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ABSTRACT 

This study investigated the incorporation of golden berry husk extract (HE) into polyvi-

nyl alcohol (PVA) films for food packaging, with a focus on preserving golden berry 

fruits. Analysis of HE revealed the presence of potent antioxidants such as ferulic acid, 

quercetin, chlorogenic acid, rutin, and gallic acid. Scanning electron microscopy (SEM) 

showed increased surface roughness and crack formation in PVA/HE films with higher 

HE concentrations, indicating favorable interactions between HE phenolic molecules and 

the PVA matrix. Fourier-transform infrared spectroscopy (FT-IR) confirmed physical 

interactions between PVA and HE without chemical alterations. Mechanical tests re-

vealed to elevated tensile strength and elongation at break for PVA/HE films, suggesting 

improved flexibility and strength. Water contact angle (WCA) measurements indicated 

altered hydrophilicity and hydrophobicity with HE incorporation, showing decreased 

WCA at higher HE concentrations. Increasing HE concentration was correlated with 

heightened antioxidant activity, with PVA/HE films displaying superior scavenging ac-

tivity for ABTS and DPPH radicals. Physical properties such as thickness, solubility, 

swelling degree, moisture content, and water vapor permeability were influenced by HE 

concentration, exhibiting optimal properties at specific concentrations. Antifungal assays 

demonstrated inhibition of Aspergillus niger and Aspergillus flavus growth in PVA/HE 

films. Application of PVA/HE films on golden berry fruits resulted in reduced weight 

loss, enhanced pH and total soluble solids (TSS) stability, increased firmness retention, 

and inhibition of yeast and mold growth compared to uncoated and husk-covered        

samples. Overall, PVA/HE films hold promise as sustainable packaging materials for ex-

tending the shelf life and preserving the quality of perishable food products like golden      

berries.  
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1. Introduction 

       Food packaging plays a vital role in preserving and 

safeguarding food products. However, conventional 

packaging materials are predominantly composed of 

synthetic polymers derived from non-renewable re-

sources, contributing significantly to environmental con-

cerns. This has driven a surge in research efforts focused 

on developing sustainable food packaging solutions uti-

lizing biopolymers (Cazón et al., 2017). The widespread 

adoption of synthetic polymers in packaging can be at-

tributed to their advantageous properties, including their 

formability, cost-effectiveness, suitability for printing, 

and exceptional resistance to a wide range  

of environmental and mechanical stresses.  



 Nonetheless, such packaging materials are environ-

mentally burdensome due to their prolonged degra-

dation time and the potential risk of chemical re-

lease, which can compromise food quality 

(Horodytska et al., 2018). Nowadays, proteins, li-

pids, and polysaccharides -biopolymers generated 

from natural sources - are widely used as founda-

tional materials for biodegradable packaging solu-

tions. These materials are recyclable, break down 

quickly, are non-toxic, and are beneficial to the en-

vironment (Talukder et al., 2020; Yao et al., 2020). 

The food sector, alongside various other industries, 

has emerged as a significant leader in research ef-

forts aimed at partially or completely replacing tra-

ditional materials. Global food waste amounts to 

over 1.3 billion tons year, according to the Food 

and Agricultural Organization (FAO) (Gheorghita 

et al., 2020). It's important to recognize that these 

sources of pollution encompass residential, com-

mercial, industrial, and agricultural waste. Residual 

traces of previously contained food products, along 

with various biomolecules, can often be found on 

used food packaging. Polyvinyl alcohol (PVA), a 

synthetic polymer, presents      significant potential 

for the development of bioplastics due to its advan-

tageous properties. One of its notable characteristics 

is its ability to dissolve in water and biodegrade, 

making it environmentally friendly. Also, PVA ex-

hibits excellent resistance to oil and chemicals, add-

ing to its desirability as a bioplastic material. Nota-

bly, it has demonstrated remarkable stability when 

exposed to various organic solvents. Due to these 

properties, PVA finds widespread use in applica-

tions such as paper adhesives and packaging materi-

als, making it a versatile and well-suited material 

for various purposes (Abral et al., 2020; Premku-

mar, 2019). Active packaging stands out as a highly 

progressive technology employed to maintain food 

quality by emitting active substances from the pack-

aging itself. This technology allows for the con-

trolled release of these substances over an extended 

period, thereby preserving or enhancing the shelf 

quality and lifespan of the product without directly 

introducing any materials into the food (Ahmed et 

al., 2017). Numerous active agents, including anti-

oxidants and antimicrobial substances, can be inte-

grated into packaging materials. This incorporation 

aims to extend the shelf life of food products, con-

sequently decreasing food waste (Davachi and She-

karabi, 2018; Fabra et al., 2018). By integrating an-

tibacterial agents into biodegradable films, it is pos-

sible to enhance the release and efficacy of these 

agents. The incorporation of food-grade antimicro-

bial compounds into packaging films has demon-

strated improved effectiveness against a broad 

range of bacteria, including both gram-positive and 

gram-negative strains (Padgett et al., 1998). Pimari-

cin is an FDA-approved food    additive with GRAS 

status, known for its powerful antifungal properties 

and commonly used for cheese preservation. How-

ever, natamycin faces challenges due to its poor wa-

ter solubility and uneven dispersion when applied to 

food surfaces, potentially diminishing its antifungal 

effectiveness and leading to high residues in certain 

areas. Additionally, the instability of the compound 

when exposed to light and its degradation over ex-

tended periods of storage may further weaken its 

preservative capabilities. Top of Form Despite these 

limitations, ongoing research aims to improve na-

tamycin's solubility, dispersion, and stability, ensur-

ing its safe and efficient use as a food preservative 

(Fang et al., 2023; Meena et al., 2021). Polyphe-

nols, being nonvolatile substances, can serve as 

substitutes for other natural preservatives. Besides 

their biological functions, natural phenolic com-

pounds are capable of enhancing the physicochemi-

cal and functional attributes of edible films. They 

do this by creating cross-links among biopolymers 

like polysaccharides and/or proteins, in addition to 

providing antioxidant properties (Norajit et al., 

2010). Lately, there has been a growing interest in 

natural antioxidants as alternatives to synthetic    

additives in the food sector. Specifically, extracts 

from berries, including black chokeberry, blackber-

ry, and cranberry, have been explored for creating 

films with antioxidant properties. The fruit known 

as P. peruviana, goldenberry, or cape gooseberry,   

is a climacteric berry with a yellow-orange waxy 

skin and juicy pulp. It is characterized by its papery 

husk (calyx) that protects the fruit and contains    
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approximately 150 to 300 small seeds. This fruit is 

closely related to the tomatillo and belongs to the 

Solanaceae plant family, which includes other edi-

ble plants like tomatoes, eggplants, and potatoes. 

The ripe fruit is bright yellow to orange in color and 

has a mildly tart grape-like flavor. It is often used in 

various applications, including as an ingredient in 

paper adhesives and packaging materials. The fruit's 

unique characteristics and versatility make it a pop-

ular choice in culinary and commercial settings 

(Fischer et al., 2011). The objective of this study 

was to develop an antifungal packaging system 

based on PVA incorporated with goldenberry husk 

extract (HE) and evaluate its impact on the shelf life 

of goldenberry fruits (GB) during the ripening stage 

and under commercial storage conditions. 

2. Materials and Methods 

Materials 

       Fresh goldenberry fruits for the study were 

bought from a nearby Kafrelshiekh, Egypt market. 

The fruit wrappers were from Shoman Plastic Fac-

tory, which is located close to El Dakahlia in Egypt. 

Polyvinyl alcohol (PVA) CAS No: 9002-89-5 with 

a purity of 94%, viscosity of 22–30 cp, and hydrol-

ysis of 99–99.9 (mole%) was used in the investiga-

tion. The two radicals came from Sigma Aldrich 

Co., Ltd. in St. Louis, MO, USA: DPPH and ABTS. 

Additionally, glycerol plasticizer and pimaricin 

were bought from Gamma Scientific Company in 

Egypt. Both fungal strains of Aspergillus niger 

ATCC 6275 and Aspergillus flavus ATCC 9643 

were purchased from Mericen at Ain Shams Uni-

versity. 

Methods 

Preparation of golden berry husk extract 

(HE) 

      Twenty grams of dried golden berry husk were 

pulverized and then subjected to extraction using 

70% ethanol (200 mL) at ambient temperature (22°

C) for 48 hours. This extraction procedure was per-

formed twice, and the resultant extracts were passed 

through a filter. A rotary evaporator was then used 

to concentrate the liquid that had been filtered. At -

80 °C, the condensed extract was subsequently fro-

zen. The golden berry extract underwent a 48-hour 

freeze-drying process at -40 °C to create a lyophi-

lized powder. After that, the lyophilized powder 

was kept in storage at -20 °C until HE was required.  

Characterization of GBE 

The quantification of GBE bioactive compounds 

was achieved through the use of an LC-ESI-

QTOFMS setup (G2-XS QTOF, Waters, Manches-

ter, UK), adapting a method previously outlined 

(Eltabakh et al., 2021) with necessary adjustments. 

In summary, GBE samples were diluted to a con-

centration of 2 mg/mL and then subjected to centrif-

ugation at 5000 rpm for 20 minutes at a temperature 

of 30 °C. The supernatant was collected, and ali-

quots of 1.5 mL were transferred into HPLC vials 

for subsequent LC-MS analysis. For chromato-

graphic separation, 2 μL of the extract was intro-

duced into an ACQUITY UPLC BEH C18 column 

(2.1×100 mm), maintaining a flow rate of 0.4 mL/

min. The mobile phase consisted of 0.4% formic 

acid for the initial phase and 0.3% formic acid in 

acetonitrile for the secondary phase. Mass spectra 

were generated using an electrospray ionization 

source operating in positive mode, spanning a mass 

range of 100 to 1600 m/z, with the ion source tem-

perature set at 800 °C and an ionization voltage of 

2.5 kV. Analysis and data processing were conduct-

ed using MassLynx software version 4.1. 

Manufacturing process of polyvinyl alco-

hol (PVA) and HE films 

      A weight of 3 g of PVA was mixed at 900 rpm 

in 100 mL of distilled water at a temperature of 95 °

C for 30 min. Subsequently, 0.7 g of glycerol was 

incorporated as a plasticizer and an additional stir-

ring time of 20 min was followed. After cooling the 

mixture, varying amounts of freeze-dried HE (0.2, 

0.4, and 0.6 g) were introduced to the PVA mixture 

with an equal amount of pimaricin (100 mg) to 

form PVA/HE1, PVA/HE2 and PVA/HE3 mix-

tures, respectively. These were then mixed at 900 

rpm with the initial solution for an additional 30 

minutes at 45 °C. The final mixture was then evenly 

distributed onto specialized glass plates measuring 

20 cm by 30 cm and allowed to dry for 6 hours at 

40 °C. Once dry, the films were gently removed, 
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and stored in a desiccator, separated by paper 

sheets for later analysis. The PVA films were pre-

pared with the same methodology without adding 

pimaricin or HE. 

SEM analysis 

      Observations of surface imperfections, such as 

cracks or wrinkles, on the film samples were      

carried out using an SEM (Scanning Electron     

Microscope, model SU8010, Hitachi, Japan).   

Samples of the films were trimmed into square 

shapes measuring 10 × 10 mm and then mounted 

onto aluminum stubs as a preparatory step before 

being coated with a thin layer of gold to enhance 

the surface's conductivity. The SEM images were 

taken at an appropriate magnification level to allow 

for a detailed examination of the film's surface    

texture. 

FTIR analysis 

      The wavelength spectra of the samples were 

documented using a Nicolet iS-50 FT-IR spectrom-

eter (Thermo Fisher Scientific, USA), spanning a 

range from 4000 to 500 cm-1 (Abdin et al., 2021). 

Differential Scanning Calorimetry analy-

sis of films 

      Differential scanning calorimetry (DSC) analy-

sis was performed using a Shimadzu DSC-60 Plus 

instrument. Accurately weighed 3 mg samples of 

the films were placed in aluminum pans and sealed 

hermetically with a crimping press. These pans 

were then loaded into the designated sample hold-

ers of the instrument, with empty pans serving as 

references in the opposing positions. The tempera-

ture program was set to heat the samples from 0 °C 

to 400 °C at a constant ramp rate of 10 °C/min. 

Mechanical properties 

      The mechanical properties of the films were 

evaluated by measuring their tensile strength (TS) 

and elongation at break (EB) using a texture ana-

lyzer (TA.XT Plus, Stable Micro Systems Ltd., 

Surrey, UK). Rectangular film samples (20 mm x 

100 mm) were secured between the upper and low-

er grips of the analyzer. A tensile test was conduct-

ed at a crosshead speed of 100 mm/min with a con-

stant force of 100 N. Stress-strain data collected 

during the test was analyzed using Zwick software 

(Test Expert V11.02). 

Determination of water contact angel 

(WCA) of films 

      The WCA of films was measured according to 

(Kraisit et al., 2015) with suitable modifications. 

The wettability of the film surfaces was assessed 

using the water contact angle (WCA) method. 

Briefly, each sample was secured to a glass slide 

with double-sided adhesive tape. A deionized water 

droplet (volume typically between 3-5 μL) was dis-

pensed onto the film surface using a micropipette. 

The droplet profile was then captured and analyzed 

using a goniometer to determine the WCA. This 

procedure was replicated four times per sample for 

statistical significance. The WCA values provide 

valuable information regarding the surface hydro-

phobicity/hydrophilicity of the films.  

Determination of antioxidant activity of 

films 

DPPH and ABTS activity 

      The antioxidant capacity of the films was as-

sessed by evaluating their ability to neutralize 

DPPH and ABTS radicals. For the DPPH radical 

scavenging activity, the procedure outlined by 

(Siripatrawan and Harte, 2010) was followed with 

minor modifications. Initially, 100 mg of film sam-

ples were soaked in 10 mL of 10% (v/v) methanol 

and agitated at 120 rpm for 3 hours. Following this, 

the samples were centrifuged to separate the super-

natant. Subsequently, 0.5 mL of each supernatant 

was combined with 4.5 mL of a methanolic DPPH 

solution (1 mM) that had been prepared in advance. 

To initiate the reaction, the mixture was thoroughly 

vortexed for 30 minutes, and the absorbance was 

measured at 517 nm both before and after the addi-

tion of the sample. The resulting data were then an-

alyzed using a specific equation to determine the 

scavenging activity. 
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The ABTS radical scavenging capacity of the films 

was evaluated using a modified version of the meth-

od described by (Kim et al., 2018). Briefly, a radical 

cation solution was prepared by mixing 145 mM 

potassium persulfate and 7 mM 2,2'-Azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS) solu-

tion in a 1:1 ratio. This mixture was incubated in the 

dark for 12 hours to ensure complete ABTS radical 

formation. The solution was then diluted with phos-

phate-buffered saline (PBS, 0.2 M, pH 7.4) to 

achieve an initial absorbance of approximately 0.7-

0.8 at 734 nm. Film extracts (20 mL) were then 

combined with 1980 µL of the diluted ABTS solu-

tion. The absorbance of this mixture was measured 

at 734 nm after a specific incubation time. The per-

centage inhibition of the ABTS radical was calculat-

ed using a standard formula.  

Antifungal effects of films 

       The inhibition of Aspergillus niger ATCC 6275 

or Aspergillus flavus ATCC 9643 by films was eval-

uated using the inhibition zone method (Xu et al., 

2023). In this method, a suspension of Aspergillus 

niger or Aspergillus flavus with a concentration of 1 

× 106 CFU/mL was added to the PDA culture medi-

um at a ratio of 1:100 (v/v). The mixture was then 

poured into culture plates and allowed to solidify. 

Film disks with a diameter of 9 mm were created in 

the middle of the culture medium. The plates were 

incubated at 28°C for 4 days, and the diameter of 

the inhibition zone was measured using a vernier 

caliper. 

Application of films on golden berry 

fruits as packaging material 

       The golden berry with a number of 10 fruits 

was sealed between two pieces measuring 25 × 25 

cm using double-layer bags made of PVA/HE2 and 

polyethylene cover (PEC). PVA/HE2 was selected 

as an ideal package material with satisfied water 

vapor properties, thickness, mechanical properties, 

good surface structure and antifungal activity. To 

seal the bags tightly, a heater impulse sealer ma-

chine from Mercier Corporation (model ME-

455A1, Taipei, Taiwan) was used. The uncovered 

fruits (UC) and natural husk-covered fruits (HC) 

were considered controls for real comprehension. 

All samples were kept at a temperature of 4 °C for a 

period of 20 days. At intervals of 5 days, three rep-

licates from each type of bag were taken out for   

further analysis. 

Characterization of GB fruits during cold 

storage 

Determination of pH, TSS and reducing 

sugars 

      Goldenberry juice samples weighing 24 grams 

were extracted using a ground blender manufac-

tured by Black & Decker in Colombia. The total 

soluble solids (TSS) content of the juice was meas-

ured using a portable refractometer (PAL-1, ATA-

GO, Fukaya-shi, Japan) in accordance with the 

932.12 AOAC method (AOAC, 1995) and ex-

pressed as °Brix. The pH of the juice extract was 

determined by immersing the electrode of a pH me-

ter (pH Basic+, Sartorius, Gotinga, Germany) into 

the juice extract. Finally, the reducing sugar content 

was evaluated using the method reported by 

(Miller 1959). 

Determination of weight loss and firm-

ness 

      The percentage of weight loss (WL) for covered 

and uncovered samples of GB was calculated using 

the following formula: 

Where WZero time = weight at the beginning of the 

experiment and WFinal time = the weight at the end of 

storage time. 
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Fruit firmness was determined using a texturometer 

(LS1, Lloyd Instruments Ltd., Largo, FL, USA) 

equipped with a 1 kN load cell. Individual fruits 

were centrally positioned on a stable platform. A 

cylindrical probe (2 mm diameter) was then em-

ployed to perform a puncture test at a constant 

compression speed of 40 mm/min." The reported 

results represent the average of six repetitions for 

each treatment. 

Determination of respiratory rate 

      The respiration rate of golden berries (GB) was 

assessed using a modified closed system method 

(Banda et al., 2015). Briefly, 150 g samples of both 

control and coated GB fruits, previously stored at   

8°C, were placed in individual 1 L sealed glass jars. 

The CO2 concentration within the headspace of 

each jar was monitored using a gas analyzer 

(Checkmate 3, PBI Dansensor, Ringstead,        

Denmark) at 30-minute intervals over a 3-hour   

period. The respiration rate was then calculated   

using a  following equation: 

 

 

 

In this equation, yCO2 represents the CO2 concen-

tration (%) at a specific time (t), while yi CO2 rep-

resents the CO2 concentration at the initial time 

(t0). The total weight of the product (W) in kilo-

grams and the free volume inside the glass jar (Vf) 

in milliliters were also considered in the calcula-

tion. 

Yeast and mold analysis of GB fruits cov-

ered with films 

       Yeast and mold enumeration was performed 

following a previously established method 

(Hashemi et al., 2017). Briefly, 10 g of goldenberry 

samples were homogenized for 2 minutes in 90 mL 

of sterilized 0.1% (w/v) peptone water. Ten-fold 

serial dilutions were then prepared using potato 

dextrose agar (PDA; Oxoid) and dispensed into Pe-

tri dishes. The plates were subsequently incubated 

at 25 °C for 5 days to allow for colony formation." 

Statistical analysis 

     The statistical analysis used to detect variance in 

the different properties of GB fruits was conducted 

using SPSS 20.0 software. The Tukey's honest sig-

nificant difference (HSD) test was utilized to deter-

mine the differences between means. If the p-value 

was less than 0.05, the differences were considered 

significant. 

3. Results and Discussions 

Characterizations of HE 

     The following Table 1.  displays the outcomes 

of the chromatographic profile and MS data exami-

nation of eight compounds identified during the 

experiment. The main compounds that were tenta-

tively identified include ferulic acid, quercetin, 

chlorogenic acid, rutin, and gallic acid, with con-

centrations of 44.83, 33.09, 27.16, 22.19, and 18.42 

µg/g, respectively, in the dry sample. The presence 

of rutin, quercetin, and chlorogenic acid was prov-

en previously (Etzbach et al., 2018). 

Table 1. The profile of bioactive components of HE by LC-ESI-QTOF-MS 

Detected compounds 
Retention 

time (min) 
MW (Da) Calibration equation 

Regression 

coefficient R2 
µg/g of dry sample 

Gallic acid 9.79 170.12 ɤ=8454.12x+3520.3 0.8501 18.42 

Kaempferol 12.87 286.23 ɤ=6312.72x+3870.3 0.9890 11.35 

Ferulic acid 13.96 194.25 ɤ=7812.10x+1252.7 0.9410 44.83 

Quercetin 10.05 302.96 ɤ=6748.73x+6312.3 0.9521 33.09 

Caffeic acid 8.03 180.16 ɤ=5841.19x+5241.3 0.9861 8.89 

Carvacrol 15.71 150.21 ɤ=7321.20x+6540.8 0.9172 15.71 

Rutin 14.52 610.07 ɤ=8821.40x+6512.7 0.9320 22.19 

Chlorogenic acid 10.63 354.37 ɤ=7541.80x+5721.4 0.8520 27.16 
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SEM micrographs 

     The surface morphology of the control PVA film 

and the PVA/HE film was analyzed using SEM. 

The control PVA film (Figure 1A) exhibited a 

rough surface without any visible cracks, indicating 

that the polymers were well-dispersed and showed 

compatibility between molecules. On the other 

hand, the surface of the PVA/HE film with lower 

concentrations of purified HE (Figure 1B-C) 

showed some roughness without prominent cracks. 

This suggests that the inclusion of HE phenolic 

molecules fostered favorable interaction with the 

PVA film at lower concentrations. However, when 

higher concentrations of HE (0.6%) were added to 

the PVA film, uneven curls and noticeable cracks 

formed (Figure 1D). This observation aligns with 

previous findings (Alshehri et al., 2023). 
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Figure 1. SEM surface images and real images of PVA (A-E), PVA/HE1 (B-F), PVA/HE2 (C-G) and 

PVA/HE3 (D-H) 

Antifungal Films Produced by Polyvinyl Alcohol and Pimaricin with Golden Berry Husk Extract to Extend its Shelf Life  



114

FT-IR characterization of PVA/HE films 

     FT-IR analysis was performed to investigate the 

interaction between the PVA film matrix and HE 

(Figure 2A). The FT-IR spectrum of the PVA sam-

ple exhibited several characteristic peaks. A broad 

and strong band centered at 3265 cm−1 indicated the 

stretching vibration of the hydroxyl group with 

strong hydrogen bonding. Additionally, a smaller 

band at 2810 cm−1 was attributed to CH2 and CH 

stretching vibrations. The presence of carbonyl 

functional groups was indicated by a stretching vi-

brational band observed at 1595 cm−1 in the FT-IR 

spectrum. The C-O stretching vibration bands at 

1086 and 1024 cm−1 were identified as bands sensi-

tive to crystallization based on the analysis 

(Alshehri et al., 2023; Korbag and Mohamed Saleh, 

2016). When comparing the FT-IR spectra of PVA 

films with HE at different concentrations to those of 

pure PVA film, no discernible alterations were seen 

(Figure 2A). This implies that HE is incorporated 

into the PVA matrix without undergoing any chemi-

cal changes to its phenolic structure. This change 

suggests that PVA and HE are physically interact-

ing, which is advantageous since it allows them to 

share the original active ingredients without com-

promising their bioactivity. Previous investigations 

have already confirmed the physical relationship 

(Gomaa et al., 2022). 

Figure 2. FT-IR spectra (A), DSC curves (B) and mechanical properties (C) of PVA/HE films 
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Thermal characteristics by DSC analysis 

     The temperature transition and variations in 

crystallinity of the treated films were ascertained by 

DSC. Every sample showed unique endothermic 

and exothermic curves, as shown in Figure 2B. The 

water evaporation that resulted from the samples' 

heat absorption could be the cause of the observed 

endothermic peak (Su et al., 2010). As the tempera-

ture has risen to 225 oC, PVA/HE films have re-

ceived enough energy to break down, resulting in 

the development of the second endothermic peak 

(Martins et al., 2012). Incorporation of HE into the 

PVA matrix resulted in a shift towards exothermic 

behavior. The peak exothermic decomposition tem-

peratures for PVA/HE1 and PVA/HE2 were ob-

served at 250.34°C and 254.65°C, respectively. 

Conversely, the control PVA film exhibited an en-

dothermic peak at around 248.31°C. On the other 

hand, the PVA/HE3 curve showed a decreasing 

trend in thermal stability and an exothermic temper-

ature of 247.33 ºC. The incorporation of HE into 

the PVA matrix enhanced the thermal stability of 

PVA films up to a specific concentration (PVA/

HE2), likely due to the inherent heat resistance of 

the phenolic compounds in HE and the favorable 

intermolecular interactions between HE and the 

PVA polymer (Goudarzi et al., 2023). However, at 

higher HE loadings (PVA/HE3), a decrease in ther-

mal stability was observed. This phenomenon could 

be attributed to structural disturbances within the 

PVA matrix, potentially affecting the crystallinity 

of the film components. This hypothesis aligns with 

the observations from the subsequent SEM surface 

analysis (Pankaj et al., 2014).  

Tensile strength and elongation at break 

of PVA/HE films 

      The mechanical properties of films can be ex-

amined by an analysis of their elongation at break 

(EB) and tensile strength (TS) characteristics. 

These variables are thought to be among the most 

effective ways to assess the elasticity and strength 

of films. As shown in Fig. 2C, when HE was added, 

the TS and EB values for PVA/HE1 and PVA/HE2 

rose significantly (P < 0.05) in comparison to the 

control (PVA). This phenomenon can be linked to 

the presence of glycerol and the phenolic compo-

nents found in the HE chemical structure, which 

slow down the films' stiffness (Zarandona et al., 

2020). Furthermore, the PVA films showed homo-

geneity in structure, which allows for a strong hy-

drogen or ionic bond interaction between the hy-

droxyl groups of the film matrix and the polyphe-

nolic components of the HE. The prior research 

clarified that the polyphenols from Cinnamomum 

camphora seeds and carboxymethyl chitosan-gum 

Arabic enhanced TS and EB (Alnadari et al., 2022). 

After applying high concentrations of HE 0.6% in-

side PVA/HE3 films, TS and EB characteristics 

were shown to degrade, with a decrease in TS 

(33.17%) and EB (47.13%). The internal molecular 

force and the structure of the polymer are important 

factors that affect its mechanical properties (Gomaa 

et al., 2022). The SEM results proved the presence 

of cracks that weaken a film's capacity to stretch, 

which in turn causes a decline in TS and EB. 

Water contact angel (WCA) of PVA/HE 

films 

     To determine whether a surface is hydrophilic or 

hydrophobic, the water contact angle (WCA) is fre-

quently measured. A surface's degree of surface ac-

tivation can be determined by looking at the angle 

at which water droplets converge on it. WCA was 

observed at 80.31º in the PVA films, as shown in 

Fig. 3A. PVA/HE1 and PVA/HE2 had WCA of 

84.11 º and 87.32 º, respectively, due to the pres-

ence of HEE. The WCA value dropped to 83.32 °C 

as the HE concentration in PVA rose (PVA/HE3). 

The observed changes in the films' water contact 

angle could potentially be explained by the minor 

increase in roughness that was noted, resulting in a 

larger specific surface area (Jiang et al., 2021). This 

observation, together with surface fissures and 

crack changes as shown by SEM micrographs, may 

be partially to blame for the drop in WCA in PVA/

HE3 films. The same trend was observed previous-

ly with (Alshehri et al., 2023). 
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Figure 3. Water contact angel (A) and antioxidant activity (B) of PVA/HE films 

Antioxidant activity of PVA/HE films 

      Among the samples, PVA/HE3 films displayed 

the highest free radical scavenging activity, achiev-

ing 55.19% and 67.7% inhibition of ABTS and 

DPPH radicals, respectively (Figure 3B). These 

films were followed by PVA/HE2 and PVA/HE1 (p 

< 0.05). Thus, it can be said that PVA/HE3 showed 

the highest scavenging activity for these radicals 

among the studied film samples. According to the 

study, the presence of HE extracts is mostly respon-

sible for the film's antioxidant activity. This is prob-

ably due to the superior free radical scavenging ac-

tivity of PVA/HE3 films can likely be attributed to" 

for a more specific cause-and-effect explanation. 

(Mittal et al., 2021). One method for increasing 

food products' shelf life that shows promise and 

works well is the use of packaging films with en-

hanced antioxidant activity. The antioxidant activity 

that results from adding extracts with high hydroxyl 

group content to the films might help stop or slow 

down food product oxidation, minimizing spoilage 

and increasing the packaged goods' shelf life. 

Physical properties of PVA/HE films 

      This experiment aimed to investigate the influ-

ence of active components, such as HE, on the 

physical properties of PVA/HE films. The study 

focused on assessing several characteristics of the 

films, including thickness, swelling degree, solubili-

ty, moisture content, and water vapor permeability. 

According to Table 2., the results indicate that as 

the concentration of HE increased in PVA/HE 

films, there was a notable and statistically signifi-

cant (p < 0.05) increase in the thickness of the film. 

The PVA/HE3 film exhibited the highest thickness 

(0.182 mm), suggesting a positive correlation be-

tween HE content and film thickness. This observa-

tion could be attributed to the increased mass intro-

duced during the incorporation of higher HE levels. 

A plausible hypothesis is that there is a positive re-

lationship between the concentration of polyphenols 

and the thickness of the film. Large molecules 

called polyphenols often cluster together to form a 

network-like structure within the film, giving the 

impression that the film is thicker (Sogut and Sey-

dim, 2018). The findings in Table 2. demonstrate 

that the films' degree of swelling and solubility   

decreased as the polyphenol concentration in the 

films rose. PVA/HE3 films displayed the lowest 

swelling degree (20.71%) and solubility (14.90%). 

The hydrophobicity of some polyphenols and their 

ability to form hydrophobic network groups can 

cause a decrease in solubility and a degree of film 

swelling. (Alshehri et al., 2023). As the concentra-

tion of HE rises, there is a noticeable reduction in 

the moisture content of the films. This reduction is 

attributed to the hydrophobic nature of HE function-

al groups, which repel water. These groups create a 

barrier within the film, obstructing the penetration 

of water molecules. Furthermore, the incorporation 

of HE likely strengthens intermolecular interactions 

between the phenolic moieties within HE and the 

hydroxyl/amino groups of the PVA polymer.  
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This phenomenon can lead to the formation of a 

more compact and less hydrophilic film matrix, hin-

dering water molecule interactions and consequent-

ly reducing the film's water uptake capacity 

(Chaudhary et al., 2021).  

Regarding water vapor permeability (WVP), the val-

ues for PVA and PVA/HE films are presented in 

Table 2. The research indicated that the PVA films 

exhibited a water vapor transfer rate of 3.2421 (×10-

10 g.m-1 s-1 pa-1). With an increase in HE content 

from 0.4 to 0.6%, there was a noted reduction in 

WVP for PVA/HE films, decreasing from 3.022 to 

1.431 (× 10-10 g.m-1 s-1 pa-1), a difference that was 

statistically significant (p < 0.05). This trend aligns 

with prior studies, highlighting that the phenolic 

constituents in the extracts may form bonds with the 

polymer chains, thus limiting their interaction with 

water and consequently diminishing the films' WVP 

(Chaudhary et al., 2021 and Severo et al., 2021). 

Nevertheless, further increasing the HE content to a 

concentration of 1.5% led to an elevation in the 

WVP to 3.003 (× 10-10 g.m-1 s-1 pa-1). This increase 

in permeability can be attributed to the formation of 

surface and internal fractures in the films, which 

were a result of the higher HE concentrations, po-

tentially facilitating the evaporation of water vapor 

from the films. 

Table 2. Physical properties of PVA films incorporated with HE 

Films  
samples 

Thickness (mm) 
Swelling degree 

(%) 
Solubility (%) 

Moisture  
content (%) 

WVP  
(× 10-10 g.m-1 s-1 pa-1) 

PVA 0.105 ± 0.0030d 37.30 ± 0.16a 27.13 ± 0.24a 13.29 ± 0.33a 3.2421 ± 0.002a 

PVA/HE1 0.133 ± 0.0011c 32.05 ± 0.22b 20.01 ± 0.37b 10.01 ± 0.27b 3.022 ±  0.001b 

PVA/HE2 0.152 ± 0.0023b 24.33 ± 0.34c 17.06 ± 0.41c 7.99 ± 0.10c 1.431 ±  0.004c 

PVA/HE3 0.182 ± 0.0043a 20.71 ± 0.81d 14.90 ± 0.33d 5.01 ± 0.04d 3.003 ±  0.003b 

Values are presented as mean ± standard deviation. Different letters (a–d) in the similar column show significant differences (p < 
0.05) between samples. PVA=polyvinyl alcohol films, PVA/HE1= polyvinyl alcohol with first concentration of husk extract, 
PVA/HE2 = polyvinyl alcohol with second concentration of husk extract and PVA/HE3 = polyvinyl alcohol with third concentra-
tion of husk extract 

Antifungal activity of PVA/HE films 

      The antifungal efficacy of the films was evalu-

ated by observing their impact on the growth of As-

pergillus niger and Aspergillus flavus using the disk 

diffusion method (Figure 4A-D). It was observed 

that the PVA films did not exhibit any inhibitory 

effect, as there was no discernible zone of inhibition 

around the film disk in both fungus strains. In con-

trast, the PVA/HE1-3 films demonstrated a substan-

tial zone of inhibition with an increasing rate on 

both fungal strains by increasing the concentration 

of HE. The addition of pimaricin besides the func-

tional HE could cause a synergistic effect on the 

inhibition of fungal strains. The antifungal activity 

of pimaricin stems from its ability to target ergoste-

rol, a crucial sterol component of fungal cell mem-

branes. Pimaricin specifically binds to ergosterol, 

thereby disrupting essential cellular processes such 

as vacuole fusion, which are reliant on ergosterol's 

structural integrity. Additionally, this binding also 

interferes with membrane fusion and fission pro-

cesses in the fungal cells, impeding their growth 

and development (Cao et al., 2023). Additionally, 

the HE, which contains ferulic acid with a satisfac-

tory percentage (Table 1), could help in the inhibi-

tion of fungal growth. Ferulic acid was proven to 

inhibit fungal growth through the formation of a 

coarse surface with wrinkles, blurry ultrastructure 

edges, and cytoplasmic leakage on the hyphae cell 

membrane (Yan et al., 2023). Previous studies 

proved that the presence of natamycin inside car-

boxymethyl cellulose packaging coating material 

improved the antibacterial effect on the surface of 

mozzarella cheese (Azhdari and Moradi, 2022). 
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Figure 4. Antifungal activity against Aspergillus niger (A-C) and Aspergillus falvus (B-D) of PVA = 

films without HE and pimaricin and PVA/HE1-3 = films with stable amount from pimaricin and dif-

ferent concentrations from HE 

Application to golden berry fruits 

       The weight loss of golden berries (GB) stored 

under various packaging conditions (Figure 5A) is 

compared to the weight loss of GB in unpackaged 

control (UC) samples.  The loss of weight in GB is 

mainly caused by the loss of water, which leads to 

several changes, including mechanical, textural, vis-

ual, and chemical alterations. These changes ulti-

mately result in a decline in the quality of GB and 

lead to a shortened shelf life. Consequently,         

addressing this challenge is crucial in order to suc-

cessfully commercialize GB and ensure its quality 

and longevity (Rahul Thakur et al., 2019). The UC 

samples of golden berry (GB) exhibited the highest 

percentage of weight loss during cold storage time, 

as indicated in the study. 
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On the other hand, GB samples packaged with 

PVA/HE3 showed stability in weight loss through-

out the storage period. However, samples packaged 

with PEC showed a similar increasing trend in GB 

weight loss during storage time. The combination of 

PVA with HE in the packaging material demon-

strated the ability to regulate gas exchange, water 

evaporation, and solute migration while also inhibit-

ing fungal growth that could consume GB compo-

nents and contribute to increased weight loss. These 

findings align with previous research (Licodiedoff 

et al., 2016), which utilized gelatin-calcium chloride 

solution films for maintaining the quality of GB 

fruits. Figure 5B-C also presents the pH, TSS, and 

firmness values for both UC and packaged GB dur-

ing cold storage. The GB fruits that were coated 

with PVA/HE2 exhibited pH stability, with no sig-

nificant differences observed until the 10th day of 

storage. However, after that point, the pH values 

gradually increased at a slower rate. In comparison, 

the GB fruits covered with PEC exhibited the high-

est pH values (5.12) after 20 days of storage. The 

uncoated (UC) samples recorded a pH value of 

4.87. The fruits covered with PVA/HE3 showed 

similar patterns to those coated with PEC, with no 

significant differences in pH values observed until 

10 days of storage. However, after 10 days, the pH 

values increased. The increase in pH during post-

harvest storage reflects the degradation of starch 

and the consumption of organic acids through the 

respiration process. This suggests that the PVA/

HE3 films did not influence the biochemical pro-

cesses associated with these parameters in golden-

berries (Thakur et al., 2018). Regarding the TSS 

(Figure 5C), an overall increase in TSS values from 

day 0 to day 10 was observed, which can be at-

tributed to the hydrolysis process converting starch 

into simple sugars. However, after 10 days of stor-

age, a significant reduction in TSS values was ob-

served in UC, HC, and PEC-covered samples com-

pared with PVA/HE2-covered samples. This reduc-

tion in TSS values in UC, HC, and PEC samples 

may be attributed to the consumption of organic 

acids and sugars during the respiratory process 

(Galindez et al., 2021). This consumption occurred 

at a higher rate in UC, HC, and PEC samples com-

pared to the PVA/HE2-covered samples. The find-

ings demonstrate that PVA/HE2 films effectively 

reduced the respiration rate of GB fruits.  

Figure 5. Effect of storage time on weight loss (A), pH values (B), total soluble solids (C) on GB fruits 

packaged with PVA/HE2 and PEC (poly ethylene covered) compared with UC (un coated) and HC 
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In terms of firmness (Figure 6A), it was observed 

that the HC fruits and GB, which were packaged 

with PVA/HE2, demonstrated better preservation of 

firmness throughout the storage period. Conversely, 

the UC and PEC samples experienced a significant 

reduction in firmness during cold storage. These 

findings align with the results of weight loss, indi-

cating a correlation between firmness and weight 

loss. The decrease in firmness in GB can be at-

tributed to the natural decomposition of fruit wall 

components caused by the activities of enzymes 

such as polygalacturonase, β-galactosidase, and 

pectin methylesterase. It is worth noting that fungal 

growth can activate these enzymes, further contrib-

uting to the reduction in firmness (Nawab et al., 

2017). The preservation of firmness in PVA/HE2-

coated goldenberries suggests that this treatment 

might retard the metabolic activity within the fruit. 

This, in turn, can limit gas exchange by creating a 

barrier with the coating (Galindez et al., 2021). 

Concerning reducing sugars (Fig. 6B), after 5 days 

of cold storage, all samples exhibited stability in 

terms of reducing sugar content, with no significant 

differences observed. However, after 5 days, all 

samples showed an increase in reducing sugar con-

tent, This phenomenon can likely be attributed to 

the combined effects of heightened respiratory ac-

tivity and the breakdown of complex polysaccha-

rides into simpler sugars within the fruit. After 10 

days of storage, there was a sharp decrease in reduc-

ing sugar content in the UC, HC, and PEC samples. 

This decrease may be associated with the onset of 

fungal growth, as fungi consume the reducing sug-

ars present in the fruits. In contrast, the PVA/HE2-

coated samples demonstrated some stability in re-

ducing sugar content, indicating a retardation of 

surface fungal growth. According to (Figure 6C), 

the production rate of CO2 for GB fruits with differ-

ent types of coatings was compared to UC samples. 

As expected, the UC samples exhibited the highest 

production rate of CO2 due to the absence of a barri-

er provided by the packaging used in other samples. 

On the other hand, the fruits packaged with PVA/

HE2 showed a lower production of CO2. This can 

be attributed to the well-known low permeability of 

PVA packaging to oxygen, which restricts gas ex-

change and consequently reduces the production of 

CO2 (Alshehri et al., 2023). Interestingly, compara-

ble results were reported for oranges coated with a 

pea starch and guar gum-based film (Oriani et al., 

2014). 
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Figure 6. Effect of storage time on firmness (A), 

reducing sugars (B), respiratory rate (C) on GB 

fruits packaged with PVA/HE2 and PEC (poly 

ethylene covered) compared with UC (un coat-

ed) and HC (husk coated) 
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Effect of packaging materials for GB on 

yeast and mold growth 

       During cold storage, the comparison was made 

between packaged goldenberries coated with PVA/

HE2 and PEC, as well as UC (uncoated) and HC 

(husk-covered) fruits. The results in Figure 7A-B 

showed that the goldenberries coated with PVA/

HE2 exhibited inhibition of yeast and mold growth 

until 15 days of cold storage. However, after 15 

days, there was a slight observed growth of mold 

and yeast. Conversely, mold and yeast growth were 

observed on samples coated with PEC, HC and UC. 

 Figure 7C indicated that PEC-covered samples and 

UC samples had the highest yeast and mold growth 

after 20 days of cold storage. The incorporation of 

pimaricin and ferulic acid into the PVA/HE2 coat-

ing could potentially explain the inhibition of yeast 

and mold growth on the surface of goldenberries. 

Pimaricin is an antifungal agent that specifically 

binds to ergosterol in fungal cell membranes, inhib-

iting their growth. In contrast, ferulic acid, a phe-

nolic compound has been shown to be metabolized 

by yeast and bacteria. The combination of these 

compounds in the PVA/HE2 packaging may con-

tribute to the retardation of yeast and mold growth. 

Additionally, the regulation of respiratory rate and 

water vapor permeability around the fruits, facilitat-

ed by the PVA/HE2 coating, could further hinder 

the growth of molds and yeasts. 
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Figure 7. Effect of storage time on yeast (A) and molds growth on GB fruits packaged with PVA/HE2 

and PEC (poly ethylene covered) compared with UC (un coated) and HC (husk coated) 
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4. Conclusion 

      Polyvinyl alcohol (PVA) and a hydroethanolic 

extract (HE) were used to create new active bio-

composite films for this investigation. The presence 

of HE up to 0.6% inside PVA films led to a de-

crease in WVP, which suggested maintaining mod-

erate moisture around wrapped products. Further-

more, the produced films have increased antioxidant 

activity, water contact angle, and antifungal activi-

ty. The prepared films were exploited to prolong the 

shelf life of GB fruits during cold storage. The 

packaging of GB with PVA/HE2 delayed the 

growth of yeast and molds compared with PEC, 

HC, and UC films. Generally, the results of the cur-

rent study would pave the way for useful antifungal 

biodegradable films for different types of fruits. 
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