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his paper discusses the effects of UV light exposure on Citrus paradisi 

(grapefruit) peel in terms of naringin and TINUVIN 622 (a commercial 

stabilizer) compounds. This study aimed to develop a plant extract with 

the necessary properties to protect polystyrene from sunlight. Polystyrene films 

containing a low concentration of naringin were prepared, and TINUVIN 622, a 

commercial UV light stabilizer, irradiated the polystyrene sheets for 300 hours. 

Following irradiation, the study examined the infrared spectrum of polystyrene, 

weight loss, molecular weight reduction, and changes in surface morphology. 

Naringin and TINUVIN 622 significantly reduced the photodegradation of 

polystyrene films, acting as photostabilizers when compared to blank films. Prog. 

Color Colorants Coat. 17 (2024), 159-173© Institute for Color Science and 

Technology. 

 
 

 

 

 

 

 

 

 

 

1. Introduction 

The concerns of people regarding their livelihood and 

health have escalated, leading to the increased popularity 

of natural health-promoting foods, with citrus fruits 

being one of the most frequently discussed items. Citrus 

fruits are abundant in nutrients, including vitamin C, 

carotenoids, and phenolic compounds, all of which 

contribute to their numerous beneficial qualities. These 

phytochemicals serve as antioxidants and may protect 

cells from the oxidative damage caused by free radicals 

[1, 2]. Many citrus varieties have long been employed in 

traditional Chinese medicine and are formally 

incorporated into the Chinese Pharmacopoeia, known as 

'chenpi' [3]. Citrus fruits are renowned for their high 

levels of flavonoids, predominantly found in flavanone 

glycosides, such as narirutin, naringin, hesperidin, and 

neohesperidin [4]. Citrus peel, the primary by-product of 

citrus fruits, has garnered significant attention in 

research due to its rich content of biologically active 

compounds, including phenolic acids and flavonoids [5, 

6]. The antioxidant properties and potential health 

benefits of phenolic acids have gained increased 

recognition and have been the subject of extensive 

investigation, particularly in chronic and degenerative 

diseases [7]. The skin serves as the primary defence 

barrier of the human body against harmful environ-
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mental pollutants, various xenobiotics, and solar 

ultraviolet (UV) radiation. The solar UV spectrum 

consists of three sections: UVC (280 nm), UVB (280-

320 nm), and UVA (320-400 nm) bands [8, 9]. The 

UVB portion represents approximately 5 % of the total 

solar UV radiation that reaches the Earth's surface. UVB 

radiation has been shown to suppress the immune 

system and also acts as a co-carcinogen, tumor initiator, 

and tumor promoter [10]. 

Exposure to UVB radiation is associated with a 

range of biological effects, including inflammation, the 

development of sunburn, changes in skin pigmentation, 

alterations in the immune system, and the induction of 

oxidative stress. These biological responses influence 

the development of various types of skin cancer [11, 

12]. 

Basal cell carcinoma (BCC) and squamous cell 

carcinoma (SCC), collectively referred to as non-

melanoma skin cancer, represent the most common 

types of cancer in humans, accounting for 80 % and  

16 % of reported skin cancer cases, respectively [13]. 

The UVA range contains approximately 90-95 % of the 

remaining solar UV radiation. Longer wavelengths 

within the UVA spectrum enable deeper dermis 

penetration through the epidermis. 

The adverse effects of UV radiation on human 

health, particularly its role in skin cancer development, 

cannot be overstated. As a result, it is imperative to 

develop effective photoprotective and chemopreventive 

strategies to mitigate this risk. Traditional approaches 

have used sunscreens, which incorporate a combination 

of cosmetic ingredients, physical blockers, and 

chemical absorbers. 

 The method has certain drawbacks, primarily 

related to the photo-instability of some chemical 

absorbers and the cutaneous absorption of physical 

blockers into more delicate tissues. On the other hand, 

it offers advantages, such as better penetration into 

labile tissues. In the case of chemical absorbers, the 

photoproducts of commonly used sunscreen agents 

remain unclear, and their effects are still subject to 

ongoing investigation. 

Concerns about the size of particles in frequently 

used physical blockers, like titanium dioxide, have 

arisen, especially with nanoparticles that may penetrate 

deep into the dermis due to their small size (100 nm). 

Consequently, health regulatory authorities have 

established maximum allowable levels of these agents 

in various cosmetic products. Nonetheless, the desired 

level of protection and the sun protection factor (SPF) 

can significantly vary from one region to another [14]. 

This study aimed to develop a plant extract for use 

as a PS photostabilizer in sunscreen products, 

comprising a blend of plant extracts enriched with 

flavonoids. The study assessed the physicochemical 

stability, photostability, and surface morphology of 

naringin and TINUVIN 622 (a commercial stabilizer). 

 

2. Experimental  

2.1. Materials 

Polystyrene (Mw = 250,000) was obtained from the 

Sigma-Aldrich Chemical Company (Gillingham, UK). 

Plant products: Fresh grapefruits (Citrus Paradise) 

were purchased from a local market in Baghdad, 

cleaned with distilled water, and divided into peel and 

edible parts. Grapefruit peel was dried in hot air at 

40 °C for 48 h. The peels were taken out and 

pulverized using an electric blender to make small, 

homogeneous particles to increase the contact surface 

area between the polymeric chain and the solvent. 

Ground peels were directly subjected to the extraction 

process. Chemicals, solvents, and reagents were 

sourced from Merck (Gillingham, UK). 

 

2.2. Methods 

2.2.1. Instrumentation 

A Jasco FT/IR-4200 spectrometer was used to conduct 

the Fourier Transform Infrared (FT-IR) spectra (4000-

400 cm
-1

) (Tokyo, Japan). Polystyrene films were 

irradiated at 25 °C, with a maximum wavelength of 

365 nanometers and 6.43×10
−9

 ein.dm
−3

.s
−1

, using an 

accelerated weather-meter QUV tester that was 

purchased from Q-Panel Company located in 

Homestead, Florida, USA. The surface of Polystyrene 

films was examined using atomic force microscopy 

(AFM), utilizing a Veeco equipment (Plainview, NY, 

USA). The surface of the polystyrene was examined 

with a Scanning Electron Microscope (SEM) Inspect 

S50 (FEI Company, Czechia, Czech Republic) at an 

acceleration voltage of 15KV. Images of Polystyrene 

surface captured at a microscopic level using a Meiji 

Techno Microscope in Tokyo, Japan. The PS films 

were installed using 0.6 mm thick aluminium plate 

supports, and the thickness of the films (about 40 µm) 

was measured using a Digital Vernier Caliper 2610 A 

micrometre (Vogel GmbH, Kevelaer, Germany) (Q-

Panel Company, Homestead, FL, USA). 
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2.2.2. Extraction process 

As previously reported, 100 grams of ground peels 

were combined with 250 millilitres of 96 % ethanol in 

a Soxhlet apparatus (0.5 × 6 cm) and subjected to 

extraction for 30 minutes [15]. 

 

2.2.3. PS films preparation 

PS (5 g) was stirred for 90 minutes at 25 °C in 100 mL 

of chloroform. A PS solution was mixed with natural 

extracts (0.025, 0.05, and 0.075 % by weight) and 

swirled for 30 minutes at 25 °C. The uniform liquid 

was poured into clean glass slides with a thickness of 

about 40 µm, and it was then dried for 24 hours at 

25 °C. 

 

2.2.4. Exposure to light  

A UV Light (max = 365 nm and light intensity = 6.2 

109 ein·dm
3
.s

-1
 nm) was employed in a room-

temperature accelerated weather-meter QUV tester 

(Philips, Saarbrücken, Germany) to irradiate the PS 

films. The PS films were rotated periodically to ensure 

the incident light intensity was consistent on both sides. 

Then, monitoring the changes in PS films by using 

different techniques: FT-IR Spectrophotometry, 

Weight Loss, Viscometry Method, Surface 

morphology: Optical microscope, Scanning electronic 

microscopy (SEM) and Atomic force microscopy 

(AFM). 

 

3. Results and Discussion 

In this study, the flavonoid glycoside known as naringin 

was successfully isolated. The isolation process involved 

extracting flavonoid compounds and obtaining pure 

naringin from grapefruit peel. This was achieved through 

preparative thin-layer chromatography and the Kolle 

method [16]. Naringin offers a range of additional and 

intriguing properties, including antioxidant capabilities, 

light-blocking effects, anti-inflammatory activities, and 

cost-effectiveness compared to other flavonoids like 

morin or catechin. Moreover, naringin has demonstrated 

broad-spectrum antimicrobial activity against various 

microorganisms, including bacteria such as Escherichia 

coli, Staphylococcus aureus, and Listeria innocua, as 

well as against different viruses and fungi [27]. 

Paper and thin-layer chromatography methods 

revealed retardation factor (Rf) values for four isolated 

compounds [17]. These values were compared with 

theoretical values obtained using various solvent 

systems as eluants. Naringin, while typically appearing 

pale yellow, is challenging to detect during 

chromatographic analysis unless chromogenic sprays 

are utilized. However, it's worth noting that naringin 

exhibits a yellow-green hue on paper when viewed 

under UV light, particularly with the assistance of 

ammonia vapor. 

The color change to a deep yellow indicates the 

presence of natural flavonoid compounds. These 

flavonoid compounds were characterized using infrared 

analysis. The vibrational shift of the hydroxy group 

was observed in the IR spectrum as an absorption band 

at the wave number 3278 cm
-1

 (OH), further supported 

by the vibration of the −OH group at 1258 cm
−1

. An 

absorption band at 2953 cm
-1

 corresponds to the C-H 

group of CH3. Additionally, the presence of the C=C 

bond in the aromatic ring is indicated by an absorbance 

band at the wave number 1461 cm
−1

. 

The predominant part of the absorption band in the 

1411 cm
-1

 wave number region is attributed to the C-H 

bond in CH2, while the primary component in the  

1378 cm
-1

 wave number area corresponds to the CH 

bond in CH3. The C-O-C bonds in ether are represented 

by absorption bands at 1068 cm
-1

 and 1040 cm
-1

. This 

infrared spectrum data shows the investigated molecule 

contains hydroxyl (-OH), an aromatic ring (C=C), CH2, 

CH3, and ether groups. Given the existence of these 

functional groups in the naringin structure, the 

structure of naringin, as shown in Figure 1, matches the 

results of the IR spectrum analysis, which further 

reinforces the identification of the isolated chemical as 

the naringin compound [18]. 

 

Figure 1: Structure of naringin [15]. 
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3.1. FT-IR spectrophotometry 

When PS is exposed to irradiation, polystyrene (PS) 

undergoes significant changes. It loses its mechanical 

properties, undergoes discoloration, and forms small 

polymeric fragments containing various functional 

groups [19, 20]. The presence of oxygen generates PS 

radicals, leading to the production of highly reactive 

oxygenated species. These species can react with 

hydrogen radicals, resulting in the formation of 

hydroxylated PS. The hydroxylated PS then further 

decomposes into hydroxyl radicals and oxygenated PS 

radicals, ultimately forming fragments containing 

carbonyl groups. 

When PS blends are exposed to radiation, FTIR 

spectroscopy can be used to monitor the −C=O group, 

providing important information on the degree of 

photodegradation. 

This study aimed to investigate the impact of 

naringin and TINUVIN 622 on the photodegradation of 

polystyrene (PS) using FTIR spectrometry [21]. The 

UV irradiation was applied individually to pure PS and 

PS blends for 300 hours, with samples collected for 

analysis at 50-hour intervals. The study focused on 

monitoring the intensity of the −C=O (1720 cm
−1

) band 

compared to the unaffected −C−H band (ΔC-H) 

associated with the CH2 groups that remained 

unaffected by the exposure to radiation [22]. Equation 

(1) was employed to calculate the increase in the -C=O 

group index (ΔC=O), which was subsequently 

represented as a function of the irradiation duration 

(Figure 3). The analysis involved the functional group 

(As=AC=O) and the reference peak (Ar and AC-H) (Eq. 

1).  
 

Is=AS/Ar    (1) 

 

 
Figure 2: FTIR spectra of PS films before and after irradiation. 
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Figure 3: Effect of irradiation of PS films on carbonyl 

index. 

 

3.2. PS films weight loss 

Polystyrene soon changes from colourless to yellow 

when exposed to UV radiation at a high temperature 

for an extended period. It degrades due to small 

fragments and decreasing polymer weight [23]. 

UV light was projected on the PS films for up to 

300 hours, and the weight loss was estimated using 

equation 2. The films were weighted before irradiation 

(W1) and after irradiation at different times (W2). The 

percentage of polymer weight loss resulting from 

irradiation was estimated via equation 2. 
 

Weight loss%= [(W1-W2)/W1] × 100    (2) 
 

The PS weight changed after 300 hours of 

radiation, as seen in Figure 4. The weight loss 

increased significantly after 50 hours until reaching 

300 hours. 

The blank PS film lost more polymer weight than 

PS, naringin, and TINUVIN 622 mixes with varied 

weight concentrations (0.025, 0.05, and 0.075 %). The 

least weight loss was seen with PS + 0.075 % naringen 

compared to the other plant extract concentrations. 

 

3.3. Viscometry method 

The Mark-Houwink equation was applied in this 

context, commonly used to determine the viscosity-

average molecular weight (MV) for PS in solution [24]. 

Although this equation is suitable for various polymer 

ranges, it is not suitable for low molecular weight 

polymers. The anticipated decrease in PS viscosity 

with increasing irradiation time was attributed to the 

formation of crosslinks between polymeric strands 

[24]. The study aimed to investigate the impact of 

naringin and TINUVIN 622 (at concentrations of 

0.025, 0.05, and 0.075 %) on MV variations in PS. The 

polymeric materials were exposed to radiation for 0 to 

300 hours, and the subsequent MV changes were 

documented (Figure 5). 

 

3.4. Microscopic surface morphology of PS 

films  

Irradiating PS films induce defects and surface damage. 

The surface morphology of both the irradiated and non-

irradiated PS films was analyzed using various 

microscopic techniques. Applying UV absorbers has 

been found to mitigate the photodegradation and photo-

oxidation of polystyrene by absorbing harmful radiation 

[25]. The surface morphology of the PS (blank) film was 

observed under 400 × magnification before and after 

radiation exposure using a microscope (Figure 6). 

 

 
Figure 4: Effect of irradiation of PS films on weight loss 

(%). 

 
Figure 5: Alterations to the M𝑉 of PS when exposed to 

radiation. 

0 50 100 150 200 250 300 350
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

IC
=

O

Irradiation Time  (h)

 PS

 PS+0.025% Nar

 PS+0.050% Nar

 PS+0.075% TIN

 PS+0.075% Nar

0 50 100 150 200 250 300 350
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

W
ei

g
h

t 
L

o
ss

 %

Irradiation Time (h)

 PS

 PS+0.025% Nar

 PS+0.050% Nar

 PS+0.075% TIN

 PS+0.075% Nar

0 50 100 150 200 250 300 350
0

50000

100000

150000

200000

250000

300000

M
v

Irradiation Time  (h)

 PS

 PS+0.025% Nar

 PS+0.050% Nar

 PS+0.075% TIN

 PS+0.075% Nar



 H. Ahmed et al.  

 

164 Prog. Color Colorants Coat. 17 (2024), 159-172

 

 
Figure 6: Microscopic pictures of PS and with various naringin and TINUVIN 622 blended concentrations both before 

and after irradiation.  

 

The microscopic images of the non-irradiated films 

revealed a smooth surface, largely free of any 

significant white spots or furrows. Conversely, the 

microscopic images of the irradiated PS films exhibited 

uneven surfaces and various surface cracks. However, 

the additives resulted in fewer white spots and grooves 

than the PS film (blank), underscoring the effectiveness 

of naringin and TINUVIN 622 as photostabilizers for 

PS films (Figure 7). 

3.5. PS scanning electron microscopy (SEM)  

SEM is a powerful tool for exploring the surface 

morphology of polymers, providing insights into their 

internal structures [26]. Electron beams capture precise, 

magnified images of the PS surface. The SEM images 

of the non-irradiated PS films displayed a smooth, 

clean surface with well-defined grain boundaries and 

notable particle homogeneity (Figure 8). 

 
Figure 7: Microscopic images of PS and PS with different concentrations of naringin and TINUVIN 622 blends before 

and after irradiation. 
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Figure 7: Continue. 

 

 
Figure 8: SEM images of PS (blank) (A) before and (B) after irradiation. 

 

The introduction of naringin and TINUVIN 622 to 

the PS led to a notable change in particle size and their 

random distribution on the surface after 300 hours of 

UV irradiation. The SEM images of the PS films 

exhibited a visibly rough surface post-irradiation. It 

was evident that the surface morphology of the PS 

experienced significant changes following irradiation. 

Observations of PS with varying concentrations of 

plant extracts indicated that irradiation only minimally 

affected the dense texture (Figure 9). The notable 

resilience to irradiation observed in films with 

additives underscores the remarkable chemical stability 

of these blends. 
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3.6. PS atomic force microscopy (AFM)  

The study of surface morphology and particle 

characteristics of materials can be effectively 

conducted using an AFM, a high-resolution scanning 

microscope [22, 24]. Accordingly, Figure 10 depicts 

the surface analysis of the PS films (surface area = 4.0× 

4.0 m
2
) before and after irradiation (Figure 10). 

The PS films exhibited a smooth surface according to 

the two- and three-dimensional AFM scans. However, 

the blank PS film demonstrated a rough surface after 

exposure, indicating a high level of photodegradation. 

Compared to the blank PS film surface, the AFM images 

of the PS films containing additives revealed a 

significantly smoother and more uniform surface. 

Notably, PS+0.075 % Naringen showed more effective 

results in preventing PS photodegradation than other 

concentrations of naringin and commercial stabilizers. 

The PS film containing 1 demonstrated a highly 

homogeneous and smooth surface (Figure 11). The AFM 

images of the PS+0.075 % Naringen film showed a rough 

and featureless region. Specifically, the PS+0.025 % Nar, 

PS+0.05 % Nar, PS+0.075 % TIN, and PS+0.075 % Nar 

films exhibited surface roughness values of 342.7, 91.2, 

78.5, 66.4, and 42.1 nm, respectively.  

 

 
Figure 9: SEM images of PS and PS/ naringin and TINUVIN 622 before and after irradiation. 
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Figure 10: 2D and 3D AFM images of PS (blank) (a) before and (b) after irradiation. 
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Figure 11: 2D and 3D AFM images of (a) PS+0.025 % Nar, (b) PS+0.05 % Nar, (c) PS+0.075 % TIN, and (d) PS+0.075 

% Nar films after irradiation. 
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Figure 11: Continue. 
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Scheme 1: The suggested mechanism of photostabilization of II is through UV light absorption and light energy 

dissipation as heat. 

 
 

3.7. Suggested mechanisms of photostabilization 

of PS 

UV-Vis and IR spectroscopy results were employed to 

propose a mechanism for the impact of additives on PS 

films after radiation. The additive was a blend of 

flavonoids, including naringin, studied as a single 

material. The commonly accepted mechanisms for 

additives in photostabilization encompass UV 

absorption (screening), free radical scavenging (chain-

breaking donors), and excited state quenching (physical 

quenching). Based on these mechanisms, we propose 

Scheme 1 for the absorption of UV light by naringin 

and its conversion into heat energy, thereby protecting 

the PS films from direct photo-excitation. 
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Scheme 2: The suggested mechanism of photostabilization as a radical scavenger. 

 

It is also understood that β-substituted hydroxybenzo- 

phenones or benzotriazoles can function as radical 

scavengers (chain-breaking donors) during photo-

stabilization. Therefore, in addition to its role as a UV 

absorber, naringin demonstrates the potential to act as an 

additive with radical scavenging properties, serving as a 

chain-breaking donor, as illustrated in Scheme 2. 

Naringin can undergo tautomerism, converting 

from flavonone to 2-hydroxy chalcone, which may 

explain its effectiveness as a photostabilizer, achieved 

through either UV absorption or the free radical 

scavenging mechanism. Enol transforms into a trans-

keto form under the influence of UV light irradiation. 

However, the trans-keto form reverts to the enol form 

through thermal back-isomerization or exposure to 

visible light [22]. Coumarin and its derivatives have 

been extensively studied owing to their highly efficient 

dimerization and cleavage reactions, which occur 

without the need for photosensitizers or catalysts, as 

well as their exceptional biological activities, 

biocompatibility, and adjustable fluorescent properties. 

Under 365 nm light irradiation, coumarins dimerize to 

form a cyclobutane ring through [2 + 2] cycloaddition, 

which can be cleaved under 254 nm light irradiation, 

leading to the restoration of the original structure via a 

photoemission reaction. Incorporating coumarin units 

into the gel matrix should allow for the reversible 

formation of additional crosslinks, facilitating the 

spatial tuning of the network structure [28].  

 

4. Conclusions 

Various concentrations (0.025, 0.05, and 0.075 %) of 

naringin were efficiently extracted using a simple 

procedure alongside TINUVIN 622 as a commercial 

stabilizer. The isolated plant extract (naringin) was 

characterized using infrared spectroscopy and thin-layer 

chromatography. To assess their influence on the 

photostability of polymeric blends, naringin and 

TINUVIN 622 were incorporated into polystyrene. As 

anticipated, upon exposure to ultraviolet light, both 

naringin and TINUVIN 622 substantially reduced the 

photodegradation of the material. Several analytical 

techniques, such as infrared spectroscopy, weight loss 

analysis, molecular weight reduction evaluation, and 

surface alterations in polystyrene, were used to explore 

how naringin and TINUVIN 622 stabilize polystyrene. 

Notably, PS+0.075 % naringin exhibited the most 

significant stabilizing effect compared to other 

concentrations. 
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