
YJPAS Vol 1, Issue 1, Pages 105-117  ISSN: 3043-6184 
 

Aisha and Zakiyyu, 2025 
 

106  | PUBLICATION OF YUSUF MAITAMA SULE UNIVERSITY, KANO  

 

 
EVALUATION OF THE PHOTOPROTECTIVE ROLE OF QUERCETIN TO LACTUCA 

SATIVA 
1Aisha I., 2Zakiyyu I T., 

1Department of Biological Sciences, Faculty of Sciences, Federal University Dutse, PMB 7156, Jigawa 
State, Nigeria 

2Faculty of Science, Yusuf Maitama Sule University, Kano State, Nigeria 

*Corresponding Author e-mail: idrisaisha24@gmail.com 

 

ABSTRACT 

Plants respond to different light intensities depending on their genetic make-up, mutation and other 
environmental conditions. Lactuca sativa was studied to analyze how varying light intensity affects the 

production of flavonoid content. Besides, the study was aimed at evaluating the photoprotective role of 

quercetin to the plant. The chlorophyll, carotenoid, anthocyanin, flavonoid, antioxidant enzymes, 
malondialdehyde, soluble sugar and soluble protein contents were quantified using spectroscopic 

techniques. Quercetin was quantified using high-performance liquid chromatography (HPLC). Sun-
exposed plants were having the maximum quercetin content compared with semi-shaded or fully shaded 

plants. The highest anthocyanin, flavonoid, carotenoid, soluble sugar and soluble protein content were 

recorded for sun-exposed L. sativa while the lowest were recorded for fully shaded plant. The highest 
oxidative stress was recorded for sun-exposed plants. In contrast, the activities of antioxidant enzymes 

were lowest under sun-exposed plants, and highest under shaded plants. The result obtained makes it 
possible to accept the generated hypothesis of the study because the quercetin content was higher when 

the antioxidant enzymes of the plants were low. This leads to a conclusion that increase in the production 

of secondary metabolites at high light intensity is due to the production of photo protective metabolites to 
conquer the light stress. 
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INTRODUCTION 

 

      

In recent decades, the adverse effects of 

ultraviolet (UV) radiation on living organisms 
have become a subject of intense research 

scrutiny. Increased levels of UV radiation due to 
environmental changes have prompted scientists 

to explore potential solutions to mitigate its 

damaging effects. One such avenue of 
exploration is the utilization of naturally 

occurring compounds with photo protective 
properties (Idris et al., 2021). Among these 

compounds, quercetin, a flavonoid abundant in 

various plant species, has emerged as a promising 
candidate for its diverse range of biological 

activities (Ahmed et al., 2019). 
Lactuca sativa, commonly known as lettuce, 

serves as an excellent model organism to investigate 

the photo protective attributes of quercetin. As a 
common leafy vegetable, lettuce is exposed to 

varying degrees of solar radiation, including UV 
light. The potential of quercetin to safeguard plants 

from the detrimental effects of UV radiation has 

spurred interest in assessing its role within the 
context of L. sativa's physiological responses (Bian 

et. al., 2018). 
This paper aims to present a comprehensive 

evaluation of the photoprotective role of quercetin in 

L. sativa. Through a combination of experimental 
analyses and literature review, we delve into the 

mechanisms by which quercetin may contribute to 
mitigating UV-induced damage. Our investigation 
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encompasses both the direct effects of quercetin 

on light absorption and its indirect modulation of 
cellular pathways that respond to oxidative stress. 

The understanding of quercetin's photoprotective 
potential in L. sativa holds implications beyond 

the realm of plant biology. Insights gained from 

this research could inform strategies to enhance 
crop resilience, ameliorate agricultural practices, 

and contribute to the broader understanding of 
how phytochemicals interact with environmental 

stressors. 

MATERIALS AND METHODS 

Plant Growth Condition 

L. sativa was grown under different lighting 
conditions. The sun exposed plants were directly 

under full sunlight, the semi shaded plants were 

under a net, while the fully shaded plants were 
under complete shading. All other growth 

conditions like soil, nutrient and water supply 
were the same throughout the light treatments. 

The experiments were conducted in triplicates 

(Idris 2019). 

Determination of the Photosynthetic Pigment 

Contents 
The quantitative determination of the 

photosynthetic pigment contents presents in the 

plant were done using UV visible spectrometer 
according to Lichtenthaler & Buschmann (2001). 

The plant leaf samples were collected and 
washed. 0.5 g of leaf sample was ground in 10 ml 

of ethanol. The solution was centrifuged at 

10,000 rpm for 15 minutes at 4 oC. Furthermore, 
4.5 ml of ethanol was added to 0.5 ml of the 

supernatant. 1 ml of the sample was transferred 
into a cuvette and inserted into a 

spectrophotometer (Sumanta et al., 2014). 

Absorbance was recorded at λ = 664.2 nm 
(chlorophyll a) and λ = 648.6 nm (chlorophyll b), 

whereas λ = 470 nm was used for Carotenoid. 
Lastly, absorbance values were used to calculate 

individual pigment contents. 

Determination of Flavonoid Content 
The total flavonoid content (TFC) was 

determined using the aluminium chloride 
colourimetry method. The sample solution was 

prepared; accordingly, were 10 % AlCl3 was first 
prepared by dissolving 10 g of AlCl3 in 90 ml 

distilled water. The solution was stirred, and then 

finally filled to 100 ml with distilled water. After 

this step, 1 M potassium acetate solution was 

prepared by dissolving 9.8 g of potassium acetate in 
90 ml distilled water, stirred, and then filled up to 

100 ml with distilled water. A stock solution of the 
standard used (quercetin) was prepared by dissolving 

1 mg of quercetin in 1 ml distilled water (finally 

producing 1 mg/ml). The stock solution was further 
diluted serially, achieving 10, 50, 100, and 200 

µg/ml. 
The extract solution was prepared by mixing 1 ml of 

the plant extract with 3 ml of methanol. Further, 200 

µl of 10 % AlCl3 and 200 µl of 1 M potassium acetate 
were added to the extract solution. Finally, 5.6 ml of 

distilled water was added to the solution. Standard 
solution and blank solution were prepared as above 

except that for the standard solution, 1 ml of plant 

extract was substituted with different standard 
dilutions while for blank solution 0.25 ml of ethanol 

replaced 1ml of extract solution (Chang et al., 
2002).Additionally, the extract, standard and blank 

solutions were incubated at ambient temperature for 

half an hour and then the absorbance was recorded at 
λ = 420 nm.  

Absorbance’s for quercetin standard and for extract 
solution were recorded. A calibration curve was 

constructed and TFC was calculated using the curve. 

The results were expressed as µg quercetin 
equivalent (µg QE). 

Determination of the Anthocyanin Contents 
The quantitative determination of the total 

monomeric anthocyanin contents presents in the 

studied plants were done using the pH differential 
method according to AOAC method (Lee, 2005). 0.2 

g of the leaves was homogenized in 10 ml of distilled 
water. 1.86 g of potassium Chloride was added to 

1000 ml of distilled water and the pH was adjusted 

to 1.0. After this, 54.43 g of sodium acetate was 
added to 1000 ml distilled water and the pH was 

adjusted to 4.5. Test solutions were made by making 
dilutions of the sample with the buffers, but care was 

taken so as not to exceed the capabilities of the 

buffer. Turbid dilutions were filtered. The 
absorbance of the test solutions at λ = 520 nm and λ 

= 700 nm for both buffers were taken within an hour 
of test solution preparation (Lee, 2005). The results 

are expressed as mg per litre cyanidin-3-glucoside 
(cy-3-glu) equivalent. 
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Determination of Quercetin Content 

The plant extracts were dissolved in 80 % 
methanol at a concentration of 250 mg/ml and 

were centrifuged at 13,200 rpm for 5 min. The 
supernatant was collected and filtered through a 

0.45 μm nylon syringe filter. Standard stock 

solutions of quercetin were prepared at a 
concentration of 2 mg/ml in 80 % methanol. The 

standard solutions of quercetin were serially 
diluted with 80 % methanol to obtain calibration 

standard solutions at concentrations of 20, 40, 60, 

80 and 100 µg/ml. All solvents were degassed, 
and analysis of sample and standard solutions 

were done in a reverse phase HPLC method, at 
ambient temperature. 1 % acetic acid and 

methanol were prepared in a ratio (10:90), (v/v). 

Injection volume was 10 µl (Dar et al., 2017). 
Solvents eluted in an isocratic manner with 1.00 

ml flow for every one minute. 

Quantitative Determination of Lipid 

Peroxidation 

Lipid peroxidation was estimated by quantifying 
the malondialdehyde (MDA) content of the 

studied plants. 0.1 g of leaf sample was ground 
and homogenized in 1 ml of 0.10 % (w/v) 

trichloroacetic acid (TCA) and then centrifuged 

at 10,000 g for 10 minutes. Then, 20 % TCA was 
mixed with 5 % Thiobarbituric acid (TBA), 

thereby generating the reaction mixture. MDA 
standard was serially diluted to generate 10, 20, 

40, 60, 80 and 100 µg/ml. Both sample and 

standard solutions were mixed with 4 ml of the 
reaction mixture, boiled at 95 oC for 15 minutes, 

and then placed on ice. The sample and standard 
solutions were centrifuged at 10,000 g for 5 

minutes, and the absorbance’s of the supernatant 

were recorded at λ = 532 nm (Zhang & Rongfeng, 
2013). The MDA content was calculated from the 

standard curve, and the results were expressed as 
µg/ml. 

Determination of Antioxidant Enzymes 

Activity 
For superoxide dismutase (SOD), the reaction 

solution was prepared by mixing 30 ml of 100 
mM phosphate buffer with 0.6 ml of 1 mM 

EDTA-Na2, 2 ml of 20 µM riboflavin, 2 ml of 750 
µM NBT and 2 ml of 130 mM methionine. The 

sample solution was prepared by mixing 50 ml of 

crude protein with 1 ml of the reaction mixture. 

Two types of control were made, one of which was 

incubated in light together with the sample mixture 
while the other control was kept in the dark. All 

incubations were ended after 15 minutes, and 
absorbance was immediately recorded at λ = 560 nm. 

The second control was used for comparison only 

(Tianzi & Baolong, 2016). 
For peroxidase (POD), the reaction mixture was 

prepared by mixing 28 µl of 0.2 % guaiacol with 50 
ml phosphate buffer. The reaction was heated, then 

cooled down before adding 19 µl of 30 % H2O2. 1 ml 

of the reaction solution was further diluted with 50 
µl of phosphate buffer. The sample solution was 

prepared by mixing 50 µl of crude protein with 1 ml 
of the previously prepared reaction solution in a 

cuvette and immediately recording the absorbance at 

λ = 470 nm. Absorbance’s were recorded at an 
interval of 15 seconds for a duration of 1 minute 

(Tianzi & Baolong, 2016). 
For catalase (CAT), the reaction solution was 

prepared by mixing 77.5 µl of 30 % H2O2 with 50 ml 

100 mM phosphate buffer. The sample solution was 
prepared by mixing 50 µl of crude protein with 1ml 

of the previously prepared reaction solution in a 
cuvette and immediately recording the absorbance at 

λ = 240 nm. Absorbance’s were recorded at an 

interval of 15 seconds for a duration of 1 minute. For 
blank solution preparation, 50 µl of crude protein 

was replaced with 50 µl of 100 mM phosphate buffer 
(Tianzi & Baolong, 2016). 

 

Determination of Total Soluble Sugar (TSS) 
The TSS was quantified based on the anthrone 

colourimetric method.2 ml of plant extract was 
centrifuged at 6,000 rpm for 10 min and then an 

equal volume of chloroform was added to the 

supernatant and centrifuged at 12,000 rpm for 10 
min. Moreover, 4.95 ml of anthrone reagent was 

added to 50 μl of the sample solution. After mixing 
thoroughly, the solution was then boiled in a water 

bath for 15 minutes. Furthermore, the solution 

mixture was cooled down and the absorption was 
recorded at λ = 620 nm. TSS was calculated using 

the standard curve and the result was expressed in 
µg/ml glucose. 

Determination of Soluble Protein Content (SP) 
This was achieved using the Bradford protein assay 

method. The standard solution was prepared by 

serially diluting bovine serum albumin at 1, 2, 3, 4, 
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and 5 µg/ml, and adding 200 µl of Bradford 

reagent to 800 µl of each standard. Sample 
solutions were prepared by adding 200 µl of 

Bradford reagent to 800 µl of the plant extract. 
Both sample and standard solutions were 

incubated at ambient temperature for 5 minutes 

and then their absorbance’s were recorded at λ = 
595 nm. A standard curve was generated and the 

protein contents were derived using the standard 
curve (Fanglian, 2011). 

Statistical analysis 

Data were reported as the mean ± standard 
deviation (SD), and all statistical tests were 

performed using the SPSS 16.0 statistical 
software (SPSS, Chicago, IL, USA). Data was 

analyzed using one way analysis of variance 

(ANOVA), and all analyses were performed at a 
95 % confidence level.  

RESULTS AND DISCUSSION 
In the laboratory analysis, a comprehensive 

evaluation of various physiological and 

biochemical parameters was conducted to 
unravel the intricate interplay between quercetin 

and the photo protective responses of L. sativa 
under varying light conditions. The examined 

parameters encompassed chlorophyll content, 

carotenoids, anthocyanin, flavonoid, antioxidant 

enzymes, MDA, soluble sugar, soluble protein 
contents, and quercetin concentration. 

Remarkably, the results revealed a pronounced 
correlation between light exposure and the 

accumulation of specific compounds crucial for 

photo protection and oxidative stress response. 
Among the studied parameters, the trends in 

flavonoids, anthocyanin, quercetin, and MDA levels 
particularly stood out (Figure 1). 

Sun-exposed plants exhibited the highest levels of 

flavonoids, anthocyanin, and quercetin. This 
outcome underscores the pivotal role of these 

compounds in shielding plants from the detrimental 
effects of UV radiation. The heightened synthesis of 

these antioxidants can be attributed to the heightened 

light exposure, prompting the plant to enhance its 
antioxidant arsenal to counteract potential damage. 

Surprisingly, semi-shaded plants followed sun-
exposed plants with moderate levels of flavonoids, 

anthocyanin, and quercetin. This suggests that even 

partial exposure to sunlight triggers a significant 
adaptive response, although the levels might not 

reach the same magnitude as those in fully sun-
exposed plants. 

 

 
Figure 1: Effect of light intensity on secondary metabolites and MDA content (Different small letters 

indicate significant differences in secondary metabolites among three light conditions p < 0.05). 
 

In contrast, shaded plants exhibited the lowest 

levels of these photoprotective compounds. This 
outcome is in line with expectations (Lee et al., 

2013; Miliauskiene et al., 2021; Mohamed et  

al., 2021; Samuoliene et al., 2021; Samuoliene et al., 

2022), as shaded conditions inherently offer reduced 
exposure to UV radiation. As a result, the plant's need 

to produce high levels of flavonoids, anthocyanin, and 
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quercetin is diminished, leading to lower levels 

of these compounds compared to their sun-
exposed counterparts. 

Moreover, the observed increase in MDA, a 
marker of lipid peroxidation and oxidative stress 

(Bian et al., 2016), in sun-exposed and semi-

shaded plants further supports the notion that 
these plants are subjected to higher levels of 

oxidative stress due to increased light exposure. 
This, in turn, triggers a stronger antioxidative 

response characterized by elevated flavonoid 

and quercetin production. 
These findings collectively highlight the 

dynamic and adaptive responses of L. sativa to 
varying light conditions. The accumulation of 

flavonoids, anthocyanin, and quercetin, along 

with the heightened antioxidant enzyme 
activities observed in sun-exposed and shaded 

plants, underscore their critical role in defending 
against UV-induced damage and oxidative 

stress. Such insights have the potential to 

contribute to the optimization of agricultural 
practices and crop breeding strategies, 

ultimately enhancing plant resilience and 
productivity in a changing environment 

(Vaštakait˙e-Kairien˙e et al., 2022).A similar 

trend of increasing order of flavonoid with 
increasing light intensity was observed in 

Ginkgo biloba (Xu et al., 2014), Labisia pumila 
(Karimi et al., 2013), and Lactuca sativa (Pérez-

López et al., 2018). Studies have indicated the 

photo protective role of anthocyanin (Arena et 
al., 2017;Cheng et al., 2018;Edreva, 2005; 

Debski et al., 2017;Gould, 2004;Hughes, 2009; 
Neill, 2002;Shourie et al., 2014; Trojak & 

Skowron, 2017;Yuan et al., 2015).Quercetin is 

a flavonoid possessing a dihydroxy-B-ring 
which gives it the photo protective characteristic 

(Agati et al., 2011; Agati et al., 2013;Brunetti et 
al., 2013; Edreva, 2005;Pérez-López et al., 

2018; Shourie et al., 2014;Zhang et al., 2017).  

 Some studies also indicated that higher amount 

of quercetin was recovered under full sunlight (Debski 
et al., 2017;Karimi et al., 2013; Shourie et al., 2014; 

Tattini et al., 2005). Biosynthesis of quercetin can be 
decreased by shading (Cortell & Kennedy, 2006; 

Downey et al., 2004; Koyama et al., 2012). However, 

in Zingiber officinale, a lower amount of quercetin was 
recorded under high light intensity because the plant 

accumulates higher amount of other phenolic 
compounds (Ghasemzadeh et al., 2010). In Berberis 

microphylla, a lower amount of quercetin was 

recorded under high light intensity because the plant 
accumulates higher amount of soluble solids (Arena et 

al., 2017). Vacuolar quercetin in mesophyll cells of 
Catharanthus rosues increases under high sunlight 

(Ferreres et al., 2011). Quercetin biosynthesis may 

have a contribution to natural selection, dynamic 
selection, evolutionary response and physiological 

response in plants (Lesne, 2008). Presence of 
quercetin, therefore, helps in UV-B tolerance (Jacobs 

& Rubery, 1988;Jansen et al., 2001).  

Studies had indicated an increasing level of MDA with 
increasing light intensity (Agati et al., 2011; 

Distelbarth, Nagale, & Heyer, 2013;Gu et al., 
2017;Liu et al., 2013;Tang et al., 2015; Tattini et al., 

2005;Wang et al., 2017). Other studies indicate a 

decreasing order of MDA as light intensity increases 
because the plants accumulate more H2O2 under lower 

light intensity (Ibrahim & Jaafar, 2012;Ibrahim et al., 
2014; Li et al., 2016;Ma et al., 2015; Zhu et al., 2017). 

Other studies had indicated an increase in MDA 

content under blue light (Yu et al., 2016), red and blue 
light (Bian et al., 2018) and UV light (Alexieva et al., 

2001; Basahi et al., 2014), because the light quality 
influence the oxidative stress. 

The observed variations in the activities of superoxide 

dismutase (SOD), peroxidase (POD), and catalase 
(CAT) (Table 1) across different light conditions 

provide valuable insights into the plant's antioxidative 
defense mechanisms under varying levels of light 

exposure. 

 
Table 1: Effect of light intensity on the activities of antioxidant enzymes 

Light 

intensity 

SOD (U/mg 

protein) 

POD (U/mg protein) CAT (U/mg protein) 

Sun exposed 1.12±0.01a 99.61±1.12 a 5.88±0.91 a 

Semi-shaded 1.42±0.02 b 116.33±2.11 b 7.43±0.63 b 

Shaded 1.93±0.05 c 121.54±1.91 c 11.55±1.1 c 

Key; Different small letters indicate significant differences in antioxidant activity among three light 
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conditions (p < 0.05). 

In shaded plants, the higher activity of antioxidant 
enzymes suggests an enhanced capacity to cope 

with oxidative stress. Shaded conditions inherently 
lead to reduced light exposure, which might prompt 

the plant to prioritize other defense mechanisms. 

The elevated levels of these antioxidant enzymes 
indicate that shaded plants are equipped to manage 

oxidative stress through efficient scavenging of 
reactive oxygen species (ROS) and detoxification 

of harmful molecules. 

Conversely, the lower activity of these enzymes in 
sun-exposed plants aligns with the higher levels of 

oxidative stress indicators such as MDA observed 
in these conditions. The decrease in antioxidative 

enzyme activity in sun-exposed plants might be 

attributed to the fact that these plants are under 
constant light stress, causing a depletion of 

antioxidative resources due to the heightened 
demand for ROS scavenging. 

Semi-shaded plants, exhibiting intermediate levels 

of antioxidant enzymes activity, seem to reflect a 
balance between the physiological responses of 

sun-exposed and shaded plants. This observation 
suggests that partial exposure to sunlight prompts 

the plant to trigger a moderate antioxidative 

response, likely to counteract the oxidative stress 
induced by UV radiation while conserving energy 

for other growth processes. 
Overall, the activities of antioxidant enzymes serve 

as indicators of how L. sativa adapts its 

antioxidative defense strategies to the prevailing 
light conditions. These enzymes play a pivotal role 

in maintaining redox homeostasis and protecting 
plant cells from oxidative damage (Bian et al., 

2016; Idris 2019; Idris et al., 2021). The variations 

in their activities across different light conditions 
underscore the dynamic nature of the plant's 

response to light exposure and its ability to fine-
tune its antioxidative machinery to optimize 

survival and growth. This knowledge contributes 

not only to our understanding of plant biology but 
also has potential implications for crop 

management strategies aimed at enhancing plant 
resilience in changing environmental conditions. 

It has been reported that a decrease in antioxidant 
enzymes cause a decrease in hydrogen peroxide 

concentration in the chloroplast due to the presence 

of chloroplast flavonoids (Agati et al., 2013). Short 

term light stress can increase antioxidant enzymes 
like SOD, CAT and POD while long term stress can 

decrease their activity (Chen et al., 2016). High 
light intensity can lead to an increase in the 

expression of flavonoid biosynthesis genes (Agati 

et al., 2012), decrease in expression of 
photosynthetic genes (Pego et al., 2000) and a 

decrease in activity of antioxidant enzymes (Fini et 
al., 2011). The activity of SOD may decrease due 

to light-induced hydrogen peroxide generation 

(Peltzer & Polle, 2001). 
Other studies also indicate a decreasing order of 

antioxidant enzymes with increasing light intensity 
(Chen et al., 2016;Lu et al., 2017;Ma et al., 2015). 

Studies had reported an increase in antioxidant 

enzymes with increasing light intensity because 
few ROS is generated, as the light is used for 

photosynthesis (Agati et al., 2011;Gu et al., 
2017;Li et al., 2016;Liu et al., 2013;Tang et al., 

2015;Tattini et al., 2005;Wang et al., 2017). UV 

light can increase antioxidant enzymes activity 
(Alexieva et al., 2001;Basahi et al., 2014). Basahi 

et al. (2014) claimed that contradictory results 
about antioxidant enzyme activity under different 

light stresses is due to the fact that the levels of 

enzyme responses depend on the plant species, the 
developmental stage, the organs, as well as on the 

duration and severity of the stress. Likewise in 
Clidemia acuminuta, the activities of antioxidant 

enzymes of the plant are not inhibited by high light 

stress (Yu et al., 2016). 
The comparison between the results of quercetin 

content and the activities of antioxidant enzymes, 
namely SOD, POD, and CAT, offers a 

comprehensive view of how quercetin contributes 

to the antioxidative defense mechanisms of L. 
sativa under varying light conditions. The observed 

trend of quercetin content aligns with the plant's 
response to light exposure. Sun-exposed plants 

exhibited the highest levels of quercetin, suggesting 

that increased UV radiation prompts the plant to 
synthesize and accumulate this flavonoid as a 

protective response. Quercetin's antioxidative 
properties are well-documented, as it acts as a 

scavenger of ROS and helps mitigate oxidative 
damage caused by UV radiation (Idris et al., 2021). 

The positive correlation between quercetin content 

and light exposure underscores its role in bolstering 
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the plant's antioxidative defenses. 

The activities of antioxidant enzymes reflect the 
plant's enzymatic responses to oxidative stress. 

Shaded plants exhibited higher activities of these 
enzymes, indicating their need to manage oxidative 

stress even in reduced light conditions. The 

elevated activity of these enzymes suggests that 
shaded plants are equipped to cope with oxidative 

damage through efficient ROS scavenging and 
detoxification. 

Comparing quercetin content with antioxidant 

enzyme activities, it's evident that quercetin plays a 
significant role in reinforcing the antioxidative 

defense mechanisms. The higher quercetin content 
in sun-exposed plants aligns with their lower 

activities of SOD, POD, and CAT. This suggests 

that the presence of quercetin contributes to 
alleviating the burden on enzymatic antioxidative 

pathways. In these conditions, quercetin's direct 
ROS-scavenging properties might be more 

prevalent, reducing the reliance on enzymatic 

defense mechanisms. 
Conversely, in shaded plants with higher 

antioxidant enzyme activities, quercetin content is 
comparatively lower. This observation implies that 

these plants may rely more heavily on enzymatic 

defenses due to reduced quercetin availability. The 
combination of higher antioxidant enzyme 

activities and reduced quercetin content indicates a 
more prominent role for enzymatic antioxidative 

mechanisms in these conditions. 

In semi-shaded plants, the balance between 
quercetin content and antioxidant enzyme activities 

suggests a harmonious interaction between 
quercetin's direct antioxidative role and the 

enzymatic defenses. Here, the moderate quercetin 

content complements the intermediate activities of 
antioxidant enzymes, potentially indicating a 

cooperative response to oxidative stress. 
In summary, the comparison between quercetin 

content and antioxidant enzyme activities reveals a 

dynamic interplay between direct and enzymatic 
antioxidative mechanisms in L. sativa's response to 

varying light conditions. Quercetin's presence 

appears to influence the reliance on enzymatic 

defenses, with potential implications for how the 
plant allocates its resources to combat oxidative 

stress induced by UV radiation. Understanding this 
interaction contributes to a deeper comprehension 

of plant adaptation strategies and informs potential 

avenues for enhancing plant resilience in changing 
environmental contexts. 

The contrasting trends observed between the results 
of quercetin content, carotenoids, soluble sugars, 

soluble proteins, and chlorophyll content (Table 2) 

offer a complex insight into L. sativa's responses to 
varying light conditions and their interplay with 

different biochemical compounds. 
As previously discussed, quercetin content was 

found to be highest in sun-exposed plants, 

suggesting its role in protecting the plant from UV-
induced oxidative stress. The higher levels of 

carotenoids, soluble sugars, and soluble proteins in 
sun-exposed plants indicate an adaptive response to 

increased light exposure. Carotenoids, which 

contribute to photosynthesis and offer photo 
protection (Müller et al., 2013; Sousa Paiva et al., 

2003;Triantaphylides et al., 2008), are likely 
upregulated in response to higher light availability. 

Soluble sugars and proteins can act as energy 

sources and building blocks for stress-responsive 
proteins, respectively, and their elevated levels in 

sun-exposed plants may signify their roles in 
supporting growth and defense mechanisms under 

high light conditions. 

In contrast to the other compounds, chlorophyll 
content was highest in shaded plants. This can be 

attributed to a shade-induced response where plants 
allocate more resources to chlorophyll production 

to optimize light capture in low light conditions. 

Many plants growing in shaded environments tend 
to accumulate a higher amount of chlorophyllthan 

their sun-exposed species (Belgio et al., 2017;Chen 
et al., 2016;Chuyong & Acidri, 2017;Fu et al., 

2017;Gregoriou et al., 2007; Jespersen et al., 

2017;Khan et al., 2000;Li et al., 2010; Li et al., 
2014; Wang et al., 2017;Yao et al., 2017). 
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Table 2: Effect of light intensity on pigments and primary metabolites 

Light intensity Sugar (µg/ml) Protein (µg/ml) Car 

(µg/ml) 

Chl a+b 

(µg/ml) 

Sun exposed 14.52±0.93 c 6.33±0.05 c 0.79±0.04 c 0.71±0.06 a 

Semi-shaded 11.32±0.21 b 5.10±0.11 b 0.71±0.03 b 0.88±0.02 b 

Shaded 8.21±0.09a 4.91±0.17 a 0.4±0.06 a 1.10±0.91 c 

Key; Different small letters indicate significant differences among three light conditions (p < 0.05). 

 

When considering the entire picture, we can see a 
coordinated effort by L. sativa to adapt to its 

environment. Sun-exposed plants invest heavily in 
photo protective compounds like quercetin, 

carotenoids, soluble sugars, and soluble proteins to 

counteract the increased oxidative stress and 
energy demands caused by high light exposure. The 

synthesis of quercetin and carotenoids, in 
particular, may function as a first line of defense 

against excess light condition. 

On the other hand, shaded plants prioritize efficient 
light capture, as indicated by higher chlorophyll 

content, to maximize their limited light resources. 
This comes at the cost of reduced synthesis of photo 

protective compounds like quercetin, leading to 

lower quercetin content in shaded plants. 
Semi-shaded plants exhibit intermediate levels in 

most parameters, reflecting their status between full 
sun exposure and complete shade. The balance 

between different responses may contribute to a 

more adaptable strategy that allows for moderate 
photo protection while optimizing light capture. 

In summary, the results suggest that L. sativa 
employs a range of strategies to adapt to varying 

light conditions. Quercetin and other biochemical 

compounds play crucial roles in this adaptation, 
with their synthesis and accumulation reflecting the 

plant's attempt to strike a balance between 
managing oxidative stress, optimizing 

photosynthesis, and conserving resources in 

response to light availability. These findings 
contribute to our understanding of plant responses 

to environmental cues and can have implications 
for optimizing agricultural practices and crop 

productivity. 

CONCLUSION 
The comprehensive investigation into the photo 

protective responses of L. sativa to varying light 
conditions has shed light on the intricate interplay 

between biochemical compounds and plant 
adaptation strategies. Through a meticulous 

analysis of quercetin content, antioxidant enzyme 
activities, carotenoids, soluble sugars, soluble 

proteins, and chlorophyll content, a multifaceted 

narrative of how L. sativa navigates its environment 
has emerged. 

Our findings highlight the pivotal role of quercetin 
as a key player in the plant's defense against UV-

induced oxidative stress. Its content exhibited a 

direct correlation with light exposure, underlining 
its significance as a photo protective agent that 

shields the plant from harmful effects of excess 
light intensity. 

The variations in antioxidant enzyme activities, 

such as superoxide dismutase, peroxidase, and 
catalase, further underscore the plant's dynamic 

antioxidative defense mechanisms. These enzymes 
act as essential safeguards against oxidative stress, 

and their activities vary in response to the intensity 

of light exposure. The interplay between quercetin 
and antioxidant enzymes reveals a complex 

orchestration of direct and enzymatic antioxidative 
responses, contributing to the plant's resilience in 

fluctuating light environments. 

Moreover, the contrasting trends observed in 
carotenoids, soluble sugars, soluble proteins, and 

chlorophyll content emphasize the adaptability of 
Lactuca sativa to different light conditions. The 

synthesis of these compounds demonstrates the 

plant's ability to fine-tune its resource allocation, 
optimizing growth and photo protection based on 

environmental cues. 
Therefore, our research not only provides a deeper 

understanding of L. sativa's responses to light 

exposure but also underscores the significance of 
quercetin as a multifunctional compound in photo 

protection. The intricate interactions between 
quercetin, antioxidant enzymes, and other 

biochemical compounds showcase the plant's 
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capacity for flexible adaptation to environmental 

stressors. These insights have broader implications 
for agricultural practices, offering potential 

strategies to enhance crop resilience and 
productivity in a changing climate. As we continue 

to uncover the complexities of plant-environment 

interactions, further research in this field holds the 
promise of unveiling novel avenues for sustainable 

crop management and ecological conservation. 
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