrolysates with low antige-
nicity were obtained. AY-10 cleavage exhibited excellent antigenicity.
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Fig. 2. Schematic diagram of the interaction mechanism between zein and EGCG.

This method is expected to be an effective method to reduce its anti-
genicity. The identification of epitopes has been considered of important
practical value for guiding the development of hypoallergenic dairy
products (Yu et al., 2021). Bambara bean protein also has broad appli-
cation prospects in the food industry. The structural changes of Bambara

bean protein isolate (BBPI) under pH and high-pressure treatment (HPP)
were analyzed by fluorescence spectroscopy and MD (Martin et al.,
2020). After BBPI modification, a fluorescence shift was observed,
indicating that the structure of BBPI was extended. MD molecular
analysis was used to dynamically observe the decrease in the hydrogen
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Fig. 3. Mechanism by which surfactant molecules bind to ovalbumin.
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bond content of the protein in BBPI under HPP conditions, resulting in
the exposure of Tyr and Trp residues, which further explained the
mechanism of structural change. Similarly, exogenous substances can be
added to improve the quality of some protein-rich products. MD simu-
lation could be used to effectively observe the dynamic process of pro-
tein binding with exogenous substances, providing a supplement to the
experimental conclusions (Jia et al., 2021).

3.3. Application of molecular simulation in lipids

The application of MD simulation in lipids is not as extensive as that
in proteins. In this review, the application of MD simulation in emulsions
is briefly described. The emulsion consists of two parts, the oil phase and
water phase, and is widely used in the food industry. Although a series of
experiments, such as microscopic characterization, could be used to
explore the structural changes of the emulsion, it is not possible to
observe the structural change process dynamically. Therefore, molecu-
lar dynamics simulation could further explain the mechanism of emul-
sion structural changes. The thermal stability of the egg white protein
emulsion was affected by different concentrations of monoglyceride,
lecithin and rhamnoid biosurfactants (Russell et al., 2021). The mech-
anisms of high concentrations of surfactant and lower concentrations of
surfactant differ. Therefore, molecular docking and molecular dynamics
simulation could be used to observe the binding of emulsifier to protein,
further exploring the influencing mechanism. As shown in Fig. 3, the
combination of surfactants with proteins could affect the stability of the
emulsion. At lower concentrations, mixing interfaces were formed be-
tween surfactants and protein, leading to conformational changes in the
protein. The mechanisms by which proteins interact with different types
of surfactants differ. Rhamnolipids bind to ovalbumin by adsorption of a
single surfactant molecule. However, monoglycerides were adsorbed to
ovalbumin in micelle clusters. At high concentrations, proteins were
completely replaced, leaving surfactants to stabilize the emulsion, which
also affected its stability.

Dihydromyricetin could also be used to stabilize Pickering latex gels
(Geng et al., 2021). Molecular dynamics simulation was used to char-
acterize the microscopic behavior of two statins in emulsions. This
method revealed that dihydromyricetin particles formed a relatively
stable three-dimensional network structure by overlapping and sepa-
rating oil droplets, thus stabilizing the gel structure of the emulsion. MD
simulation of the self-assembly process of palmityl ester nanoemulsion
also reflected the advantages of molecular dynamics simulation. This
was a dynamic simulation process in which the palmityl ester nano-
emulsion system continuously aggregates and depolymerizes to achieve
the final stability (Abdul Rahman et al., 2009). In addition, MD simu-
lation was used to investigate the structural properties of swollen mi-
celles of oleyl oleate. The composition of oil and surfactant would affect
the shape of swelling micelles in nanoemulsions. The addition of oleic
oleate (OE) molecules changed the structure of the swelling micelles.
When OE/S20 ranged from 10% to 50%, micellar shapes were generated
and changed constantly. The structure can be an infinite cylinder, cube
or slice. (Abdul Rahman et al., 2010). Molecular simulation technology
was helpful for exploring the structure of lipids.

4. Conclusion and prospects

With the continuous progression of science and the rapid develop-
ment of computer software and hardware, molecular simulation tech-
nology has gradually occupied an indispensable position in the field of
food biomacromolecule research. Molecular simulation technology can
effectively simulate the dynamic process of the structural changes in
biological macromolecules and push the time scale to the picosecond
level. Molecular simulation technology can be used to observe the
binding between molecules and the changes in molecular bond length
and bond angle from another angle. The simulation results were closer
to the real experimental data, which prevented the research from being
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completed or realized in the laboratory. Although molecular simulation
technology has developed rapidly, the internal structure of the organism
system is more complex than imagined. Uncertain factors would change
with time; thus, the simulation process of biological macromolecules is
confined. This process requires the improvement of the computing
software and hardware as much as possible to meet the needs of solving
practical problems. Therefore, extensive research should be performed
to enhance the practical significance, expand the scope of application
and improve the value of guidance. Molecular simulation technology
could be used to explore the mechanism of structural changes in bio-
logical macromolecules, which would further supplement the experi-
mental results. Therefore, this review is expected to provide some help
for follow-up studies.
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