E3S Web of Conferences 251, 02048 (2021)
TEES 2021

https://doi.org/10.1051/e3sconf/202125102048

Research progress in the application of lysozyme in food and

medicine field

Pangcong DAI', Qian LI"*

! Engineering College, Guangzhou College of Technology and Business, 510850 Guangzhou, China

Abstract. As an important physiological active factor in the body, lysozyme has a variety of active

functions, such as bacteriostasis, antivirus and immunity enhancement. This paper describes in detail the
application of lysozyme in food processing fields such as storing meats, prevention of deterioration of

alcoholic drinks, fruits and vegetables, and in the treatment of microbial infectious diseases, cancer, virus
infection and other medical fields. At the same time, the application prospect of lysozyme combined with
new technologies such as chemical modification, immobilization and nanomaterials to form composite

antibacterial materials was pointed out.

1 INTRODUCTION

Lysozyme, also known as muramidase or N-
acetylmuramide glycanohydrlase, is an alkaline enzyme
used to hydrolyze the cell wall of microorganisms,
which mainly decomposes the B-1,4 glycosidic bonds
between N-acetylglucosamine and N-acetylmuramic acid
in the cell wall, so that insoluble mucopolysaccharides
are decomposed into soluble glycopeptides, leading to
the rupture of the cell wall and the lysis of bacterial!l.
Lysozyme has a wide range of sources and exists in
various tissues of the human body. It is distributed in
liquids and microorganisms such as egg white of birds
and poultry, mammalian tears, milk and plasma, among
which egg white is the most abundant. As an important
non-specific immune factor in the body, lysozyme has
physiological effects such as bacteriostasis and anti-
inflammation, enhancement of immunity, treatment of
cancer and antivirus. At present, it is mainly used in
many fields such as food, medicine, health care products
and cosmetics, and it will have great development
potential in the field of feed additives in the future.

2 APPLICATION IN FOOD PROCESSING
FIELD

2.1 application in meats

Adding an appropriate amount of lysozyme to meat
product can effectively inhibit the reaction of enzymes in
meat, prevent protein degradation, and prolong the shelf
life of food. Bai Jian®! studied the preservation
technology of chilled beef. The results showed that the
meat quality of beef treated with lysozyme and vacuum
packaging was ruddy, and the TVBN value was within
the standard of first-class freshness, which effectively
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inhibited decomposition of protein. At the same time, it
could improve the water retention and quality of beef,
and prolonged the shelf life of the product to 15 days. In
addition, the development trend of preservative is to mix
a variety of preservatives to form a composite
preservative, which not only reduces the addition of a
single preservative, but also obtains the ideal fresh-
keeping effect. Studies have shown** that lysozyme
combined with natural preservatives such as Nisin, tea
polyphenols and shell polyose to form a composite
preservative used in chilled meat, which has a good
synergistic preservation effect and can effectively
prolong the shelf life of meat. Liu Kunyi et al.’™! explored
the effect of composite coating of lysozyme and
lactoferrin on the preservation of yak meat. It was found
that the composite coating could effectively inhibit the
microbial proliferation of chilled yak meat, and had no
significant effect on sensory quality, which was helpful
to prolong the shelf life of meat.

2.2 application in aquatic products

Aquatic products have high water content and are rich in
nutrients such as protein and unsaturated fatty acids.
However, they are easy to cause corruption in the
process of processing, storage and transportation, and
reduce the sensory quality of food, and even foodborne
diseases. Therefore, lysozyme is also widely used in
preservation of aquatic products. Table 1 lists the
application of lysozyme in the preservation of aquatic
products. A large number of studies have shown that the
synergistic treatment of lysozyme with Nisin, chitosan
and ascorbic acid can effectively inhibit the
physicochemical indexs such as TVBN, pH value and
TBARS of aquatic products such as Metapenaeus ensis,
iced pomfret and paralichthys olivaceus during storage,
significantly delay the proliferation of microorganisms,
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maintain the sensory quality of products, and effectively
prolong the shelf life of aquatic products!®®l. In addition,
lysozyme is also used to prepare edible film, which has a
good preservation effect in the application of aquatic
products!'®!?l Qiuying Li et al. found that the edible
bilayer membrane of lysozyme based on chitosan and
sodium alginate could destroy the permeability and
integrity of bacterial cell membrane, thus effectively
inhibit the growth of bacteria, which had a good
application prospect in fish preservation.

Table 1. Application of lysozyme in the preservation of aquatic

products
types of main
aquatic . application effect
products materials
It can effectively inhibit the
Ivsozyme- reproduction of microorganisms,
metapen }zlisco}r/bic slow down the oxidation rate of
aeus acid-citric | Prawn fat, reduce the increase of
ensislf] . TVB-N and pH value, have a good
acid .
preservation effect, and prolong the
shelf life of prawns to 6-7 days.
It can effectively inhibit the growth
iced Ivsozyme- of microorganisms, reduce the
N bewid increase of TBARS, TVBN and
pomfret! | chitosan- .

7 nisin tota.l number of bacteria, slow dgwn
spoilage and prolong the shelf life
of products.

It significantly decreased the
Paralich increase of TVBN, K value and
thys lysozyme- | TCA soluble peptide content, and
oliva}llceu cinnamald | maintained the texture
8] ehyde characteristics of fish fillets, which
was better than that of
cinnamaldehyde alone.
Effectively inhibit the
lysozyme- . . . .
proliferation of microorganisms,
blueberry . -
perch leaf significantly reduce the increase of
filletsl! olvoheno TVBN, pH and K value, slow down
p y{)s fat oxidation and effectively
prolong the shelf life of sea bass.

2.3 application in dairy products

As a non-specific immune factor, lysozyme has the
special effect of killing spoilage microorganisms in the
intestinal tract, and it can promote the proliferation of
bifidobacteria in the intestinal tract of infants and young
children. Adding an appropriate amount of lysozyme to
infant food helps to promote the formation of micro
coagulant milk from milk casein in the intestines and
stomach of infants, which is beneficial to the digestion
and absorption of infants; lysozyme can improve defense
factors such as Y-globulin and factor P, in order to
enhance the resistance of infants and young children to
virus infection, especially for premature infants to
prevent digestive system diseases and gain weight!'3],

In addition, lysozyme can also be applied to liquid
milk, especially pasteurized milk, usually adding
300~600 pg/mL before packaging, which can effectively
prolong the shelf life of products; because it also has the
characteristic of high temperature resistance, it can also

be used in ultra-high temperature instant sterilization
milk. Marwa A et al.'¥ studied the effect of lysozyme
and Nisin on inhibiting the growth of spoilage bacteria in
pasteurized milk. It was found that the synergistic
treatment of lysozyme and Nisin could effectively inhibit
the growth and reproduction of bacteria, improve the
bacteriological safety from post-treatment of pasteurized
milk during storage, and prolong the shelf life of
products.

2.4 application in liquor and beverages

The addition of lysozyme to wine, beer and other
alcoholic beverages can not only inhibit the growth and
proliferation of acidogenic bacteria, but also has no
effect on the flavor of wine, and is less affected by
alcohol clarifier, so it is an ideal preservative for wine.
Chen Kai et all'l have shown that lysozyme could
effectively inhibit the growth of lactic acid bacteria and
other microorganisms in Italian Riesling ice wine, which
could improve the protein stability of wine to a certain
extent, and thus prolong the shelf life of wine. In
addition, lysozyme can also be added to beverages,
which has good antibacterial activity and does not affect
the flavor of beverages. Lysozyme is a good preservative
for beverages prolongs the storage period of beverage
products. Sozbilen et al.['®) showed that the synergistic
treatment of lysozyme and Nisin could effectively
control the growth of acid-producing bacteria in
fermented beverage, without affecting its unique aroma
and flavor, and prolonging the shelf life of the product.

2.5 application in other foods

In the preservation of fruits and vegetables, lysozyme
can effectively inhibit or kill microorganisms on the
surface of fruits and vegetables, and maintain its original
flavor and nutritional value, which has a good
preservation effect. Li Cuihong et al.l'l found that
lysozyme combined with ice-water mixture could
prolong the shelf life of spinach, effectively maintain its
sensory quality, and slow down the formation of nitrite
and oxalic acid in spinach. In addition, Kerkaert et al.['’]
also found that lysozyme was used as an allergen
indicator to detect the allergic protein behavior of fresh-
cut vegetables.

Baked foods such as bread and cakes are prone to
spoilage because they contain more oil and water. By
adding an appropriate amount of lysozyme, the
reproduction of microorganisms can be effectively
prevented. Ma Rongkun et al.l'! also found that the
complex preservatives of 0.12% lysozyme, 0.08%
natamycin, 0.11% tea polyphenols and 0.15% protamine
had better preservation effect on bread and could prolong
the shelf life of bread to 17 days.

3 APPLICATION IN MEDICINE FIELD

As a non-specific immune factor of human body,
lysozyme can not only effectively kill the invasion of
harmful microorganisms, but also play a synergistic role
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in the immune system. Therefore, lysozyme can be used
in the treatment of infectious diseases such as diabetic
nephropathy, bacterial and fungal, and malignant tumors.
In addition, scholars have found that lysozyme has
application prospects in viral inhibition such as COVID-
19.

3.1 application in the treatment of diabetic
nephropathy

Diabetic Nephropathy is one of the most common
complications of diabetes. At present, it is recognized
that advanced glycation end products (AGEs) are the key
pathogenic factor leading to renal dysfunction in patients
with diabetes. Although traditional chemical drugs can
inhibit the production of AGEs, it can not be eliminated
effectively, and the side effects of chemical drugs are
more likely to aggravate the development of the disease.
Cocchietto et al.?% studied the effect of lysozyme
microcapsules on diabetic rats. The results showed that
oral administration of lysozyme microcapsules could
significantly remove AGEs in rats serum and its
deposition in kidney, prevent glomerular hypertrophy,
prevent the production of microalbuminuria, and play an
important role in delaying the development of diabetic
nephropathy in rats.

3.2 application in the treatment of infectious
diseases such as bacteria and fungal

Lysozyme has a wide antibacterial spectrum, which has
bacteriostatic effect mainly by destroying the cell wall
structure of bacteria, causing contents to escape, and has
inhibitory effects on pathogenic microorganisms such as
G* bacteria, G bacteria and fungi. It has been widely
used in the treatment of infectious diseases such as oral
cavity, skin and upper respiratory tract. Ding Chunyan et
al.?l studied that lysozyme enteric-coated tablets
combined with Kouyanqing grains in the treatment of
recurrent oral ulcer could significantly improve clinical
symptoms, but also improve immune ability, shorten the
course of disease, which had good clinical application
value. KemalCetin et al.??! showed that microgels loaded
with lysozyme have inhibitory effects on Escherichia
coli, Staphylococcus aureus and Bacillus subtilis,
showing a wide range of antibacterial activities, which
provided great potential for various applications in
biomedicine.

3.3 application in the treatment of malignant
tumor

Lysozyme has a synergistic effect on the immune system
in the body, and can improve the immunogenicity of
tumor cells, so it has the effect of treating malignant
tumors. Wang Lijuan et al.?* showed that lysozyme
combined with Cisplatin could effectively inhibit the
proliferation of SMMC-7721 cells and promote the
apoptosis of cancer cells, the highest apoptosis rate was
32.5%, and had almost no effect on normal hepatocyte
LO2. The main mechanism may be closely related to

lysozyme combined with Cisplatin blocking the
expression of PCNA and bcl-2. In addition, lysozyme
can also exert anti-tumor effect through anti-
angiogenesis. Wang Zhenhua et al.?*! found that marine
low-temperature lysozyme (MLTL) could inhibit the
growth of umbilical vein endothelial cells in a dose-
dependent manner and prevent angiogenesis, indicating
that MLTL may be used as an anti-angiogenic agent in
the clinical treatment of cancer.

3.4 application in the treatment of viral diseases

Lysozyme has a positive charge in human body, which
can directly react with viral proteins with negative
charges, and form complexes with apoprotein, DNA and
RNA to make the virus lose its activity, thus playing an
antiviral role. Michiko et al.’’! showed that heat-
denatured lysozyme could effectively inactivate mouse
norovirus strain 1 (MNV-1). It was found that before
heat-denatured lysozyme, adjusting pH to 6.5 or above
could enhance the antiviral effect of lysozyme. The
mechanism may be that the hydrophobic amino acid of
lysozyme, especially residue 5-39, reacted with
structural protein of MNV-1 after exposure to thermal
denatured, resulting in inactivity of MNV-1, thereby
exerting the antiviral effect. In addition, Kelly Mann et
al.?! found that lysozyme could significantly inhibit the
production of proinflammatory cytokines such as TNF-a
and IL-6, block the formation of AGEs, and enhance the
excretion capacity of kidney. Moreover, when simulated
gastrointestinal digestion, hen egg white lysozyme could
exhibit significant antioxidant activity and angiotensin
converting enzyme (ACE) inhibitory activity, so
lysozyme had the potential as an antiviral and
immunomodulatory drugs in the treatment of COVID-19.

4 CONCLUSION

In summary, lysozyme has a wide range of applications
in various fields such as food processing and
pharmaceutical industries. Because of its good
antibacterial activity, it is an ideal natural preservative,
which can prevent the deterioration of food, improve the
nutritional value and prolong the shelf life of products.
And it has the application prospects of treating diabetes,
cancer and inhibiting COVID-19 and other viruses, so it
is widely favored in the field of medicine. In recent years,
scientists have made certain progress in the research of
lysozyme. Physical modification, chemical modification
and nanomaterials technology can not only effectively
improve the biological activity and antibacterial
efficiency of lysozyme, but also expand the application
range of lysozyme. Lysozyme is combined with polymer
materials to form a controlled-release antibacterial film,
which is applied to the surface coating or food packaging
of food. It has efficient antibacterial effect and
significantly improves the utilization of lysozyme. In
addition, the immobilization of lysozyme based on
chemical modification can effectively adsorb bacterial
endotoxin, which can be used to develop new medical
materials for vitro treatment. With the further study of
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lysozyme, it is believed that lysozyme will have a
broader application prospect and have a more positive
impact on people's lives in the future.
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