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With the gradual deepening of people’s understanding of the concept of environmental protection, this situation has brought new
challenges to the preservation and packaging of food. Pure green, natural, and harmless edible film has become a hot topic. Edible
protein membranes include animal protein membrane, plant protein membrane, and composite protein membrane. They are
mainly used in the field of food production and food safety. The traditional food film has a poor water barrier in a humid
environment, which cannot effectively avoid the anaerobic respiration of fruits. At the same time, it will also cause
environmental pollution. In order to solve these problems, this paper studies the preparation and preservation of soybean
protein isolate based on the Internet of things. Firstly, polyphenols were fused with soybean protein isolate by ultrasonic
technology to form an edible fresh-keeping film. The edible membrane of the soybean protein isolate was tested, and the
optimum conditions for the formation of the edible membrane were determined by the orthogonal test. The effects of soybean
protein isolate, glycerol, reducing agent, and other additives on the film-forming properties were analyzed. Finally, the changes
in properties and preservation indexes after film formation were analyzed. The results showed that the film-forming
temperature of polyphenol soybean protein isolate edible film was positively correlated with the film properties. The prepared
food preservative film can be used for the preservation of vegetables and other foods and has a good retention effect on food
nutrients.

1. Introduction

Edible food film is a substance that can cover the surface of
food and is used to preserve food and prevent microbial bac-
teria [1]. At present, most food preservative films and edible
packaging films use synthetic plastics as raw materials, such
as ethylene and other chemical materials. However, syn-
thetic plastic films are difficult to degrade in the natural
environment and cannot effectively deal with residual com-
ponents, which brings great harm to the environment [2].
Phthalates and other chemicals in the synthetic plastic film
are easy to bring hazards and hidden dangers to human
health when they are covered in food. As more and more
countries pay attention to the research on green environ-
mental protection and food preservative film, they gradually
adopt the prohibition of disposable plastic appliances [3].
This form of prohibition makes the research of food preser-

vative film and covering film particularly urgent and impor-
tant. In food edible film, macromolecular natural substances
such as soybean protein, starch, and plant fiber have become
a hot research topic in recent years, especially the edible food
preservative film based on the soybean protein isolate [4].
An edible food film can effectively preserve and protect
unused or used food, blocking the oxidation, erosion, and
corrosion of food caused by air and micromolecular moist
steam in the air [5]. The difference between edible mem-
brane and edible protein membrane is that the protein mem-
brane is environmentally friendly and renewable due to the
common edible membrane [6]. The edible membrane of
soybean protein isolate belongs to the plant protein mem-
brane. In addition to animal protein, soybean separation of
the plant protein edible membrane is loved by researchers
at home and abroad. Soybean separation takes soybean pro-
tein isolate as the main material, adding plasticizer and
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auxiliary materials to press it into a film state. The price of
soybean separation itself is low, it can be extracted from a
variety of substances, and it is also stronger than other sub-
stances in the comparison of film-forming properties. It can
block air, oxygen, oil, and other functions, but the extension
property of the soybean protein isolate membrane is poor
and cannot effectively block water molecules. We need to
further optimize the soybean protein isolate membrane to
improve the elongation, toughness, and antibacterial proper-
ties after film formation [7]. In recent years, it is found that
many researchers at home and abroad often add nanoparti-
cles to the improvement of the soybean protein isolate mem-
brane. The membrane modification was studied by
combining nanomaterials with edible protein membranes.
After adding nanoparticles, the strength, toughness, and
water barrier of the soybean protein isolate membrane were
improved. Based on the above situation, starting from the
fresh-keeping application of the soybean protein isolate film,
we explore the improvement of the soybean protein isolate
film by polyphenols in antioxidants. Finally, the process of
film-forming and preparation and parameter changes are
analyzed in real time combined with the Internet of things
technology [8].

The preparation and preservation of soybean protein
isolate were studied based on the Internet of things. Innova-
tion contributions include the following: (1) Using ultra-
sonic technology, polyphenols were fused with soybean
protein isolate to form an edible fresh-keeping film. The
problem of environmental pollution caused by waste of bags
is solved. (2) The optimum conditions for the formation of
edible film were determined by the orthogonal test. The
effects of soybean protein isolate, glycerol, reducing agent,
and other additives on the film-forming properties were ana-
lyzed. (3) The changes in properties and fresh-keeping
indexes after film formation were analyzed. The results
showed that the film-forming temperature of the polyphenol
soybean protein isolate edible film was positively correlated
with the film properties. The prepared food preservative film
can be used for the preservation of vegetables and other
foods. Compared with the traditional food film, it solves
the problem of poor water barriers in humid environments
and cannot effectively avoid the anaerobic respiration of
fruits.

This paper is mainly divided into three parts. The first
part briefly describes the differences between the edible
membrane of soybean protein isolate and the edible mem-
brane of polyphenol soybean protein isolate and explores
the current situation of edible membrane research at home
and abroad. The second part first puts forward the research
content of this paper from the defects of the edible mem-
brane in the soybean protein isolate environment. The edible
film was studied from the aspects of film-forming mode,
nutrition, extensibility, water permeability, and oil barrier.
The formation mechanism of the polyphenol soy protein
isolate membrane was tested by ultrasonic. The orthogonal
test was used to explore the preparation conditions of edible
film. Finally, taking the polyphenol soybean protein isolate
as the main research object, the fresh-keeping performance
of the film and the factors affecting the performance indexes

were analyzed. The third part is the analysis of the research
results on the preparation method and fresh-keeping func-
tion of polyphenol soybean protein isolate edible film.

2. Related Work

Food packaging film can protect food from direct exposure
to oxidizing air and can play a good role in isolating harmful
substances and bacteria in the air, protecting food from cor-
rosion and oxidation by external microorganisms to a cer-
tain extent [9]. With the concept of green environment
becoming the research content of modern development, tra-
ditional synthetic plastic packaging materials cannot be
degraded by the natural environment and are prone to a
large number of white pollution. At present, edible biofilm
has attracted more and more research and attention. The
natural film formed by modified soy protein isolate can min-
imize the environmental harm on the basis of ensuring the
food preservation period [10]. With the rapid development
of modern technology, sensor technology such as the Inter-
net of things and ultrasonic technology have become more
and more developed and have been gradually applied in
automobile manufacturing, biological manufacturing, mate-
rial technology, and other fields [11]. We added polyphenols
to the edible membrane of soybean protein isolate to opti-
mize the film-forming property. The preparation process of
film was analyzed by the Internet of things ultrasonic tech-
nology. The traditional soy protein isolate membrane has
the properties of blocking oxygen, air, and oil and can be
used in vegetable packaging, fruit packaging, and other foods
[12]. The edible film composed of soy protein isolate can
prolong the fresh-keeping period of poultry, eggs, fruits,
and vegetables. The maximum limit can be extended by
two weeks. As bioglycerols can change the properties of edi-
ble films, many researchers have found that soy protein iso-
late edible films can keep fresh and antibacterial in fruit
packaging [13]. However, the traditional soy protein isolate
membrane cannot effectively block water and steam. In
order to optimize the traditional protein membrane,
researchers at home and abroad proposed to add polyphe-
nols in the preparation process. Polyphenols and other sub-
stances can have anticancer, antioxidation, antibacterial, and
other properties and supplement the defects in soy protein
isolate through stable fusion of molecular structure.

Japanese researchers mainly analyze the macromolecular
structure of amino acids in the study of edible films. Edible
gelatin protein film was obtained by chemical fusion degra-
dation of animal fur and bone. This material can have high
heat insulation and sealing performance and plays a good
role in blocking air and grease [14] and can achieve biodeg-
radation and compatibility. However, the disadvantage of
gelatin film is the same as that of traditional soybean protein
isolate film, which cannot be in direct contact with water
molecules. It is easily soluble in water and has a poor barrier
effect on water and steam. British researchers pay attention
to the application of whey protein film in food preservation.
Whey protein film can take plasticizers such as glycerol and
beeswax as the basis of film-forming and fuse whey protein
isolate to prepare fresh-keeping film. The film has low
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oxygen permeability and can be used as food nutrition and
fresh-keeping material. Compared with the soybean protein
isolate membrane, it has good extensibility. It can also block
fragrance substances and oils in a humid environment [15].
However, the content of amino acids in the whey protein
membrane is high, and its antibacterial effect is poor. Based
on the above situation, we propose to use polyphenol soy
protein isolate as the research content in food preservation
and edible film preparation.

3. Methodology

3.1. Preparation and Properties of Edible Membrane of
Polyphenol Soybean Protein Isolate Based on Internet of
Things. Polyphenol soy protein isolate is a mixed product
of common protein globule structure and polyphenols. The
main raw materials are soybean globulin, subunit globulin,
and other substances. It contains different kinds of subunits,
and each globulin is composed of acidic and basic subunits.
The preparation process of soybean protein isolate without
polyphenols is purified and refined from protein, which
has high requirements for protein content. Common soy
protein isolate can be easily obtained and refined, with emul-
sification and rapid film-forming. The edible film can be bio-
degradable and edible, and the preparation price is close to
the people. However, the traditional soy protein isolate film
has certain antioxidant properties and high water permeabil-
ity. It cannot effectively block the invasion of water vapor
and has weak ductility. With the change of the surrounding
environment, the mechanical properties of the film are easy
to be affected. To improve the ability of protein to resist
external interference, a large number of disulfide bonds need
to be added to the film. We first analyzed the molecular
chain interaction in the edible protein membrane, as shown
in Figure 1.

It can be seen from Figure 1 that the stability between
molecules is maintained through the interaction of disulfide
bond and hydrogen bond, and the polymerization degree of
protein molecules presents a network structure, which can
affect the performance of the final film. In this paper, natural
tea polyphenols were added to the soy protein isolate mem-
brane to improve the ductility and waterproofing of the
membrane. The experimental materials and process flow
are shown in Figure 2.

It can be seen from Figure 2 that the reagents required
for the experiment include potassium permanganate, hydro-
chloric acid, sodium hydroxide, and other chemicals. There
are also main raw material polyphenols and soybean protein
isolate. Firstly, the edible preparation of the polyphenol pro-
tein membrane was analyzed. Firstly, polyphenols and soy-
bean protein isolate were mixed. The mixed dissolved
polyphenol soybean protein isolate was added with plasti-
cizer and reducing agent to adjust the acidity and alkalinity
of protein isolate. Finally, the film was pressed and dried to
test the performance. In the film-forming preparation, poly-
phenols and soy protein isolate need to be added into dis-
tilled water to dissolve, mixed with glass rod, and then
stirred further. This ensures that the dissolved material has
highly uniform properties. In the film-forming performance

test, the film integrity needs to be evaluated. During the
measurement, explore the quality of the complete film and
calculate the integrity efficiency of polyphenol soy protein
isolate film. The calculation formula is as follows:

FI −
M

M +m
× 100%: ð1Þ

In the formula, FI represents the integrity efficiency of
edible film and M represents the integrity quality coefficient
of edible film. At the same time, the ductility strength of the
film was tested, and the changes in sample parameters were
analyzed from the maximum tensile strength. The evalua-
tion is carried out with the extension test machine, and the
calculation formula is as follows:

TS =
F
A
: ð2Þ

In the formula, F is the maximum tensile force formed
when the sample is broken and A is the test area of the sam-
ple experimental film. The maximum elongation during the
test of damaged properties is calculated as follows:

E =
L − L0ð Þ

L0 × 100%
,

E0 =
L + L0

L × 100%
− E:

ð3Þ

Testing the maximum damage bearing elongation is the
key content to judging the toughness and ductility of edible
film. Comparing the extension range of edible film after ten-
sile strength with the original sample, we can analyze the
changes in the properties of the soybean protein isolate
membrane optimized by polyphenols. Cut the edible film
into the same proportion of length and width, test the light
transmission performance of the film, use the vernier caliper
to select the random thickness to take the average value, and
the calculation formula is as follows:

OD =
log10 A − B − Cð Þ

A
,

OD = log10
L1 + L2+⋯LNð Þ A − B − Cð Þ/A½ �

LN
:

ð4Þ

In the formula, OD represents the optical density coeffi-
cient and A represents the transmittance. Next, test the
water barrier performance of the edible film, cut the film
into a circle, put it into the beaker to be tested, and measure
the film quality under the constant weight state. The calcula-
tion formula is as follows:

J =
C
A
: ð5Þ
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J in the formula is the unit water barrier of edible film:

WS =
M −m
M

× 100%,

WVP =
C × X
A × ΔP

:

ð6Þ

In the formula, WVP is the moisture permeability coef-
ficient of edible film, C represents the rate of passing
through the film after adding water vapor, X is the film-
forming thickness, and A is the effective measured area of
edible film. M represents the initial mass of the measured
sample. Add 5ml of oil into the test sample test tube for
the oil permeability test. Seal the opening of the fusion mem-
brane with transparent glue, and place the oil and polyphe-
nol soy protein isolate edible membrane in a container
with humidity of 50%. The calculation formula is as follows:

PO = ΔW × FT × 100%,

PO = PO0 W × FTð Þ
S × T × 100%

:
ð7Þ

In the formula, PO is the oil permeability coefficient of
edible film, ΔW is the mass change after oil filtration, and
FT is the film-forming thickness. Finally, the coefficient
change of water vapor passing through the edible film is ana-
lyzed. Cut the film to the size of the bottle mouth of the con-

tainer, seal it with double-sided adhesive tape, obtain it with
hydrochloric acid solution in the interference container with
different humidity, and measure the sample quality every
other hour for two days. The calculation formula for water
vapor penetration coefficient is as follows:

WPO =
ΔW × FT
T × S × ΔP

: ð8Þ

In the formula, ΔW represents the change of sample
mass during weighing time, S represents the effective area
of film-forming measurement, and ΔP represents the differ-
ence from water vapor pressure on both sides. Finally, we
found that the mechanical properties of the edible mem-
brane were affected by different contents of protein in soy-
bean protein isolate after adding polyphenols. With the
increase of protein and polyphenols, the extensibility of the
soybean protein isolate membrane fluctuated up and down.

3.2. Application of Polyphenol Soy Protein Isolate Edible Film
in Fresh Keeping Based on Internet of Things. In the edible
film of polyphenol soy protein isolate, there are usually three
modification methods, including physical, chemical, and
enzyme. Chemical acetylation, phosphorylation, glycosyla-
tion, and cross-linking reactions are more effective than
enzymatic methods in changing the structure and function
of proteins. Physical modification is to change the structure
of protein in soybean protein isolate by changing the
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Figure 1: Molecular chain interaction in protein membrane.
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Figure 2: Experimental material and process flow chart.
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temperature, humidity, ultrasonic, and other physical tech-
nologies in the surrounding environment. Realize the effect
on protein function. Most polyphenol soy protein isolates
will be modified in high temperature difference, because heat
can destroy the protein structure and expose amino acid
molecules to the fusion agent. Enzyme modification can
make the protein molecular structure form a variety of joint
states, which has an obvious impact on the solubility and
emulsification of edible films. The film prepared by tradi-
tional pectin has high water resistance and water vapor per-
meability and shows good tensile properties in convenient
ductility. The fresh-keeping performance of soybean protein
isolate edible film added with polyphenols is evaluated from
the weight loss rate, and the calculation formula is as follows:

LOSE = ΔP − P0
ΔP

: ð9Þ

In the formula, LOSE represents the weight loss effi-
ciency, ΔP represents the quality coefficient of fruits and
vegetables before preservation, and P0 represents the fruit
quality after preservation measures. Add the sample to the
potassium permanganate extract for preparation, place it in
two 50ml containers, respectively, and determine the con-
tent of reducing sugar. Finally, test the vitamin content of
the fresh-keeping film, add oxalic acid, weigh it, add it to
the beaker, and filter it. The formula is as follows:

X =
V −V0ð Þ × T
M ×V4 ×V3

: ð10Þ

In the formula, X is the vitamin content, T is the number
of samples consumed, andV4 is the total volume of samples to
be tested. From the previous work, the polyphenol agent was
added, and the tensile strength and light transmittance of tra-
ditional soybean protein isolate edible film and polyphenol
soybean protein isolate edible film were compared by using
Internet of things ultrasonic power, as shown in Figure 3.

It can be seen from Figure 3 that in the orthogonal exper-
iment, in the edible membrane parameters of polyphenol soy-
bean protein isolate, the light transmittance increases with the
increase of tensile strength. We found from the experiment
that the effect of edible film on the preservation function is
the weight loss coefficient. The effect of film-forming on the
weight loss rate of fruits and vegetables was obvious. The con-
trol group and experimental group were set up. Put the fruits
and vegetables with different treatment methods at the same
room temperature, as shown in Figure 4.

It can be seen from Figure 4 that the weight loss rate of
fruits and vegetables added with edible film in the experi-
mental group was higher, and the water evaporation effect
of fruits and vegetables was higher. With the increase of
experimental time, fruits and vegetables without edible film
treatment had obvious weight loss.

4. Result Analysis and Discussion

4.1. Preparation and Properties of Edible Polyphenol Soy
Protein Isolate Membrane Based on Internet of Things. After

modification, the functions of protein such as emulsification
and film-forming have been significantly improved, and the
molecular structure is relatively stable. It can make up for
the defect of ordinary protein film. The ultrasonic function
of the Internet of things is used to destroy the interaction of
protein molecules and promote the transformation of sub-
stances into liquids. The edible film of soybean protein isolate
added with polyphenols showed a good optimization effect
from the barrier analysis. The film thickness is related to
transparency. Transparency and thickness are the key con-
tents in every edible film product parameter. The thickness
of the film depends on the quality of insoluble substances
in dairy materials, especially the content of precipitates.
Too much sediment added to the membrane structure will
cause matrix damage. Therefore, the thickness of the com-
posite film is generally greater than that of the ordinary pro-
tein film. The thickness of the edible film of soybean protein
isolate after adding polyphenols also increases, but the trans-
parency is still within the standard range. In the experiment,
the water barrier of the film can be tested to analyze the con-
tent of water molecules in the effective area of the film at con-
stant temperature and humidity. Water vapor transmittance
is the key factor for testing water isolation performance. The
lower the permeability coefficient, it means that the edible
film can effectively prevent water erosion. The process of
packaging food is relatively stable and can prolong the shelf
life. The internal structure density of the film will also be
affected by the transmittance of water vapor. Most irregular
areas are easy to cause voids, so that water vapor can pass
through the gaps. However, after adding polyphenols, the
internal structure of the edible membrane changed and filled
irregular voids greatly.

From the analysis of nutritional characteristics, the
nutritional index of soybean protein isolate added with poly-
phenols is high, which mainly comes from the mixture of
soybean protein and polyphenols. Soybean protein contains
the amino acid energy needed by the human body. After
appropriate proportion and blending, the digestion effi-
ciency can also reach 90%. This nutrient is easily recycled
and absorbed by the human body, and soybean protein also
has the effect of promoting the development of the human
brain, which often appears in health products. The tradi-
tional edible membrane of soy protein isolate cannot effec-
tively isolate water molecules in a humid environment, and
the water vapor transmittance is high. It is greatly limited
in barrier grease. The soybean protein isolate membrane
added with polyphenols can improve the barrier perfor-
mance of oil and reduce the diffusion of water and oil, ensur-
ing the quality stability of food in transportation. The
molecular weight of polyphenols combined with proteins
can form molecular groups with high density, in which the
disulfide bond and hydrogen bond are relatively stable in
the mixed structure, which can compress the irregular gap
and make the edible membrane have a certain tightness.

4.2. Application of Polyphenol Soy Protein Isolate Edible Film
in Fresh Keeping Based on Internet of Things. In the field of
food preservation, edible films have been loved and con-
cerned by major enterprises for their efficacy, safety, and
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environmental protection. There are more and more studies
on the fresh-keeping effect of edible film at home and
abroad. Fruit and vegetable preservation and food freezing
processing are the means to protect food quality and
improve food shelf life. China started late in the research
of edible protective film, but the research efficacy of various
types of edible film has been realized by adding various plas-
ticizers and biomolecules on the basis of soybean protein
isolate film. Among them, the materials that are cheap and
easy to collect mainly include soybean protein isolate and
starch. Soy protein isolate has high nutritional value, is easy
to be absorbed and digested by the human body, and has
plasticity and film-forming property. An ordinary soybean
protein isolate membrane has good performance in isolating

oxygen, oil, and bacteria, but there are still some defects. The
protein molecular bond rigidity of the soybean protein iso-
late membrane is strong, it is easy to break in practical use,
and its ductility and elongation are also low. In order to
improve and overcome the defects of the soybean protein
isolate membrane, we added polyphenols, sugars, glycerol,
and other substances on the original basis. In this paper,
the fresh-keeping effect of soybean protein isolate edible film
added with polyphenols was analyzed and studied. The
water permeability of the polyphenol protein membrane
decreased with the increase of polyphenols. It shows that
the water separation performance has been improved to a
certain extent. When the ratio of polyphenols reaches 3 : 1,
the water barrier performance is the best. This phenomenon
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Figure 3: Comparison of tensile strength and transmittance of two edible protein films.
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is positively correlated with the extensibility of the edible
membrane. The tightness of the film-forming structure is
the main factor related to the two properties. In the above
study, we have effectively evaluated the preservation perfor-
mance of film-forming treatment and continue to explore
the impact of film-forming treatment on reducing sugar
and acid-base based on the original sample data. The com-
parison of reducing sugar influencing factors between poly-
phenol soybean protein isolate edible membrane and
ordinary soybean protein isolate edible membrane is shown
in Figure 5.

It can be seen from Figure 5 that the reducing sugar in
the determination results can represent the changes of
nutrients during the storage of fresh food. With the
increase of storage time, the sugar content of food covered
with polyphenol soy protein isolate edible membrane
decreased slowly. With the increase of time, the sugar con-
tent in food as a respiratory consumption substance
decreases rapidly. The optimized preservative film can
greatly preserve the original food. In the acid-base effect,
the food acidity of edible film of polyphenol soybean pro-
tein isolate decreases slowly, which can inhibit the nutrient
loss caused by the erosion of nutrients in the air. With the
increase of storage time, acid-base is consumed as oxide,
and the optimized edible film can better maintain the
acid-base content in food. Finally, we analyze the changes
of vitamin content in fruit and vegetable food. With the
increase of preservation time, the vitamin content in fruit
and vegetable food gradually decreases. The use of opti-
mized edible fresh-keeping film can delay the decline rate
to a certain extent, reducing the water loss and vitamin
nutrient loss of food in oxygen.

5. Conclusion

Different kinds of edible films have different characteristics.
The application of various edible films in the food field is

distributed according to the properties of the films. As the
natural green edible protein membrane can realize the func-
tions of biodegradation, reduction, and utilization and
reduce environmental pollution, many researchers began to
pay attention to the properties and preparation process of
these substances. The traditional edible membrane of soy
protein isolate can effectively isolate oxygen and bacteria
and has certain nutritional value, but there are still some
defects. Based on the above situation, this paper proposes
to study the preparation and fresh-keeping application of
polyphenol soybean protein isolate edible film in the envi-
ronment of the Internet of things. Firstly, the functional
defects and modification of traditional soybean protein iso-
late membrane were analyzed, and the properties of the pro-
tein membrane added with various substances were
compared. Polyphenols were added to soybean protein iso-
late for fusion to improve film-forming efficiency, water bar-
rier, and ductility. Aiming at the problem of high water
vapor transmittance of ordinary protein membranes, the
orthogonal experiment was carried out by ultrasonic to
explore the best proportion of edible membranes. Finally,
the edible film added with polyphenols was analyzed from
the fresh-keeping performance to explore the effects of
weight loss rate, reducing sugar content, and vitamin con-
tent on the fresh-keeping effect. The results show that the
edible membrane of polyphenol soybean protein isolate
can improve the defect of poor water barrier and improve
the integrity of food protection in a humid environment. It
can effectively avoid anaerobic respiration of fruits and veg-
etables and reduce physiological activity and weight loss rate.
It provides an excellent basis for food preservation and has
great commercial value. Although many properties of mod-
ified protein membranes have been studied in this paper,
there are still some deficiencies. The soybean protein isolate
membrane has certain antioxidant performance and high
water permeability. Therefore, further modifications are
needed in future research.
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