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Abstract The processing of vegetable paper started in Japan, and there have been many researches

on vegetable paper processing technology at home and abroad. In the research process of vegetable

paper, how to choose suitable raw materials, thickeners and other additives is very important. The

type and proportion of additives determine whether vegetable paper can be better shaped and pos-

sess more perfect performance. This review expounds the status of research on vegetable edible

films, and the development of technology, including color care, thickener, molding technology

and performance research.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In recent years, a kind of convenient food has quite become
popular in the international market, called ‘‘vegetable paper”

(or paper dishes), and some people call it ‘‘edible paper” (or
edible film), or ‘‘paper-shaped food” (Liu, 2010). The vegetable
paper is a kind of paper-like food obtained by processing veg-
etables into a paste, adding an additive, and drying. It not only

retains the green and nutrient components of vegetables, but
also has the characteristics of low sugar, low sodium, low
fat, ready-to-eat crisp and delicious, unique flavor, and easy

to transport and store (Min and Song, 2009). Nutritionists sug-
gest that the consumption of vegetables should reach 22.44%
of food consumption (Han and Quan, 2014). Fruits and veg-

etables are rich in nutrients such as vitamins, minerals, organic
acids, and dietary fiber, which are indispensable foods in the
human diet (Wang et al., 2010a,b). However, vegetables have

high water content and are difficult to transport over long dis-
tances. It is difficult to supply vegetables in areas such as tra-
vel, navigation, border defense, high cold, and field operations.
At the same time, the vegetable production of China accounts

for about 49% of the world’s total production, and most of
them are sold fresh. The deep-processed products are account
for about 10% of the total amount of vegetables in the coun-

try. Every year, about 30% to 35% of fresh vegetables rot due
to failure to sell, circulate and process in time (Lv et al., 2008;
Pu et al., 2006). It can be seen from research at home and

abroad that edible films and coatings are one of the emerging
strategies for food quality optimization (Tahir et al., 2019).

2. Research status

Vegetable paper was first developed in Japan. The Sakai Insti-
tute of Physics and Chemistry in Japan extracts protein and
lipids from bean dregs to make pure dietary fiber, and then pro-

cess bean dregs into edible paper. The maximum daily output
per production line can reach 30,000 sheets per year (Min
and Song, 2009). China began to carry out research on the

preparation and processing technology of vegetable paper in
the late 1990 s, but at the beginning, it has been in the stage
of trial research. In 2002, Jiangsu Tianlu Food Co. Ltd. suc-

cessfully developed instant cartoon vegetable paper (Hu
et al., 2017). There are two types of edible paper abroad. One
type uses vegetables as the main raw material, which is pulped

and dried after shaping; the other type is to refine starch and
sugars, and then add food additives, which are shaped in a sim-
ilar way to papermaking. From the perspective of application
and development potential, green products using vegetables

as raw materials have more development potential (An,
2010). The different types of fruit and vegetable paper are deter-
mined from the different raw materials. At present, the veg-

etable paper developed at home and abroad has a single
vegetable as the raw material, and there is also a composite veg-

etable paper made of a mixture of multiple vegetables. But in
general, most research is still at the laboratory stage.

3. Process progress of vegetable edible films

3.1. The technology of color-care

In the development process of vegetable edible paper, it is nec-
essary to protect the color and retain its original color. In dif-

ferent studies, the color protection process is different.
The Chinese cabbages were used as raw material to develop

vegetable paper. During the color-care process, small pieces of

cabbages were blanched in boiling water with 0.3% of
NaHCO3 for about 2 min, then quickly were take out and
placed in cold water for 3 min, and then were removed away
after cooling. In this process, most microorganisms were killed

on the surface, activity of polyphenol oxidase was reduced, the
browning of chlorophyll was slowed down, and at the same
time the air in the vegetable tissues was eliminated, the pres-

ence of oxygen was reduced, and make chlorophyll generate
stable sodium salt under alkaline conditions, so as to play a
role in color protection (Wang et al., 2010a,b). Sonchus oler-

aceus were maded as raw material to develop vegetable edible
paper, 1 g/L of Na2CO3 and 0.1 g/L of Zn(CH3COO)2 were
added to protect the color, and were blanched 4 min (Qi

et al., 2012). In this study, the addition of Zn(CH3COO)2
and Na2CO3 was used as a variable to study its effect on
chlorophyll. The experiment found that the amount of Zn
(CH3COO)2 had the greatest impact on the preservation of

chlorophyll.
Typha Latifolia were carried out the color to make edible

paper, raw material was prepared by mixing water at a ratio

of 1:2 (g/mL), then were blanched 1 min, 0.15% of Na2SO3

was added to protect color (Wan and Zhang, 2012). To select
the best technology of color-care, different color retention

agents were evaluate through experiments. Due to Na2SO3

had the best color protection effect and didn’t change the color
of vegetable, finaly reseachers select Na2SO3 to protect color.

The cucumbers were made as raw material to develop veg-
etable edible paper. The cucumber paper base materials were
peeled without blanching process. After then the cucumber
paper had good taste and smoothness, and bright color

(Zhuoma, 2014). Starting from the raw material itself,
researcher considered that the edible part of cucumber was
mainly fruit pulp, there for the cucumber was not blanched

in the process of producing cucumber paper.

3.2. Thickener

In many foreign studies, polysaccharides had been used as
biopolymer materials, such as gum, starch, alginate, car-
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rageenan and xanthan gum, etc., which can form coatings and
edible films to reduce traditional Plastic packaging (Mohamed
and Mohamed, 2020).

0.7% of CMC-Na, 5% of sodium alginate, 5% of soluble
starch were mixed as the thickener in the preparation of
chrysanthemum leaves vegetable paper (Huang et al., 2008).

Carrots were made as raw materials to develop five-scented
and sweet carrot paper, and determined the best thickener for-
mula as 0.2% of agar, 0.3% of CMC, 0.2% of sodium algi-

nate, and 2% of glycerol (volume ratio). 0.255 g/100 g of
salt, 0.12 g/100 g of five-scented powder, 0.026 g/100 g of
MSG were mixed to make five-scented carrot paper, and
4 g/100 g of sugar for sweet carrot paper (Lv, 2009). The study

considered the fiber properties of the carrot itself and the dif-
ferent tastes of the finished product, a strict sensory evaluation
of the addition amount of agar, CMC, sodium alginate and

glycerol was carried out. It was the first time that a scientific
research had been carried out on the flavoring formula of lei-
sure carrot paper.

The optimal addition ratio was determined as 1.2% of
sodium alginate, 3.0% of corn modified starch, 0.4% of gela-
tin, 0.4% of CMC and 2% of glycerin, in order to optimize

the technology of cabbage paper (Sun et al., 2010). The best
amount of compound thickener was determined as 0.5% of
CMC-Na, 0.3% of sodium alginate, 0.8% of agar, 3% of sol-
uble starch through the research of a single thickener, which

can make the product flat and easy to peel, and stick to teeth
hardly when chewing. At the same time, they discoveryed that
add to 0.6% of CMC-Na, 0.4% of sodium alginate, 0.6% of

agar, 3% of soluble starch could make vegetable paper have
the best tensile strength (Wang et al., 2010a,b). On the basis
of the dosage of a single thickener, an orthogonal experiment

was carried out on the proportion of the composite thickener
in the article, and the most suitable dosage of thickener was
finally determined.

Cabbage and wax gourd were made as raw materials to
optimize the amount of single thickener and compound thick-
ener, and finally the amount of single thickener and the best
ratio of compound thickener for cabbage and wax gourd were

determined respectively. The thickener addition of cabbage
paper was 0.30% at the 1:2:4 ratio of CMC, sodium alginate
and gelatin. The thickener addition of wax gourd paper was

0.27% at the 1:2:2 ratio of CMC, sodium alginate and gelatin
(Huang, 2010). Instead of adding glycerin directly to the
slurry, the paper was impregnated with glycerin in the article.

Experiments showed that as the amount of glycerin added
increases, the tensile strength gradually decreases, the elonga-
tion gradually increases. Finally, the appropriate addition of
glycerin was determined as 2%-4%. According to the results

of pre-tests, the impregnation of wax gourd paper with higher
concentration of glycerin would make the paper more hygro-
scopic and easy to regain moisture. Therefore, 1% glycerin

impregnation was necessary.
0.5% of sodium alginate solution (relative to the amount of

absolute dry pulp) were prepared to make paper sheets by

paper sheet former (Liu et al., 2011). In the article, experi-
menters added sodium alginate and polyaluminum chloride
as thickeners to the slurry, and finally selected sodium alginate

as the single thickener. Wild fern bracken were made as raw
material to develop edible vegetable paper, 0.3% of xanthan
gum, 0.3% of carrageenan and 2% of glycerin were mixed as
thickeners (Huang et al., 2011). In the study, there was no
research about the dosage of a single thickener, the compound
of thickener was directly added to the slurry. Typha Latifolia
were made as raw material in research, through orthogonal

experimented on the basis of single factor experiments. 0.2%
of CMC-Na, 0.8% ofsodium alginate, 3.0% of glycerol were
mixed as thickener, and 2.5% of sucrose, 0.2% of salt, 1.2%

of monosodium glutamate, 0.2% of five-spice powder were
mixed to improve taste (Wan, 2012). In the study, researchers
selected white sugar, table salt, monosodium glutamate, five-

spice powder as the basic flavor formula for single-factor
experiment, determined the four-factor three-level orthogonal
test to obtain the best flavor formula.

The water extraction of shiitake mushrooms were made as

raw materials to develop edible films, 1.5% of salt, 3% of corn
starch, 0.5% of CMC-Na, and 0.5% of gelatin were mixed to
shiitake mushroom vegetable paper (Huang et al., 2012). Con-

sidering the unique flavor of shiitake mushrooms, experi-
menters added an appropriate amount of salt. These salt can
not only reconcile the taste of the original and auxiliary mate-

rials, highlight the flavor of shiitake mushrooms, but also
improve the taste of the product. Cabbage and jujube were
used as raw materials to develop vegetable paper, CMC, agar,

and sodium alginate were mixed in cabbage wrapper com-
pound thickener at a ratio of 5:5:6. Starch, isolated soy pro-
tein, and sodium alginate were mixed in jujube wrapper
compound thickener a ratio of 5:4:4 (Zhao, 2012). In the study,

researchers consider the unique physical properties of raw
materials. Different additives were mixed at specific ratio to
reduce the amount of thickener so that the taste of jujube

paper could be retained.
Sargassum were used as raw materials to develop health-

care jelly and composite vegetable paper. Sargassum and carrot

pulp were prepared by mixing water at a 2:3 ratio, 1.5% of iso-
lated soy protein and 2%-4% of soluble starch were added. The
compound thickener was mixed as 0.07% of CMC-Na, 0.05%

of konjac gum, 0.125% of gelatin, 0.160% of sodium alginate
at the ratio of 3:2:5:6 (Zhu, 2012). Cabbage, celery, and kelp
were used as raw materials to develop edible films. Using sen-
sory quality as an indicator, the most suitable forming agent

ingredients and their mass fractions were determined as 6.0%
~8.0% of soluble starch, 0.5% isolated soy protein, 1.5%
~2.0% glycerol. This time the model of vegetable paper were

formed completely, had crisp taste and better flavor. Through
the orthogonal test of thickener screening, it was concluded
that 1.4% of CMC-Na, 0.2% of alginic acid sodium, 0.2% of

gelatin were suitable (Zhao and Shi, 2013). The experimenter
used three different vegetable raw materials, according to the
characteristics of different vegetables, and adjusted the ratio
of thickeners to harmonize the properties of the final product.

Leeks were made as raw material to developed vegetable
paper. 0.4% of CMC-Na, 0.6% of sodium alginate, 0.4% of
carrageenan were mixed at a ratio of 2:4:1, and 4% of glycerol

was added simultaneously (Sun et al., 2013). Leftovers from
the processing of head lettuce were used to develop edible let-
tuce paper . 0.4% of CMC-Na, 0.4% of sodium alginate, 3%

of soluble starch and 0.5% of xanthan gum were determined as
the significant additives of vegetable paper (Wang et al., 2013).
Selenium-enriched cabbage and spinach were used as raw

materials, 0.3% of CMC-Na, 0.4% of sodium alginate, 0.6%
of gelatin and 0.6% of pectin were added to develop vegetable
paper (Wu et al., 2013). The essential oils of Syzygium aro-
maum and Origanum vulgare were added to the edible film
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to act as a plasticizer, as well as were provided with antimicro-
bial activity against yeasts and molds in sliced bread (Otoni
et al., 2014). In this study, experimenters did not directly use

plant slurry as raw material as in the previous operation, but
used a mixture of two essential oils to produce an edible film
with antibacterial activity.

Tomatoes, celery leaves, carrots and apples were used as
raw materials to develop fruit and vegetable paper, and deter-
mined the ratio of thickeners required by different raw materi-

als. 0.05% of CMC-Na, 0.25% of sodium alginate and 0.15%
of xanthan gum were mixed as the best ratio of tomato Paper,
0.05% of CMC-Na, 0.15% of sodium alginate and 0.15% of
xanthan gum were mixed as the best ratio of Celery paper,

0.05% of CMC-Na, 0.15% of sodium alginate and 0.05% of
xanthan gum were mixed as the best ratio of Carrot paper,
0.05% of CMC-Na, 0.15% of sodium alginate and 0.05% of

xanthan gum were mixed as the best ratio of Apple paper
(Nie et al., 2015). According to the cellulose content of differ-
ent raw materials, experimenters chose different thickener

ratios for different raw materials, so that the fruit and veg-
etable paper had the best film-forming effect. Broccoli and
sweet corn were made as raw materials to develop vegetable

paper, broccoli pulp and sweet corn syrup were mixed at a
ratio of 2:1, 0.5% of sodium alginate, 0.6% of carrageenan
and 8% of starch were added (Tang and Shang, 2015). Fresh
purple cabbages (100 g) were made as raw materials to develop

vegetable paper. 0.4 g of CMC-Na, 0.4 g of sodium alginate,
and 0.5 g of xanthan gum were added. 2.4 g of sucrose, 0.6 g
of salt, 0.10 g of monosodium glutamate, and 0.25 g of five-

spice powder were added to improve the taste (Li et al., 2016).
Cabbages and konjac were made as raw materialsto develop

composite vegetable paper, 12.5% of sweet potato starch was

added as thickener, at the same time xanthan gum and CMC-
Na were mixed at a ratio of 3.5:1 (Sui and Wei, 2017). Carrots
and spinach were made as raw materials to develop composite

vegetable paper, carrot pulp was prepared by mixing carrot and
water at a 2:1 ratio, spinach pulp was prepared by mixing spi-
nach and water at a 4:1 ratio. Carrot pulp and spinach pulp
were mixed to make paper at a ratio of 4:3. And added 0.6%

of Sodium alginate, 0.5% of gelatin, 6.0% of starch were added
to attain the best effect (Qin et al., 2018). In the study, research-
ers used two different vegetable to make edible paper. Unlike

single vegetable, composite vegetable paper had extremely high
requirements for raw materials. The main components of car-
rots and spinach were dietary fiber and vitamins. The ratio of

carrot-spinach slurry had a greater impact on the color and fla-
vor of vegetable paper. Therefore, experimenters conducted
tests and evaluations on the color and flavor of vegetable paper
with five different proportions of slurry.

The folding endurance of vegetable paper were evaluated
by optimizing the ratio of additives using celery as raw mate-
rial. It was finally determined that when the mass fraction of

the binder was 0.9%, the peak value of the folding endurance
of celery paper was 6 times, and when the mass fraction of the
plasticizer was 6%, the peak value of the folding endurance

was 10 times. When the proportion of mixed additives was
0.34% of CMC, 0.40% of gelatin and 5.9% of glycerol (mass
fraction), the folding endurance of celery paper can reach 21

times (Hu et al., 2018). In the article, researchers used the
response surface curves and contour lines to scientifically
express the interaction law between different experimental
conditions.
Bitter vegetables were used as raw materials to develop veg-
etable paper, 0.4% of CMC-Na, 0.6% of sodium alginate,
0.3% of gelatin and 2.0% of soluble starch were mixed as

thickener (Li et al., 2019). An active edible film were prepared
by incorporating epigallocatechin gallate (EGCG) into sodium
alginate (SA) and carboxymethyl cellulose (CMC). Tests had

proved that the SA-CMC edible film with EGCG added has
better mechanical, physical and antioxidant activities than
the film without EGCG. The active edible SA-CMC film added

with EGCG may be a favorable alternative to traditional plas-
tic packaging film in food preservation, especially in high-fat
foods (Ruan et al., 2019). In the article, experimenters tried
to add other physicochemical properties to the traditional edi-

ble SA-CMC film. While ensuring the compactness of the film,
it also strengthened other properties of the film, such as anti-
oxidation, lipid-lowering and so on.

3.3. The technology of molding

The main forming methods for making vegetable paper are roll

forming and roller forming. Rolling molding is a traditional
processing method, which has the characteristics of high nutri-
ent content of vegetables in paper vegetables, smooth appear-

ance and good sensory indicators. This method is first
transplanted on the basis of laver processing. The process flow
is raw material-cleaning-cutting-finishing-cooling-beating-sea
soning-rolling-drying-finished product. The process of roller

compaction is to form and then dry. The drying process takes
a long time and loses nutrients, and it is not easy to achieve
continuous mass production (Pu et al., 2006). The drum mold-

ing is formed by using drum drying technology in food drying
technology for reference. The main process flow of this mold-
ing method is raw material-cleaning-cutting-cutting off-

beating-seasoning-drum drying and forming-finished product.
This process method is to beat the raw vegetables into slurry,
and then send the slurry to the drum for coating after homog-

enization, so that the slurry is pressed into a sheet shape with
the rotation of the drum, and the finished product is dehy-
drated after being dried by the drum. It can be seen that this
method is synchronized with drying and molding, with high

molding efficiency, good appearance quality, and short drying
time, so the loss of vegetable nutrition is small (Pu et al., 2006).

In the process of developing dehydrated cabbages paper,

researchers studied the pretreatment blanching conditions
and sugar additives in the osmotic dehydration process to
extend the sugar return period of dehydrated cabbage during

storage, and determined the types and dosages of green protec-
tants and additives (Zhang, 2005). Basing on the problems
occurred in actual production, researchers found during pro-

duction that dehydrated cabbage with 25% of glucose was

prone to sugar return when stored at 5–10 ℃. The color of
dehydrated cabbage become dim and lose its original bright
color to affect product quality.

Five factors of citric acid concentration, citric acid infiltra-
tion time, citric acid infiltration temperature, baking tempera-
ture and baking time were experimented the formability in

preparation process of Chinese cabbage paper (Wang, 2007).
The bracken vegetable paper were dried and molded on a glass
plate at 60 ℃. The moisture content of the vegetable paper

obtained was 9.56% to 14.45%, which was easy to peel off
from the glass plate. If bracken vegetable paper was molded
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on gauze, the moisture content was 7.82%-14.35% (Wan,
2012). The article showed when glass plate was used as a sup-
port carrier, it was difficult to carry out the heat circulation,

and the vegetable paper must be shaved off with a blade.
The paper prepared in this way had poor moldability. There-
fore, glass or stainless steel was not used alone for paper form-

ing. During the forming process of mushroom vegetable paper,
researchers set the temperature to 80 ℃ high temperature dry-
ing in the initial stage, and 60℃ variable temperature drying in

the final stage (Zhao, 2012). Celery paper were sprayed a layer
of soy protein solution on the surface of celery paper to pre-
pare a soy protein-celery composite paper (Shao, 2012). Using
the rheological properties of soy protein itself, natural sub-

stances such as soy protein were substituted for commonly
used chemical substances in the past to realize the heat sealing
of vegetable paper and improve its mechanical properties.

Fennel, celery, and soy protein were used as raw materials
and sprayed the pre-prepared soy protein liquid on the veg-
etable paper, heated and dried in the upper cylinder to prepare

the composite vegetable paper, and controlled the heat-sealing
temperature of the celery-based composite paper below 105 ℃
(Hou et al., 2013). Researchers tried to compare the three

methods of oven, microwave and vacuum drying. In order to
avoid nutrient loss and chlorophyll damage and discoloration
of vegetable paper during the drying process, the oven drying
and vacuum drying were set at 85℃, therefor the most suitable

drying method was chosed (Bai, 2013). The water celery veg-
etable paper were developed by using non-stick coating baking
pan as a molding carrier, and dried in a blast drying oven at 70

℃ (Xu et al., 2013). The effects of glass plate, stainless steel
plate, non-stick bakeware and 200-mesh screen on the paper
forming effect were compared, which made up for the short-

comings of direct selection without comparison in many previ-
ous experiments when selecting forming equipment.

Pumpkin were used as the raw material to develop pumpkin

paper, and modified the pumpkin paper pulp by ultrasonic and
microwave respectively. The optimal modification conditions
were finally determined as follows: process the paper 20 mins
by microwave, and 20 mins by ultrasonic under microwave

power 500 W (Wang, 2014). In the article, researchers did
not use thickeners, but used ultrasonic/microwave to treat
pumpkin pulp, which enhanced the mechanical properties

and barrier properties of pumpkin paper to varying degrees,
increasing the mechanical strength of pumpkin paper and pre-
venting water. The ability to block oxygen and oil was

enhanced. In the process of preparing fruit and vegetable
paper, researchers tried to use two methods of electric oven
and electric heating constant temperature blast drying box
for drying, and tried to use glass plate, oven plate, stainless

steel plate and cloth as the film support of fruit and vegetable
paper. For comparison, selected the most suitable molding
method was for industrial production (Tang and Shang,

2015). Electric blast drying box was used to dry the vegetable
paper with a thickness of 3 mm, and dried the paper at 70 ℃
for 4 h (Hu et al., 2018).

3.4. The research on performance

VE were added to the calcium caseinate Calcium caseinate

(CC) and whey protein isolate whey protein isolate (WPI) film
will increase the elongation at break of the film, and 0.2% R-
tocopheryl acetate (VE) will reduce the water vapor transmis-
sion rate WVP of the CC film, as well as the tensile strength of
CC and WPI film. The adding of Gluconal Cal (GC) reduced

the tensile strength of the CC film (P < 0.05), and 10% GC
reduced the elongation at break and WVP (P < 0.05) (Mei
and Zhao, 2003).

Researchers found that the antibacterial activity of oregano
oil against E. coli O157:H7 in the edible film and film-forming
solution of apple puree was significantly greater than that of

cinnamon oil and lemongrass oil. The additives had no adverse
effect on water vapor permeability. The antibacterial film
showed good oxygen barrier properties. The tensile strength
of the film containing a certain level of antibacterial agent

was not significantly different from the control film without
antibacterial agent (Rojas-Graü et al., 2006). Some researchers
tested and analyzed. The tensile strength and tearing strength

of dried cabbage vegetable paper, and conducted a dissolution
test and an anti-mold test as performance evaluation (Wang
et al., 2009).

Some researchers tested the antibacterial properties of edi-
ble pumpkin paper added with nanometer titanium dioxide
and modified nanometer titanium dioxide against E. coli

(Wang, 2014). Instead of using commonly used organic sub-
stances to increase the antibacterial properties of the product,
inorganic nanomaterials were used. The quality changes of
cress leaf vegetable paper were studied by weight gain, water

activity, reducing VC content, and total flavonoid content, tex-
ture and color difference. At the same time, it was found
through experiments that light and oxygen have a greater

impact on the quality of cress leaf vegetable paper. The use
of ordinary packaging and storage in the dark can greatly
retain the nutritional content of vegetable paper and extend

the stable storage time of vegetable paper (Shu et al., 2013).
0.75% of carvacrol and cinnamaldehyde (the main compo-
nents of cinnamon oil) were mixed into tomato and apple-

based edible film, which can produce the best antibacterial
effect and can effectively resist food-borne pathogens. At the
same time, the preference test was used to evaluate human
preference for chicken breasts coated with 0.5–0.75% car-

vacrol or cinnamaldehyde in tomato and apple-based films
(Du et al., 2016).

A bioinspired edible superhydrophobic interface was cre-

ated by FDA-approved edible beeswax, gum arabic and gela-
tin through a simple and low-cost method. An edible elastic
film was created between the honeycomb wax and the sub-

strate, which can effectively enhance the adhesion of the super-
hydrophobic interface. After repeated folding and long-term
washing, the interface can still maintain good superhydropho-
bic properties. Cytotoxicity test showed that there is no nega-

tive effect on cell viability in vitro. It may have potential
applications as a functional packaging interface material (Li
et al., 2018). In the article, researchers used the rheological

properties of edible beeswax to increase the hydrophobicity
of the edible film. The yellow passion fruit (YPF) peel and pec-
tin were made as the matrix, and used continuous watering to

turn YPF by-products into edible films in a soft and high-yield
manner. The sensitivity of YPF film to composting and micro-
bial activity was determined, and it was confirmed that YPF

film is biodegradable and renewable. YPF pulp can be used
as an effective plasticizer for films and can replace traditional
synthetic plasticizers (Munhoz et al., 2018). The new method
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was used to treat the substrate so that the pulp could be used
not only as an edible film, but also as a plasticizer.

Some researchers isolated starches from pumpkin fruits,

lentils and quinoa seeds to prepare edible films. The physical,
chemical, thermal and mechanical properties of the film were
measured and compared with potato-based starch (PS) film.

Compared with PS film, lentil and pumpkin starch-based films
show much lower solubility and higher swelling ability, respec-
tively, and all films show significantly higher water vapor per-

meability. Therefore, edible films prepared from
unconventional sources of starch can become an effective sub-
stitute for ordinary starch films (Pajazk et al., 2019). In the arti-

cle, researchers used starch isolated from plants to prepare
edible films, compared with ordinary starch films. Two essen-
tial oils (EO), peppermint essential oil (PO) and chamomile

essential oil (CO) were added together to make gelatin nanofi-
bers through electrospinning, as a potential edible packaging
technology. They Selected PO and CO as bioactive agents to

be added to gelatin edible packaging to improve antibacterial,
antioxidant, and hydrophobicity (Tang et al., 2019).

Thepapayapureewereadded to theproductionofbiodegrad-
able edible film to obtain an edible film with sensory acceptance

and nutritional value. The mature papaya edible film had high
antioxidant capacity, can extend the shelf life of easily oxidized
foods (suchaspears). Ifmoringawasadded, thenutritional value

of the edible film can be improved (Rodrı́guez et al., 2019). The
essential oil EO were added to the sodium alginate edible film
and found that the sodium alginate film with EO has a strong

antibacterial effect on 6 kinds of pathogens. EO was uniformly
dispersed in the polymer matrix and slightly improves the heat
(Tm) and barrier properties of the edible film, while reducing
the tensile strength andmaking the film biodegradable in the soil

(Mahcene et al., 2019).
An innovative edible film was made by mixing vegetable oil

and egg protein to replace preservatives and primary plastic

packaging for desserts. This edible film did not damage the
sensory properties of desserts and had high water permeability.
When this edible film was used in the candy and dessert indus-

try, the color and appearance of the product covered by the
edible film were improved, also the quality of pastry fillings
was improved. At the same time, there was no need to use

preservatives, which reduced the need for plastic packaging
without affecting the shelf life of these foods (De, 2020). The
using of preservatives was eliminated in the study, which could
be used as an important reference for most food packaging.

Acetylated tapioca starch (AS) and pea protein isolate (PI)
were used to devolep edible films by conventional blown film
extrusion technology. Increasing the content of AS and PI to

20% can effectively improve the blown film processing and
barrier properties of oil-based foods, and can be used as a
material with high nutritional content in the production of edi-

ble packaging (Huntrakula et al., 2020).
Films were prepared by solution casting using a heat-

sealable soybean polysaccharide (SSPS)/gelatin blends and
plasticized by glycerin. The results showed that by blending

SSPS with gelatin, the heat sealability, stretchability and frac-
ture resistance of the film can be significantly improved. The
incorporation of gelatin into the SSPS film also increased the

thermal stability, but reduced the water solubility, rigidity
and water vapor permeability of the film. The test had con-
firmed that blended films show edible potential in food pack-
aging (Liu et al., 2020). The effects of oregano essential oil
(OEO) and resveratrol (RES) nano-emulsion pectin (PEC) edi-
ble coatings were studied on the preservation of fresh pork loin

under high oxygen modified packaging (HOMAP). Experi-
ments had confirmed that the coating with OEO and RES
can significantly extend the shelf life of pork by minimizing

pH and color changes, delaying lipid and protein oxidation,
maintaining meat tenderness and inhibiting microbial growth.
Nano OEO-RES-PEC coating can be developed as a promis-

ing formula for preserving fresh meat products under HOMAP
storage (Xiong et al., 2020).

4. Conclutions and prospects

4.1. Conclutions

Vegetable paper has the advantages of low sugar, low sodium,
low fat, low calorie, etc., and is especially suitable for the
elderly, children with partial eclipse, diabetics, obese patients,

and workers in special fields such as aerospace and moun-
taineering. It can be used not only as leisure, functional food,
but also as side dishes and new green and environmentally

friendly food packaging paper, so vegetable paper has become
a research hotspot in the fields of food, medicine and packag-
ing (Yin et al., 2008; Rodrguez et al., 2007). Utilizing the rel-

atively high nutritional properties of dietary fiber, minerals
and vitamins in fruit and vegetable paper can play a certain
role in balancing young people’s nutrition and changing the

current high-salt, high-fat, and high-sugar diet. Therefore, in
the future, we will strengthen the development of new fruit
and vegetable paper products through the combination of dif-
ferent types of fruits and vegetables, and further develop fruit

and vegetable papers with a variety of types, unique flavors,
good taste, and rich dietary fiber and other nutrients to meet
the needs of different consumers (Deng et al., 2017).

4.2. Prospects

In recent years, there has been an increasing tendency at home

and abroad to use natural non-polluting and degradable sub-
stances as the basis for the development of vegetable paper,
such as polysaccharides, proteins and lipids, pectin, starch,
alginate, carrageenan and xanthan Polysaccharides such as

gums have been used as biopolymer materials to form coatings
and edible films to reduce traditional plastic packaging
(Mohamed and Mohamed, 2020), reduce the use of non-

degradable plastic packaging, and thereby reduce the environ-
mental pollution of plastic packaging. Whether as a new type
of snack food with rich nutrition, unique taste, convenient

transportation and sales, or as a green packaging material,

fruit and vegetable paper will be the direction and hot spot
for the development of deep processing of fruits and vegeta-

bles, food packaging and comprehensive utilization of raw
materials. We believe that under the current trend of advocat-
ing food nutrition and health and environmentally friendly
packaging, fruit and vegetable paper foods have very broad

development prospects. Once the industrial scale is formed, it
will have a major impact on the development of health food
in my country.

From research at home and abroad, we can see that
although the research on vegetable edible paper is becoming
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more and more mature, researchers are trying to add different
substances to vegetable edible paper to enhance its perfor-
mance. However, the research of vegetable edible paper is cur-

rently in the laboratory research stage, and there are still few
literature reports on its application in industrialized produc-
tion. How to expand from the laboratory stage to industrial-

ized production and truly apply vegetable edible paper to
production and life. The major problem that researchers all
must face is the first challenge in the current vegetable paper

production process. With more and more attention to people’s
lives and health now, how to put vegetable paper into indus-
trial production and transform it into a part of the health
industry is our future development direction.
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