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Biomass-based materials have the potential to protect fruits and meet 
environmental requirements when applied to fruit packaging. However, 
their mechanical properties and barrier properties are insufficient 
compared with plastic packaging, which limits their application. In this 
study, a high-barrier bilayer film derived from corn starch (CS) and 
polylactic acid (PLA) was applied for banana pulp preservation. Results 
indicated that the bilayer film exhibited good barrier performance. The 
water vapor permeability and oxygen permeability of bilayer films were 
lower than that of pure CS or PLA film. In the 3 days preservation 
experiment, the weight loss of banana pulp packaged by CS/PLA bilayer 
film at ratio of 15:45 was the lowest (1.36%), while the pH and firmness of 
banana pulp packaged by this ratio bilayer film were the largest, reflecting 
that the bilayer film could effectively delay the oxidation and deterioration 
of banana pulp. Moreover, the CS/PLA bilayer film was analyzed by 
scanning electron microscopy and Fourier transform infrared spectrometry, 
which also evidenced that PLA could provide better mechanical strength 
and barrier properties, and CS had hydrophilic and biodegradable 
potential. In conclusion, it is feasible to combine CS and PLA to prepare 
the bilayer films. The study is beneficial to promote the development and 
application of eco-friendly bio-based packaging film. 
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INTRODUCTION 
 

Traditional petroleum-based plastic film has struggled to meet sustainability needs 

due to pollution and resource issues, making the development of sustainable bio-based film 

a current research hotspot (Tardy et al. 2023). Furthermore, due to the continuous 

advancement of global sustainable development policies, bio-based materials demonstrate 

huge potential market demand. Bio-based materials are normally processed via chemical, 

physical, or biological means to enhance the overall performance and gain new functions 

to meet various applications (Jariyasakoolroj and Chirachanchai 2014). 

Starch and polylactic acid (PLA) are bio-based polymers that have received 

extensive attention in the field of food packaging (Goswami et al. 2022; Kumari et al. 
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2022). Starch as a plant polysaccharide, widely found in grains and tubers, which has good 

film-forming properties, low cost, and low oxygen permeability. Thus, it has a wide range 

of applications in food, medicine, and other fields (Muller et al. 2017; Li et al. 2018). 

However, starch is hydrophilic and has insufficient mechanical properties, limiting its 

application in the packaging field. Several studies have used plasticizers such as glycerol 

and sorbitol in combination with corn starch to reduce intermolecular forces and improve 

the mechanical properties of the films (Liu et al. 2013; Han et al. 2022). Some defects of 

starch films could be overcome by incorporating other biodegradable materials (Sanyang 

et al. 2016). The PLA is derived from renewable plant resources, with hydrophobicity and 

low water vapor permeability (Chen and Patel 2012). However, PLA is fragile, having poor 

oxygen and impact resistances (Chu 2017). Therefore, it is of interest to determine whether 

they can be used as blends or multilayer films to provide properties that are more suitable 

for packaging applications based on their complementary characteristics.  

Up to this point, some methods have been adopted for preparing starch/PLA 

composites (Yang et al. 2021), such as solution blending, hot pressing, casting, multi-layer 

film structure, etc. For example, pea starch (PS), octenyl succinic anhydride modified PS, 

and PLA were used to fabricate biodegradable sandwich-structured double-layer films with 

high barrier properties in different proportions. The film effectively reduced the weight 

loss of strawberries and the loss of vitamin C, thereby slowing down the ripening of 

strawberries (Zhou et al. 2021). The preparation method of multilayer film has good 

controllability and expansibility, which allows starch and polylactic acid to be distributed 

in different layers to exert better packaging characteristics. Zhou et al. (2019) developed a 

double-layer film using PS and PLA, and applied it to the preservation packaging of cherry 

tomatoes. The results showed that the introduction of the double-layer structure improved 

the waterproof and thermal properties of the PS film, and the double-layer film had 

excellent oxygen barrier and water vapor barrier properties, which effectively prolonged 

the shelf life of cherry tomatoes. Although many research teams have made some progress 

in the preparation or application of starch/PLA bilayer films (Muller et al. 2017; 

Hernández-García et al. 2022; Chen et al. 2022), they are still in the laboratory-scale trial 

production stage at present. In general, biomass-based materials are universally utilized to 

prepare double-layer films, which serve as biodegradable and renewable materials in fruit 

packaging, and this approach has important potential. 

There have been some studies on the preparation of single-layer films by using 

starch and PLA composite materials, but the research on starch/PLA bilayer films are still 

relatively few. Besides, corn starch made from corn grains has a high yield and a relatively 

low cost. In this study, a bilayer CS/PLA film was constructed by layer-by-layer casting of 

the corn starch layer and the polylactic acid layer through the solution casting method, 

which could effectively make up for the defect of the two materials forming films 

separately as packaging film materials. Furthermore, the mechanical properties, water 

vapor transmission, oxygen transmission, and preservative effect of bilayer CS/PLA film 

on banana pulp were thoroughly analyzed. The results indicated that when the ratio of 

CS/PLA was appropriate, the bilayer films exhibited enhanced barrier properties, which 

effectively extended the shelf life of banana pulp. Therefore, the CS/PLA bilayer films, 

when used as fruit packaging materials, not only offer novel insights and approaches for 

the research and development of biodegradable packaging film but also provide innovative 

ideas for the high-value utilization of bio-based polymers. Consequently, this study holds 

significant promise for advancing the field of green packaging. 
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EXPERIMENTAL 
 

Materials 
 Corn starch was provided by Laishui County Golden Valley Grain and Oil Food 

Co., Ltd. (Baoding, China). Polylactic acid, D-sorbate, and dichloromethane were obtained 

from Shanghai Maclin Biochemical Technology Co., Ltd. (Shanghai, China). Calcium 

chloride was purchased from Shandong Haiyang Star Chemical Technology Co., Ltd. 

(Shouguang, China). The water utilized throughout the experimental procedures was 

distilled water at room temperature. 

 

Methods 
Preparation of CS/PLA bilayer films 

First, the corn starch film solution was prepared: 16 g dry corn starch was mixed 

with 299.2 mL distilled water and stirred for 30 min in a magnetic stirring water bath at 90 

℃ and a rate of 500 rpm. Then, 30% (compared to the dry weight of starch) glycerol and 

sorbitol (2:1) were added with continued stirring for 30 min to obtain a corn starch solution 

with a mass fraction of 5.0 %. Secondly, the polylactic acid solution was prepared: 50 mL 

of dichloromethane was mixed with 2 g of dried polylactic acid under the magnetic stirring 

(Shi et al. 2017), and the polylactic acid was dissolved completely to obtain a polylactic 

acid solution with a mass fraction of 2.0 %, which was refrigerated. The CS/PLA bilayer 

films were prepared in five mass ratios of CS/PLA, namely 60:0, 45:15, 30:30, 15:45, and 

0:60. Specifically, 40.0 g, 30.0 g, 20.0 g, 10.0 g, and 0 g corn starch solutions were 

respectively poured into circular petri dishes (diameter: 150 mm), and dried at 25 ℃ and 

60% relative humidity for at least 24 h to obtain a starch layer (Zuo et al. 2013). Then 0 g, 

25.0 g, 50.0 g, 75.0 g, and 100.0 g polylactic acid solution were added to the dry starch 

layer in petri dish. After drying at 25 ℃, the dichloromethane was completely evaporated, 

and then the film was removed from the petri dishes to obtain the CS/PLA bilayer films. 

 

Barrier property testing of CS/PLA bilayer films  

In the water absorption test, the method of Zhou et al. (2018) was slightly modified, 

and the film was cut into a strip of 2 cm × 1 cm. After recording the initial quality, it was 

placed in a beaker filled with distilled water and was taken out regularly and weighed after 

being drained of water. After repeating the above steps until the quality reached 

equilibrium, the water absorption was calculated. For the solubility test, the film was cut 

into 2 cm × 2 cm samples first and dried at 105 ℃ for 24 h to obtain the initial quality. 

Then, it was combined with distilled water in sealed container after 24 h. Subsequently, 
the film was dried at 105 ℃ for another 24 h and weighed. The solubility was calculated 

based on the rate of quality change. In the water vapor permeability (WVP) test, the CaCl2 

was first dried and then placed in a weighing bottle. The mouth of the weighing bottle was 

covered with the bilayer film; then the bilayer film and the bottle mouth were firmly tied 

with a rubber band. After weighing, it was placed in a dry chamber with high humidity and 

room temperature and weighed once every 24 h for 7 days. Finally, the water vapor 

permeability was calculated, and the result was expressed in g⸱m-1 ⸱s-1 ⸱Pa-1. Oxygen 

permeability (OP) was measured by a differential pressure gas permeameter (Yang 1994) 

(LabTRinkVAC-V1) at 25 ℃ and 50% relative humidity, and the sample was measured 

three times to obtain the value of oxygen permeability. 
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Water contact angle of CS/PLA bilayer films 

The water contact angles of films were measured using a JC2000C1 contact angle 

goniometer (Shanghai Zhongchen Digital Technology Co., Ltd, China). Five points were 

tested for each film sample. 

 

Transparency test of CS/PLA bilayer films 

Transparency of films were measured by using a Hach DR6000 UV-vis 

spectrophotometer (Hach, Colorado, USA) at 560 nm. 

 

Measurement of tensile properties of CS/PLA bilayer films 

The CS/PLA bilayer films were cut into strips with a width of 10 mm and a length 

of 70 mm. Then the bilayer film strip was tested by using GBH-1 electronic universal 

testing machine, and it was tested 5 times in 25 ℃, relative humidity of 50%, ranging of 

30 mm, and the speed of 2 mm/min to obtain the average tensile data of the film. 

 

Scanning electron microscopy (SEM) observations of CS/PLA bilayer films 

The film sample with a length of 30 mm and a width of 0.5 mm was frozen in liquid 

nitrogen until brittle, and then its cross section and surface were sprayed with gold for SEM 

observation (González and Igarzabal 2013). The accelerating voltage was 10.0 kV 

 

Fourier transform infrared spectrometry (FTIR) analysis of CS/PLA bilayer films 

The film sample was analyzed with a FTIR spectrophotometer (Bruker Nicolet FTIR 

5700). The sample was scanned in the range of 4000 to 500 cm-1, and the resolution was 

4.0 cm-1 at 25 ℃. 

 

CS/PLA bilayer films application for packaging preservation 

The preservation application of the bilayer film packaging on banana pulp was 

divided into 7 groups. Two sections of banana pulps were placed in each plastic petri dish 

and then sealed with various types of films. The control group was directly exposed to the 

air. These 7 group samples were placed at room temperature for quality evaluation within 

three days. The weight loss rate of banana pulp was tested by the mass change in the 

beginning and end of the storage period. The firmness of banana pulp was characterized 

by employing the texture analyzer (TA-SR01, Jinan, China). Three points of every banana 

pulp were tested, and the average value was obtained as the data. The banana pulp was 

blended by high-speed mixer (HB60A, Zhejiang, China) to make a uniform puree. Next, 

pH value of the puree was measured by using a calibrated digital pH meter (PH838, 

Shenzhen, China), and the measurement results were recorded. 

 
 
RESULTS AND DISCUSSION 
 

Physical Properties of CS/PLA Bilayer Films with Different Ratios 
As shown in Fig. 1, five different ratios of CS/PLA bilayer films were prepared via 

layer-by-layer casting of the corn starch layer and the polylactic acid layer through the 

solution casting method, and these films presented a relatively transparent (transparence: 

86.4% to 92.3%) and smooth appearance, which was conducive to being used as packaging 

film material. The layer-by-layer casting strategy could elevate its water resistance of the 

composite bilayer films. 
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Fig. 1. Five different ratios of CS/PLA films: (a) corn starch solution and polylactic acid solution; 
(b) 60:0; (c) 45:15; (d) 30:30; (e) 15:45; (f) 0:60 

 
Table 1 shows that the thickness, water absorption, and solubility of CS/PLA 

bilayer films displayed an obvious downward trend as the content of PLA increased. From 

the thickness analysis, the addition of PLA reduced the thickness of bilayer film from 0.116 

mm to 0.075 mm. This is mainly attributed to the fact that the PLA molecular chain was 

regular and had high crystallinity (Khouri et al. 2024).  

 
Table 1. Comprehensive Performance Analysis of CS/PLA Films in Different 
Ratios 

CS/PLA 
 Ratio 

Thickness  
(mm) 

Water  
Absorption 

(%) 

Solubility  
(%) 

Transparency 

(%) 

Water contact angle (°) 

CS layer PLA layer  

60:0 0.116±0.06 128.20±0.51 20.47±0.12 86.41±0.12 43.58±0.13 - 

45:15 0.108±0.03 65.39±0.17 19.31±0.07 88.05±0.14 46.27±0.11 88.72±0.19 

30:30 0.097±0.05 54.84±0.24 15.29±0.16 89.58±0.08 47.93±0.07 89.54±0.13 

15:45 0.089±0.04 31.72±0.36 9.18±0.20 90.26±0.17 49.02±0.15 91.03±0.11 

0:60 0.075±0.01 1.52±0.15 2.47±0.14 92.34±0.23 - 92.86±0.26 

 
When it was blended with corn starch, it can fill the molecular gaps, make the 

composite film structure closer, and inhibit the aggregation of corn starch, which ultimately 

led to a decrease in film thickness. With increased PLA content, the water absorption 

capacity of the bilayer film decreased from 128.2% to 1.52%. This was because there were 

a large number of hydroxyl groups on the starch molecular chain, and its molecules were 

easy to absorb water (Debnath et al. 2022). In addition, the pure PLA film had strong 
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hydrophobicity because of its less hydrophilic groups in the molecular chain (Yun et al. 

2024). Studies have shown that increasing the content of PLA could effectively reduce the 

hydrophilicity of the bilayer film (Almgren et al. 2009). Therefore, increasing the 

proportion of PLA or reducing the proportion of CS could reduce the water absorption of 

the bilayer film. Corn starch also could be surface modified to yield cationic starch, which 

can further reduce water absorption. The change of solubility was similar to that of water 

absorption. When the proportion of PLA increased, the solubility of the bilayer film 

decreased from 20.5% to 2.5%, which was attributed to the fact that PLA was a 

hydrophobic polymer (Xu et al. 2023). When PLA was added to the CS film, the solubility 

of bilayer film could be effectively reduced. Although CS could be used as a packaging 

film, its high solubility in water has limited its application (Yuan et al. 2010). Besides, the 

surface wettability of bilayer films was confirmed by the water contact angle. The 

hydrophobic PLA layer had the highest water contact angle of 92.9, while the PS layer 

exhibited hydrophilicity with the water, with a contact angle below 50. As can be seen, 

the addition of PLA effectively improved the physical properties of CS/PLA bilayer film, 

which reduced the film's thickness, as well as its water absorption rate, dissolution 
 
Analysis of Mechanical Properties of CS/PLA Bilayer Films with Different 
Ratios 

The effect of various CS/PLA ratios on the tensile strength (Fig. 2a) and elongation 

at break (Fig. 2b) of bilayer film were investigated. The tensile strength reflects the 

mechanical strength, and the elongation at break is an indicator of the flexibility of the 

bilayer film (Wu et al. 2013). The pure CS film (60:0) had the lowest tensile strength (11.6 

MPa) and the highest elongation at break (48.3%). The pure PLA film (0:60) had the 

highest tensile strength (30.4 MPa) and the lowest elongation at break (8.7%). Especially, 

the tensile strength (21.1%) and elongation at break (17.9%) of the bilayer film (15:45) 

group were all higher than those previously reported for this kind of bilayer film 

(Hernández-García et al. 2022).  

 

 
 

Fig. 2. The effects of different ratios of CS/PLA on the (a) tensile strength and (b) elongation at 
break of the bilayer films 

 
The results indicated that with the addition of the PLA layer to the CS layer, the 

tensile strength of the bilayer film had greatly increased, but the elongation at break had 
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decreased significantly. This was because the PLA layer had rigidity, which can withstand 

strong pressure, and the CS layer had good plasticity. The mechanical properties of 

CS/PLA bilayer films combined the toughness of CS layer and the tensile strength of PLA 

layer. Its tensile strength was higher than that of pure CS films, and its elongation at break 

was greater than that of pure PLA films. Therefore, to achieve a balance between the 

mechanical strength and flexibility of packaging materials, the CS/PLA bilayer film with 

a appropriate ratio is the key based on the actual needs. 

 
Morphology and Structure Analysis of Bilayer Films Composed of CS/PLA 

SEM images of pure CS film, pure PLA film, as well as a cross-section of the 

CS/PLA (30:30) bilayer film are shown in Fig. 3.  

 

 
 

Fig. 3. SEM images of the surface (magnification: 600 x): (a) pure CS, (b) pure PLA, (c) CS layer 
of bilayer film (30:30), (d) PLA layer of bilayer film (30:30). SEM images of the cross section 
(magnification: 300 x): (e) pure CS film, (f) pure PLA film, (g) bilayer film (30:30) 
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The surface of pure CS film (Fig. 3a) was rough, with some CS particles, but no 

obvious holes or cracks. These findings indicated that the CS had been completely 

gelatinized during the thermoplastic process and had good film-forming performance. 

While the surface of pure PLA film (Fig. 3b) was smooth, without obvious holes or cracks, 

there were still a few small particles. As for bilayer film, the CS layer (Fig. 3c) exhibited a 

relatively rough surface, which was smoother than pure CS film. The PLA layer (Fig. 3d) 

displayed a dense, homogeneous surface, similar to pure PLA film. Both the cross section 

of CS film (Fig. 3e) and PLA (Fig. 3f) exhibited a dense structure without distinct cracks 

or holes. Besides, the cross section of the CS/PLA bilayer film (Fig. 3g) showed an obvious 

double-layer structure consisting of PLA layer and CS layer. The cross-section images 

showed a relatively compact and regular structure; no obvious separation was found at the 

boundary of CS/PLA layer. SEM observations of the cross-section of the CS/PLA bilayer 

film demonstrated that the PLA layer was tightly bonded to the CS layer, contributing to a 

dense structure and strong interfacial adhesion. 

In addition, the FTIR spectra of CS/PLA bilayer films with different ratios are 

presented in Fig. 4. The absorbance peak at 3335 cm-1 was due to the stretching vibration 

of O-H in adsorbed water and CS molecule. Another characteristic peak was observed at 

2932 cm-1 originated from the stretching vibration of C-H. The peak at 1648 cm-1 was 

attributed to the O-H bending of the bound water molecules. Besides, the C-O bond 

stretching generated several discernible absorbance peaks at 1152 and 1018 cm-1. In the 

FTIR spectra of pure PLA film, the peak at 1751 cm-1 was ascribed to the C=O stretching 

vibration of the generated carbonyl groups. The peaks at 1183 and 1086 cm-1 were assigned 

to C-O-C stretching. It can be seen from the FTIR results that no new characteristic peaks 

different from those of the pure CS film or the pure PLA film appeared in the CS/PLA 

bilayer films. The interactions between PLA and CS is depicted in Fig. 4b. There was only 

hydrogen bond interaction between the interface of CS and PLA, and no chemical bond 

combination was apparent. Therefore, it could be concluded that the bilayer film was 

formed primarily by the physical action rather than chemical action of the two components. 

 

 
 

Fig. 4. (a) FTIR spectra of CS/PLA bilayer film with different ratios, (b) scheme of interactions 
between PLA and CS 
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Analysis of Barrier properties of CS/PLA Bilayer Films with Different Ratios 
Barrier properties are an important characteristic of packaging materials. Barrier 

layers can impact the difference between the internal and external environments and 

thereby affect the products inside. As shown in Fig. 5a, pure CS film had the largest WVP, 

which was 13.63×10-11 g⋅m/m2⋅s⋅Pa, while pure PLA film had the smallest WVP, which 

was 1.02×10-11 g⋅m/m2⋅s⋅Pa, indicating that PLA was a material with excellent water vapor 

barrier properties, while the water vapor barrier property of CS film was relatively poor. 

The WVP of CS film was nearly 13.4 times higher than that of PLA film. When the ratio 

of CS/PLA was changed from 0:60 to 15:45, the WVP of the bilayer film decreased to 

2.27×10-11 g⋅m/m2⋅s⋅Pa. This indicated that the higher the PLA content, the lower the WVP 

value of bilayer film, while the relatively better the water vapor barrier performance. When 

the CS/PLA ratio was 15:45, the WVP was close to that of the pure PLA film. As exhibited 

in Fig. 5b, the OP values (2.29~8.52×10-13 cm3⋅m/m2⋅s⋅Pa) of CS/PLA bilayer films were 

little higher than that of pure CS film (1.64×10-13 cm3⋅m/m2⋅s⋅Pa) and markedly lower than 

that of pure PLA film (14.47×10-13 cm3⋅m/m2⋅s⋅Pa). The excellent oxygen barrier was 

attributed to the dense PS layer and the compact structure within the interfacial layer.  

Notably, the WVP and OP values of the CS/PLA bilayer film were similar to those reported 

in another study (Zhou et al. 2019). Thus, the combination of PLA layer with CS layer to 

construct bilayer films could obviously improve the barrier properties of bilayer film. This 

preparation process by adjusting the layer ratio enabled us to achieve expected barrier 

performances that meet the requirements for food packaging application. 

 

 
 

Fig. 5. The effect of different CS/PLA ratio on the (a) water vapor permeability and (b) oxygen 
permeability of the bilayer film 

 
Application of CS/PLA Bilayer Films in Banana Pulp Preservation 

The weight loss rate for different ratios of CS/PLA bilayer films on the preservation 

of banana pulp were tracked over the course of three days. As summarized in Table 2, The 

results showed that the weight loss rate of banana pulp packaged by CS/PLA bilayer film 

gradually increased with the increase of PLA ratio over the study period.  The weight loss 

of pure PLA film was 2.58%, which was better than that of the control group (3.56%), but 

not as good as that of CS/PLA bilayer film. Notably, the weight loss of CS/PLA bilayer 

film (15:45) was the lowest, only 1.36% on the third day, which was close to the PE film 

group, indicating that it had the best preservation effect on banana pulp. Compared with 
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the control group, the packaging films could prevent moisture in packaged banana pulp 

from escaping into the external environment. The CS/PLA bilayer films showed excellent 

moisture-proof barrier, which could inhibit the diffusion of water vapor during storage, 

thus weakening the transpiration of banana. 

 

Table 2. The Three-day Weight Loss Rate (%) of Banana Pulp Fresh-keeping 
with Various Films 

 Film Type 0 h 18 h 36 h 54 h 72 h 

Pure CS film (60:0) 0.62±0.03 1.15±0.05 1.63±0.07 2.02±0.06 2.58±0.04 

CS/PLA film (45:15) 0.62±0.01 0.94±0.04 1.42±0.02 1.87±0.04 2.13±0.05 

CS/PLA film (30:30) 0.64±0.03 0.85±0.03 1.03±0.03 1.34±0.05 1.77±0.03 

CS/PLA film (15:45) 0.63±0.02 0.79±0.02 0.91±0.05 1.08±0.01 1.36±0.01 

Pure PLA film (0:60) 0.65±0.01 0.82±0.01 0.95±0.03 1.11±0.03 1.38±0.02 

PE film 0.62±0.02 0.77±0.05 0.89±0.04 1.05±0.02 1.34±0.01 

Control group 0.63±0.03 1.22±0.03 1.95±0.05 2.78±0.05 3.56±0.06 

 

Furthermore, the appearance change of banana pulp during 3 days of storage was 

investigated (Fig. 6a). The color of banana pulp in the control group changed most 

obviously within three days and browned rapidly. The color of banana pulp preserved by 

PE film changed slowly, the third day appeared little brown. The color change rate of pure 

CS film group was faster than that of CS/PLA bilayer film group. As the proportion of 

PLA increased, the preservation effect of bilayer for banana pulp became better, and the 

best preservation effect of the bilayer film ratio was 15:45. The phenomenon was attributed 

to the compact structure of the bilayer films derived from the CS layer and PLA layer. The 

layer of PLA can block moisture, and the layer of CS can absorb banana pulp moisture. 

Therefore, the CS/PLA bilayer film had an obvious effect on delaying the oxidation and 

deterioration of banana pulp. In addition, pH value is an important indicator for evaluating 

the quality of banana pulp during storage. Figure 6b shows the changes in pH of banana 

pulp during 3-day storage. It can be seen that the pH displayed a slight downward trend 

during the storage period. After 3 days of storage, the pH of banana pulp in the CS/PLA 

bilayer film group (15:45) gradually increased from 5.43 to 4.98, which was higher than 

4.52 in the control group and close to 5.01 in the PE film group. The results indicated that 

the CS/PLA bilayer film could prevent the change of pH in preserving bananas pulp, which 

was related to the transformation of pectin in banana into pectic acid and the increase of 

soluble solid content. The phenomenon was consistent with the changing trend of firmness 

analysis next. The firmness of fruit is usually a vital factor reflecting its texture 

characteristics and quality. As can be seen from Fig. 6c, with the extension of storage time, 

the firmness of banana pulp in all groups decreased to varying degrees. The firmness of 

banana pulp in the control group decreased most significantly, which dropped from 8.74 to 

0.86 N/cm2 at the end of third day. It was obviously lower than (1.73~2.81 N/cm2) in the 

CS/PLA film and slightly lower than 1.37 N/cm2 in the pure CS film group. The results 

showed that the CS/PLA bilayer film could effectively slow down the softening of banana 

pulp caused by ethylene accumulation. Thus it was able to maintain the original texture 

characteristics. 
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Fig. 6. (a) Three-day appearance changes of banana pulp with different packaging films; (b) 
firmness and (c) pH value of banana pulp in different groups during storage time 

 

 

CONCLUSIONS 
 

1. In this study, corn starch (CS) and polylactic acid (PLA) were used as film-forming 

materials to prepare a bilayer film and applied for the preservation of banana pulp. 

Through analyzing the physical properties, mechanical properties, morphology, 

structure, and  water vapor permeability, oxygen permeability of CS/PLA bilayer film, 

it was found that the comprehensive performance of the bilayer film could be 

effectively improved by adjusting the CS/PLA ratio. 

2. When the ratio of CS/PLA was 15:45, the preservation effects of banana pulp packaged 

by the bilayer film were optimal. The weight loss rate of banana pulp reached to the 
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lowest (1.36%), while the pH and firmness of banana pulp possessed the largest value, 

4.98 and 2.81 N/cm2, respectively. These confirmed that the CS/PLA bilayer film had 

a good effect on banana pulp packaging preservation. 

3. Corn starch has a wide range of sources and low cost, while polylactic acid has 

excellent mechanical properties and water resistance. The combination of these two 

biomass-based materials to prepare a bilayer film comprehensively utilizes the 

advantages of these two components, thus yielding the functional bilayer packaging 

film. It provides a research path for the application of biodegradable packaging 

materials in the field of fruit packaging. 
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