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Coating a film on the surface of fruits to prolong the shelf life is an often-
used method. However, wax coating is not sustainable and 
environmentally compatible. In this study, soybean protein isolate (SPI) 
and hydroxypropyl methyl cellulose (HPMC) were dissolved to form a 
coating solution with glycerin added as a plasticizer. The results showed 
that the tensile strength (TS) of the films increased from 6.52 to 20.76 MPa 
and the elongation at break (EAB) decreased from 68.07% to 12.67% 
when HPMC content increased from 0% to 20%, respectively. The 
intermolecular forces between the SPI and HPMC molecules made the 
polymers film-forming and the obtained film more continuous and stronger. 
The obtained film was tested on grapes and cherry tomatoes, which tightly 
coated with the film without any cracks. This greatly delayed their 
deterioration. By comparing the mass loss, total soluble solids, hardness, 
titratable acids, and pH values, the results showed that the coated grapes 
and cherry tomatoes exhibited higher freshness than the bare ones. This 
study fabricated an environmentally friendly coating that could prolong the 
shelf life of fruits, which will potentially promote the healthy development 
of the fruit industry. 
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INTRODUCTION 
 

Fresh fruit is an important source of nutrients such as minerals, vitamins, and 

dietary fiber. However, fruits are rich in nutrients and high in water content, which are 

easily affected by physiological metabolic activities and microbial infection after harvest, 

resulting in water loss, shrinkage, softening, and mildew. In 2000, China produced 

approximately 28 percent of the world’s 470 million tons of fruit. Nowadays, China 

produces 270 million tons of fruit each year, which is nearly half of the world’s total fruit 

production. While China leads the world in fruit and vegetable yields, preservation and 

processing methods are often neglected. Compared with developed countries, the 

preservation of fruits and vegetables in China faces many problems, and the annual loss 

rate is as high as 25% to 30%, which is undoubtedly a huge economic loss (Thakur et al. 

2018). At present, waxing is an internationally permitted fresh-keeping method with 

mature technology and regulations (Li et al. 2018). The wax forms a protective film on the 

surface of the fruit, which protects the skin, improves its gloss, and prevents moisture from 

evaporating and retains the fruit’s freshness. In addition, waxing forms a barrier against 
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bacteria, such that it can prevent degradation and attack by insects. However, wax is often 

difficult to clean on the peel and it may have to be eaten after being peeled, which wastes 

epidermal nutrients. Wax is also a type of petroleum processing product, which is non-

renewable and causes carbon emissions. Therefore, the development of environmentally 

friendly, edible, anticorrosive coatings have broad application prospects (Khan et al. 2021; 

Pirozzi et al. 2021). 

A fresh-keeping coating can improve the quality of fruits as an ideal method. 

Currently, biodegradable films are mainly composed of polysaccharides, proteins, and 

lipids. These compounds are evenly coated on the surface of the fruit to form a polymer 

film with a network structure after drying. The formed film can maintain fruit freshness by 

inhibiting water evaporation and respiration, reducing the consumption of nutrients, and 

preventing bacterial invasion (Ediyilyam et al. 2021). Therefore, coatings are a kind of 

food packaging material with great potential for development because of their strong 

preservation abilities, edibility, degradability, and environmentally-friendly nature (Pan et 

al. 2020). Hydroxypropyl methyl cellulose (HPMC) and food preservatives were 

developed as edible coatings for antifungal ingredients. They were tested as coatings on 

clementine oranges, and all the coatings effectively reduced the mass loss without 

adversely affecting the sensory flavor and appearance of the fruit (Valencia-Chamorro et 

al. 2011). Saki et al. (2019) coated fresh figs with chitosan and thymol and found that the 

coating was very effective for fruit preservation. Although the above methods can prolong 

the shelf life of fruits, the brittleness of the film restricts its development and application 

in fruit preservation. Biodegradable food packaging films were prepared by adding ethanol 

red grape seed extract and volatile oil of purple spikelet to chitosan and gelatin films 

(Shahbazi 2017). Meindrawan et al. (2018) developed a coating of carrageenan combined 

with nano zinc oxide, which resulted in an obvious increase in tensile strength and the 

water barrier, but little change in the elongation of the film. Meindrawan et al. (2020) 

explored the possibility of improving the quality and shelf life of snake fruit with gluconan-

beeswax-chitosan edible coating. This treatment successfully reduced the growth of 

Staphylococcus aureus and Escherichia coli, but the effect of preservation needed to be 

strengthened. Chitosan, as used in the cited studies, is a natural and renewable material that 

is widely used in fruit coatings. Its price is around 200 RMB per kilogram. Moreover, it is 

soluble in acid solution but not water. 
Therefore, there is an urgent need to develop a low-cost edible coating in the field 

of fruit preservation. Through numerous studies, soybean protein isolate (SPI) has been 

found to be inexpensive, edible, biodegradable, film forming, and an antioxidant. The price 

is around 20 RMB per kilogram, which is much lower than that of chitosan. Furthermore, 

it is easily soluble in water. Therefore, SPI can be used as a substrate material for fruit 

coating, but its mechanical strength and moisture resistance are poor. Shon and Choi (2011) 

found an SPI coating to have antioxidant and moisture resistance properties on fruit. 

However, the coating is prone to cracking due to the poor mechanical strength of SPI 

(Nishinari et al. 2014; Salgado et al. 2020), which affects the fruit preservation. This is 

attributed to the combination of intermolecular disulfide and hydrogen bonds, hydrophobic 

interactions, and electrostatic forces during film formation (Sothornvit and Krochta 2001). 

A large number of studies have shown that the SPI has better emulsification when mixed 

with other substances, giving rise to better emulsification, thermal stability, and oxidation 

resistance (Koshy et al. 2015). Martelli-Tosi et al. (2017) prepared a composite film with 

improved vapor barrier properties with chitosan and SPI, but the oxidation resistance still 

needed improvement. Composite films were prepared by soybean straw and SPI/straw for 
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fruit preservation. The prepared film had higher mechanical resistance, lower elongation 

at break (EAB) values, and lower solubility in water. The addition of 1% fiber had no 

obvious effect on the permeability of the film. 

To solve the shortcomings of SPI, HPMC was used in this work as a film-forming 

material. As a cellulose ether, HPMC has good water solubility, dispersity, thickening, 

water retention, and film formation. In the production of protein film (Ding et al. 2015; 

Zhang et al. 2019a), HPMC is often used to improve the tensile strength (TS) and EAB 

values. In this study, SPI and HPMC were blended to prepare the film because of the good 

film formation of HPMC, which improve the original single anti-corrosion effect and 

mechanical strength. The performance and structure of the SPI/HPMC coating were 

studied, and the preservation effect of cherry tomatoes and grapes was evaluated. 
 

 

EXPERIMENTAL 
 

Materials  
The HPMC (AR) was supplied by Shandong Head Co., Ltd. (Shandong, China). 

The food grade SPI was obtained from Hebei Baiyou Biotechnology Co. (Hebei, China). 

The water content of SPI and HPMC is 0.29% and 0.13%, respectively. The glycerin (AR) 

was acquired from Shanghai Beite Chemical Co. (Shanghai, China). The fresh grapes and 

cherry tomatoes were bought from a local supermarket (Harbin, China). 
 

Preparation of the Films  
In this study, the SPI/HPMC composite films were prepared under different 

conditions because the coating is not easy to characterize. Six grams of SPI powder were 

gradually poured into 100 mL of distilled water and stirred at 55 °C for 20 min. Then 0%, 

5%, 10%, 15%, 20%, and 25% HPMC (w/w, SPI base) and 1.8 g of glycerol were added 

and stirred for 20 min. The pH was adjusted to 9, the temperature was set to 85 °C, and the 

solution was further stirred for 20 min. Finally, the solution was poured into a plastainer 

by the tape casting method and dried at 50 °C for 24 h. The obtained films were labeled as 

SH-0, SH-5, SH-10, SH-15, SH-20, and SH-25, respectively. 

 

Characterization of the Films 
The films were anchored to the sample platform of the electron microscope. After 

spraying the films with gold, the morphology of the surface and the cross section of the 

films was photographed under 500 × magnification at a 5000 V acceleration voltage using 

a Quanta 200 scanning electron microscope (SEM) (FEI, Hillsboro, OR, USA). 

The Fourier-transform infrared spectroscopy (FTIR) spectra were recorded on an 

infrared spectrometer (Nicolette 6700; Thermo Fisher Scientific, Waltham, MA, USA) 

over the range from 4000 to 600 cm-1 to determine the functional groups of the film 

samples. 

The film (15.00 mm × 15.00 mm) was scanned by an X’Pert3 Powder X-ray 

diffractometer (Malvern Panalytical, Malvern, UK) at a scanning rate of  5 °C min-1 within 

the scope of 2θ = 5° to 50° at a voltage of 40 kV and a current of 30 mA. 

 
Performance Tests  

The film was cut to 20 mm × 40 mm and examined with a UV-Vis 

spectrophotometer (UV-2600; Shimadzu, Kyoto, Japan), and the transmittance was 
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analyzed in the wavelength range of 200 to 800 nm. The TS and EAB values of the sample 

films were examined with an XLW-PC auto tensile tester (Labthink, Jinan, China) with a 

50 mm fixture spacing and a 300 mm min-1 strain rate. The sample films (15 mm × 80 mm) 

were conditioned at 75% relative humidity (RH) using saturated lithium chloride (LiCl) 

solution for 24 h at 25 °C, and the average thickness of the film was obtained with a 

DC11ZXBS film thickness tester (Mitutoyo, Kanagawa, Japan). The parallel experiments 

were performed five times. 

The water vapor permeability (WVP) was determined by the gravimetric method 

at 75% RH (25 °C). A 5 cm diameter sample was cut and sealed at the top of a weighing 

flask that contained 23 g anhydrous calcium chloride (0% RH). The weighing bottle was 

placed in a 75% RH (25 °C) dryer (saturated sodium chloride solution) and weighed 

periodically. Each film was determined three times in parallel. The WVP of the sample 

was calculated according to Eq. 1, 

𝑊𝑉𝑃 =
𝑊 𝑥

𝑡 𝐴 ∆𝑃
        (1) 

where W is the increased weight of weighing bottle (g), x is the average film thickness (m), 

t is the duration (s) of weight gain of the weighing bottle, A is the permeation area of the 

film (m2), and ΔP is the difference in the WVP between the two sides of the film (1753.5 

Pa, 20 °C). 

The oxygen permeability (OP) was determined according to the GB/T 19789 

standard (2005). The films (8 cm × 9 cm) were anchored to the Perme OX2/230 oxygen 

transmittance tester (Labthink, Jinan, China) by the test principle of the isobaric method. 

The OP coefficient was measured and calculated to evaluate the OP of the films. Each film 

was proceeded in triplicate. 

 
Tests of Cherry Tomatoes and Grapes Preservation  

Cherry tomatoes and grapes with similar maturity in the same batch were rinsed 

with water, then soaked in sodium hypochlorite (NaClO) solution with an effective chlorine 

content of approximately 5,040 mg L-1 for 10 min, and finally rinsed with water. The 

treated fruits were immersed in a film-forming solution for 1 min, suspended in air at 25 

°C by ropes, weighed, and photographed periodically. The pH values of the grape and 

cherry tomatoes were determined by a pH meter (Zhejiang Lichen Instrument Technology 

Co., Shaoxing, China). The hardness was determined with a GY-4 fruit hardness Tester 

(YUCHENGTECH, Guangzhou, China) according to the NY/T 2009-2011 standard 

(2011). The soluble solids in the cherry tomatoes and grapes were measured by a 

refractometer (WAY-2WAJ; NANBEI, Shanghai, China). The titratable acid (TA) content 

in fruit can be calculated by measuring the amount of sodium hydroxide (NaOH) according 

to the principle of acid-base titration with the known concentration of NaOH solution (0.1 

mol L-1). 

 
Statistical Analysis  

The reported result of each experiment was the average of three parallel data. The 

Duncan multi-range test was performed on discrepancies among the mean values of the 

functional figure of the films by SPSS 17.0 software (IBM, Armonk, NY, USA) to 

determine the significance of each average attribute value (p<0.05). 
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RESULTS AND DISCUSSION  

 

Morphological Analysis  
As shown in Fig. 1, the film without the HPMC exhibited a uniform state, with 

particles obviously distributed in the films with the higher HPMC content. When the 

HPMC content was increased from 5% to 15%, the composite film surface was 

homogeneous, which indicated that the SPI and HPMC were strongly crosslinked. As 

shown in Fig. 2, hydrogen bonds formed between the hydroxyl groups on the structure of 

HPMC and the active groups of the protein. Therefore, appropriate amounts of HPMC 

could enhance the intermolecular force to make the compatibility better. When the HPMC 

content reached 25%, the surface and cross section became rough, which was due to 

excessive HPMC hindered the interaction between the proteins, and the surface and cross 

section of the film appeared as a multiphase structure. Furthermore, a large amount of 

HPMC was embedded in the film, which made the film rigid and prevented molecular 

arrangement. This generated pores in the film cross section during quenching. 

 

 
 

Fig. 1. SEM images of the surface and cross section of SH-0, SH-5, SH-15 and SH-25 
 

 
 

Fig. 2. The schematic diagram of the molecular cross-linking mechanism in the SHx films 

 

FTIR Analysis  
The infrared spectra of the SH-0, SH-20, SPI, and HPMC films are shown in Fig. 

3. The spectrum of the SH-20 film shows a band at 3273 cm-1, which was caused by O-H 

tensile vibration. The band value at 2932 cm-1 was obtained from the absorption peak of 

C-H, which all come from primary structure of SPI. The band at 1626 cm-1 was the 

stretching vibration of the C=O bond. The band at 1536 cm-1 came from the bending 
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vibration of N-H. The bands of 1399 and 1043 cm-1 corresponded to the C-C bending 

vibration and the C-O-C tensile vibration of the HPMC molecules, respectively. Since 

HPMC contains a large amount of hydroxypropyl groups in the system after film 

formation, there are many hydrogen bond interactions between the molecules, so the O-H 

and N-H stretching and bending vibration characteristic bands tend to be obvious. 

Moreover, the characteristic absorption peak of HPMC disappeared or weakened after the 

film formation, and the characteristic peak with the maximum strength at 1371 cm-1 also 

disappeared, indicating that there is chemical cross-linking and strong fusion between the 

HPMC and SPI. 

 

 
 

Fig. 3. The FTIR spectra of the HPMC, SPI, SH-0, and SH-20 films  

 

X-ray Diffraction (XRD) Analysis  
The XRD patterns of the pure SPI and SPI/HPMC films are shown in Fig. 4.  

 

 
 

Fig. 4. The XRD patterns of the SHx films 
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The peak shape of the pure SPI was similar to that of the SPI/HPMC films, which 

indicated that the addition of HPMC did not change the crystal structure of the SPI film. In 

addition, the peak of 8.4° could be seen from the SH-5 film, which indicated that the 

crystallization region of HPMC still was present. When the addition amount of HPMC was 

15%, the peak of 8.4° weakened or even disappeared because there was strong fusion 

between the SPI and HPMC. Under this condition, the SPI and HPMC had excellent 

compatibility. At the same time, the pure SPI film and the SPI/HPMC film both had wide 

characteristic diffraction peaks at 20.0°, which proved that the SPI and HPMC films had 

amorphous properties. 

 

Light Barrier Properties of the Films  

Prolonged exposure to ultraviolet (UV) rays and sunlight can cause fruit to oxidize 

and even spoil, so shading is crucial to keep fruit fresh. The UV-Vis spectra are shown in 

Fig. 5. The pure SPI film had the highest transmittance. When the HPMC content increased 

from 0% to 10%, the transmittance at 600 nm decreased from 83% to 42%. This was 

attributed to the strong interaction between the SPI and HPMC, which made the internal 

structure of the film tidier and more compact, resulting in poor transmittance. When the 

HPMC content was 15%, the optical transmittance of the film increased, and then 

decreased with increasing HPMC content. It was worth noting that the transmittance of the 

film was almost 0 up to 300 nm (Fig. 5), which had a good ability to block UV rays. In 

general, the films displayed favorable shading properties. 

 

 
 

Fig. 5. The UV-visible spectra of the SHx films 

 

Mechanical and Barrier Properties  

As shown in Table 1, when the HPMC content increased from 0% to 20%, the TS 

values of the SPI/HPMC films increased slightly, while the EAB values gradually 

decreased. Since the molecular chain was completely extended in the HPMC solution, 

intermolecular hydrogen bonds interacted with the amino group on the SPI molecule, 

which improved the internal network structure of the film. With the enhancement of 

various molecular interactions between the HPMC and SPI, the internal network structure 
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of the film became regular, the intermolecular fluidity became poor, the ductility decreased, 

and the EAB decreased. Although the HPMC reduced the EAB values of the films, it had 

a good elongation in the experimental range. In addition, the TS of the SH-15 film was 

similar to that of the SH-25 film, which reduced the production cost of the film to a certain 

extent. The results showed that SH-20 exhibited better performances, therefore, was used 

for the coating. 

 

Table 1. Mechanical and Barrier Properties of the SHx films 

 

The respiration of the fruit continually depletes stored organic matter and speeds 

up the life processes of the fruit. If the respiration is too strong, then the stored organic 

matter will be consumed too much. This will cause the fruit quality to decline, which is 

adverse to fruit storage. Table 1 showed that with the increased HPMC content, the WVP 

value and the OP value of the film decreased significantly. This is due to the hydrophobic 

methoxyl group on the residue of D-glucopyranoside, the structural unit of HPMC. 

Hydroxyl groups on hydroxypropyl group could form hydrogen bonds with the protein 

molecular -NH2
+ and -COO- groups to form a relatively stable network structure. This 

would expose the hydrophobic groups in the film, thus improving the hydrophobicity of 

the structure and reducing the WVP value of the film. Moreover, the OP value of the 

SPI/HPMC film was lower than that of the pure SPI film, which is due to the dense grid 

structure of protein film. The structure of the film led to the obstruction of oxygen through 

the film, which enhanced the oxygen barrier ability of the film. The results showed that the 

SPI/HPMC film had strong oxygen and moisture resistance, which could also block 

external bacteria and play a role in fruit preservation. 

 

Application in Cherry Tomatoes and Grapes Preservation  

As shown in Fig. 6, in the same batch of cherry tomatoes and grape ripening 

conditions, the coated specimens were better preserved than the uncoated specimens. With 

the prolongation of storage time, the mass loss rate increased for both the coated and 

uncoated fruits. The mass loss rate of the blank control increased the fastest, reaching the 

highest after 7 d of storage, which was 8.05% for the cherry tomatoes and 13.57% for the 

grapes. The weight loss rates of the coated cherry tomatoes and grapes were 6.3% and 

11.73%, respectively. Compared with the blank control, the weight loss rate of the two 

fruits treated with the SH-20 coating was significantly reduced. 

As shown in Table 2, after storage at 25.0 °C for 7 d, the pH value of the cherry 

tomatoes increased to 4.62, the hardness decreased to 1.70 kgf cm-2, the soluble solids 

content decreased to 2.50%, and the TA content decreased to 0.17%. In the coated group, 

pH value was 4.73, the hardness was 2.30 kgf cm-2, the soluble solids content was 4.90%, 

and the TA content decreased to 0.29%. The pH value of the grapes decreased to 3.67, the 

Sample TS (MPa) EAB (%) 
WVP (g m-1 s-1 

Pa-1  10-10) 

OP 
(cm3 mm mm-

2 day-1 atm-1) 

SH-0 6.52 ± 0.29 68.07 ± 24.33 4.40 3.24 

SH-5 7.04 ± 0.23 31.03 ± 11.61 4.07 2.93 

SH-10 13.36 ± 1.70 36.93 ± 10.70 3.40 2.53 

SH-15 17.26 ± 2.26 11.37 ± 3.41 2.44 2.14 

SH-20 20.76 ± 2.60 12.67 ± 5.43 2.34 1.75 

SH-25 14.46 ± 0.57 36.47 ± 5.48 2.98 2.45 
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hardness decreased to 1.86 kgf cm-2, the soluble solids content decreased to 4.80%, and the 

TA content decreased to 0.32%. In the coated group, pH was 3.78, the hardness was 3.21 

kgf cm-2, the soluble solids content was 8.80%, and the TA content decreased to 0.44%. In 

contrast, the hardness and soluble solids content decreased significantly after the SH-20 

coating of both fruits, and the TA content of the coated group did not change within the 

range. The results showed that the composite coating could effectively inhibit the fruit 

hardness decline, and the effect of preservation was remarkable. Table 3 provides the 

comparison of hardness and weight loss of different coatings. The data showed that the 

hardness of the fruits coated with the SPI/HPMC film was improved by 74.99%. The 

weight loss decreased by 1.75% compared with the uncoated group, which was superior to 

other coating materials. Therefore, the SPI/HPMC composite film showed its development 

potential in the field of fruit preservation coating. Photos of the coated and uncoated cherry 

tomatoes and grapes over the 7 d can be seen in Fig. 7. 

 

 
 

Fig. 6. The relationship of mass loss rate to time of the coated and uncoated fruits 

 

Table 2. Total Soluble Solids Content, Hardness Values, TA content, and pH 
Values of the Fresh and 7 d Uncoated and Coated Cherry Tomatoes and Grapes 

Sample 

Cherry Tomatoes Grapes 

Fresh Uncoated 
SH-20 
Coated 

Fresh Uncoated 
SH-20 
Coated 

pH 4.55 4.62 4.73 3.80 3.67 3.78 

Hardness (kgf cm-2) 3.02 1.70 2.30 3.49 1.86 3.21 

TA Content (%) 0.32 0.17 0.29 0.57 0.32 0.44 

Total Soluble Solids 
Content (%) 

5.80 2.50 4.90 11.80 4.80 8.80 

 

  

Time (d) 
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Table 3. Hardness and Weight Loss of the Uncoated and Coated Fruits with 
Different Film-Forming Materials 

No. Material/Composite 
Hardness 

Improvement 
(%) 

Weight Loss 
(%) 

Ref. 

1 SH-20 74.99 1.75 This work 

2 
A rice 

starch/carrageenan/ 
sucrose ester coating  

19.70 1.80 (Thakur et al. 2019) 

3 
Exopolysaccharide 

coating 
9.00 10.47 (Álvarez et al. 2021) 

4 
Low molecular (30 kDa) 
weight chitosan coating 

30.58 1.78 (Zhang et al. 2019b) 

5 
High molecular (120 
kDa) weight chitosan 

coating 
64.42 1.78 (Zhang et al. 2019b) 

6 Peach-gum coating 49.11 12.14 (Zhang et al. 2021)   

7 Shellac Coating 61.91 6.75 
(Ma, Zhou, et al. 

2021) 

 
 

 
 
Fig. 7. The relationship of the coated and uncoated cherry tomatoes (a) and grapes (b) appearance 
changes to time. 
 

 
CONCLUSIONS 
 

1. In this study, hydroxypropylmethyl cellulose (HPMC) was added to soy protein isolate 

(SPI) to prepare a barrier coating for fruit. The obtained film coating had excellent 

mechanical properties, great film-forming stability, and achieved good results in the 

preservation of the fruit film.  

2. Through a series of characterization methods, it was shown that there was good 

compatibility between SPI and HPMC, and the architecture was stable and continuous. 

The oxygen permeability (OP) and water vapor permeability (WVP) values of the film 

did not change much, but they were much smaller than those of a single system. The 

films had a good blocking effect on ultraviolet (UV) light to reduce the fruit 

deterioration. 
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3. The results showed that the introduction of HPMC improved the intermolecular force, 

made the spatial arrangement and mechanical properties of the system more stable, and 

improved the tensile strength (TS) and elongation at break (EAB) values of the film. 

The HPMC was found to have excellent film-forming stability when the film-forming 

material was applied to the coating. Compared to the film-forming without adding the 

HPMC, the film-forming material was tightly wrapped on the coating without cracks 

and it had a longer service life. The coating developed in this study has repeatability 

and can be used with coated fruit to provide a green and new coating technology for 

the field of antidegradation. 
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