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Abstract 

The golden leaf vine (Bauhinia aureifolia K. & S.S. Larsen) is renowned for its distinct 

heart-shaped leaves and intricate vein patterns, which display natural variations in golden 

or reddish-brown hues. These unique leaves are traditionally used for decorative purposes 

and as components of handicraft items. This study aimed to enhance the durability and 

preserve the natural appearance of these golden-phase leaves with a protective coating. A 

composite of zinc oxide (ZnO) nanoparticles integrated with chitosan and polyvinyl 
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alcohol (PVA) was formulated and applied by spraying. The results demonstrated that the 

ZnO–PVA–chitosan composite effectively protected the leaves from moisture and 

ultraviolet (UV) radiation, significantly minimizing surface degradation and color fading 

after 18 cycles of accelerated aging. All RGB and CIELAB color indices showed less 

than five units of deviation from their initial values, indicating strong color retention. The 

increased L* value reflected a brighter appearance in the spray-coated leaves. In addition 

to preserving color vibrancy, the composite coating also maintained the structural 

integrity of the leaves more effectively than the uncoated or differently coated samples. 

This spray coating of ZnO–PVA–chitosan offers a promising solution for extending the 

lifespan of golden-phase leaves used in cultural and decorative applications while 

preserving their natural beauty. 

Keywords: Golden leaf vine; anti-aging coating; UV protection; zinc oxide; chitosan; 

polyvinyl alcohol 

 

1. Introduction 

Bauhinia aureifolia K. & S.S. Larsen, commonly known as the golden leaf vine, is a 

large woody climber native to the southern border provinces of Thailand, particularly in 

Narathiwat, Pattani, and Yala [1]. It thrives in rainforest environments, such as the Hala-

Bala Wildlife Sanctuary and Bacho Waterfall National Park. This species is notable for 

its velvety, heart-shaped leaves that change color over time—from copper in the early 

stages, to brown, gold, and eventually silver before senescence [2]. The golden coloration 

becomes most vivid in mature plants over five years old, typically during June and July. 

Due to its striking appearance and textural qualities, this golden-phase leaf is of growing 
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interest for decorative and sustainable material applications [3]. However, only a limited 

number of harvested leaves are suitable for commercial use, and their aesthetic qualities 

are susceptible to deterioration influenced by environmental factors, age, and storage 

conditions. In response to community demand, recent efforts have focused on extending 

their lifespan in commercial utilization. 

To address these preservation challenges, researchers have increasingly turned to 

innovative surface coatings—particularly those utilizing nanomaterials like zinc oxide 

(ZnO)—as a means to protect and prolong the visual and structural integrity of the golden 

leaves. Multifunctional ZnO has been applied to a variety of substrates, including textiles 

and other porous surfaces [4, 5]. Incorporating ZnO nanoparticles enhances the UV 

protection of polymers. For instance, ZnO-filled polystyrene exhibits ultraviolet (UV) 

absorption characteristics comparable to those of titanium dioxide and superior to those 

of nickel oxide and magnesium oxide [6]. When combined with chitosan, ZnO forms a 

versatile nanocomposite coating with promising applications across various fields [7, 8]. 

Metal nanoparticles have also been incorporated into chitosan to enhance adhesion, 

antimicrobial activity, and surface wettability of materials such as textiles and packaging 

films [9]. Similarly, ZnO–chitosan coatings demonstrate significantly stronger 

antimicrobial properties than chitosan alone. For instance, polyethylene films coated with 

ZnO–chitosan nanocomposites completely inactivated food pathogens, whereas chitosan-

coated films only reduced viable cell counts by tenfold [10]. ZnO–chitosan coatings have 

demonstrated effectiveness against a wide range of bacteria, including both Gram-

negative and Gram-positive strains. The incorporation of ZnO nanoparticles enhances the 

antibacterial activity by disrupting bacterial cell membranes and interfering with protein 
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synthesis [11, 12]. The amount of chitosan used during synthesis influences both the 

crystallite size and BET surface area of ZnO [13]. A larger quantity of chitosan leads to 

the formation of larger ZnO crystallites, which exhibit stronger UV absorbance across a 

broader wavelength range. However, ZnO with smaller crystallite sizes—formed with 

less chitosan—was more effective in inhibiting Aspergillus sp. growth on tube sedge 

basketry, likely due to its higher surface area and enhanced antimicrobial activity [13]. 

Adding ZnO nanoparticles to chitosan increases the solubility of the coating and 

enhances its thermal stability. The water contact angle also increases, indicating 

enhanced hydrophobicity. This property is desirable for a range of non-wettable surfaces, 

including plastics, fabrics, and paper [10, 14, 15]. ZnO–chitosan coatings also exhibit 

excellent barrier properties, reducing permeability and enhancing the protective effects 

against environmental factors [16, 17]. 

Composite coatings with ZnO are highly effective for food packaging 

applications, where they help reduce microbial and fungal growth. By minimizing 

microbial contamination, these coatings preserve the integrity of packaging materials and 

significantly extend the shelf life of food products [10, 18]. For example, ZnO has been 

combined with iron oxide and anthocyanins to develop a polyvinyl alcohol (PVA)-based 

smart packaging film for monitoring tomato freshness [19]. Similarly, ZnO-chitosan-

coated films have been shown to significantly reduce bacterial and fungal loads in okra 

samples, demonstrating their potential for prolonging the shelf life of fresh vegetables 

[19]. The coatings have also been successfully applied to preserve the quality of various 

meat products, including fish balls, where they enhanced gas permeability and 

antibacterial effects [20]. Protective ZnO–chitosan coatings are also used to prevent metal 
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corrosion. The coatings can be impregnated with corrosion inhibitors, significantly 

enhancing their protective properties and reducing the amount of inhibitor needed [21, 

22]. Furthermore, due to their biocompatibility and antimicrobial properties, ZnO–

chitosan coatings are promising for biomedical applications, such as wound dressings and 

dental varnishes [23, 24]. They provide effective inhibition of bacterial growth and are 

suitable for use in medical devices [25, 26].  

This study aims to enhance the utilization and durability of golden-phase leaves in 

decorations and handicrafts via antimicrobial and anti-aging ZnO–chitosan coatings, 

thereby adding commercial value to indigenous plants. However, applying protective 

coatings to natural substrates like dried leaves presents a unique challenge due to their 

irregular surface morphology, porosity, and fragility. Achieving uniform coverage and 

strong adhesion without compromising the aesthetic and structural integrity of the leaves 

requires carefully optimized formulations and gentle application techniques. PVA, a 

water-soluble and film-forming polymer, is incorporated in some formulations for its 

excellent mechanical strength and optical clarity. When blended with ZnO or chitosan, 

PVA improves nanoparticle dispersion and coating adhesion [27]. Depending on the 

composition, PVA can also modulate the viscosity of the solution, reducing aggregation 

and enhancing sprayability. In this work, ZnO–chitosan was coated by paint-brushing to 

promote uniform application on more viscous mixtures, while the less viscous ZnO–PVA 

and ZnO–PVA–chitosan formulations were applied by spraying. The results on moisture 

and UV resistance tests under accelerated aging conditions in a QUV chamber suggest 

that the optimum coating formulation and method provides the most effective protection 

in preserving the color and extending the shelf life of golden-phase leaves. 
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2. Experimental 

2.1. Preparation of ZnO–chitosan, ZnO–PVA, and ZnO–PVA–chitosan coating 

solutions 

To prepare the ZnO–chitosan coating solution for Sample B, an initial dissolution of 1.25 

g of food-grade chitosan (Chitosan, L.B. Science; Mw. ~400) was conducted in 100 mL 

of 1% (v/v) acetic acid. This process was facilitated using a magnetic stirrer set at 300 

rpm and proceeded for 2 hours until a clear and homogeneous solution was achieved. 

Subsequently, 5.00 g of commercial-grade ZnO nanopowder (MBK Chemical) was 

dispersed into 100 mL of 1% acetic acid, resulting in a preliminary suspension. The ZnO 

suspension was then methodically introduced into the chitosan solution by dropwise 

addition to avert nanoparticle agglomeration and foster uniform dispersion. After the 

integration, continuous stirring was executed with a high-speed homogenizer for an 

additional 2 hours to ensure the generation of a stable, moderately viscous solution 

devoid of gelation or particle aggregation. Their optical properties were measured in the 

wavelength range of 220–800 nm by the UV-Vis spectrophotometer (Shimadzu UV-

2450). 

In the synthesis of the ZnO–PVA coating solution for Sample C, a 1% (v/v) dilute 

acetic acid solution was formulated by incrementally introducing 1 mL of glacial acetic 

acid into 99 mL of deionized water, maintaining continuous agitation with a glass rod to 

achieve a uniform solution. Subsequently, a PVA solution was prepared at weight-to-

volume ratios of 0.25:100 and 0.5:100 (PVA: deionized water, w/v). This mixture was 

agitated at 75°C using a magnetic stirrer until the PVA was fully solubilized, which 

generally required approximately 30 minutes. Concurrently, ZnO nanopowder was 
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measured at 0.25 g and 0.10 g, and each batch was cautiously dispersed into 100 mL of 

the pre-prepared 1% acetic acid solution under gentle stirring to ensure uniform 

dispersion. The resultant ZnO suspensions were subsequently introduced into the PVA 

solutions, followed by continuous agitation at a low speed for 1 hour to facilitate 

thorough mixing. This was followed by subjecting the coating solution to an ultrasonic 

bath for 1 hour at ambient temperature to augment nanoparticle dispersion and stability.  

The ZnO–PVA–chitosan coating solution for Sample D was systematically 

synthesized via a sequential mixing procedure. Initially, a 1% (v/v) acetic acid solution 

was prepared by gradually introducing 1 mL of glacial acetic acid into 99 mL of 

deionized water under continuous agitation with a glass rod until complete 

homogenization was achieved. In a separate process, a PVA solution was prepared at a 

weight-to-volume ratio of 1:100 (PVA: deionized water, w/v), with stirring facilitated by 

a hotplate stirrer at 75°C for approximately 30 minutes until full polymer dissolution was 

attained. Simultaneously, 0.25 g of ZnO nanopowder was incrementally dispersed into 

100 mL of the previously prepared 1% acetic acid solution, under gentle stirring to ensure 

uniform dispersion. Subsequently, the ZnO suspension was combined with 100 mL of the 

chitosan solution and the previously prepared PVA solution. This mixture was 

consistently stirred at a moderate speed using a hotplate stirrer for 30 minutes to promote 

a homogenous mixture of all components. Thereafter, the resultant coating solution 

underwent ultrasonication for 30 minutes at room temperature to augment nanoparticle 

dispersion and prevent agglomeration. 

All prepared solutions were reserved for coating the surface of dried golden-phase 

leaves by either brushing (Sample B) or spraying (Samples C and D), depending on the 
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formulation, as part of an experimental study on maintaining their appearance and 

extending their lifespan by enhancing their resistance to moisture and ultraviolet 

degradation. Sample A, which was also used as the uncoated control, was compared with 

other coated samples. They were transferred into a tightly sealed container to mitigate air 

exposure and were stored under ambient conditions on a laboratory shelf.  

 

Table 1: Formula and methods for coatings in this study. 

Sample 

No. 

Chitosan 

(g) 

Precursors 
Method of  

coating 
ZnO  

(g) 

1% Acetic 

Acid (ml) 

PVA  

(g) 

A  - - - - No Coating 

B   1.25 5.00 200 - Brush 

C - 0.25 100 0.25 Spray 

D 1.25 0.125 200 1.00 Spray  

 

2.2. Preparation and coating of golden-phase leaves 

Golden-phase leaves of the golden leaf vine were collected from two sources in 

Narathiwat Province—the Golden Leaf Group in Muang and Ra-Ngae Districts—and the 

Ban Bai Mai Group in Raman District, Yala Province. The fresh weight of the collected 

leaves ranged from 0.72 to 2.53 g. To dry the leaves, samples were placed in a plant press 

panel at ambient temperature (30–32°C) for one month. After drying, the golden-phase 

leaves were photographed and measured. Their dry weights ranged from 0.61 to 1.89 g, 

corresponding to a moisture content of 10.26–30.09%. The dried leaf samples were 

coated with four different coating formulations and methods, as summarized in Table 1, 

i.e., Sample A: uncoated control, Sample B: coated with ZnO–chitosan by brush painting, 



 

10 
 

Sample C: coated with ZnO–PVA by spraying, and Sample D: coated with ZnO–PVA–

chitosan by spraying. For Samples B, C, and D, only the right half of each leaf was 

coated, leaving the left half uncoated for direct comparison. 

 

2.3. Accelerated ageing test and characterization of coated leaves  

Anti-aging of golden leaves was tested using a QUV accelerator (Model QUV/spray, Q-

Lab Corporation, distributed by Color Global Co. , Ltd. ) , an extensively employed 

apparatus for the simulation of environmental degradation in materials.  This device 

possesses the capability to replicate outdoor weathering conditions—such as UV 

radiation, moisture, and condensation—within a considerably reduced timeframe. 

Whereas exposure in natural settings may span several months or years, QUV testing can 

produce analogous degradation effects in merely a few weeks. The degradation study was 

conducted in compliance with ASTM D4799/ D4799M-17 standards.  Specimens were 

systematically placed within the QUV chamber and exposed to cyclic environmental 

conditions. Each cycle entailed UV-A irradiation at a wavelength of 340 nm, maintained 

at a consistent temperature of 50°C for 4 hours, followed by a 15-minute water spray 

interval. Subsequently, the samples underwent a condensation phase at 50°C for 8 hours. 

Therefore, one complete cycle constituted a 12-hour duration, consisting of 4 hours of 

UV exposure and 8 hours of moisture condensation under meticulously controlled 

thermal conditions.  After 1, 2, 4, 10, 14, and 18 cycles, the surface color and visual 

characteristics of the specimens were scrutinized to assess the extent of degradation. 

Microscopic surface morphology and elemental composition of Sample D after 18 cycles 

of accelerated ageing were also analyzed using Scanning Electron Microscopy ( SEM) 
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coupled with Energy Dispersive Spectroscopy (EDS). 

Color test results of accelerated golden leaves were obtained using the 

Colorimetry technique with a Spectrophotometer ( CM-5, Konica Minolta) .  The CM-5 

Spectrophotometer by Konica Minolta is a bench-top measurement instrument designed 

for color analysis of opaque, transparent, and translucent samples.  It is widely used in 

research and laboratory environments to evaluate color and appearance in various 

materials, including solids, liquids, pastes, powders, pills, and granules.  Leaf samples 

were placed on the top-port measurement area after calibration of the device.  In the 

measurement process, the reflectance mode was selected, and the MEAS button was 

pressed to capture the color data. The device displayed both RGB and CIELAB color 

indices, spectral curves, and color difference graphs. However, all color difference 

calculations (ΔE) were based on the CIELAB system, as it provides a perceptually 

uniform metric [28]. The ΔE values were calculated using the standard formula: 

     (1) 

where L, a, and b represent the lightness and chromaticity coordinate before and after 

accelerated aging, respectively. 

 

3. Results and Discussion 

3.1. Physical characteristics 

Figure 1a exemplifies the front and back views of four golden-phase leaves. Separately, 

Figure 1b illustrates uncoated dried leaves—before the application of any coating 

material—that retained their original shape after a month in the plant press panel. These 

leaves remained intact and flexible, without brittleness or breakage, and their natural 
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golden color was preserved without visible fading. Table 2 shows the color and physical 

appearance of golden-phase leaves after undergoing accelerated aging tests at a 

temperature of 50°C for 12 hours per cycle. After the 4 hours of UV exposure followed 

by 8 hours of water mist exposure in the first cycle, all samples exhibited minor leaf 

wrinkling.  With increasing cycles, the uncoated sample A showed noticeable color 

fading, and the leaf edges were wrinkled and curled, similar to the uncoated left side of 

samples B–D. The right side of Sample B, coated with a ZnO–chitosan by paint brushing, 

has a darker color with signs of tearing on the leaf surface and wrinkled, torn edges. 

Sample C, coated with a ZnO–PVA by spraying on the right side, showed only slight 

color fading and no edge wrinkling.  Similarly, Sample D, coated with a ZnO–PVA–

chitosan by spraying on the right side, also showed only slight fading and no wrinkling at 

the leaf edges, consistent with the results observed in Sample C.  

 

Table 2: Images of golden leaves tested with an accelerator up to 18 cycles. 

Number of 

Cycles 
Samples 

A 

 Control 

No Coating 

B 

ZnO–chitosan  

Coating 

C 

ZnO–PVA  

Coating 

D 

ZnO–PVA–chitosan 

coating 

1 
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2 

    
4 

    
10 

    
14 

    
18 
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(a)                                                         (b) 

Figure 1: Examples of color variations in (a) fresh golden-phase leaves and (b) dried 

leaves after a month in the plant press panel. 

 

3.2. Microscopic and UV-vis studies 

Figure 2 compares SEM images of coated surfaces alongside a control sample after 18 

cycles of accelerated aging.  In the uncoated sample A18 ( Figure 2a) , micropits are 

uniformly distributed across the surface.  For the brushed layer of sample B18 ( Figure 
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2b), ZnO nanoparticles are evenly dispersed within the rough binder matrix, with particle 

sizes ranging from approximately 100 to 1600 nm. In samples C18 (Figure 2c) and D18 

( Figure 2d) , thin plate-like nanoparticles have aggregated into larger clusters.  This 

clustering likely results from increased electrostatic forces between the nanoparticles 

during the spraying process, which brings them into closer proximity and facilitates 

aggregation.  These relatively large ZnO clusters are likely advantageous in UV 

absorption [13]. The UV absorption characteristics of the coatings were confirmed by the 

UV-vis spectra shown in Figure 3a. A broad absorption band was observed with a 

pronounced peak occurring between approximately 220 and 400 nm. This range 

corresponds to the UV region, indicating that the ZnO–chitosan coatings are highly 

effective in absorbing UV radiation. The strong absorption in this region is primarily 

attributed to the wide bandgap of ZnO nanoparticles, which enables them to block 

harmful UV rays and contribute to the photostability of the coated golden-phase leaves. 

In Figure 3b, the EDS spectrum of sample D18 shows that the regions where the coating 

adheres contain Zn and oxygen (O) as the primary elements. Interestingly, previous 

studies have demonstrated the absorption of Zn by plants through ZnO nanoparticle 

coatings [29, 30]. 

Additionally, potassium is detected because it is a natural component of plant leaves. 

Other detected trace elements are likely due to impurities in the chitosan.  The carbon 

signal is attributed to the carbon tape used to mount the samples, while the silicon signal 

originates from the glass substrate. 
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Figure 2: SEM micrographs of samples (a) A18, (b) B18, (c) C18, and (d) D18. 

 

 
Figure 3: Examples of (a) UV-vis and (b) elemental spectra. 

 

3.3. Color changes 

Table 3 compares the color indices of golden-phase leaves across different cycles of 

QUV accelerated aging. Without coating (samples A1–A18), the R and G color indices 

are significantly reduced, while the B index tends to increase, as the number of aging 
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cycles increases. For the coated samples, the colors change progressively with increased 

cycles of accelerated aging.  These color changes are due to prolonged exposure to 

humidity from water mist during testing, which may have caused the PVA and chitosan 

binders to degrade and detach from the leaf surface. Furthermore, repeated and extended 

exposure to UV light has directly impacted the surface areas exposed to the radiation, 

contributing to the color fading. Decreases in the a* (red-green) and b* (yellow-blue) 

values suggest a gradual loss of vibrancy.  

 

Table 3 Comparison of RGB and CIELAB colors of golden-phase leaves after up to 18 

cycles of accelerated aging test. 

Samples Coating 

Formulation 

Method QUV 

Cycles 

RGB CIELAB 

R G B L* a* b* EL*a*b* 

A0  Uncoated - 0 102 45 24 26.34 20.21 20.52 - 

A1  Uncoated - 1 101 43 24 25.68 20.68 19.98 0.9737 

A2  Uncoated - 2 102 42 24 25.76 21.38 20.09 1.375 

A4  Uncoated - 4 101 40 24 25.15 21.62 19.29 2.218 

A10 Uncoated - 10 102 46 28 26.61 19.73 18.85 1.759 

A14 Uncoated - 14 100 42 27 25.49 20.60 18.44 2.281 

A18 

 

Uncoated - 18 96 39 27 24.08 20.67 17.07 4.150 

B0  ZnO–chitosan  Brush 0 83 52 46 25.50 10.72 7.71 - 

B1  ZnO–chitosan  Brush 1 90 49 38 25.55 14.42 12.41 5.982 

B2  ZnO–chitosan Brush 2 93 54 43 27.33 13.40 11.83 5.245 

B4  ZnO–chitosan Brush 4 91 51 41 26.25 13.99 11.81 5.298 

B10 ZnO–chitosan Brush 10 97 51 36 27.08 15.97 15.38 9.428 

B14 ZnO–chitosan Brush 14 95 49 35 26.31 16.25 15.11 9.274 

B18 

  

ZnO–chitosan Brush 18 102 50 31 27.66 17.86 18.34 12.99 
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C0  ZnO–PVA  Spray 0 97 48 33 26.39 17.09 15.77 - 

C1  ZnO–PVA Spray 1 101 42 26 25.55 21.04 18.70 4.989 

C2  ZnO–PVA Spray 2 93 54 43 27.33 13.40 11.83 5.479 

C4  ZnO–PVA Spray 4 100 45 29 26.04 19.77 17.77 3.362 

C10 ZnO–PVA Spray 10 104 43 25 26.37 21.29 20.04 5.989 

C14 ZnO–PVA Spray 14 102 42 26 25.83 21.23 19.33 5.489 

C18 

  

ZnO–PVA Spray 18 93 42 31 24.10 18.48 14.81 2.846 

D0  ZnO–PVA–

chitosan 

Spray 0 97 45 28 25.76 18.40 18.01 - 

D1  ZnO–PVA–

chitosan 

Spray 1 97 44 27 25.31 19.09 18.06 

0.825 

D2  ZnO–PVA–

chitosan 

Spray 2 107 51 29 28.64 19.56 20.23 

3.817 

D4  ZnO–PVA–

chitosan 

Spray 4 103 51 30 27.91 17.94 19.10 

2.454 

D10 ZnO–PVA–

chitosan 

Spray 10 98 45 26 25.74 18.95 19.11 

1.230 

D14 ZnO–PVA–

chitosan 

Spray 14 99 47 29 26.53 18.26 18.29 

0.8312 

D18  ZnO–PVA–

chitosan 

Spray 18 101 46 29 26.45 19.35 18.02 1.174 

 

Comparing color changes after 18 cycles of accelerated aging in Figure 4, 

samples with ZnO–PVA spray-coating show smaller changes in RGB and L*a*b* color 

indices, maintaining a closer resemblance to their initial state (sample C0) even after 18 

cycles of accelerated aging ( sample C18) .  Among all samples, sample D18 with ZnO–

PVA–chitosan coating maintains a color appearance closest to the initial state ( sample 

D0) with only slight fading observed after 1–18 cycles of accelerated aging. Following 18 

cycles, all color indices of the leaf surface show only minimal increases. Notably, sample 
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D18 appears slightly brighter, as indicated by the rise in the L*  index, whereas sample 

C18 and the uncoated control sample A18 exhibit a darker appearance. 

 

 

Figure 4: Changes in (a) RGB and (b) L*a*b* color indices of the golden leaves after the 

QUV acceleration for 18 cycles (comparing Samples A18, B18, C18, and D18 to A0, B0, 

C0, and D0). 

 

Table 3 also presents the color differences (ΔE) compared to the initial state of the 

samples. Among all samples, those coated with ZnO–chitosan by brush application 

(samples B1–B18) exhibited the most pronounced color variation. This is likely due to 

the brushed-on coating being less resistant to prolonged exposure to moisture from steam 

and water droplets during repeated accelerated aging cycles, leading to partial detachment 

from the leaf surface. Across all sample sets, some fluctuations in ΔE values were 

observed between cycles. These inconsistencies may be attributed to minor measurement 

uncertainties, possibly arising from differences in sample positioning or surface 

conditions during each reading. In agreement with the findings shown in Figure 4, the 

ZnO–PVA–chitosan coated samples demonstrated the smallest color changes, with ΔE 

values ranging from 0.823 to 3.817. This indicates strong resistance to fading and 
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suggests that the ZnO–PVA–chitosan formulation offers the most effective protection for 

preserving the original appearance of golden-phase leaves, outperforming both other 

coating types and the uncoated control. To further expand the functional potential of this 

composite coating, future research will explore its antimicrobial efficacy [24] and self-

cleaning properties [31], thereby reinforcing its suitability for sustainable decorative and 

preservation applications.   

 

4. Conclusions 

The golden-phase leaves of B. aureifolia K. & S.S. Larsen retained their original shape, 

color, and flexibility after drying for one month, without signs of brittleness or 

discoloration ( e. g. , browning) .  Under accelerated aging conditions, progressive color 

fading was observed with increasing cycles. Extended exposure to UV light over multiple 

cycles led to additional fading, especially in areas directly exposed to UV radiation. 

Among the three coatings evaluated, the golden-phase leaves coated with the ZnO–PVA–

chitosan demonstrated superior protection against moisture and UV radiation, showing 

only minimal fading even after 18 aging cycles, while maintaining a color closest to the 

initial stage.  When applied via spraying, this coating adhered uniformly to the leaf 

surface, effectively enhancing the durability of the golden-phase leaves.  From an 

application perspective, the ZnO–PVA–chitosan spraying offers promising protection 

against both moisture and UV exposure, contributing to the preservation of appearance 

and the extended lifespan of local handicraft items and decorative products made from 

golden-phase leaves. 
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