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1 Introduction
Traditional petroleum based plastic packaging causes 

problems such as lack of resources, environmental pollution and 
food safety (Cano et al., 2015; Piñeros-Hernandez et al., 2017; 
Tian et al., 2017). Starch is one of the most promising biopolymers 
to replace petroleum based plastics. Because it has the advantages 
of low price, good film-forming, good biodegradability and good 
regeneration. And starch based fully degradable composite film 
is also the frontier hotspot of international research (Gao et al., 
2021; Cui et al., 2021; Santoso et al., 2022). However, the water 
vapor barrier and tensile properties of the film are poor, which 
seriously limits its application as packaging materials (Dilkes-
Hoffman et al., 2018; Gómez-Aldapa et al., 2020; Song & Wang, 
2021). In order to make the processing properties of starch based 
materials better, starch is usually blended with hydrophobic 
biodegradable polymers such as polyhydroxyalkanoates (PHA) 
(Sun et al., 2018), polylactic acid (PLA) (Pizzoli  et al., 2016; 
Shirai et al., 2013), pol (ε-caprolactone) (PCL) (Mahieu et al., 
2013) and poly (butylene succinate-co-butylene adipate) (PBSA) 
(Mahieu et al., 2017) to prepare composite films, which is an 
effective method to produce more suitable thin film materials. 
Compared with other materials, poly (butylene adipate-co-
terephthalate) (PBAT) is similar to low-density polyethylene 
(LDPE) due to its processing conditions and mechanical properties, 
so starch/PBAT composite films has attracted much attention 
due to its high performance and low cost (Seligra et al., 2016; 

Olivato et al., 2017). Until now, the blend film of starch and 
PBAT had been studied, and the composite film with excellent 
properties had been successfully prepared (Nunes et al., 2018; 
Zhai et al., 2020).

Active packaging is a new packaging method that added 
antibacterial agent, antioxidant, deoxidizer and ethylene absorbent 
to the film matrix. Its purpose is to prolong the shelf life of food 
and maintain or improve the characteristics of packaged food 
(Azadbakht et al., 2018; Lian et al., 2022). Plant antibacterial agents 
are used to improve the antibacterial activity of films because 
of their safety and strong antibacterial activity. However, the 
preparation of antibacterial starch/PBAT composite blown film 
and its application in postharvest storage of fruits and vegetables 
have not been reported. And extrusion blow molding is more 
conducive to the practical application of antibacterial film. In this 
study, thymol was used as antibacterial agent to solve the problems 
of loss of antibacterial agent and poor antibacterial effect in the 
process of preparing starch based composite film by extrusion 
blow molding. Because thymol is solid at room temperature, 
it is suitable to be used as the active agent in the film blowing 
process (Petchwattana & Naknaen, 2015). Thymol is the main 
component extracted from oregano, thyme and other herbs, 
which is rich in phenolic compounds (Jafri et al., 2019). It was 
usually regarded as an important antibacterial agent and showed 
strong and broad antibacterial activity against microorganisms 
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in vitro and food system in previous studies (Boonruang et al., 
2017; Qin et al., 2016; Suwanamornlert et al., 2018).

Cherry tomato is popular because of its rich nutrition and 
juicy taste. However, the postharvest life of this fruit is relatively 
short, which is limited by postharvest water loss, disease, ripening 
and aging (Ruiz-Cisneros et al., 2022; Panjai et al., 2017), reducing 
the acceptance and quality of fruit after storage. Botrytis cinerea is 
the most common microbial infectious disease of cherry tomato 
(Wang et  al., 2010). At present, the main method to control 
the disease was still the use of chemical synthetic fungicides, 
but the continuous use of a large number of chemicals not 
only made the fruit resistant, but also posed a potential threat 
to environmental safety and human health (Jiao et al., 2018). 
Therefore, it is particularly important to take safe and effective 
biological preservation measures. Biodegradable films and 
edible coatings based on biomacromolecules were designed to 
reduce water loss, oxygen and other gas migration by promoting 
semi permeable barriers, which helped to extend the shelf 
life of fruits (Fakhouri et al., 2007; Rodsamran & Sothornvit, 
2018). In addition, the presence of antimicrobial components 
in the polymer matrix was conducive to inhibiting the growth 
of pathogens, and played an active role in fruit preservation 
(Sganzerla et al., 2020). Therefore, proper functional packaging 
is beneficial to extend the shelf life of perishable fruits. Thymol 
could effectively inhibit the growth of Botrytis cinerea during 
tomato storage (Kong et al., 2019; Robledo et al., 2018), but it 
was worth exploring whether the effect of adding thymol to 
film material was better.

In this study, starch and PBAT were used as film-forming 
substrate, and different concentrations of thymol were added to 
prepare antibacterial packaging films. The effects of thymol on 
the physical properties and structure of the film were studied, the 
antibacterial activity of packaging materials and the preservation 
effect of cherry tomato during storage was mainly investigated.

2 Materials and methods
2.1 Materials

The substrate hydroxypropyl distarch phosphate (HPDSP) 
used for composite film was provided by Puluoxing Starch Co., 
Ltd. (Hangzhou, China). The PBAT (BASF·C1200) was obtained 
from Daman International Co., Ltd. (Shanghai, China). Thymol 
was purchased from Kabuda Chemical Co., Ltd. (Wuhan, 
China). Cherry tomato (Variety: Qianxi) were purchased from 
local supermarket in Jinan city of Shandong province. Glycerol, 
citric acid, NaCl, Mg(NO3)2 and methanol were obtained from 
Kaitong Chemical Reagent Co., Ltd.(Tianjin, China).

2.2 Preparation of antimicrobial film by extrusion blow 
molding

Starch and PBAT were compounded in the ratio of 1:1 and 
the total mass was 5 kg. Firstly, the starch, PBAT, nano-clay 
(2%, w/w total starch and PBAT) and thymol (0, 1%, 3% and 
5%, w/w) were poured into the SHR10L high-speed mixer 
(Lianjiang Machinery Co., Ltd., Zhangjiagang, China), then 
citric acid (2%, w/w) and 30% (w/w starch) glycerol were 
added, and mixed at 800 rpm for 5 min until the mixture was 

uniform. Using laboratory twin screw extruder (Lianjiang 
Machinery Co., Ltd., Zhangjiagang, China) for granulation, the 
temperature of each section was 110/120/125/125/125 °C, the 
head temperature was 120 °C, the screw speed was 100-200 rpm, 
and the cutter speed was 230-280 r/min. The extruded strands 
were air-cooled and cut into particles. Finally, the composite film 
was prepared by SCM-25 film machine (Lianjiang Machinery 
Co., Ltd., Zhangjiagang, China). From the inlet to the outlet, 
the temperature of each section was 135/150/150/145/130 °C, 
the screw speed of the main engine was 30-300 rpm, and the 
traction speed was 300 rpm. The prepared composite films was 
placed at 25 °C and 53% RH for at least 48 h before measuring 
the indexes of the films.

Four formulations were studied: pure starch and PBAT films 
(SP), starch and PBAT composite films with different thymol 
concentrations (1%, 3% and 5%, w/w) were named as SP-T1, 
SP-T3 and SP-T5, respectively.

2.3 Physical properties of antimicrobial composite films

Physical properties of composite films including thickness, 
opacity, color, indicators of interaction with water and water 
vapor permeability (WVP) were determined according to the 
following method.

Several points were randomly selected with digital vernier 
caliper (Shanghai Meinaite Hardware Tools Co., Ltd., Shanghai, 
China) to measure the film thickness.

The color of the composite film was measured with HP-
200 precision colorimeter (Shenzhen Hanpu Testing Instrument 
Co., Ltd., Shenzhen, China), and recorded L*, a* and b*.

The opacity was measured according to Park & Zhao’s 
method (Park & Zhao, 2004) and expressed by the absorbance 
measured by UV-1800 spectrophotometer (Shanghai MAPADA 
Instrument Co., Ltd., Shanghai, China) at 600 nm wavelength. 
The calculation formula was as follows (Equation 1):

600AbsO
L

= 	 (1)

Where O and L were the opacity and thickness (mm) of the film 
sample, respectively.

According to the method used by Homez-Jara et al. (2018), 
the indicators of the interaction between the composite film and 
water include water content (WC), swelling degree (SD) and 
water solubility (WS) were measured. The specific experimental 
steps were as follows: weighed the composite film (2 cm × 2 cm) 
to obtain M1, and dried in an oven at 105 °C for 24 h to obtain 
M2. Then placed the dry film in a beaker, added 30 mL distilled 
water and placed it at 25 °C for 24 h. Took out the film, dried 
the water with filter paper and weighed to obtain M3. Finally, 
put the film back into the oven for 24 h and weighed it to get 
the weight M4. The WC, SD, and WS were calculated according 
to the following formula (Equation 2):
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Water vapor permeability (WVP) of composite film was determined 
according to the method of Peng et al. (2013). The film was covered on 
a weighing dish containing anhydrous calcium chloride, and placed 
the weighing dish in a constant temperature and humidity box with 
a relative humidity of 75% at 25 °C and weighed it every 24 h until 
the weight change was close to 0.001 g, so as to obtain the weight 
of water passing through the composite film within a certain period 
of time.The WVP of the film was calculated as follows (Equation 3):

1 0(m m ) LWVP
At P
−

=
∆

	 (3)

Where (m1-m0) was the weight difference of the dish, g; L was 
the thickness of the film, m; A was the exposed area of the film, 
m2; t was the time, s; △P was the water vapor pressure on both 
sides of the film, Pa.

2.4 Mechanical properties of composite films

The mechanical properties of the film, including tensile 
strength (TS) and elongation at break (EAB), were measured 
based on the method described in ASTM D882-12 (American 
Society for Testing and Materials, 2012). Before the test, the film 
samples were balanced at 53% relative humidity and 25 °C for at 
least 24 h. After the samples (15 mm × 150 mm) were taken out, 
used immediately the XLW automatic tensile testing machine 
(Jinan Labthink Electromechanical Technology Co., Ltd., Jinan, 
Shandong) for determination. Set the initial distance to 100 mm, 
pulled the film apart at the test speed of 10 mm/min until it 
broke, and repeated each group at least 6 times.

2.5 Inhibitory effect of film on the plaque diameter of 
Botrytis cinerea in vitro

The inhibitory effect of composite film on Botrytis cinerea 
was determined by inhibition zone method. Firstly, used an 
Oxford cup with a diameter of 8mm to take the bacterial cake 
on the activated gray mold culture medium, then placed the 

bacterial cake in the center of the new PDA culture medium, 
and pasted the film with a diameter of 6 mm on the top of the 
culture dish. After 48 h of incubation at 28 °C and 80% relative 
humidity, the plaque diameter was measured and repeated it 
three times.

2.6 Scanning Electron Microscope (SEM)

The surface morphology and cross section of the films were 
observed by scanning electron microscope (SEM). The film 
samples were dried in a desiccator containing silica gel for at 
least 2 weeks. Before observation, the film was frozen cracked 
with liquid nitrogen and cut into 1 mm × 6 mm rectangle, 
adhered to the metal plate with double-sided adhesive tape. 
Then, the surface and cross section of the film were observed by a 
SUPRATM55 scanning electron microscope (Zeiss AG, Germany) 
at an accelerating voltage of 3 KV and 1000 times magnification.

2.7 Attenuated total reflection-Fourier transformed infrared 
spectroscopy (ATR-FTIR)

Before the test, the film was dried in a dryer for 2 weeks 
and cut into 20 mm × 20 mm square. The total reflection mode 
of Nicolet 710 FTIR instrument (Brimrose, America) was used 
for infrared scanning to observe the changes of heavy chemical 
structure and groups of the composite films. The spectral 
resolution was set to 4 cm-1 and the infrared spectrum curve of 
the composite film was obtained by scanning 32 times in the 
range of 4000-550 cm-1.

2.8 Preservation application effect of composite film on 
cherry tomato

Cherry tomatoes treatment

The composite film had good heat sealing property and could 
be prepared into packaging bag. The changes of physiological 
indexes of tomato fruits were evaluated to verify the application 
performance of the composite film. Cherry tomatoes with the 
same maturity, uniform size, no mechanical damage and diseases 
and insect pests were washed with distilled water and then 
dried. The composite film was made into a 20 cm × 25 cm bag, 
and 300 g cherry tomato was put into the bag (Figure 1). Each 
treatment included 3 replicates. All samples were kept in cold 

Figure 1. Fresh keeping bag made of starch/PBAT composite films (A); Tomatoes packed in bags (B).
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storage (0 °C), and all packaged and unpackaged (Blank control) 
samples were evaluated after 0, 7, 14, 21 and 28 days of storage.

Weight loss rate

The weight loss of tomato was measured by weighing method 
and calculated by the following formula (Equation 4):

( ) 0 1
0

%   m -m 1 0 
m

% 0Weight loss rate = × 	 (4)

Where m0 was the initial sample weight, and m1 was the sample 
weight after the time interval.

Firmness of fruit

The hardness of tomato peel was measured by texture 
analyzer (Beijing wechat Chaoji Instrument Technology Co., 
Ltd., Beijing, China). The probe with diameter of 2 mm was 
selected. The initial test speed, test speed and return speed were 
1 mm/s, the insertion depth was 1 cm and the trigger force was 
5.0 g. Six fruits were randomly selected for each test.

Decay rate

The number of rotten fruits was recorded every 7 d, and the 
rotten rate was calculated during storage (Equation 5).

( ) 100%  %D
I

ecay rat F
NF

e NI
×= 	 (5)

Among them, NIF was the number of infected tomatoes, 
INF was the number of initial tomatoes.

Soluble solids content

The soluble solids of cherry tomato were determined by 
digital refractometer.

2.9 Statistical analysis

Excel was used to process and analyze the data, and ANOVA 
by means of the SPSS software was used for variance analysis.

3 Result and discussion
3.1 Physical properties of composite films

Table  1 showed the thickness, color and opacity of the 
composite film. The thickness of SP film was 0.063 mm, and the 
addition of thymol significantly increased the thickness of the 
film, this was consistent with Reddy & Rhim (2014). Among 
them, the thickness of film with 1% and 3% thymol were the 
largest, which were 0.092 mm and 0.093 mm, respectively, while 
the thickness of SP-T5 film decreased. The increase of film 
thickness is mainly related to the correlation between starch, 
PBAT and thymol (Nordin et al., 2020).

The L*, a* and b* values of the SP film were 98.36, -0.49 and 
-0.18, respectively shown in Table 1. Thymol had no significant 
effect on L* and a* of the film, but increased the b* value (yellow 
value) to make the film yellow deeper. The different yellowness of 
the composite film might be related to the color of thymol itself 
(Lian et al., 2020). The opacity of SP film was 19.29, the addition 
of thymol increased the transparency of the composite film.

Table  2 contained the change of Water content (WC), 
Swelling degree (SD), Water solubility (WS) and Water Vapour 
Permeability (WVP) of composite films. The water content of SP 
film was 95.08%, the addition of thymol reduced the moisture 
content of the composite films, indicating that thymol reduced the 
hydrophilicity of the composite films. Among them, the moisture 
content of SP-T1 composite film was the lowest, decreased by 
19.05% compared with SP film, and increased with the increase 
of thymol concentration. The interaction between thymol and the 
film matrix destroyed the hydrogen bond interaction between 
the initial PBAT and the starch, resulting in the decrease of the 
water content of the composite film (Aydın & Ilberg, 2016).

The swelling degree and water solubility of SP composite 
films were the highest, while thymol reduced the swelling degree 
and water solubility of the composite film, and SP-T1 film was 
the lowest. And the change trend of these three indicators is 
consistent. The swelling degree and water solubility of the film 
were related to the hydrophilicity of the film components. Thymol 
itself is a hydrophobic substance, which lead to the decrease of 

Table 1. Thickness, color and opacity of starch/PBAT antimicrobial composite film.

Films Thickness/mm L* a* b* Opacity (Abs600/mm)
SP 0.063 ± 0.003a 98.36 ± 0.44a -0.49 ± 0.11a -0.18 ± 0.14c 19.29 ± 1.67a

SP-T1 0.092 ± 0.002c 98.06 ± 0.00a -0.46 ± 0.03a 0.45 ± 0.03a 13.55 ± 0.10cd

SP-T3 0.093 ± 0.001c 98.10 ± 0.10a -0.49 ± 0.02a 0.33 ± 0.18ab 13.37 ± 0.50d

SP-T5 0.082 ± 0.003b 98.23 ± 0.28a -0.52 ± 0.05a 0.47 ± 0.08a 15.99 ± 0.79b

Note: The lowercase letters in each column represent significant differences at 0.05 level.

Table 2. The water content, swelling degree, water solubility, and water vapor permeability of starch and PBAT composite film.

Films Water content
/%

Swelling degree
/%

Water solubility
/%

Water Vapour 
Permeability/10-11 g/

(m·s·pa)
SP 95.08 ± 1.71a 96.03 ± 1.12a 93.12 ± 93.12a 7.72 ± 0.59b

SP-T1 76.97 ± 0.85c 79.60 ± 1.31c 65.58 ± 6.04c 19.81 ± 2.84a

SP-T3 85.27 ± 3.51b 86.47 ± 3.19b 75.55 ± 4.58b 19.80 ± 1.09a

SP-T5 87.45 ± 4.61b 89.92 ± 2.69b 79.33 ± 7.18b 10.94 ± 2.24b
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the SD and WS of composite films (Nordin et al., 2020). Thymol 
is added to the composite film matrix to form a network structure 
through strong interaction through hydrogen bond, which reduce 
the affinity of the composite film to water, so as to reduce the 
solubility and expansibility. Kavoosi et al. (2013) also obtained 
the same results that hydrophilic compounds increased the 
solubility of the film, while hydrophobic compounds decreased 
the solubility.

For water vapor permeability, the WVP of SP film was 
7.72 × 10-11 g/(m·s·pa). The composite films containing 1% and 
3% thymol had the highest moisture permeability, and there was 
no significant difference between the two groups, which were 
19.81 × 10-11 g/(m·s·pa) and 19.80 × 10-11 g/(m·s·pa), respectively. 
On the contrary, the WVP of SP-T5 films decreased, and there 
was no significant difference with the control film. The addition 
of thymol reduce the interaction between starch and PBAT, 
resulting in a loose film structure, which improve the WVP of 
the film (Nordin et al., 2020). The osmotic diffusion coefficient 
depend on the fluidity of polymer segments and the free volume 
of matrix, and the fluidity of polymer segments is affected by the 
crystallinity of polymer (George & Thomas, 2001).

3.2 Tensile properties

It could be seen from Figure 2 that thymol had a certain effect 
on the tensile strength (TS) and elongation at break (EAB) of 
starch/PBAT antibacterial film. The TS and EAB of SP composite 
films were 3.87 MPa and 55.1%, respectively. And the mechanical 

properties were reduced by adding thymol, the SP-T5 films were 
better than SP-T1 and SP-T3 films, and the TS and EAB were 
2.93 MPa and 53.2%, respectively. Starch, PBAT and thymol were 
mixed to form the composite films. However, the hydrophilicity 
and hydrophobicity of the composite film are different, which 
result in obvious separation between components and voids 
in the matrix, which reduce the mechanical properties of the 
composite film (Wei  et  al., 2015; Pouyamanesh et  al., 2022). 
Nordin et al. (2020) explained that the incorporation of thymol 
as a lipid agent led to the heterogeneity of the film matrix, which 
might hinder the interaction between polymer chains. The cross 
section structure of the films was observed by scanning electron 
microscope, the results showed that the higher the concentration 
of thymol was, the denser the film structure was and the better 
the mechanical properties were.

The significant decrease of elongation at break indicated 
that thymol reduced the flexibility of the composite film, the 
fluidity of the molecular chain and the intermolecular force. 
The change of mechanical properties of the film is closely related 
to the structure and intermolecular force of the film, the addition 
of thymol may form an immiscible phase at a certain point in 
the starch matrix, leading to the separation of starch chains, 
thus reducing the elasticity of the film (Othman et al., 2021). 
However, Davoodi et al. (2017) found that adding thymol to 
potato starch film with polysorbate as emulsifier could reduce 
TS and increase EAB. They attributed this phenomenon to the 
new bond or the interaction between starch and polysorbate 
thymol micelles replacing the interaction between the original 
polymer chains, increasing the fluidity and sliding effect of 
starch chain segments, thus increasing the flexibility of the film. 
High concentration of thymol also increased the elongation at 
break of starch/PBAT composite film, which might be due to 
the plasticization of glycerol and thymol changing the strong 
intramolecular bonding of starch chain.

3.3 Inhibitory effect of composite film on the plaque 
diameter of Botrytis cinerea in vitro

As shown in Figure 3 and Table 3, starch/PBAT composite 
film had obvious inhibitory effect on the growth of Botrytis 
cinerea. The bacterial colony edge pigmentation, mycelium 
atrophy and aging, and the plaque diameter of each treatment 
was significantly smaller than that of the blank control and SP 
film. The presence of thymol in the starch/PBAT composite film 
significantly improved its inhibitory effect on Botrytis cinerea. 
Among them, the plaque diameter of the composite film added 
with 1% and 3% thymol were 12.16 mm and 14.30 mm, and the 
antibacterial difference was not significant. The antibacterial 
activity of SP-T5 film was the best, and the antibacterial rate 
reached 83.49%. Many studies have shown that thymol had strong 
and extensive antibacterial activity against bacteria and fungi in 
vitro and food system (Zhou et al., 2019; Suwanamornlert et al., 
2018). High concentration of thymol enhance the interaction 
between starch and PBAT, delay the release of active components, 
and improve the antifungal activity of the composite film.

Figure 2. Tensile properties of starch and PBAT composite film including 
tensile strength (A) and elongation at break (B). Note: The lowercase 
letters in each column represent significant differences at 0.05 level.
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3.4 Microstructure of composite films

In order to explore the effect of different contents of thymol 
on the microstructure of starch/PBAT composite films, the 
surface and cross-section images of the four composite films 
were shown in Figure 4. The structure of starch/PBAT composite 
film without thymol was compact (Figure 4A-a), the addition 
of thymol leaded to the rough surface and obvious texture of 
the film (Figure 4B-b to 4D-d).

The surface and cross section images of thymol and starch/
PBAT showed good compatibility in different treatments. 
The surface roughness of SP-T1 and SP-T3 films increased with 
the increase of thymol content. However, 5% thymol significantly 
improved the surface structure of the films, showing a smooth, 
dense and uniform appearance. The addition of thymol resulted 
in the appearance of particles and pores in the cross section of 
SP-T5 film, and the small particles disappeared in SP-T5 film, 
resulting in a more compact structure. These results were of 
great significance for the mechanical properties and barrier 
properties of starch/PBAT composite films. As mentioned earlier, 
the difference of hydrophilicity between thymol and starch lead 
to the obvious phase separation between the components, the 
formation of immiscible phase at a certain point in the starch 

matrix, and the appearance of pores in the film matrix (Wei et al., 
2015). Therefore, the change of the structure of the composite film 
is attributed to the interaction between the matrix and thymol.

3.5 Chemical structure of composite films

FTIR analysis could effectively study the interaction between 
molecules in reactive extrusion process. It could be seen from 
Figure 5 that the control group and the starch/PBAT composite 
film treatment group with different thymol content had similar 
spectral characteristics in the range of 550 to 4000 cm-1, which 
might be due to the high content of starch on the surface of 
the film masking the effect of glycerol and/or thymol on the 
composite film (Nordin et al., 2020).

The obvious peaks at 1017 cm-1, 1713cm-1 and 2946 cm-1 were 
attributed to the C-O tensile vibration in the C-O-C bond, the 
ester carbonyl extension of ester group (C=O) and the stretching 
vibration of C-H methyl, Edhirej et al. (2017) obtained similar 
results. The C-O tensile vibration in C-O-C bond mainly appears 
in glycosidic bond (Olivato et al., 2012; Garcia et al., 2014), and 
the ester carbonyl extension of ester group (C = O) initially 
appears in PBAT structure (Wei et al., 2015). In addition, the 
wide peak at 3300 cm-1 is due to the presence of a large number 
of hydroxyl groups (-OH) in the starch chain. PBAT destroy the 
intermolecular and intramolecular hydrogen bonds between 
starch particles and exposes more hydroxyl groups, which is 
conducive to the movement of starch molecular chain and 
provided the possibility for the formation of new hydrogen 
bonds and esterification between starch and PBAT molecules 
(Aydın & Ilberg, 2016).

With the addition of thymol, the peak strength of the 
composite film decreased (Garcia et al., 2011). Compared with 

Table 3. The plaque diameter of gray mold growing for 48 h.

Films 48 h Plaque Diameter/mm
Blank control 23.20 ± 2.40a

SP 20.59 ± 1.15a

SP-T1 12.16 ± 2.36b

SP-T3 14.30 ± 1.45b

SP-T5 3.83 ± 1.75c

Figure 3. Inhibitory effect of starch/PBAT films on the plaque diameter of Botrytis cinerea. Blank control (A), SP film (B), SP-T1 film (C), SP-T3 
film (D) and SP-T5 film (E).
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the SP film, the tensile vibration of O-H group was reduced 
due to the hydrophobic effect of thymol and the interaction 
between thymol functional groups and starch and glycerol 
molecules, resulting in the lower peak strength of thymol 
composite film at 1713 cm-1. Another point was that the 
band intensity at 1083 cm-1 was lower than that of the control 
sample (SP). According to the research of Shi et al. (2007), this 
reduction showed that citric acid had high acid hydrolysis in 
the glycosidic bond of starch, thymol formed hydrogen bond 
with hydroxyl, and inhibited the reaction between citric acid 
and starch molecules (Wu  et  al., 2009). The change of peak 
amplitude caused by the addition of thymol to the film might be 
caused by the rearrangement and conformational change of film 
structure caused by the interaction between thymol and other 
film components (Campos et al., 2019), which was consistent 
with the study of Nordin et al. (2020).

3.6 Preservation application effect of composite film on 
cherry tomato

The changes of firmness, weight loss rate, decay rate and 
soluble solid content of cherry tomato during storage for 28 d 
were shown in Figure 6. With the extension of storage time, the 
hardness and soluble solid content of cherry tomato decreased, 
while the weight loss rate and decay rate increased. This result 
was consistent with the research results of Sun et al. (2021) and 
others on the preservation effect of lavender essential oil gelatin 
film on cherry tomato.

As shown in Figure 6A, the hardness gradually decreased 
during postharvest storage due to the degradation of cell 
structure, cell wall components and intracellular substances in 
the fruit (Rao et al., 2011). The peel hardness of Tomato in the 
blank control group decreased from 462.60 g to 418.02 g, which 
decreased the fastest, and the fruit wrapped with composite 
film decreased slowly. Compared with other treatments, the 
hardness of tomato packaged with 5% thymol composite film 
had no significant change after 28 d of storage.

Figure 6B showed the weight loss of cherry tomato packed in 
antimicrobial composite film during storage. The weight loss rate 
of fruit treated with SP-T1 film and SP-T5 film was the lowest, 
but the difference was not significant. Ethylene gas promoted the 
respiration of cherry tomato, increased the evaporation of water, 
and led to weight loss, wilting and degradation (Dhital et al., 2018).

Figure 6C showed the change of decay rate of cherry tomato 
during storage. At 28 d of storage, the decay rate of fruits packed 
with SP-T5 film decreased by 16.07% compared with the blank 
control. The decay rate was mainly related to the content of 
antibacterial agent in the composite film. The higher the content 
was, the stronger the antibacterial activity was, resulting in the 
lower decay rate of fruit.

The change of soluble solid content of cherry tomato during 
storage was shown in Figure 6D. The soluble solid content of fruit 
was 7.10% before storage. During the whole storage period, the 
soluble solid content of fruit first decreased slowly and decreased 
sharply. This might be because tomato metabolizes solid matter 
for respiration, which led to the gradual decrease of soluble 

Figure 4. SEM images of starch and PBAT composite films. SP film 
surface (A) and cross section (a), SP-T1 film surface (B) and cross 
section (b), SP-T3 film surface (C) and cross section (c), and SP-T5 
film surface (D) and cross section (d).

Figure 5. FTIR spectra image of starch/PBAT antimicrobial composite 
films. SP(A), SP-T1(B), SP-T3(C) and SP-T5(D).
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solid content during storage, the respiration of tomato packed 
with compound film was inhibited (Boonsiriwit et al., 2020).

In general, the use of starch/PBAT antimicrobial film was 
conducive to maintaining the firmness and nutrients of the 
fruit, reducing the decay of the fruit, so as to maintain the 
freshness of cherry tomato. Among them, SP-T5 film had the 
best preservation effect on cherry tomato.

4 Conclusion
The soft and thermoplastic starch/PBAT based antibacterial 

composite film was prepared by extrusion blow molding. Thymol 
improved the water resistance of starch based composite film, 
and had good antimicrobial activity and fresh-keeping effect 
on cherry tomato, but it had a certain adverse effect on the 
tensile properties of the composite film. The composite film 
with 5% thymol was the best choice for the preparation of 
active starch based degradable composite film because of its 
lower moisture permeability (compared with other treatments), 
higher mechanical properties and antibacterial activity and 
better fresh-keeping effect. This study provided a reference to 
develop active packaging and the application of starch based 
degradable film in food preservation, and further explored the 
potential of packaging material.
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