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1 Introduction
As people pay more and more attention to health, to ensure 

the quality and safety of food, food packaging is becoming 
more and more important. At present, as preservatives are 
directly added to food for anti-corrosion, there are safety risks 
to human health (Ahari et al., 2021). Functional food packaging 
film can avoid direct contact between preservatives and food, 
inhibit the growth of microorganisms through the slow release 
of preservatives, and avoid the secondary pollution of packaged 
food (Costa et al., 2021; Lu et al., 2021; Priyadarshi & Rhim, 
2020). Food packaging has the characteristics of protecting 
food from foreign biological, chemical and physical factors, 
and maintaining the stability of food quality, which is of great 
significance to extend the shelf life of food.

Sodium dehydrogenate (SD; the first letter) is a healthy food 
antimicrobial, preservative authorised by the United Nations 
Food and Agriculture Organization (FAO) and the World Health 
Organization (WHO), Which is a new generation of alternative 
food preservatives after sodium benzoate, paraben and potassium 
sorbate (Yan et al., 2014). It is a broad-spectrum preservative 
that is unaffected by acidity or alkalinity. The antibacterial effect 
of 2% SD antibacterial composite membrane was greater than 
that of potassium sorbate antibacterial composite membrane and 
sodium benzoate antibacterial composite membrane, because 
sodium dehydroacetate easily inhibits the normal growth of 
microorganisms such as bacteria, yeasts, moulds, and other 
microorganisms . It has been used in foods and drinks, and 
pharmaceutical formulations (Chen et al., 2016; He et al., 2019).

Potassium sorbate(PS; the first letter) as a common food 
additive has a good antiseptic and fresh-keeping effect in the food 
processing industry (Mohammadiani et al., 2021) . Its mechanism 

of action is to inhibit the activity of microbial dehydrogenase, 
at the same time, it combines with the sulfhydryl group in the 
enzyme system and destroys many main enzyme systems (Sun, 
2018; Alzate  et  al., 2020). Its toxicity is far lower than other 
preservatives, so it is widely used at present.

Low-density polythene (LDPE) is a thermoplastic resin made 
by polymerizing ethylene. It is commonly used in the melt extrusion 
process, which produces one of the most popular packaging materials.
LDPE has a low density and excellent mechanical properties, as well 
as excellent stress cracking and rigidity, as well as good heat resistance 
and chemical stability (Kumar et al., 2020; Yeh et al., 2015).

At present, due to the obvious antibacterial effect of potassium 
sorbate, there is no research on the synergistic antibacterial film 
of sodium dehydroacetate and potassium sorbate at home and 
abroad. Antibacterial polythene packaging films were developed 
in this study by incorporating various mass fractions of the 
Sodium dehydrogenate into potassium sorbate/LDPE. Following 
that, the optical properties, tensile strength, air permeability, 
microstructure, and other properties of the antibacterial films 
prepared were examined. The antibacterial activity of these films 
was evaluated on Escherichia coli and Staphylococcus aureus.

2 Materials and methods
2.1 Materials

Potassium sorbate(PS), food grade, Shanghai Pharmaceutical 
Group Chemical Reagent Co., Ltd. Sodium dehydroacetate 
(SD) food grade, Shanghai Chongming Biochemical Products 
Co., Ltd. Low density polyethylene (LDPE), Sinopec Jinshan 
Petrochemical Co., Ltd.
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2.2 Experimental apparatus

Torque rheometer: XSS-300, Shanghai Branch of a rubber 
and plastics Machinery Co., Ltd. Casting machine: LY-300, 
Shanghai Kechuang Rubber Machinery Co., Ltd. Limited 
company intelligent electronic Rally: XLW, Shandong Jinan 
Lan Electrical and Mechanical Technology Co., Ltd. Gas 
permeability tester: G2/132, Jinan Lan Guang Electrical and 
Mechanical Technology Co., Ltd. Water vapor permeability 
tester: PERMATR, the United States membrane Kang company. 
Transmittance / Haze Tester: GBB-B, Shanghai Jingke Instrument 
Company. TG NETZSCH209F3 Thermogravimetric analyzer , 
Netch Instruments Manufacturing Co., Ltd. Scanning Electron 
Microscope: S3400, Ion Sputter E-1010, Hitachi (Hitachi).

2.3 Preparation of modified antimicrobial film

According to the proportion(the modifier SD: PS ratio is 
0:0, 1: 1, 2: 1, 3:1, 4: 1) of the experimental design (Table 1), 
adding the additives SD and PS to the LDPE resin at a mass 
fraction of 20%, and the mixture was evenly combined before 
being extruded using a twin-screw extruder to create a modified 
antimicrobial LDPE masterbatch. Finally, 20% of the modified 
antimicrobial LDPE resin and 80% of the substrate LDPE resin 
were uniformly mixed with a single screw extrusion system via 
the casting machine casting film. The twin-screw equipment 
has 7 heating zones with the following temperatures: 1 area is 
160 °C, 2 area is 170 °C, 5 area is 160 °C, and the speed is set to 
40 r/min. Casting devices and a single screw 7 heating zones: 1 
zone is 165 °C; 2 zones are 165 °C; 5 zones are 160 °C; speed is 
set to 60 r/min; winding speed is 12 r/min.

2.4 Mechanical properties of the film

Tensile strength (TS) is the highest tension under which a 
film can split. The TS of the film was determined using a smart 
electronic tensile tester and reference GB 1040-79 at 25 °C and 
50% RH. With a cutting blade, the film was cut into thin strips 
(15 mm × 100 mm), and its thickness was measured with a spiral 
micrometer. Loosen the upper and lower jaws of the instrument 
(30 mm wide × 40 mm long), insert the film into the clamping, 
set the pitch to 50 mm, and the speed to 300 mm/min. Each 
sample was checked 5 times, with an average of (Rahmani et al., 
2017; Faradilla et al., 2017). Tensile strength and elongation at 
break were determined using a Equation (1):

ST F
S

=  (1)

Where:TShTensile strength, in units (MPa); F—the maximum 
force, unit (N) of the specimen when it is broken; S—sample 
cross-sectional area, unit (mm2).

2.5 Optical properties of the film

The film was placed on a standard whiteboard (L0* = 94.46, 
a0* = -0.61, b0* = 4.64). The color of the film was measured 
with a CR-400 color difference meter. Five samples were taken 
for each sample. L*, a*, and b*. L* represents the range from 
black (0) to white (100), a* represents the change from red (+) 
to green (-), b* represents the change from yellow (+) to blue 
(-) (Benavides et al., 2012). The total color difference (ΔE*) is 
calculated according to Equation (2)

( ) ( ) ( )2 2 2 1/2
0 0 0*  * *  *  *  *  [ * ]E L L a a b b∆ = − + − + −  (2)

The film’s transmittance and haze were measured using a WGT-S 
light transmittance/ haze tester (Nouri & Nafchi, 2014). Preheat 
for 3 minutes after opening the instrument switch and the light 
hole, then put the film in the light hole and press the test button. 
Each sample is chosen for five different experiments.

2.6 Water vapor transmission coefficient (WVP)

At 37.8 °C and 100% relative humidity, the moisture 
permeability of the film was assessed using a water vapour 
transmission tester. A mould was used to cut the film into 
irregular 6-sided (area 50 cm2) shapes, and the thickness was 
measured with a spiral micrometre. The film samples were put 
in a sponge-permeable chamber, sealed with frictional grease on 
the edges, and tested three times per sample (Sogut & Cakmak, 
2020). The water vapour transmission coefficient (WVP) was 
determined using Equation (3):

  
 

 WVTRW P
P

V L
=

×
∆

 (3)

Where WVP hwater vapor transmission coefficient, unit 
(✕10-14 g/(m·s·Pa)); WVTR—water vapor permeability measured 
by the instrument, in units (g /(m·d)); L—film thickness, unit 
(mm); Δp—gas output pressure, 0.20 MPa

2.7 Scanning Electron Microscopy (SEM)

First, the film sample was cracked with liquid nitrogen and cut 
into 5mm × 3mm pieces. It was adhered to a conductive adhesive-
covered sample table, sprayed in a sputtering ion instrument 
for 30 seconds at a current of 20 mA, and then examined using 
scanning electron microscopy (Li et al., 2021; Dashipour et al., 
2015; Koc et al., 2020). The acceleration voltage is 5.0 kV.

2.8 Thermogravimetric(TGA) analysis

It is used to investigate the thermal stability of the antibacterial 
film. The specific operation was as follows: the sample material 
was weighed 5.0 mg , cut it into small pieces, and put it in a 
ceramic crucible for later use. Setting test temperature range: 
40~600 °C, temperature rising rate: 5 °C/min. During the 

Table 1. Experimental design.

Membrane group SD: PS (Ratio of mass fraction)
A 0:0
B 1:1
C 2:1
D 3:1
E 4:1
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3.2 The optical properties of different proportions of additive 
films

The transparency of film is one of the important characteristics 
of food packaging. Transparent film can make consumers see 
the packaged products. The effect of additives on the colour 
and optical properties of the film is shown in Table 2. The film’s 
transmittance was reduced after the additive was added, the 
minimum value was 62.9%, which was 26.18% lower than that 
of the A category, and the haze transition was gentler, when 
the mass ratio of additive SD: PS is less than 2:1, implying 
that the additive was compatible with the PE resin molecule. 
However, the haze and light transmittance changed obviously 
with increasing the content of modifier SD, especially the haze 
of group E had increased to 6.93%. This phenomenon may be 
caused by the addition of SD, which destroys the crystal zone 
between molecules, forms agglomerated particles, hinders the 
transmission light, and affects the light transmittance and haze 
of the film.The addition of the additive to the PE relative to the 
control group affected the scattering of light in the polymer 
matrix (Benavides et al., 2012), according to the value of ΔE*, 
and the clarity of the composite film was increased to decrease 
the value of ΔE*.

3.3 Moisture permeability coefficient of films with different 
proportion of additives

Figure 2 depicts the influence of the additive on the water 
vapour transmission coefficient (WVP) of the composite films. 
After addition of the additive, the water vapour permeability 
coefficients of groups B and C is lower than those of group A. 
Since the ratio of SD to PS is less than 3:1 or greater than 1:1, 
the effect of additives on the molecular structure of PE resin 
is minimal, as is the change in the water vapour transmission 
coefficient. The plasticizing effect of an appropriate proportion 
of additives increases the stability of the molecular structure of 
the film, and the lengthening of the intermolecular path leads 
to a decrease in the water vapor transmission coefficient.

experiment, to avoid thermal oxidation, 0.05 MPa nitrogen 
was used as the protective gas (Ghasemlou  et  al., 2011; 
Fernandes et al., 2020).

2.9 Antibacterial test

Cultivation of strains

E.coli and Staphylococcus aureus were cultured on a TSA 
plate at 37 °C for 18 hours, and then an appropriate amount 
of bacteria was picked and placed in a test tube containing 
0.85% normal saline. The test tube was slightly shaken until the 
bacteria liquid was turbid, and the concentration was adjusted 
to 0.5 × 107 CFU/mL, to be used.

Determination of film antibacterial properties

The film was weighed 0.27 g in a disposable petri dish and 
then sterilized under UV light for more than 2 hours (using 
sterile tweezers to flip the film during the sterilization process 
to make the sterilization more complete). The sterile film was 
placed in 10 mL of sterile TSB medium and soaked at 4 °C for 7 
days. After the Petri dishes were sterilized that was added 15 mL 
of water agar per piece, and then let stand for solidification.
Taking 1 mL of the bacterial solution and added it to 20 mL TSA 
medium , shaking well, pouring it into the plate, waiting for it 
to solidify, and using a sterile puncher to punch a hole with a 
diameter of 0.6 mm in the center of the plate coated with the 
bacterial solution (Deng et al., 2016; Mohamed et al., 2013). 
The 0.1 mL film soaking solution was sucked by pipette gun 
and transferred to the well of the plate for bacteria detection, 
refrigerated at 4 °C overnight, and placed in 37 °C incubator 
for 24 h the next day. Three parallel groups were made for each 
sample, the diameter of inhibition zone was recorded and the 
average value was calculated.

3 Result and discussion
3.1 Mechanical properties of different proportions of 
additive films

Figure 1 depicts the tensile strength of films with varying 
additive proportions. With the addition of SD, the tensile 
strength of the film increased firstly and then decreased, and 
the elongation at break decreased. When the ratio of additive 
SD: PS was 1:1, the elongation at break of the film decreased 
slightly, when the ratio of additive SD: PS was more than 3:1, 
the elongation at break of the film decreased by 14.6%. It may be 
that with the increase of SD mass, the probability of molecular 
contact increases and agglomeration occurs, which affects the 
fluidity of PE molecular chain; when the ratio of SD: PS was 2:1, 
tensile strength rose from 11.26 MPa to 14.70MPa, which was 
30.55% higher than group A. The additive increased the tensile 
strength of the film as well as its resistance when exposed to the 
external force. SD salts can combine with PS to form compounds 
that have a plasticizing effect on the films (Guiga et al., 2010), 
enhancing the stability of the LDPE resin’s molecular structure 
and improving the mechanical properties of the films.

Figure 1. Effect of different proportions of additives on mechanical 
properties of films.
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3.4 Microscopic analysis of the films with different 
proportions of additives

As shown in Figure 3, the additive has a noticeable influence 
on the compactness of the composite film structure. Small stripes 
were visible in the cross-section of group A. The cross-section of 
the film became thick and smooth as the SD/PS ratio rose, while 
the cross-section of the D and E films became slightly rough. The 
findings indicate that the addition of SD is very consistent with 
the polymer’s chemical bond and improves the structure’s stability.

3.5 TGA analysis of the films with different proportions of 
additives

As shown in Figure 4, the TGA analysis curve reflects the 
influence of different content of modifier on the thermal stability 
of the film. The mass loss of the five kinds of films can be divided 
into three stages. The first stage occurs between 0 °C and 300 °C, 
and all the films have no mass loss. Because the structure of 
polyethylene resin is stable at this stage, the decomposition 
temperature of the film has not yet reached. The second stage 
occurs between 300 °C and 500 °C, and the film begins to 
decompose rapidly. When the temperature is 425 °C, the mass 
loss of group E is 13.45%, groups B and C begin to decompose 
at 430 °C, which indicates that the thermal stability of the film 
can be improved by appropriate amount of modifier. The third 
stage occurs when the temperature is higher than 500 °C, and 
the weight loss of the films tends to be stable. From the second 
stage, it can be seen that the film of groups B and C can improve 
the thermal stability of the film, and the addition of too much 
modifier SD will affect the crystal structure of the film, resulting 
in a decrease in the thermal stability of the film.

Table 2. Effects of different proportions of additives on the optical 
properties of films.

Membrane 
group

Transmittance 
(%)

Haze  
(%)

Colour 
difference(ΔE*)

A 89.08 ± 0.898 2.384 ± 0.116 1.693 ± 0.084
B 87.04 ± 1.093 2.410 ± 0.340 1.417 ± 0.022
C 77.76 ± 1.977 3.684 ± 0.226 1.303 ± 0.090
D 67.04 ± 1.451 5.728 ± 0.230 1.194 ± 0.087
E 62.90 ± 0.729 6.930 ± 0.264 1.271 ± 0.016

Figure 2. Effect of different proportion additives on water vapor 
transmission coefficient of films.

Figure 3. Effect of different proportion additives on microstructure of films.
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the synergistic effect of SD and PS modifiers can significantly 
improve the antibacterial effect of the film.

4 Conclusions
The melt-blending method was used in this study to adjust 

the PE resin. Compared with the pure PE film, the modified 
polyethylene film is added with suitable sodium dehydroacetate, 
which has a smooth cross-section microstructure, good heat 
resistance, and added Sodium dehydrogenate increases the 
tensile strength of the film, reduces the elongation at break of 
the film, affects its optical properties, and reduces the water 
vapor transmission coefficient of the film. As the ratio of 
SD:PS increases, the modified antibacterial film has a certain 
antibacterial effect on the microorganism. The modified film by 
sodium dehydroacetate has excellent packaging properties and 
exhibits certain antibacterial properties, it is a good new-type 
food packaging material.
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