
PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

 

EVALUATION OF THE PHOTOPROTECTIVE ROLE OF QUERCETIN TO 

SELECTED LIGHT-ADAPTED AND SHADE-TOLERANT PLANT SPECIES 

 

 

 

 

 

AISHA IDRIS 

 

 

 

 

 

A thesis submitted in fulfilment of the requirement for the award of the Doctor of 

Philosophy in Science 

Faculty of Applied Sciences and Technology 

Universiti Tun Hussein Onn Malaysia 

JUNE 2019 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UTHM Institutional Repository

https://core.ac.uk/display/478919742?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

iv 

 

DEDICATION 

The thesis is dedicated to my parents Alhaji Idris Yusuf and Hajiya Hauwa 

Muhammad Babayo for their prayers, advice and encouragement, which guided me 

to this achievement. The thesis is also dedicated to my husband Zakiyyu, my 

siblings, and my children Muhammad, Iman, Hauwa, and Muhammad. May Allah 

bless them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

v 

 

ACKNOWLEDGEMENT 

Praise be to Allah, the Cherisher and Sustainer of the worlds. My special thanks go to 

my supervisor, Associate Professor Dr Alona C. Linatoc for her patience, guidance, 

encouragement, commitment, and advice during the duration of my study. I also 

appreciate my Co-supervisor, Associate Professor Dr Mohd Fadzelly Abu Bakar for 

his guidance and advice during the study. 

My appreciation also goes to the staffs of Johor National Parks Corporation 

(JNPC) for their assistance. I also like to thank Mr Ishak Ayub and Mr Akmal for 

their help during laboratory analysis. I am grateful to the Office for Research, 

Innovation, Commercialization and Consultancy Management, Universiti Tun 

Hussein Onn Malaysia (UTHM) for the financial support under UTHM TIER 1 Vot 

no. 906. 

Lastly. My appreciation goes to my parents (Alhaji Idris Yusuf and Hajiya 

Hauwa Muhammad Babayo), brothers (Hassan, Hussain, Ahmad, and Yusuf) sisters 

(Zainab, Hafsat, Amina, and Fatima), husband (Zakiyyu Ibrahim Takai), children 

(Muhammad, Iman, Hauwa, and Muhammad), mother-in-law (Halima Isa) and my 

brothers-in-law (Hussain Dadan Garba and Fareed L. Bello) for their help and 

support. May Almighty Allah bless and reward everyone abundantly. 

 

 

 

 

 

 

 

 

 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

vi 

 

ABSTRACT 

Plants respond to different light intensities depending on their genetic make-up, 

mutation and other environmental conditions. Mikania micrantha, Clidemia hirta, 

and Tetracera sarmentosa were selected so as to analyse how varying light intensity 

affects some gas exchange characteristics, pigment and production of total flavonoid 

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

quercetin to the selected plants, in addition to correlating how the production of 

flavonoids affects the plants photosynthesis. The photosynthetic rates of the selected 

plants were determined using LI-6400. 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 photosynthesis and quercetin content compared with semi-

shaded or fully shaded plants. The highest quercetin content was recorded for sun-

exposed C. hirta (0.950 ± 0.023 µg/ml) while the lowest was recorded for shaded T. 

sarmentosa (0.13 ± 0.007 µg/ml). The highest oxidative stress was recorded for sun-

exposed T. sarmentosa (6.19 ± 019 µg/ml) which was also having the lowest 

quantum efficiency of photosystem II (0.509 ± 0.003). Superoxide dismutase activity 

was lowest under sun-exposed C. hirta (1.86 ± 0.06 U/mg protein), while peroxidase 

and catalase were lowest under Sun-exposed T. sarmentosa (59.59 ± 2.67 and 3.75 ± 

0.17) U/mg protein respectively. 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 not due to high 

CO2 assimilation rate, but rather due to the production of photoprotective metabolites 

to conquer the light stress. 
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ABSTRAK 

Tindak balas terhadap keamatan cahaya yang berlainan bergantung kepada genetik, 

mutasi dan keadaan alam sekitar yang lain. Mikania micrantha, Clidemia hirta, dan 

Tetracera sarmentosa dipilih untuk menganalisa bagaimana variasi keamatan cahaya 

mempengaruhi beberapa ciri pertukaran gas, pigmen dan pengeluaran jumlah 

kandungan flavonoid. Selain itu, penyelidikan ini bertujuan untuk menilai peranan 

fotoprotektif kuercetin terhadap tanaman pilihan, di samping mengaitkan bagaimana 

pengeluaran flavonoid mempengaruhi fotosintesis tumbuhan. Fotosintesis tumbuhan 

pilihan ditentukan menggunakan LI-6400. Klorofil, karotenoid, antosianin, 

flavonoid, enzim antioksidan, malondialdehid, gula larut dan kandungan protein larut 

dikira secaro teknik spektroskopi. Kuercetin dikira menggunakan kromatografi cecair 

prestasi tinggi (HPLC). Tumbuhan yang terdedah kepada matahari mempunyai 

kandungan fotosintesis dan kuercetin yang maksimum berbanding dengan tumbuh-

tumbuhan teduh separuh atau teduh penuh. Kandungan kuercetin tertinggi 

direkodkan oleh C. hirta (0.950 ± 0.023 µg/ml) manakala yang paling rendah 

direkodkan oleh T. sarmentosa (0.13 ± 0.007 µg/ml). Tekanan oksidatif tertinggi 

direkodkan oleh T. sarmentosa (6.19 ± 019 μg / ml) yang terdedah kepada matahari 

yang juga mempunyai kecekapan terendah dalam fotosistem II (0.509 ± 0.003). 

Aktiviti superoxide dismutase adalah terendah pada C. hirta (1.86 ± 0.06 U / mg 

protein) manakala peroksidase dan catalase adalah terendah pada T. sarmentosa 

(59.59 ± 2.67 dan 3.75 ± 0.17) U / mg protein masing-masing. Keputusan yang 

diperoleh memungkinkan untuk menerima hipotesis kajian kerana kandungan 

kuercetin lebih tinggi apabila enzim antioksidan tumbuhan adalah rendah. Secara 

kesimpulannya, peningkatan pengeluaran metabolit sekunder semasa keamatan 

cahaya yang tinggi tidak disebabkan oleh kadar asimilasi CO2 yang tinggi, tetapi 

disebabkan oleh pengeluaran metabolit pelindung cahaya untuk menangani tekanan 

cahaya. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and rationale of the study 

The environment does not have a constant stable condition, it always changes, and 

these changes can lead to various effects in the structural, biochemical and gas 

exchange characteristics of a leaf including its shape, curling degree, and its surface 

characteristics. One of the most important environmental factor affecting plants is 

light. Light affects the growth and development of plants by influencing the 

morphology of a single leaf as well as the morphology of the whole plant. Plants can 

adapt to different light intensity depending on their environment. This adaptation 

would be possible if plant changes the distribution of its biomass and its morphology, 

in order to be able to utilize the amount of light they receive, so as to survive (Xue et 

al., 2011). 

Changes in the amount of light intensity received by a plant can affect the gas 

exchange characteristics. There is no fixed value or range of values that indicate the 

difference in photosynthesis of sun-exposed and shaded plants. This is because each 

plant responds to light differently. Also, some plants can have higher photosynthesis 

under higher light intensity (greater than 1000 µmol m-2s-1) while others have higher 

photosynthesis under lower light intensity (less than 1000 µmol m-2s-1). The 

compensation and saturation points of sun-exposed leaves exceeds that of shaded 

leaves (DeWalt, Denslow, & Hamrick, 2004; Lambers, Chapin, & Pons, 2008; Li et 

al., 2016; Liu et al., 2013; Qin et al., 2012; Xue et al., 2011), but in some plants like 

Aeschynanthus longicaulus (Li et al., 2014), Tetrastigma hemsleyanum (Dai et al., 

2009), and Lindera melissifolia (Aleric & Kirkman, 2005), higher compensation and 
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saturation points were recorded at lower light intensity. Moreover, photosynthetic 

carboxylation capacity, electron transport capacity, quantum yield and curvature of 

light response curve varies depending on the level of light intensity received by a 

plant (Li et al., 2017; Slattery et al., 2017; Vialet-Chabrand et al., 2017). For 

instance, the maximum photosynthesis (Amax) of Chromera velia was higher when 

the plant was grown at 406 ±30 µmol O2 mg Chl-1 h-1  compared to when grown at 

239 ±60 µmol O2 mg Chl-1 h-1 (Belgio et al., 2017) while Changium smyrnioides 

(Wang et al., 2017) requires a semi-shaded environment for its maximum 

photosynthesis. Recent studies on Eucheuma denticulatum (Borlongan et al., 2017), 

Batrachospermum turfosum (Aigner et al., 2017), Kappaphycus sp (Borlongan et al., 

2017), Typha latifola (Jespersen, Brix, & Sorrell, 2017), Laminaria digitate (Migné 

et al., 2018), Triticum aestivum (Chen et al., 2016), Lactuca sativa (Fu et al., 2017), 

and Vitis vinifera (Li et al., 2017) indicated that the level of light intensity received 

by a plant can affect the plant photosynthesis. The photosynthesis of Oryza sativa 

was higher under high light intensity (Gu et al., 2017). Other plants with higher 

photosynthesis under high light intensity include Brassica campestris (Zhu et al., 

2017), Betula pendula (Niglas et al., 2017), and Phaseolus vulgaris (Gauthier et al., 

2018). 

Besides, the quality of light has an impact on photosynthesis (Dou et al., 

2017). For example, the photosynthesis rates, stomatal conductance and transpiration 

rates of Dianthus caryophyllus grown under blue light emitting diode (LED) was 

higher (7.2 µmol CO2 m
-2.s-1) than that grown under red LED (4.1 µmol CO2 m

-2.s-1) 

(Manivannan et al., 2017). Likewise, the photosynthesis of Solanum lycopersicum 

increase significantly when the plant was grown under a combination of red and blue 

LED light (Li et al., 2017). Other recent studies on effect of light quality on 

photosynthesis include that of Populus trichocarpa (Momayyezi & Guy, 2017), 

Synechocystis sp. (Oshita, Suzuki, & Kawono, 2018), Cucumis sativus (Särkkä et al., 

2017), Cyclocarya paliurus (Yang et al., 2017), Camptotheca acuminuta (Yu et al., 

2016) and Lactuca sativa (Zhen & van Iersel, 2017). Species cultivar (Slattery et al., 

2017), nutrient availability (Özer, 2017) and temperature (Lu et al., 2017; Wu et al., 

2018) can influence the effect of light on plant photosynthesis. 

Apart from variation in photosynthesis, shaded leaves differ from sun-

exposed leaves in their structure and biochemical characteristics. The stomatal 

density (Jespersen et al., 2017;  Manivannan et al., 2017; Sakhonwasee, Tummachai, 
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& Nimnoy, 2017; Sevik et al.,2017; Zheng & Van Labeke, 2017), fresh and dry 

weight (Pedroso et al., 2017, Rehana et al., 2018), leaf area (Silva et al., 2017), and 

leaf thickness (Vialet-Chabrand et al., 2017) differs among shaded and sun-exposed 

species. 

In a shaded environment, the light received is weak and therefore the plant 

will produce more photosynthetic pigments (Belgio et al., 2017; Chuyong & Acidri, 

2017; Fu et al., 2017; Jespersen et al., 2017; Silva et al., 2017; Wang et al., 2017, 

Zhu et al., 2017). Light quality can also influence the photosynthesis pigments of a 

plant (Rabara et al., 2017; Singh et al., 2017; Yu et al., 2016; Zheng & Van Labeke, 

2017) thereby affecting the chlorophyll a/B ratio. 

 Light intensity can affect the production of secondary metabolites like 

quercetin. Quercetin is a yellow flavonol which plays an important role in protecting 

plants against stress. It acts as an antioxidant molecule and UV-filter (Agati et al., 

2013; Brunetti et al., 2013). It can protect plants against microorganisms; for 

example, Vitis vinifera accumulates quercetin for protection against Plasmopara 

viticola (Ali et al., 2012). Moreover, quercetin plays a vital role in the interaction of 

a plant with its environment (Mierziak, Kostyn, & Kulma, 2014).  

 The total flavonoid content of a plant can be affected depending on the light 

intensity. For instance, Glycine max seedling (Yuan et al., 2015) produces a high 

amount of flavonoids under high light intensity. Lithocarpus litseifolius (Li et al., 

2016) and Zingiber officinale (Ghasemzadeh et al., 2010) accumulate high amount of 

flavonoid under lower light intensity (60 % of sunlight for the former and 310 µmol 

m-2.s-1 for the latter). Labisia pumila accumulates more flavonoid when grown at 630 

µmol m-2.s-1 (Karimi et al., 2013). Anoectochilus roxburghii produced a high amount 

of flavonoid under blue light (Ye et al., 2017).  

 Other studies on the effect of light intensity and quality on accumulation of 

flavonoids include that of Hyptis marrubioides (Pedroso et al., 2017), Anacardium 

othonianum (Gazolla et al., 2017), Chlorella miniata (Sozmen et al., 2018), Berberis 

microphylla (Arena, Postemsky, & Curvetto, 2017), Lactuca sativa (Bian et al., 

2018; Liu et al., 2018; Pérez-López et al., 2018), Cannabis sativa (Gianmaria, 

Gianpaolo, & Stiina, 2018), Anoectochilus roxburghii (Chen et al., 2017), 

Cyclocarya paliorus (Liu et al., 2018), Abelmoschus esculentus (Irshad et al., 2018), 

Elephantopus scaber (Dawiyah et al., 2018) and Fagopyrum esculentum (Nam et al., 

2018). 
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The variation in flavonoids accumulation among plant species can be due to 

the complex metabolism of flavonoids. In heliophytes, the activity of antioxidant 

enzymes decreases under lower light intensity (Li et al., 2016), which increase 

reactive oxygen species (ROS). Due to an increase in ROS, more flavonoids would 

be synthesized in order to scavenge the ROS and protect the plant (Li et al., 2016). 

The activity of antioxidant enzymes of a plant also varies depending on a plant 

species, and the amount of light received (Chen et al., 2016). In previous studies, the 

activity of superoxide dismutase SOD and catalase (CAT) enzymes were higher in 

sun-exposed Changium smyrnioides (Wang et al., 2017) and sun-exposed Oryza 

sativa  (Gu et al., 2017). In Dianthus caryophyllus (Manivannan et al., 2017), and 

Camptotheca acuminuta (Yu et al., 2016), the antioxidant enzymes activity were 

higher under blue LED light. Variation in the antioxidant enzymes activities may be 

due to the level of stress encountered (acute or slow). Due to these differences, it is 

hypothesised in this study that “if the activity of antioxidant enzymes of a plant is 

low, then quercetin biosynthesis may increase”. 

1.2 Problem statement 

In plants, genetic make-up, mutation and environmental factors are the major 

characteristics that contribute to variation in response to light. The above 

characteristics make it difficult to come up with a general conclusion on how plants 

respond to light. Labisia pumila and Ginkgo biloba can accumulate a higher amount 

of quercetin under high light intensity while Berberis microphylla and Lithocarpus 

litseifolius require a semi-shaded environment for their maximum quercetin 

accumulation. Due to these variations, there is a need to know at which level of light 

intensity will the selected plants accumulate high amount of quercetin. 

 Some authors hypothesised that lower light intensity favours the 

accumulation of monohydroxy B-ring flavonoid while high light intensity favours 

the accumulation of dihydroxy B-ring flavonoid. Quercetin falls under the latter 

group, but in some plants, it is not produced under high light intensity. In addition, 

the selected plants are abandoned, common tropical plants. There is no available 

study on the photoprotective role of quercetin to the plants. Moreover, there is no 

available information on the activity of antioxidant enzymes and oxidative stress of 
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the plants. This makes it necessary to test the hypothesis on the selected plants, and 

determine whether high light intensity will favour the accumulation of quercetin. 

 Some secondary metabolites like salicylic acid can affect plant 

photosynthesis, where a high concentration of the acid can decrease photosynthesis. 

A previous hypothesis on how quercetin may decrease plant photosynthesis by 

inhibiting the activity of ATPase and electron transport rate indicates that flavonoids 

can also affect photosynthesis. Quercetin can inhibit electron transport chain of 

Croton ciliatoglandulifer. This provides the need to know whether quercetin 

accumulation can affect the plants photosynthesis. 

 When the light intensity is high, plants tend to accumulate high amount of 

secondary metabolites. This makes it necessary to know whether the production of 

high amount of secondary metabolites under high light intensity is due to high 

photosynthesis or due to the production of photoprotective secondary metabolites for 

protection against the excess light. 

 Lastly, the selected plants have different genetic makeup and grow in 

different light conditions (sun-exposed, semi-shaded and shaded environments). This 

provides the need to know how varying light intensity can influence the 

photosynthesis, pigment, and total flavonoid contents of the plants growing in their 

natural environment. 

1.3  Aim and objectives of the study 

This research aimed at identifying the photoprotective role of quercetin to selected 

light-adapted and shade-tolerant plant species. This was achieved by following 

specific objectives of the study, which are: 

i. To analyse how varying light intensity affects some gas exchange 

characteristics, pigment and production of total flavonoid content (TFC) of 

sun-exposed, semi-shaded and shaded plant species. 

ii. To evaluate the photoprotective role of quercetin to the study plants. 

iii. To correlate how the production of quercetin can affect the photosynthesis of 

the selected light adapted and shade tolerant plants 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

6 

 

1.4  Scope of the study 

This research focused on identifying the photoprotective role of quercetin to selected 

light-adapted and shade-tolerant plant species. Mikania micrantha, Clidemia hirta 

and Tetracera sarmentosa were selected for the study because the research is aimed 

at identifying the photoprotective role of quercetin to plants growing in their natural 

environment. Besides, the studied plants were found growing in sun-exposed, semi-

shaded, and shaded regions of the mountain. Other reasons that justify selection of 

the plants include their medicinal application and their ability to grow in about 60 % 

of the forest. The initial step was achieved by obtaining approval from Perbadanan 

Taman Negara Johor (PTNJ). The plants were then selected and identified. The gas 

exchange was measured using the LI-6400 portable photosynthesis system. The total 

photosynthetic pigment contents, anthocyanin, total flavonoid, antioxidant enzymes, 

malondialdehyde, total soluble sugar, and soluble protein content of the plants were 

determined spectrophotometrically. Quercetin was quantified using high-

performance liquid chromatography (HPLC). Finally, the results obtained were 

analysed statistically using SPSS statistical software. 

1.5  Significance of the study 

This research points out the benefit of producing quercetin to the plants. The findings 

of the study provide knowledge on the photoprotective role of quercetin to plants 

growing in their natural environment. This is necessary because most of the 

informations available on the photoprotective role of flavonoids were performed 

under a controlled environment. It also provides knowledge on the necessary 

measures required for improving the physiology of the studied plants by suggesting 

the best light condition for the selected plant's maximum photosynthesis. Moreover, 

it helps in providing information on how the studied plants survive in a constantly 

changing environment (that is how shaded plants tolerate lower light intensity and 

how sun exposed plants adapt to high light intensity), in addition to the knowledge 

on how plants use secondary metabolites instead of antioxidant enzymes for 

protection from reactive oxygen species generated due to excess light. The research 

provides answers to the tested hypothesis (how the activity of antioxidant enzymes is 
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related to quercetin biosynthesis, how light intensity affects monohydroxy B-ring and 

dihydroxy B-ring flavonoids, and how quercetin accumulation may affect 

photosynthesis). The findings identified the plants with high CO2 absorption capacity 

which can be used for bioremediation and rehabilitation applications. Furthermore, 

the findings can be used by phytochemists when considering massive extraction of 

flavonoids. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

 

REFERENCES 

Agati, G., Azzarello, E., Pollastri, S., & Tattini, M. (2012). Flavonoids as 

antioxidants in plants: Location and functional significance. Plant Science, 

196, 67–76.  

Agati, G., Biricolti, S., Guidi, L., Ferrini, F., Fini, A., & Tattini, M. (2011). The 

biosynthesis of flavonoids is enhanced similarly by UV radiation and root 

zone salinity in L. vulgare leaves. Journal of Plant Physiology, 168(3), 204–

212.  

Agati, G., Brunetti, C., Di Ferdinando, M., Ferrini, F., Pollastri, S., & Tattini, M. 

(2013). Functional roles of flavonoids in photoprotection: New evidence, 

lessons from the past. Plant Physiology and Biochemistry, 72, 35–45.  

Agati, G., Galardi, C., Gravano, E., Romani, A., & Tattini, M. (2002). Flavonoid 

distribution in tissues of Phillyrea latifolia L. leaves as estimated by 

microspectrofluorometry and multispectral fluorescence microimaging. 

Photochemistry and Photobiology, 76(3), 350–60. Retrieved from  

Agati, G., Matteini, P., Goti, A., & Tattini, M. (2007). Chloroplast-located flavonoids 

can scavenge singlet oxygen. New Phytologist, 174(1), 77–89.  

Aigner, S., Holzinger, A., Karsten, U., & Kranner, I. (2017). The freshwater red alga 

Batrachospermum turfosum (Florideophyceae) can acclimate to a wide range 

of light and temperature conditions. European Journal of Phycology, 52(2), 

238–249.  

Akhtar, T. A., Lees, H. A., Lampi, M. A., Enstone,  daryl, Brain, R. A., & 

Greenberg, B. M. (2010). Photosynthetic redox imbalance influences 

flavonoid biosynthesis in Lemna gibba. Plant, Cell and Environment, 33(7), 

1205–1219.  

Alabri, Z.K., Hussain, J., Mabood, F., Ur, N., Ali, L. (2018). Fluorescence 

spectroscopy- Partial Least Square Regression method for the quantification 

of Quercetin in Euphorbia masirahensis. Measurement, 121, 355–359.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

120 

 

Aleric, K., & Kirkman, L. (2005). Growth and photosynthetic responses of the 

federally endangered shrub, Lindera melissifolia (Lauraceae), to varied light 

environments. American Journal of Botany, 92(4), 682–689. 

Alexieva, V., Sergiev, I., Mapelli, S., & Karanov, E. (2001). The effect of drought 

and ultraviolet radiation on growth and stress markers in pea and wheat. 

Plant, Cell and Environmen, 24, 1337–1344. 

Ali, K., Maltese, F., Figueiredo, A., Rex, M., Fortes, A. M., Zyprian, E., & Choi, Y. 

H. (2012). Alterations in grapevine leaf metabolism upon inoculation with 

Plasmopara viticola in different time-points. Plant Science, 191–192, 100–

107.  

Amalesh, S., Das, G., & Das, K. S. (2011). Roles of flavonoids in Plants. Int J Pharm 

Sci Tech, 6(1), 12–35. 

Andersson, B., & Aro, E. M. (1997). Proteolytic activities and proteases of plant 

chloroplasts. Physiologia Plantarum, 100(4), 780–793.  

Anelise, W., Daniele, C. de O., Janine,  de M., Karin, G., & Clarice, M. B. R. (2007). 

Validation of UV Spectrophotometric and HPLC Methods for Quantitative 

Determination of Atenolol in Pharmaceutical Preparations. Latin American 

Journal of Pharmacy, 26(5), 765–770.  

Ang, L. F., Yam, M. F., Tan, Y., Fung, T., Kiang, P. K., & Darwin, Y. (2014). HPLC 

Method for Simultaneous Quantitative Detection of Quercetin and 

Curcuminoids in Traditional Chinese Medicines. Journal of 

Pharmacopuncture, 17(4), 36–49. 

Anttonen, M. J., Hoppula, K. I., Nestby, R., Verheul, M. J., & Karjalainen, R. O. 

(2006). Influence of Fertilization, Mulch Color, Early Forcing, Fruit Order, 

Planting Date, Shading, Growing Environment, and Genotype on the 

Contents of Selected Phenolics in Strawberry (Fragaria ananassa Duch.) 

Fruits. Journal of Agricultural and Food Chemistry, 54(7), 2614–2620.  

Arakawa, O. (1993). Effect of Ultraviolet Light on Anthocyanin Synthesis in Light-

Colored Sweet Cherry, cv. Sato Nishiki. Engei Gakkai Zasshi, 62(3), 543–

546.  

Arena, M. E., Postemsky, P. D., & Curvetto, N. R. (2017). Scientia Horticulturae 

Changes in the phenolic compounds and antioxidant capacity of Berberis 

microphylla G. Forst. berries in relation to light intensity and fertilization. 

Scientia Horticulturae, 218, 63–71. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

121 

 

Assefa, A. D., & Keum, Y. S. (2017). Effect of extraction solvent and various drying 

methods on polyphenol content and antioxidant activities of yuzu (Citrus 

junos Sieb ex Tanaka). Journal of Food Measurement and Characterization, 

11(2), 576–585. 

Awad, M. A., Wagenmakers, P. S., & De Jager, A. (2001). Effects of light on 

flavonoid and Chlorogenic acid levels in the skin of “Jonagold” apples. 

Scientia Horticulturae, 88(4), 289–298.  

Azuma, A., Yakushiji, H., Koshita, Y., & Kobayashi, S. (2012). Flavonoid 

biosynthesis-related genes in grape skin are differentially regulated by 

temperature and light conditions. Planta, 236(4), 1067–1080.  

Baranović, G., & Šegota, S. (2017). Infrared spectroscopy of flavones and flavonols. 

Reexamination of the hydroxyl and carbonyl vibrations in relation to the 

interactions of flavonoids with membrane lipids. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 1–43.  

Barnes, C., Tibbitts, T., Sager, J., Deitzer, G., Bubenheim, D., Koerner, G., & 

Bugbee, B. (1993). Accuracy of quantum sensors measuring yield photon 

flux and photosynthetic photon flux. HortScience, 28(12), 1197–1200.  

Barnes, P. W., Flint, S. D., & Caldwell, M. M. (1987). Photosynthesis Damage and 

Protective Pigments in Plants from A Latitudinal Arctic/Alpine Gradient 

Exposed to Supplemental UV-B Radiation in the Field. Arctic and Alpine 

Research, 19(1), 21–27.  

Basahi, J. M., Ismail, I. M., & Hassan, I. A. (2014). Effects of Enhanced UV-B 

Radiation and Drought Stress on Photosynthetic Performance of Lettuce 

(Lactuca sativa L . Romaine) Plants. Annual Research & Review in Biology, 

4(11), 1739–1756. 

Becker, C. (2014). Impact of radiation, temperature and growth stage on the 

concentration of flavonoid glycosides and caffeic acid derivatives in red leaf 

lettuce. University of Berlin. 

Beggs, C. J., Kuhn, K., Bocker, R., & Wellmann, E. (1987). Phytochrome-induced 

flavonoid biosynthesis in mustard (Sinapis alba L.) cotyledons. Enzymic 

control and differential regulation of anthocyanin and quercetin formation. 

Planta, 172(1), 121–126.  

Belgio, E., Trsková, E., Kotabová, E., Ewe, D., Prášil, O., & Kaňa, R. (2017). High 

light acclimation of Chromera velia points to photoprotective NPQ. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

122 

 

Photosynthesis Research, 135(1–3), 263–274.  

Bergquist, S. Å., Gertsson, U. E., Nordmark, L. Y., & Olsson, M. E. (2007). Effects 

of shade nettings, sowing time and storage on baby spinach flavonoids. 

Journal of the Science of Food and Agriculture, 87(13), 2464–2471.  

Bermúdez-cardona, M. B., Américo, J., Filho, W., & Rodrigues, F. Á. (2015). Leaf 

Gas Exchange and chlorophyll a Fluorescence in Maize Leaves Infected with 

Stenocarpella macrospora. Biochemistry and Cell Biology, 105(1), 26–34. 

Bertamini, M., Muthuchelian, K., & Nedunchezhian, N. (2006). Shade effect alters 

leaf pigments and photosynthetic responses in Norway spruce (Picea abies 

L.) grown under field conditions. Photosynthetica, 44(2), 227–234.  

Bian, Z., Cheng, R., Wang, Y., Yang, Q., & Lu, C. (2018). Effect of green light on 

nitrate reduction and edible quality of hydroponically grown lettuce (Lactuca 

sativa L) under short-term continuous light from red and blue light-emitting 

diodes. Environmental and Experimental Botany, 153(2017), 63–71.  

Bienert, G. P., Schjoerring, J. K., & Jahn, T. P. (2006). Membrane transport of 

hydrogen peroxide. Biochimica et Biophysica Acta (BBA) - Biomembranes, 

1758(8), 994–1003.  

Binggeli, P. (2005). Clidemia hirta (L.) D. Don. In Crop Protection Compendium 

(pp. 1–12). 

Biosciences, L. C. (2002). Using the LI-6400 portable photosynthesis system. Li-Cor 

Biosciences Inc.: Lincoln, NE. 

Borlongan, I. A. G., Gerung, G. S., Nishihara, G. N., & Terada, R. (2016). Light and 

temperature effects on photosynthetic activity of Eucheuma denticulatum and 

Kappaphycus alvarezii (brown and green color morphotypes) from Sulawesi 

Utara, Indonesia. Phycological Research, 65(1), 69–79.  

Borlongan, I. A., Nishihara, G. N., Shimada, S., & Terada, R. (2017). Effects of 

temperature and PAR on the photosynthesis of Kappaphycus sp. 

(Solieriaceae Rhodophyta) from Okinawa, Japan, at the northern limit of 

native Kappaphycus distribution in the western Pacific. Phycologia, 56(4), 

444–453.  

Brainard, D. C., Bellinder, R. R., & DiTommaso, A. (2005). Effects of canopy shade 

on the morphology, phenology, and seed characteristics of Powell amaranth 

(Amaranthus powellii). Weed Science, 53(2), 175–186. 

Briskin, D. P., & Gawienowski, M. C. (2001). Differential effects of light and 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

123 

 

nitrogen on production of hypericins and leaf glands in Hypericum 

perforatum. Plant Physiology and Biochemistry, 39(12), 1075–1081.  

Brodowska, K. M. (2017). Natural flavonoids: classification, potential role, and 

application of flavonoid analogues. European Journal of Biological 

Research, 7(2), 108–123.  

Brugnoli, E., & Bjorkman, O. (1992). Growth of cotton under continuous salinity 

stress: influence on allocation pattern, stomatal and non-stomatal components 

of photosynthesis and dissipation of excess light energy. Planta, 187(3), 335–

347.  

Brunetti, C., Di Ferdinando, M., Fini, A., Pollastri, S., & Tattini, M. (2013). 

Flavonoids as antioxidants and developmental regulators: Relative 

significance in plants and humans. International Journal of Molecular 

Sciences, 14(2), 3540–3555.  

Bunce, J. A. (2016). Light dependence of carboxylation capacity for 

C3photosynthesis models. Photosynthetica, 54(4), 484–490.  

CABI (2019). Invasive Species Compendium. Wallingford, UK: CAB International. 

www.cabi.org/isc. 

Cambie, R. C., & Ash, J. (1994). Fijian Medicinal Plants. CSIRO Publishing 

Carvalho, I. S., Cavaco, T., Carvalho, L. M., & Duque, P. (2010). Effect of 

photoperiod on flavonoid pathway activity in sweet potato (Ipomoea batatas 

(L.) Lam.) leaves. Food Chemistry, 118(2), 384–390.  

Cen, Y. P., & Borman, J. F. (1990). The Response of Bean Plants to UV-B Radiation 

Under Different Irradiances of Background Visible Light. Journal of 

Experimental Botany, 41(11), 1489–1495.  

Céspedes, C. L., Achnine, L., Lotina-Hennsen, B., Salazar, J. R., Gómez-Garibay, F., 

& Calderón, J. S. (2001). Inhibition of photophosphorylation and electron 

transport by flavonoids and biflavonoids from endemic Tephrosia spp. of 

Mexico. Pesticide Biochemistry and Physiology, 69(2), 63–76.  

Chai, T., & Wong, F. (2012). Antioxidant properties of aqueous extracts of 

Selaginella willdenowii. Journal Of Medicinal Plants, 6(7), 1289–1296.  

Chalker-Scott, L. (1999). Environmental significance of anthocyanins in plant stress 

responses. Photochemistry and Photobiology, 70(1), 1–9.  

Chan, E. W. C., Lim, Y. Y., Wong, L. F., Lianto, F. S., Wong, S. K., Lim, K. K., & 

Lim, T. Y. (2008). Antioxidant and tyrosinase inhibition properties of leaves 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

124 

 

and rhizomes of ginger species. Food Chemistry, 109(3), 477–483.  

Chang, C. C., Yang, M. H., & Wen, H. M. (2002). Estimation of Total Flavonoid 

Content in Propolis by Two Complementary Colorimetric Methods. Journal 

of Food and Drug Analysis, 10(3), 178–182.  

Chen, B., Zou, D., Zhu, M., & Yang, Y. (2017). Effects of CO2 levels and light 

intensities on growth and amino acid contents in red seaweed Gracilaria 

lemaneiformis. Aquaculture Research, 48(6), 2683–2690. 

Chen, C., Luo, X., Jin, G., Cheng, Z., & Pan, X. (2017). Shading effect on survival, 

growth, and contents of secondary metabolites in micropropagated 

Anoectochilus plantlets. Brazilian Journal of Botany, 79(2), 1–9.  

Chen, Y. E., Zhang, C. M., Su, Y. Q., Ma, J., Zhang, Z. W., Yuan, M., & Yuan, S. 

(2016). Responses of photosystem II and antioxidative systems to high light 

and high temperature co-stress in wheat. Environmental and Experimental 

Botany, 135, 45–55.  

Cheng, A. X., Yu, M., Wang, G. G., Wu, T., Zhang, C., Journal, S., & October, N. 

(2013). Growth, morphology and biomass allocation in response to light 

gradient in five subtropical evergreen broadleaved tree seedlings. Journal of 

Tropical Forest Science, 25(4), 537–546. 

Cheng, G. X., Li, R. J., Wang, M., Huang, L. J., Khan, A., Ali, M., & Gong, Z. H. 

(2018). Variation in leaf color and combine effect of pigments on physiology 

and resistance to whitefly of pepper (Capsicum annuum L.). Scientia 

Horticulturae, 229(June 2017), 215–225.  

Cheng, S. J. (2016). Shedding Light on Photosynthesis : The Impacts of Atmospheric 

Conditions and Plant Canopy Structure on Ecosystem Carbon Uptake. 

University of Michigan. 

Chuyong, G. B., & Acidri, T. (2017). Light and moisture levels affect growth and 

physiological parameters differently in Faidherbia albida (Delile) A. Chev. 

seedlings. Acta Physiologiae Plantarum, 39(5), 1–6.  

Cockshull, K. E., Graves, C. J., & Cave, C. R. J. (1992). The influence of shading on 

yield of glasshouse tomatoes. Journal of Horticultural Science, 67(1), 11–24.  

Colombo, S. L., Pairoba, C. F., & Andreo, C. S. (1996). Inhibitory Effect of Shikimic 

Acid on PEP Carboxylase Activity. Plant and Cell Physiology, 37(6), 870–

872.  

Cortell, J. M., & Kennedy, J. A. (2006). Effect of shading on accumulation of 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

125 

 

flavonoid compounds in (Vitis vinifera L.) Pinot noir fruit and extraction in a 

model system. Journal of Agricultural and Food Chemistry, 54(22), 8510–

8520.  

Crozier, A. (2018). Micronutrient Information Center, Linus Pauling Institute, 

Oregon State University, Corvallis. 

Crupi, P., Pichierri, A., Basile, T., & Antonacci, D. (2013). Postharvest stilbenes and 

flavonoids enrichment of table grape cv Redglobe (Vitis vinifera L.) as 

affected by interactive UV-C exposure and storage conditions. Food 

Chemistry, 141(2), 802–808.  

Cullen, J. (2006). Practical Plant Identification. Cambridge: Cammbridge university 

press. 

Dai, Y., Shen, Z., Liu, Y., Wang, L., Hannaway, D., & Lu, H. (2009). Effects of 

shade treatments on the photosynthetic capacity, chlorophyll fluorescence, 

and chlorophyll content of Tetrastigma hemsleyanum Diels et Gilg. 

Environmental and Experimental Botany, 65(2–3), 177–182.  

D'Andrea, G. (2015). Quercetin: a flavonol with multifaceted therapeutic 

applications. Fitoterapia, 106, 256-271. 

Dar, F.A., Jain, K., Jain, B., Modak, M. (2017). Preliminary Phyochemical Analysis 

and Characterization of Flavonoid Moiety from Vitex negundo Leaves Origin 

in Madhya Pradesh State by HPLC Study. UK Journal of Pharmaceuticals 

and Biosciences. 5, 60–65. 

Darko, E., Heydarizadeh, P., Schoefs, B., & Sabzalian, M. R. (2014). Photosynthesis 

under artificial light: the shift in primary and secondary metabolism. 

Philosophical Transactions of the Royal Society B: Biological Sciences, 

369(1640), 20130243–20130243. 

Dawiyah, R. Y. A., Yunus, A., Samanhudi, Y., & Widiyastuti, W. (2018). Shading 

and vermicompost effect on growth and flavonoid content of Tapak Liman 

(Elephantopus scaber L). In IOP Conference Series: Earth and 

Environmental Science (pp. 1–10). 

Day, M. D., Kawi, A., Kurika, K., Dewhurst, C. F., Waisale, S., Saul-Maora, J., & 

Senaratne, K. A. D. (2012). Mikania micrantha Kunth (Asteraceae) (Mile-a-

Minute): Its Distribution and Physical and Socioeconomic Impacts in Papua 

New Guinea. Pacific Science, 66(2), 213–223.  

De Azevedo, C. H., & Rodriguez-Amaya, D. B. (2005). Carotenoid composition of 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

126 

 

kale as influenced by maturity, season and minimal processing. Journal of the 

Science of Food and Agriculture, 85(4), 591–597.  

De Nardo, T., Ian, C. S., Halim, Y., Francis, D., & Saona, L. E. R. (2015). Rapid and 

Simultaneous Determination of Lycopene and -Carotene Contents in Tomato 

Juice by Infrared Spectroscopy. Journal of Agricultural and Food Chemistry, 

57, 1105–1112. 

Debski, H., Wiczkowski, W., Szawara-Nowak, D., Baczek, N., Szwed, M., & 

Horbowicz, M. (2017). Enhanced Light Intensity Increases Flavonol and 

Anthocyanin Concentrations but Reduces Flavone Levels in the Cotyledons 

of Common Buckwheat Seedlings. Cereal Research Communications, 45(2), 

225–233.  

Del Valle, J. C., Buide, M. L., Casimiro-Soriguer, I., Whittall, J. B., & Narbona, E. 

(2015). On flavonoid accumulation in different plant parts: variation patterns 

among individuals and populations in the shore campion (Silene littorea). 

Frontiers in Plant Science, 6(939), 1–13.  

Demmig-Adams, B., Adams III, W. W., Barker, D. H., Logan, B. A., Bowling, D. R., 

& Verhoeven, A. S. (1996). Using chlorophyll fluorescence to assess the 

fraction of absorbed light allocated to thermal dissipation of excess 

excitation. Physiologia Plantarum.  

Deng, B., Shang, X., Fang, S., Li, Q., Fu, X., & Su, J. (2012). Integrated effects of 

light intensity and fertilization on growth and flavonoid accumulation in 

Cyclocarya Paliurus. Journal of Agricultural and Food Chemistry, 60(25), 

6286–6292.  

DeWalt, S. J., Denslow, J. S., & Hamrick, J. L. (2004). Biomass allocation, growth, 

and photosynthesis of genotypes from native and introduced ranges of the 

tropical shrub Clidemia hirta. Oecologia, 138(4), 521–531.  

Díez, M. C., Moreno, F., & Gantiva, E. (2017). Effects of light intensity on the 

morphology and CAM photosynthesis of Vanilla planifolia Andrews. Revista 

Facultad Nacional de Agronomía, 70(1), 8023.  

Distelbarth, H., Nagale, T., & Heyer, A. G. (2013). Responses of antioxidant 

enzymes to cold and high light are not correlated to freezing tolerance in 

natural accessions of Arabidopsis thaliana. Plant Biology, 1, 1–9.  

Dong, Y.-H., Beuning, L., Davies, K., Mitra, D., Morris, B., & Kootstra, A. (1998). 

Expression of pigmentation genes and photo-regulation of anthocyanin 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

127 

 

biosynthesis in developing Royal Gala apple flowers. Australian Journal of 

Plant Physiology, 25(2), 245.  

Dou, H., Niu, G., Gu, M., & Masabni, J. (2017). Effects of Light Quality on Growth 

and Phytonutrient Accumulation of Herbs under Controlled Environments. 

Horticulturae, 3(2), 36.  

Downey, M. O., Harvey, J. S., & Robinson, S. P. (2004). The effect of bunch shading 

on berry development and flavonoid accumulation in Shiraz grapes. 

Australian Journal of Grape and Wine Research, 10, 55–73.  

Edreva, A. (2005). The importance of non-photosynthetic pigments and cinnamic 

acid derivatives in photoprotection. Agriculture, Ecosystems and 

Environment, 106(2–3 SPEC. ISS.), 135–146.  

Ethier, G. J., & Livingston, N. J. (2004). On the need to incorporate sensitivity to 

CO2 transfer conductance into the Farquhar-von Caemmerer-Berry leaf 

photosynthesis model. Plant, Cell and Environment, 27(2), 137–153.  

Ewa, B. U., Honda, C., Bessho, H., Kondo, S., Wada, M., Kobayashi, S., & 

Moriguchi, T. (2006). Expression analysis of anthocyanin biosynthetic genes 

in apple skin : Effect of UV-B and temperature. Plant Science, 170, 571–578.  

F´elix, L. F., Rafael, C.-´Alvarez1, & Iv´an, G. (2003). Relations between electron 

transport rates determined by pulse amplitude modulated chlorophyll 

fluorescence and oxygen evolution in macroalgae under different light 

conditions. Photosynthesis Research, 75, 259–275.  

Fan, X. X., Xu, Z. G., Liu, X. Y., Tang, C. M., Wang, L. W., & Han, X. lin. (2013). 

Effects of light intensity on the growth and leaf development of young tomato 

plants grown under a combination of red and blue light. Scientia 

Horticulturae, 153, 50–55.  

Fan, Y., Wang, Y., Tan, R., & Zhang, Z. (1998). Seasonal and sexual variety of 

Ginkgo flavonol glycosides in the leaves of Ginkgo biloba L. Europe PMC, 

23(5), 267–269. 

Fanglian, H. (2011). Bradford Protein Assay. Bio-Protocol, 1(6), 4–5.  

Farquhar, G. D., von Caemmerer, S., & Berry, J. A. (1980). A biochemical model of 

photosynthetic CO2 assimilation in leaves of C3 species. Planta, 149(1), 78–

90. 

Favory, J. J., Stec, A., Gruber, H., Rizzini, L., Oravecz, A., Funk, M., & Ulm, R. 

(2009). Interaction of COP1 and UVR8 regulates UV-B-induced 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

128 

 

photomorphogenesis and stress acclimation in Arabidopsis. The EMBO 

Journal, 28(5), 591–601.  

Feng, F., Li, M., Ma, F., & Cheng, L. (2013). Phenylpropanoid metabolites and 

expression of key genes involved in anthocyanin biosynthesis in the shaded 

peel of apple fruit in response to sun exposure. Plant Physiology and 

Biochemistry, 69, 54–61.  

Feng, S., Wang, Y., Yang, S., Xu, Y., & Chen, X. (2010). Anthocyanin biosynthesis 

in pears is regulated by a R2R3-MYB transcription factor PyMYB10. Planta, 

232(1), 245–255. 

 Ferdinando, F. B., Adam, T., Stephen, F., Subhalakshmi, N., Ramaswamy, N., 

Lynne, A. S., & Jayant, K. (2010). Enzymatic Synthesis and Characterization 

of PolyQuercetin. Journal of Macromolecular Science, Part A, 47, 1191–

1196.  

Ferdinando, M. Di, Brunetti, C., & Fini, A. (2012). Flavonoids as Antioxidants in 

Plants Under Abiotic Stresses. In P. Ahmad & M. N. V. Prasad (Eds.), 

Abiotic Stress Responses in Plants: Metabolism, Productivity and 

Sustainability (pp. 159–179). Springer.  

Fern, K., & Fern, A. (2014). Contact - Useful Tropical Plants. Retrieved September 

28, 2018, from http://tropical.theferns.info/contact.php 

Fernando, W., Ratnasooriya, W., & Deraniyagala, S. (2009). Antinociceptive activity 

of aqueous leaf extract of Tetracera sarmentosa L. in rats. Pharmacognosy 

Research, 1(6), 381–386.  

Ferreres, F., Figueiredo, R., Bettencourt, S., Carqueijeiro, I., Oliveira, J., Gil-

Izquierdo, A., & Sottomayor, M. (2011). Identification of phenolic 

compounds in isolated vacuoles of the medicinal plant Catharanthus roseus 

and their interaction with vacuolar class III peroxidase: An H2O2 affair? 

Journal of Experimental Botany, 62(8), 2841–2854.  

Ferreyra, F., Lorena, M., Rius, S., & Casati, P. (2012). Flavonoids: biosynthesis, 

biological functions, and biotechnological applications. Frontiers in Plant 

Science, 3, 222.  

Fini, A., Brunetti, C., Ferdinando, M. Di, Ferrini, F., & Tattini, M. (2011). Stress-

induced flavonoid biosynthesis and the antioxidant machinery of plants. Plant 

Signaling and Behavior, 6(5), 709–711.  

Fonseca, G. M., Rushing, J. W., Rajapakse, N. C., Thomas, R. L., & Riley, M. B. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

129 

 

(2006). Potential Implications of Medicinal Plant Production in Controlled 

Environments: The case of Feverfew (Tanacetum parthenium). HortScience 

(Vol. 41).  

Fonseca, J. M., Rushing, J. W., Rajapakse, N. C., Thomas, R. L., & Riley, M. B. 

(2006). Potential implications of medicinal plant production in controlled 

environments: The case of feverfew (Tanacetum parthenium). HortScience, 

41(3), 531–535. 

Fu, Y., Li, H. Y., Yu, J., Liu, H., Cao, Z. Y., Manukovsky, N. S., & Liu, H. (2017). 

Interaction effects of light intensity and nitrogen concentration on growth, 

photosynthetic characteristics and quality of lettuce (Lactuca sativa L. Var. 

youmaicai). Scientia Horticulturae, 214, 51–57.  

Fujita, A., Goto-Yamamoto, N., Aramaki, I., & Hashizume, K. (2006). Organ-

specific transcription of putative flavonol synthase genes of grapevine and 

effects of plant hormones and shading on flavonol biosynthesis in grape berry 

skins. Bioscience, Biotechnology, and Biochemistry, 70(3), 632–8. Retrieved 

from  

Gao, K., Li, P., Watanabe, T., & Walter Helbling, E. (2008). Combined effects of 

ultraviolet radiation and temperature on morphology, photosynthesis, and 

DNA of Arthrospira (Spirulina) Platensis (Cyanophyta). Journal of 

Phycology, 44(3), 777–786. 

Gardeli, A., & Pappas, C. (2017). Estimation of antioxidant activity of different 

mixed herbal infusions using attenuated total reflectance Fourier transform 

infrared spectroscopy and chemometrics, (January). 

https://doi.org/10.9755/ejfa.2016-11-1670. 

Gardner, K. H., & Correa, F. (2012). How plants see the invisible. Plant Science, 

335(6075), 1451–1452.  

Gauthier, P. P., Battle, M. O., Griffin, K. L., & Bender, M. L. (2018). Measurement 

of gross photosynthesis, respiration in the light, and mesophyll conductance 

using H2
18O labeling. Plant Physiology, (7), 1–49.  

Gavin, N. M., & Durako, M. J. (2012). Localization and antioxidant capacity of 

flavonoids in Halophila johnsonii in response to experimental light and 

salinity variation. Journal of Experimental Marine Biology and Ecology, 

416–417(April), 32–40.  

Gazolla, A. P., Maria, F., Marangoni, L., Curado, J., Nascimento, R. C., Claudio, L., 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

130 

 

& Silva, F. G. (2017). The influence of light quality on phenolic acid and 

biflavonoid production in Anacardium othonianum Rizz . seedlings grown in 

vitro. Australian Journal of Crop Science, 11(05), 528–534.  

GBIF Secretariat. (2018). Mikania micrantha Kunth. Retrieved February 11, 2018, 

from https://www.gbif.org/species/5398421 

Ghale, B. (2013). Morphological trait difference, growth and ecophysiological 

performance of Mikania micrantha grown under contrasting light and nutrient 

regimes. Norwegian University of life science. 

Ghasemzadeh, A., & Ghasemzadeh, N. (2011). Flavonoids and phenolic acids : Role 

and biochemical activity in plants and human. Journal of Medicinal Plants 

Research, 5(31), 6697–6703. 

Ghasemzadeh, A., Jaafar, H. Z. E., & Rahmat, A. (2010). Synthesis of phenolics and 

flavonoids in ginger (Zingiber officinale Roscoe) and their effects on 

photosynthesis rate. International Journal of Molecular Sciences, 11(11), 

4539–4555.  

Ghasemzadeh, A., Jaafar, H. Z. E., Rahmat, A., Wahab, P. E. M., & Halim, M. R. A. 

(2010). Effect of different light intensities on total phenolics and flavonoids 

synthesis and anti-oxidant activities in young ginger varieties (Zingiber 

officinale Roscoe). International Journal of Molecular Sciences, 11(10), 

3885–3897.  

Gianmaria, M., Gianpaolo, G., & Stiina, K. (2018). The Effect of Light Spectrum on 

the Morphology and Cannabinoid Content of Cannabis sativa L. Medical 

Cannabis and Cannabinoids, 1(6), 19–27.  

Gonçalves, A. A., & Rocha, M. de O. C. (2017). Safety and Quality of Antimicrobial 

Packaging Applied to Seafood. MOJ Food Processing & Technology, 4(1), 

1–7.  

Gould, K. S. (2004). Nature’s Swiss Army Knife : The Diverse Protective Roles of 

Anthocyanins in Leaves. Journal of Biomedicine and Biotechnology, 5, 314–

320. 

Graham, T. L. (1998). Flavonoid and flavonol glycoside metabolism in Arabidopsis. 

Plant Physiology and Biochemistry, 36(1–2), 135–144.  

Gregoriou, K., Pontikis, K., & Vemmos, S. (2007). Effects of reduced irradiance on 

leaf morphology, photosynthetic capacity, and fruit yield in olive (Olea 

europaea L). Photosynthetica, 45(2), 172–181. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

131 

 

Gressel, J. (1979). Blue light photoreception. Photochemistry and Photobiology, 

30(6), 749–754.  

Griffin, J. J., Ranney, T. G., & Pharr, D. M. (2004). Photosynthesis, chlorophyll 

fluorescence, and carbohydrate content of Illicium taxa grown under varied 

irradiance. Journal of the American Society for Horticultural Science, 129(1), 

46–53. 

Grubby, C. (2014). Growing 101: The Basics of Plant Lighting. Retrieved December 

19, 2018, from https://www.maximumyield.com/growing-101-the-basics-of-

plant-lighting/2/1246. 

Gu, J., Zhou, Z., Li, Z., Chen, Y., Wang, Z., Zhang, H., & Yang, J. (2017). 

Photosynthetic Properties and Potentials for Improvement of Photosynthesis 

in Pale Green Leaf Rice under High Light Conditions. Frontiers in Plant 

Science, 8(June), 1–14.  

Gyu, T., Kim, N. D., & Hyun, S. (2017). Effects of light sources on major flavonoids 

and antioxidant activity in common buckwheat sprouts. Food Science and 

Biotechnology, 1–8.  

Hagen, S. F., Borge, G. I. A., Bengtsson, G. B., Bilger, W., Berge, A., Haffner, K., & 

Solhaug, K. A. (2007). Phenolic contents and other health and sensory related 

properties of apple fruit (Malus domestica Borkh., cv. Aroma): Effect of 

postharvest UV-B irradiation. Postharvest Biology and Technology, 45(1), 1–

10.  

Hectors, K., van Oevelen, S., Guisez, Y., Prinsen, E., & Jansen, M. A. K. (2012). 

The phytohormone auxin is a component of the regulatory system that 

controls UV-mediated accumulation of flavonoids and UV-induced 

morphogenesis. Physiologia Plantarum, 145(4), 594–603.  

Heijde, M., & Ulm, R. (2012). UV-B photoreceptor-mediated signalling in plants. 

Trends in Plant Science, 17(4), 230–237. Retrieved from 

https://www.sciencedirect.com/science/article/pii/S1360138512000088 

Hemm, M. R., Rider, S. D., Ogas, J., Murry, D. J., & Chapple, C. (2004). Light 

induces phenylpropanoid metabolism in Arabidopsis roots. The Plant 

Journal, 38(5), 765–778.  

Heraut-Bron, V., Robin, C., Varlet-Grancher, C., Afif, D., & Guckert, A. (1999). 

Light quality (red:far-red ratio): does it affect photosynthetic activity, net 

CO2 assimilation, and morphology of young white clover leaves? Canadian 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

132 

 

Journal of Botany, 77(10), 1425–1431.  

Hogewoning, S. W., Trouwborst, G., Maljaars, H., Poorter, H., van Ieperen, W., & 

Harbinson, J. (2010). Blue light dose-responses of leaf photosynthesis, 

morphology, and chemical composition of Cucumis sativus grown under 

different combinations of red and blue light. Journal of Experimental Botany, 

61(11), 3107–3117.  

Hollósy, F. (2002). Effects of ultraviolet radiation on plant cells. Micron, 33(2), 179–

197.  

Hoque, E., & Remus, G. (1996). Reflective Light Properties of Tissue Layers in 

Beech (Fagus sylvatica L.) Leaves. Photochemistry and Photobiology, 63(4), 

498–506. 

Hu, Y., Pan, Z. J., Liao, W., Li, J., Gruget, P., & Kitts, D. D. (2016). Determination 

of Antioxidant Capacity and Phenolic Content of Chocolate by Attenuated 

Total Reflectance-Fourier Transformed-Infrared Spectroscopy. Food 

Chemistry, 1–28.  

Hughes, M. N. (2009). The photoprotective role of anthocyanin pigments in leaf 

tissues. Wake Forest University. 

Iannotti, M. (2018). What Does Full Sun or Partial Shade Mean? Retrieved February 

13, 2019, from https://www.thespruce.com/what-is-full-sun-partial-shade-

1402372 

Ibrahim, M. H., & Jaafar, H. Z. E. (2012). Primary, Secondary Metabolites, H2O2, 

Malondialdehyde and Photosynthetic Responses of Orthosiphon stimaneus 

Benth. to Different Irradiance Levels. Molecules, 17, 1159–1176.  

Ibrahim, M. H., Jaafar, H. Z. E., Karimi, E., & Ghasemzadeh, A. (2014). Allocation 

of secondary metabolites, photosynthetic capacity, and antioxidant activity of 

Kacip Fatimah (Labisia pumila benth) in response to CO2 and light intensity. 

The Scientific World Journal.  

Ibrahim, M. H., Jaafar, H. Z. E., Rahmat, A., & Rahman, Z. A. (2011). The 

relationship between phenolics and flavonoids production with total non 

structural carbohydrate and photosynthetic rate in Labisia pumila Benth. 

under high CO2 and nitrogen fertilization. Molecules, 16(1), 162–174.  

Irshad, M., Debnath, B., Mitra, S., Arafat, Y., Li, M., Sun, Y., & Qiu, D. (2018). 

Accumulation of anthocyanin in callus cultures of red-pod okra (Abelmoschus 

esculentus ( L .) Hongjiao) in response to light and nitrogen levels. Plant 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

133 

 

Cell, Tissue and Organ Culture (PCTOC), 1–11.  

Ishak, A. H., Shafie, N. H., & Bahari, H. (2018). From Weed to Medicinal Plant : 

Antioxidant Capacities and Phytochemicals of Various Extracts of Mikania 

micrantha. International Journal of Agriculture & Biology, 20(3), 561–568.  

Ishida, A., Toma, T., & Marjenah. (1999). Leaf gas exchange and cholorphyll 

fluorescence in relation to leaf angle, azimuth, and canopy position in the 

tropical pioneer tree, Macaranga conifera. Tree Physiology, 19(2), 117–124.  

Ishikita, H., Saenger, W., & Biesiadka, J. (2006). How photosynthetic reaction 

centers control oxidation power in chlorophyll pairs P680, P700, and P870. 

National Acad Sciences, 103(26), 9855–9860.  

Islam, M. A., Tarkowská, D., Clarke, J. L., Blystad, D. R., Gislerød, H. R., Torre, S., 

& Olsen, J. E. (2014). Impact of end-of-day red and far-red light on plant 

morphology and hormone physiology of poinsettia. Scientia Horticulturae, 

174(1), 77–86.  

Jaakola, L., & Hohtola, A. (2010). Effect of latitude on flavonoid biosynthesis in 

plants. Plant, Cell and Environment, 33(8), 1239–1247.  

Jaakola, L., Määttä-Riihinen, K., Kärenlampi, S., & Hohtola, A. (2004). Activation 

of flavonoid biosynthesis by solar radiation in bilberry (Vaccinium myrtillus 

L.) leaves. Planta, 218(5), 721–728.  

Jaakola, L., Poole, M., Jones, M. O., Kämäräinen-Karppinen, T., Koskimäki, J. J., 

Hohtola, A., & Seymour, G. B. (2010). A SQUAMOSA MADS Box Gene 

Involved in the Regulation of Anthocyanin Accumulation in Bilberry Fruits. 

Plant Physiology, 153, 1619–1629.  

Jacobs, M., & Rubery, P. H. (1988). Naturally Occurring Auxin Transport 

Regulators. Science, 241(4863), 346–349.  

Jang, Y., Mun, B., Seo, T., Lee, J., Oh, S., & Chun, C. (2013). Effects of light quality 

and intensity on the carbon dioxide exchange rate, growth, and 

morphogenesis of grafted pepper transplants during healing and 

acclimatization. Korean Journal of Horticultural Science and Technology, 

31(1), 14–23.  

Jansen, M. A., van den Noort, R. E., Tan, M. Y., Prinsen, E., Lagrimini, L. M., & 

Thorneley, R. N. (2001). Phenol-oxidizing peroxidases contribute to the 

protection of plants from ultraviolet radiation stress. Plant Physiology, 

126(3), 1012–23. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

134 

 

Jeong, S. T., Goto-Yamamoto, N., Kobayashi, S., & Esaka, M. (2004). Effects of 

plant hormones and shading on the accumulation of anthocyanins and the 

expression of anthocyanin biosynthetic genes in grape berry skins. Plant 

Science, 167, 247–252. 

Jespersen, E., Brix, H., & Sorrell, B. K. (2017). Acclimation to light and avoidance 

of photoinhibition in Typha latifolia is associated with high photosynthetic 

capacity and xanthophyll pigment content. Functional Plant Biology, 44(8), 

774–784.  

Jia, H.-J., Araki, A., & Okamoto, G. (2005). Influence of fruit bagging on aroma 

volatiles and skin coloration of ‘Hakuho’ peach (Prunus persica Batsch). 

Postharvest Biology and Technology, 35(1), 61–68.  

Jifon, J. L., & Syvertsen, J. P. (2003). Moderate shade can increase net gas exchange 

and reduce photoinhibition in citrus leaves. Tree Physiology, 23(2), 119–127.  

Juergenliemk, G., Boje, K., Huewel, S., Lohmann, C., Galla, H. J., & Nahrstedt, A. 

(2003). In Vitro studies indicate that miquelianin (quercetin 3-O-ß-D-

glucuronopyranoside) is able to reach the CNS from the small intestine. 

Planta medica, 69(11), 1013-1017. 

Jyothilakshmi, M., Jyothis, M., & Latha, M. S. (2015). Antidermatophytic Activity 

of Mikania micrantha Kunth: An Invasive Weed. Pharmacognosy Research, 

7(1), S20-5.  

Kadomura-Ishikawa, Y., Miyawaki, K., Noji, S., & Takahashi, A. (2013). 

Phototropin 2 is involved in blue light-induced anthocyanin accumulation in 

Fragaria ananassa fruits. Journal of Plant Research, 126(6), 847–857.  

Kakani, V. G., Reddy, K. R., Zhao, D., & Mohammed, A. R. (2003). Effects of 

ultraviolet-B radiation on cotton (Gossypium hirsutum L.) morphology and 

anatomy. Annals of Botany, 91(7), 817–826.  

Kalaji, H. M., Schansker, G., Brestic, M., Bussotti, F., Calatayud, A., Ferroni, L., & 

Ferroni, L. (2017). Frequently asked questions about chlorophyll fluorescence 

, the sequel. Photosynth Res, 132, 13–66.  

Karimi, E., Jaafar, H. Z. E., Ghasemzadeh, A., & Ibrahim, M. H. (2013). Light 

intensity effects on production and antioxidant activity of flavonoids and 

phenolic compounds in leaves, stems and roots of three varieties of Labisia 

pumila benth. Australian Journal of Crop Science, 7(7), 1016–1023. 

Kato, M. C., Hikosaka, K., Hirotsu, N., Makino, A., & Hirose, T. (2003). The excess 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

135 

 

light energy that is neither utilized in photosynthesis nor dissipated by 

photoprotective mechanisms determines the rate of photoinactivation in 

photosystem II. Plant and Cell Physiology, 44(3), 318–325.  

Kesarkar, S., Bhandage, A., Deshmukh, S., Shevkar, K., & Abhyankar, M. (2009). 

Flavonoids : An Overview. Journal of Pharmacy Research, 2(6), 1148–1154. 

Khan, S. R., Rose, R., Haase, D. L., & Sabin, T. E. (2000). Effects of shade on 

morphology, chlorophyll concentration, and chlorophyll fluorescence of four 

Pacific Northwest conifer species. New Forests, 19(2), 171–186.  

Khan, W., Prithiviraj, B., & Smith, D. L. (2003). Photosynthetic responses of corn 

and soybean to foliar application of salicylates. Journal of Plant Physiology, 

160(5), 485–492.  

Khodary, S. E. A. (2004). Effect of Salicylic Acid on the Growth, Photosynthesis and 

Carbohydrate Metabolism in Salt Stressed Maize Plants. International 

Journal of Agriculture & Biology, 6(1), 1–4.  

Khoo, H. E., Azlan, A., Tang, S. T., & Lim, S. M. (2017). Anthocyanidins and 

anthocyanins: colored pigments as food, pharmaceutical ingredients, and the 

potential health benefits. Food & Nutrition Research, 61(1), 1361779.  

Kim, D. O., Jeong, S. W., & Lee, C. Y. (2003). Antioxidant capacity of phenolic 

phytochemicals from various cultivars of plums. Food Chemistry, 81(3), 

321–326.  

King-Díaz, B., Granados-Pineda, J., Bah, M., Rivero-Cruz, J. F., & Lotina-Hennsen, 

B. (2015). Mexican propolis flavonoids affect photosynthesis and seedling 

growth. Journal of Photochemistry and Photobiology B: Biology, 151, 213–

220.  

Kitajima, K., & Hogan, K. P. (2003). Increases of chlorophyll a/b ratios during 

acclimation of tropical woody seedlings to nitrogen limitation and high light. 

Plant, Cell and Environment, 26(6), 857–865. 

Kobayashi, S., Goto-Yamamoto, N., & Hirochika, H. (2004). Retrotransposon-

induced mutations in grape skin color. Science (New York, N.Y.), 304(5673), 

982.  

Koes, R., Verweij, W., & Quattrocchio, F. (2005). Flavonoids: a colorful model for 

the regulation and evolution of biochemical pathways. Trends in Plant 

Science, 10(5), 236–242. https://doi.org/10.1016/J.TPLANTS.2005.03.002 

Kokalj Ladan, M., Straus, J., Tavčar Benković, E., & Kreft, S. (2017). FT-IR-based 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

136 

 

method for rutin, quercetin and quercitrin quantification in different 

buckwheat (Fagopyrum) species. Scientific Reports, 7(1), 7226.  

Kolb, C. A., Kaser, M. A., Kopecky, J., & Zotz, G. (2001). Effects of natural 

intensities of visible nd ultraviolet radiation on. Plant Physiology, 127(3), 

863–875.  

Koller, D. (1990). Light-driven leaf movements. Plant, Cell and Environment, 13(7), 

615–632.  

Kong, J. M., Chia, L. S., Goh, N. K., Chia, T. F., & Brouillard, R. (2003). Analysis 

and biological activities of anthocyanins. Phytochemistry, 64(5), 923-933. 

Koyama, K., Ikeda, H., Poudel, P. R., & Goto-Yamamoto, N. (2012). Light quality 

affects flavonoid biosynthesis in young berries of Cabernet Sauvignon grape. 

Phytochemistry, 78, 54–64.  

Kumar, S., & Pandey, A. K. (2013). Chemistry and biological activities of 

Flavonoids: An Overview. The Scientific World Journal, 16(12), 1–17.  

Kumari, R., Singh, S., & Agrawal, S. B. (2009). Effects of supplemental ultraviolet-b 

radiation on growth and physiology of Acorus calamus L. (sweet flag). Acta 

Biologica Cracoviensia Series Botanica, 51(2), 19–27. 

Kurata, H., Matsumura, S., & Furusaki, S. (1997). Light irradiation causes 

physiological and metabolic changes for purine alkaloid production by a 

Coffea arabica cell suspension culture. Plant Science, 123(1–2), 197–203.  

Lambers, H., Chapin, F. S., & Pons, T. L. (2008). Plant Physiological Ecology (2nd 

ed.). Springer New York.  

Lariguet, P., & Dunand, C. (2005). Plant Photoreceptors: Phylogenetic Overview. 

Journal of Molecular Evolution, 61(4), 559–569.  

Lätti, A. K., Riihinen, K. R., & Kainulainen, P. S. (2008). Analysis of Anthocyanin 

Variation in Wild Populations of Bilberry (Vaccinium myrtillus L.) in 

Finland. Journal of Agricultural and Food Chemistry, 56(1), 190–196.  

Lee, J. (2005). Determination of Total Monomeric Anthocyanin Pigment Content of 

Fruit Juices, Beverages, Natural Colorants, and Wines by the pH Differential 

Method: Collaborative Study. Journal Of AOAC International, 88(5), 1269–

1278. 

Leng, P., Shuchai, S., Tianhua, W., Xiangning, J., & Shasheng, W. (2002). Effects of 

light intensity and light quality on photosynthesis, flavonol glycoside and 

terpene lactone contents of Ginkgo biloba L. seedlings. Journal of Plant 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

137 

 

Resources and Environment, 11(1), 1—4. Retrieved from  

Lesne, A. (2008). Robustness: confronting lessons from physics and biology. 

Biological Reviews, 83(4), 509–32.  

Lev-yadun, S., & Gould, K. S. (2009). Role of Anthocyanins in Plant Defence. In 

Anthocyanins (pp. 21–48). Springer New York.  

Li, A., Li, S., Wu, X., Zhang, J., He, A., Zhao, G., & Yang, X. (2016). Effect of 

Light Intensity on Leaf Photosynthetic Characteristics and Accumulation of 

Flavonoids in Lithocarpus litseifolius (Hance) Chun. (Fagaceae). Open 

Journal of Forestry, 06(05), 445–459. https://doi.org/10.4236/ojf.2016.65034 

Li, C. X., Chang, S. X., Khalil-Ur-Rehman, M., Xu, Z. G., & Tao, J. M. (2017). 

Effect of irradiating the leaf abaxial surface with supplemental light-emitting 

diode lights on grape photosynthesis. Australian Journal of Grape and Wine 

Research, 23(1), 58–65.  

Li, H., Jiang, D., Wollenweber, B., Dai, T., & Cao, W. (2010). Effects of shading on 

morphology, physiology and grain yield of winter wheat. European Journal 

of Agronomy, 33(4), 267–275.  

Li, J., Li, G., Wang, H., & Wang Deng, X. (2011). Phytochrome Signaling 

Mechanisms. The Arabidopsis Book, 9, e0148.  

Li, Q., Deng, M., Xiong, Y., Coombes, A., & Zhao, W. (2014). Morphological and 

photosynthetic response to high and low irradiance of Aeschynanthus 

longicaulis. Scientific World Journal, 2014, 1–9.  

Li, Q., & Kubota, C. (2009). Effects of supplemental light quality on growth and 

phytochemicals of baby leaf lettuce. Environmental and Experimental 

Botany, 67, 59–64.  

Li, Y., Xin, G., Wei, M., Shi, Q., Yang, F., & Wang, X. (2017). Carbohydrate 

accumulation and sucrose metabolism responses in tomato seedling leaves 

when subjected to different light qualities. Scientia Horticulturae, 225(7), 

490–497.  

Liang, N., Lu, X., Hu, Y., & Kitts, D. (2016). Application of Attenuated Total 

Reflectance-Fourier Transformed Infrared ( ATR-FTIR ) Spectroscopy to 

Determine Chlorogenic acid Isomer Profile and Antioxidant Capacity of 

Coffee Beans Antioxidant Capacity of Coffee Beans. Journal of Agricultural 

and Food Chemistry, 1–38.  

Lichtenthaler, H. K., & Buschmann, C. (2001). chlorophylls and Carotenoids : 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

138 

 

Measurement and Characterization by UV-VIS. In Current Protocols in Food 

Analytical Chemistry (pp. 1–8). 

Lima, C. C., Lemos, R. P. L., & Conserva, L. M. (2014). Dilleniaceae family: an 

overview of its ethnomedicinal uses, biological and phytochemical profile. 

Journal of Pharmacognosy and Phytochemistry, 3(2), 181–204.  

Lingakumar, K., & Kulandaivelu, G. (1993). Changes induced by ultraviolet-B 

radiation in vegetative growth, foliar characteristics and photosynthetic 

activities in Vigna unguiculata. Functional Plant Biology, 20(3), 299–308.  

Liu, C., Guo, C., Wang, Y., & Ouyang, F. (2002). Effect of light irradiation on hairy 

root growth and artemisinin biosynthesis of Artemisia annua L. Process 

Biochemistry, 38(4), 581–585.  

Liu, H., Fu, Y., Hu, D., Yu, J., & Liu, H. (2018). Effect of green, yellow and purple 

radiation on biomass, photosynthesis, morphology and soluble sugar content 

of leafy lettuce via spectral wavebands “ knock out .” Scientia Horticulturae, 

236(2), 10–17.  

Liu, L., Gitz, D. C., & McClure, J. W. (1995). Effects of UV‐ B on flavonoids, 

ferulic acid, growth and photosynthesis in barley primary leaves. Physiologia 

Plantarum, 93(4), 725–733.  

Liu, S. L., Ma, M. D., Pan, Y. Z., Wei, L. L., He, C. X., & Yang, K. M. (2013). 

Effects of light regimes on photosynthetic characteristics and antioxidant 

system in seedlings of two alder species. Chinese Journal of Plant Ecology, 

36(10), 1062–1074.  

Liu, Y., Fang, S., Yang, W., Shang, X., & Fu, X. (2018). Light quality affects 

flavonoid production and related gene expression in Cyclocarya paliurus. 

Journal of Photochemistry & Photobiology, B: Biology, 179(11), 66–73.  

Liu, Y., Qian, C., Ding, S., Shang, X., Yang, W., & Fang, S. (2016). Effect of light 

regime and provenance on leaf characteristics, growth and flavonoid 

accumulation in Cyclocarya paliurus (Batal) Iljinskaja coppices. Botanical 

Studies, 57(1), 1–13.  

Lobo, F. de A., de Barros, M. P., Dalmagro, H. J., Dalmolin, Â. C., Pereira, W. E., de 

Souza, É. C., & Rodríguez Ortíz, C. E. (2013). Fitting net photosynthetic 

light-response curves with Microsoft Excel - a critical look at the models. 

Photosynthetica, 51(3), 445–456.  

Lombard, K., Peffley, E. B., Lombard, K. A., Geoffriau, E., & Peffley, E. (2002). 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

139 

 

Flavonoid quantification in onion by spectrophotometric and high 

performance liquid Chromatography analysis. HortScience, 37(4), 682–685 

Lopez, T., Corbin, C., Falguieres, A., Doussot, J., Montguillon, J., Hagège, D., & 

Lainé, É. (2016). Secondary metabolite accumulation, antibacterial and 

antioxidant properties of in vitro propagated Clidemia hirta L. extracts are 

influenced by the basal culture medium. Comptes Rendus Chimie, 19(9), 

1071–1076.  

Løvdal, T., Olsen, K. M., Slimestad, R., Verheul, M., & Lillo, C. (2010). Synergetic 

effects of nitrogen depletion, temperature, and light on the content of 

phenolic compounds and gene expression in leaves of tomato. 

Phytochemistry, 71(5–6), 605–613.  

Lu, T., Meng, Z., Zhang, G., Qi, M., Sun, Z., Liu, Y., & Li, T. (2017). Sub-high 

Temperature and High Light Intensity Induced Irreversible Inhibition on 

Photosynthesis System of Tomato Plant (Solanum lycopersicum L.). 

Frontiers in Plant Science, 08(March), 1–16.  

Lu, X., Ross, C. F., Powers, J. R., & Rasco, B. A. (2011a). Determination of 

Quercetins in Onion ( Allium cepa ) Using Infrared Spectroscopy. Journal of 

Agricultural and Food Chemistry, 59, 6376–6382. 

Lu, X., Ross, C. F., Powers, J. R., Aston, D. E., & Rasco, B. A. (2011b). 

Determination of Total Phenolic Content and Antioxidant Activity of Garlic ( 

Allium sativum ) and Elephant Garlic ( Allium ampeloprasum ) by Attenuated 

Total Reflectance À Fourier Transformed Infrared Spectroscopy. Journal of 

Agricultural and Food Chemistry, 59, 5215–5221. 

Ma, X., Song, L., Yu, W., Hu, Y., Liu, Y., Wu, J., & Ying, Y. (2015). Growth, 

physiological, and biochemical responses of Camptotheca acuminata 

seedlings to different light environments. Frontiers in Plant Science, 6, 321.  

Ma, Z., Li, S., & Zhang, M. (2010). Light Intensity Affects Growth, Photosynthetic 

Capability, and Total Flavonoid Accumulation of Anoectochilus Plants Light 

Intensity Affects Growth, Photosynthetic Capability, and Total Flavonoid 

Accumulation of Anoectochilus Plants. HortScience, 45(6), 863–867. 

Maciej, H., Maria, K., Dorota, N., & Anna, K. (2001). Infrared spectrum analysis of 

some flavonoids. Acta Poloniae Pharmaceutica-Drug Research, 58(6), 415–

420. 

Manetas, Y. (2006). Why some leaves are anthocyanic and why most anthocyanic 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

140 

 

leaves are red? Flora: Morphology, Distribution, Functional Ecology of 

Plants, 201(3), 163–177.  

Manivannan, A., Soundararajan, P., Park, Y. G., Wei, H., Kim, S. H., & Jeong, B. R. 

(2017). Blue and red light-emitting diodes improve the growth and 

physiology of in vitro-grown carnations ‘Green Beauty’ and ‘Purple Beauty.’ 

Horticulture Environment and Biotechnology, 58(1), 12–20.  

Marshall, B., & Biscoe, P. V. (1980). A Model for C 3 Leaves Describing the 

Dependence of Net Photosynthesis on Irradiance. Journal of Experimental 

Botany, 31(1), 29–39.  

Martín, J., Navas, M. J., Moreno, M. J., & Asuero, G. A. (2017). Anthocyanin 

Pigments : Importance, Sample Anthocyanin Pigments : Preparation and 

Extraction. In Phenolic Compounds - Natural Sources, Importance and 

Applications (pp. 117–152). InTech. 

Martínez Pastur, G., Lencinas, M. V., Peri, P. L., & Arena, M. (2007). 

Photosynthetic plasticity of Nothofagus pumilio seedlings to light intensity 

and soil moisture. Forest Ecology and Management, 243(2–3), 274–282.  

Martínez-Lüscher, J., Torres, N., Hilbert, G., Richard, T., Sánchez-Díaz, M., Delrot, 

S., & Gomès, E. (2014). Ultraviolet-B radiation modifies the quantitative and 

qualitative profile of flavonoids and amino acids in grape berries. 

Phytochemistry, 102, 106–114.  

Marques, G. S., Leão, W. F., Lyra, M. A. M., Peixoto, M. S., Monteiro, R. P. M., 

Rolim, L. A., … Soares, L. A. L. (2013). Comparative evaluation of UV/VIS 

and HPLC analytical methodologies applied for quantification of flavonoids 

from leaves of Bauhinia forficata. Brazilian Journal of Pharmacognosy, 

23(1), 51–57. 

Matus, J. T., Loyola, R., Vega, A., Peña-Neira, A., Bordeu, E., Arce-Johnson, P., & 

Alcalde, J. A. (2009). Post-veraison sunlight exposure induces MYB-

mediated transcriptional regulation of anthocyanin and flavonol synthesis in 

berry skins of Vitis vinifera. Journal of Experimental Botany, 60(3), 853–

867.  

Maxwell, K., & Johnson, G. N. (2000). chlorophyll fluorescence — a practical guide. 

Journal of Experimental Botany, 51(345), 659–668. 

McCree, K. J. (1971). The action spectrum, absorptance and quantum yield of 

photosynthesis in crop plants. Agricultural Meteorology, 9, 191–216.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

141 

 

Meng, X., Xing, T., & Wang, X. (2004). The role of light in the regulation of 

anthocyanin accumulation in Gerbera hybrida. Plant Growth Regulation, 44, 

243–250. 

Meyer, S., Cerovic, Z. G., Goulas, Y., Montpied, P., Demotes-Mainard, S., Bidel, L. 

P. R., & Dreyer, E. (2006). Relationships between optically assessed 

polyphenols and chlorophyll contents, and leaf mass per area ratio in woody 

plants: A signature of the carbon-nitrogen balance within leaves? Plant, Cell 

and Environment, 29(7), 1338–1348.  

Michelina, C., Ferdinando, P., Flavia, B., Simona, P., Sabina, M., Paola, N., & 

Severina, P. (2015). Silica/quercetin sol–gel hybrids as antioxidant dental 

implant materials. Science and Technology of Advanced Materials, 16, 1–11. 

Mierziak, J., Kostyn, K., & Kulma, A. (2014). Flavonoids as important molecules of 

plant interactions with the environment. Molecules, 19(10), 16240–16265.  

Migné, A., Delebecq, G., Davoult, D., Spilmont, N., Menu, D., Janquin, M., & 

Menu, D. (2018). Photosynthesis of Laminaria digitata over the immersion 

and emersion alternation of spring tides under sunny and hot weather (No. 

hal-01827565). 

Mishra, A., Sharma, A. K., Kumar, S., Saxena, A. K., & Pandey, A. K. (2013). 

Bauhinia variegata leaf extracts exhibit considerable antibacterial, 

antioxidant, and anticancer activities. BioMed Research International, 2013, 

1.  

Miyamoto, K. (1997). Renewable biological systems for alternative sustainable 

energy production. Japan: Food & Agriculture Org.  

Mizuno, T., Amaki, W., & Watanabe, H. (2011). Effects of monochromatic light 

irradiation by led on the growth and anthocyanin contents in leaves of 

cabbage seedlings. Acta Horticulturae, (907), 179–184.  

Moe, R., Morgan, L., & Grindal, G. (2002). Growth and plant morphology of 

Cucumis sativus and Fuchsia hybrid are influenced by light quality during the 

photoperiod and by diurnal temperature alternations. Acta Horticulturae, 580, 

229–234.  

Moghaddam, S. S., Ibrahim, R., Damalas, C. A., & Noorhosseini, S. A. (2017). 

Effects of Gamma Stress and Carbon Dioxide on Eight Bioactive Flavonoids 

and Photosynthetic Efficiency in Centella asiatica. Journal of Plant Growth 

Regulation, 36(4), 957–969.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

142 

 

Mohd, N. H. W. S. W., Ahmad, F., & Heng Yen, K. (2015). Chemical constituents 

from Piper caninum and antibacterial activity. Journal of Applied 

Pharmaceutical Science, 5(06), 20-025.  

Momayyezi, M., & Guy, R. D. (2017). Blue light differentially represses mesophyll 

conductance in high vs low latitude genotypes of Populus trichocarpa Torr. 

Journal of Plant Physiology, 213, 122–128.  

Morales-Flores, F., Olivares-Palomares, K. S., Aguilar-Laurents, M. I., Rivero-Cruz, 

J. F., Lotina-Hennsen, B., & King-Díaz, B. (2015). Flavonoids Affect the 

Light Reaction of Photosynthesis in Vitro and in Vivo as Well as the Growth 

of Plants. Journal of Agricultural and Food Chemistry, 63(37), 8106–8115.  

Mori, K., Goto-Yamamoto, N., Kitayama, M., & Hashizume, K. (2007). Loss of 

anthocyanins in red-wine grape under high temperature. Journal of 

Experimental Botany, 58(8), 1935–1945. 

Mori, K., Sugaya, S., & Gemma, H. (2005). Decreased anthocyanin biosynthesis in 

grape berries grown under elevated night temperature condition. Scientia 

Horticulturae, 105(3), 319–330.  

Mosaleeyanon, K., Zobayed, S. M. A., Afreen, F., & Kozai, T. (2005). Relationships 

between net photosynthetic rate and secondary metabolite contents in St. 

John’s wort. Plant Science, 169(3), 523–531.  

Moutinho-Pereira, J. M., Bacelar, E. A., Goncalves, B., Ferreira, H. F., & Correia, C. 

M. (2010). Effects of Open-Top Chambers on physiological and yield 

attributes of field grown grapevines. Acta Physiologiae Plantarum, 32, 395–

403.  

Müller, V., Albert, A., Barbro Winkler, J., Lankes, C., Noga, G., & Hunsche, M. 

(2013). Ecologically relevant UV-B dose combined with high PAR intensity 

distinctly affect plant growth and accumulation of secondary metabolites in 

leaves of Centella asiatica L. Urban. Journal of Photochemistry and 

Photobiology B: Biology, 127, 161–169.  

Müller, V., Lankes, C., Schmitz-Eiberger, M., Noga, G., & Hunsche, M. (2013). 

Estimation of flavonoid and centelloside accumulation in leaves of Centella 

asiatica L. Urban by multiparametric fluorescence measurements. 

Environmental and Experimental Botany, 93, 27–34.  

Muneer, S., Kim, E. J., Park, J. S., & Lee, J. H. (2014). Influence of green, red and 

blue light emitting diodes on multiprotein complex proteins and 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

143 

 

photosynthetic activity under different light intensities in lettuce leaves 

(Lactuca sativa L.). International Journal of Molecular Sciences, 15(3), 

4657–4670.  

Murchie, E. H., & Horton, P. (1997). Acclimation of photosynthesis to irradiance and 

spectral quality in British plant species: chlorophyll content, photosynthetic 

capacity and habitat preference. Plant, Cell and Environment, 20(4), 438–

448.  

Nam, T. G., Jin, Y., Seok, L., & Eom, H. (2018). Flavonoid accumulation in 

common buckwheat (Fagopyrum esculentum) sprout tissues in response to 

light. Horticulture, Environment, and Biotechnology, 1–9.  

Narbona, E., Buide, M. L., Casimiro-Soriguer, I., & Valle, J. C. Del. (2014). 

Polimorfismos de color floral: causas e implicaciones evolutivas. Revista 

Ecosistemas, 23(3), 36–47.  

Nawkar, G., Maibam, P., Park, J., Sahi, V., Lee, S., Kang, C., Kang, C. H. (2013). 

UV-Induced Cell Death in Plants. International Journal of Molecular 

Sciences, 14(1), 1608–1628. 

Neill, S. O. (2002). The functional role of anthocyanins in leaves. PhD Thesis. 

University of Auckland. 

Ngoc, T., Aung, A., Naing, H., & Kil, C. (2016). Influences of different light sources 

and light / dark cycles on anthocyanin accumulation and plant growth in 

Petunia. Journal of Plant Biotechnology, 43, 119–124. 

Nguyen, H. T., & Goycoolea, F. M. (2017). Chitosan/Cyclodextrin/TPP 

Nanoparticles Loaded with Quercetin as Novel Bacterial Quorum Sensing 

Inhibitors. Molecules, 22(1975), 1–23.  

Nicotra, A. B., Chazdon, R. L., & SChlichting, C. D. (1997). Patterns of genotypic 

variation and phenotypic plasticity of light response in two tropical Piper 

(Piperaceae) species. American Journal of Botany, 84(11), 1542–1552.  

Niglas, A., Papp, K., Sȩkiewicz, M., & Sellin, A. (2017). Short-term effects of light 

quality on leaf gas exchange and hydraulic properties of silver birch (Betula 

pendula). Tree Physiology, 37(9), 1218–1228.  

Nishiyama, Y., Suleyman, I. A., & Murata, N. (2006). A new paradigm for the action 

of reactive oxygen species in the photoinhibition of photosystem II. 

Biochimica et Biophysica Acta (BBA)-Bioenergetics, 1757(7), 742–749.  

Niu, S. S., Xu, C. J., Zhang, W. S., Zhang, B., Li, X., Lin-Wang, K., & Chen, K. S. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

144 

 

(2010). Coordinated regulation of anthocyanin biosynthesis in Chinese 

bayberry (Myrica rubra) fruit by a R2R3 MYB transcription factor. Planta, 

231(4), 887–899.  

Oliveira, R. N., Mancini, M. C., Cabral, F., Oliveira, S. De, Passos, T. M., & Quilty, 

B. (2016). FTIR analysis and quantification of phenols and flavonoids of five 

commercially available plants extracts used in wound healing Análise por FTIR 

e quantificação de fenóis e flavonóides de cinco produtos naturais disponíveis 

comercialmente utilizados no tr. Revista Materia, 21(3), 767–779. 

Olle, M., & Viršilė, A. (2013). The effects of light-emitting diode lighting on 

greenhouse plant growth and quality. Agricultural and Food Science, 22, 

223–234. 

Oshita, K., Suzuki, T., & Kawono, T. (2018). Possible Roles of Near-infrared Light 

on the Photosynthesis in Synechocystis sp. PCC6803 under Solar Simulating 

Artificial Light. Environment Control in Biology, 56(1), 17–21.  

Osmond, C. B. (1994). What is photoinhibition? Some insights from comparisons of 

shade and sun plants. Photoinhibition of photosynthesis: from molecular 

mechanisms to the field (pp. 1–24).  

Özer, H. (2017). Effects of shading and organic fertilizers on tomato yield and 

quality. Pak Journal of Botany, 49(5), 1849–1855. 

Pacheco, F. V., Alvarenga, I. C. A., Junior, P. M. R., Pinto, J. E. B. P., Avelar, R. de 

P., & Alvarenga, A. A. (2014). Growth and production of secondary 

compounds in monkey-pepper (Piper aduncum L.) leaves cultivated under 

altered ambient light. Australian Journal of Crop Science, 8(11), 1510–1516. 

Pala, U. C., & Toklucu, K. A. (2011). Effect of UV-C light on anthocyanin content 

and other quality parameters of pomegranate juice. Journal of Food 

Composition and Analysis, 24, 790–795.  

Palapol, Y., Ketsa, S., Lin-Wang, K., Ferguson, I. B., & Allan, A. C. (2009). A MYB 

transcription factor regulates anthocyanin biosynthesis in mangosteen 

(Garcinia mangostana L.) fruit during ripening. Planta, 229(6), 1323–1334.  

Pan, J., & Guo, B. (2016). Effects of light intensity on the growth, photosynthetic 

characteristics, and flavonoid content of Epimedium pseudowushanense 

B.L.Guo. Molecules, 21(11), 1–12.  

Panche, A. N., Diwan, A. D., & Chandra, S. R. (2016). Flavonoids: An overview. 

Journal of Nutritional Science, 5(e47), 1–15.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

145 

 

Park, H. R., Daun, Y., Park, J. K., & Bark, K. M. (2013). Spectroscopic properties of 

flavonoids in various aqueous- organic solvent mixtures. Bulletin of Korean 

Chemical Society, 34(1), 211–220.  

Pauly, G., & Moretti, C. (2003). Use of plant extracts with an anti-radical-type 

action. US Grant. Retrieved from 

Pedroso, R. C. N., Branquinho, N. A. A., Hara, A. C. B. A. M., Costa, A. C., Silva, 

F. G., Pimenta, L. P., & Januario, A. H. (2017). Impact of light quality on 

flavonoid production and growth of Hyptis marrubioides seedlings cultivated 

in vitro. Brazilian Journal of Pharmacognosy, 27(4), 466–470.  

Pego, J. V, Kortstee, A. J., Huijser, C., & Smeekens, S. C. (2000). Photosynthesis, 

sugars and the regulation of gene expression. Journal of Experimental 

Botany, 51, 407–16. Retrieved from  

Peltzer, D., & Polle, A. (2001). Diurnal fluctuations of antioxidative systems in 

leaves of field-grown beech trees (Fagus sylvatica): Responses to light and 

temperature. Physiologia Plantarum, 111(2), 158–164.  

Pereira, G. E., Gaudillere, J. P., Pieri, P., Hilbert, G., Maucourt, M., Deborde, C., & 

Rolin, D. (2006). Microclimate Influence on Mineral and Metabolic Profiles 

of Grape Berries. Journal of Agricultural and Food Chemistry, 54(18), 6765–

6775.  

Pérez-López, U., Sgherri, C., Miranda-Apodaca, J., Micaelli, F., Lacuesta, M., Mena-

Petite, A., & Muñoz-Rueda, A. (2018). Concentration of phenolic compounds 

is increased in lettuce grown under high light intensity and elevated CO2. 

Plant Physiology and Biochemistry, 123, 233–241.  

Peri, P. L., Lucas, R. J., & Moot, D. J. (2007). Dry matter production, morphology 

and nutritive value of Dactylis glomerata growing under different light 

regimes. Agroforestry Systems, 70(1), 63–79.  

Peters, H. A. (2001). Clidemia hirta Invasion at the Pasoh Forest Reserve: An 

Unexpected Plant Invasion in an Undisturbed Tropical Forest1. Biotropica, 

33(1), 60–68.  

Philpoteducation. (2018). Essential ideas. Retrieved October 6, 2018, from 

https://www.philpoteducation.com/pluginfile.php/1136/mod_book/chapter/11

31/2.1.9b.jpg 

Pietrini, F., Iannelli, M. A., & Massacci, A. (2002). Anthocyanin accumulation in the 

illuminated surface of maize leaves enhances protection from photo-



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

146 

 

inhibitory risks at low temperature, without further limitation to 

photosynthesis. Plant, Cell and Environment, 25(10), 1251–1259.  

Pintér, J., Kósa, E., Hadi, G., Hegyi, Z., Spitkó, T., Tóth, Z., & Marton, L. C. (2007). 

Effect of increased UV-B radiation on the anthocyanin content of maize (Zea 

mays L.) leaves. Acta Agronomica Hungarica, 55(1), 7–17.  

Proestos, C., & Komaitis, M. (2013). Analysis of Naturally Occurring Phenolic 

Compounds in Aromatic Plants by RP-HPLC Coupled to Diode Array Detector 

(DAD) and GC-MS after Silylation. Foods, 2, 90–99. 

Pudasaini, A., & Zoltowski, B. D. (2013). Zeitlupe senses blue-light fluence to 

mediate circadian timing in Arabidopsis thaliana. Biochemistry, 52(40), 

7150–7158.  

Putri, D. P., Widyastuti, Y., Dewi, W. S., & Yunus, A. (2018). The effect of shade 

and vermicompost application on yield and flavonoid levels of Tempuyung 

(Sonchus arvensis). In IOP Conf. Series: Earth and Environmental Science 

(pp. 1–12).  

Qin, Z., Mao, D. J., Quan, G. M., Zhang, J., Xie, J. F., & DiTommaso, A. (2012). 

Physiological and morphological responses of invasive Ambrosia 

artemisiifolia (common ragweed) to different irradiances. Botany, 90(12), 

1284–1294.  

Rabara, R. C., Behrman, G., Timbol, T., & Rushton, P. J. (2017). Effect of Spectral 

Quality of Monochromatic LED Lights on the Growth of Artichoke 

Seedlings. Frontiers in Plant Science, 8(2), 1–9.  

Rabinowicz, P. D., Braun, E. L., Wolfe, A. D., Bowen, B., & Grotewold, E. (1999). 

Maize R2R3 Myb Genes: Sequence Analysis Reveals Amplification in the 

Higher Plants. Genetics, 153(1), 427–444. 

Rajni, G., 2000. Photosynthesis and the Z-scheme. University of Illinois at Urbana-

Champaign. 

Ramakrishna, A., & Ravishankar, G. A. (2011). Influence of abiotic stress signals on 

secondary metabolites in plants. Plant Signaling and Behavior, 6(11), 1720–

1731.  

Ramawat, K. G., Dass, S., & Mathur, M. (2009). The Chemical Diversity of 

Bioactive Molecules and Therapeutic Potential of Medicinal Plants. In 

Herbal Drugs: Ethnomedicine to Modern Medicine (pp. 7–32). Berlin, 

Heidelberg: Springer Berlin Heidelberg.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

147 

 

Ravaglia, D., Espley, R. V, Henry-Kirk, R. A., Andreotti, C., Ziosi, V., Hellens, R. 

P., & Allan, A. C. (2013). Transcriptional regulation of flavonoid 

biosynthesis in nectarine (Prunus persica) by a set of R2R3 MYB 

transcription factors. BMC Plant Biology, 13(1), 68. 

https://doi.org/10.1186/1471-2229-13-68 

Raven, P., Evert, R., & Eichhorn, S. (2005). Photosynthesis, Light, and Life. Biology 

of Plants (Vol. 7). 

Ravidran, N., & Nirmal, K. (2005). Babu. Ginger: the genus Zingiber. 

Re, G. A., Piluzzaa, G., Sanna, F., Molinub, M. G., & Sulasa, L. (2018). 

Polyphenolic composition and antioxidant capacity of legume based swards 

are affected by light intensity in a Mediterranean agroforestry system 

Running. Jsfa, 1–25.  

Rehana, S., Ahmed, F., Zeba, N., Husna, A., & Hossain, F. (2018). Effect of sunlight 

and artificial light on micropropagation of potato (Solanum tuberosum L) 

plantlets. Archives of Agriculture and Environmental Science, 3(2), 151–156. 

Ruiz, J. M., Rivero, R. M., López-Cantarero, I., & Romero, L. (2003). Role of Ca2+ 

in the metabolism of phenolic compounds in tobacco leaves (Nicotiana 

tabacum L.). Plant Growth Regulation, 41(2), 173–177.  

Sakhonwasee, S., Tummachai, K., & Nimnoy, N. (2017). Influences of LED Light 

Quality and Intensity on Stomatal Behavior of Three Petunia Cultivars 

Grown in a Semi-closed System. Environment Control in Biology, 55(2), 93–

103.  

Sakihama, Y., & Yamasaki, H. (2002). Lipid Peroxidation Induced by Phenolics in 

Conjunction with Aluminum Ions. Biologia Plantarum, 45(2), 249–254.  

Salvatierra, A., Pimentel, P., Moya-Leon, M. A., Caligari, P. D. S., & Herrera, R. 

(2010). Comparison of transcriptional profiles of flavonoid genes and 

anthocyanin contents during fruit development of two botanical forms of 

Fragaria chiloensis ssp. chiloensis. Phytochemistry, 71(16), 1839–1847.  

Särkkä, L. E., Jokinen, K., Ottosen, C. O., & Kaukoranta, T. (2017). Effects of HPS 

and LED lighting on cucumber leaf photosynthesis, light quality penetration 

and temperature in the canopy, plant morphology and yield. Agricultural and 

Food Science, 26(2), 101–109.  

Senthilkumar, S. R., Thirumal, S., Arulmozhi, K. T., & Mythili, N. (2018). FT-IR 

analysis and correlation studies on the antioxidant activity, total phenolics and 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

148 

 

total flavonoids of Indian commercial teas ( Camellia sinensis L .) - A novel 

approach FT-IR IR analysis and correlation studies on the antioxidant activity, 

total p. International Research Journal of Biological Sciences, 6(3), 1–7. 

Sevik, H., Cetin, M., Kapucu, O., Aricak, B., Canturk, U. (2017). Effects of light on 

morphologic and stomatal characteristics of Turkish fir needles (Abies 

nordmanniana subsp. Bornmulleriana Mattf.). Fresenius Environmental 

Bulletin, 26(10), 6579–6587. 

Shao, Q., Wang, H., Guo, H., Zhou, A., Huang, Y., Sun, Y., & Li, M. (2014). Effects 

of shade treatments on photosynthetic characteristics, chloroplast 

ultrastructure, and physiology of Anoectochilus roxburghii. PLoS ONE, 9(2), 

1.  

Sharkey, T. D. (2016). What gas exchange data can tell us about photosynthesis. 

Plant Cell and Environment, 39(6), 1161–1163.  

Sharkey, T. D., Bernacchi, C. J., Farquhar, G. D., & Singsaas, E. L. (2007). Fitting 

photosynthetic carbon dioxide response curves for C3 leaves. Plant, Cell and 

Environment, 30(9), 1035–1040.  

Shen, H., Hong, L., Ye, W., Cao, H., & Wang, Z. (2007). The influence of the 

holoparasitic plant Cuscuta campestris on the growth and photosynthesis of 

its host Mikania micrantha. Journal of Experimental Botany, 58(11), 2929–

2937.  

Shivashankara, K., Mithila, J., & Maiti, S. (2000). Effect of different light intensities 

on growth and yield of betel vine (Piper betle L.). Journal of Plantation 

Crops, 28(3), 196–200.  

Shourie, A., Tomar, P., Srivastava, D., & Chauhan, R. (2014). Enhanced 

Biosynthesis of Quercetin Occurs as A Photoprotective Measure in 

Lycopersicon esculentum Mill . under Acute UV-B Exposure. Brazilian 

Archives of Biology and Technology, 57(3), 317–325. 

Shui-Yuan, C., Xu, F., & Wang, Y. (2009). Advances in the study of flavonoids in 

Ginkgo biloba leaves. Journal of Medicinal Plants Research, 3(13), 1248–

1252. 

Silva, S. T., Bertolucci, S. K. V., da Cunha, S. H. B., Lazzarini, L. E. S., Tavares, M. 

C., & Pinto, J. E. B. P. (2017). Effect of light and natural ventilation systems 

on the growth parameters and carvacrol content in the in vitro cultures of 

Plectranthus amboinicus (Lour.) Spreng. Plant Cell, Tissue and Organ 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

149 

 

Culture, 129(3), 501–510.  

Singh, A. S., Jones, A. M. P., Shukla, M. R., & Saxena, P. K. (2017). High light 

intensity stress as the limiting factor in micropropagation of sugar maple 

(Acer saccharum Marsh.). Plant Cell, Tissue and Organ Culture (PCTOC), 

129(2), 209–221.  

Singh, G. (2016). Plant Systematics, Third Edition. (G. Singh, Ed.). Science 

Publishers. 

Slattery, R. A., VanLoocke, A., Bernacchi, C. J., Zhu, X. G., & Ort, D. R. (2017). 

Photosynthesis, Light Use Efficiency, and Yield of Reduced-chlorophyll 

Soybean Mutants in Field Conditions. Frontiers in Plant Science, 8(4), 1–19.  

Smith, J., Burritt, D. J., & Bannister, P. (2000). Shoot Dry Weight, chlorophyll and 

UV-B-absorbing Compounds as Indicators of a Plant’s Sensitivity to UV-B 

Radiation. Annals of Botany, 86(6), 1057–1063.  

Sousa Paiva, É. A., Dos Santos Isaias, R. M., Aguiar Vale, F. H., & De Senna 

Queiroz, C. G. (2003). The influence of light intensity on anatomical 

structure and pigment contents of Tradescantia pallida (Rose) Hunt. cv. 

purpurea boom (commelinaceae) leaves. Brazilian Archives of Biology and 

Technology, 46(4), 617–624.  

Sozmen, A. B., Erhan, C., Sozmen, E. Y., & Ovez, B. (2018). Author’s Accepted 

Manuscript. Biocatalysis and Agricultural Biotechnology, 1–27.  

Sumanta, N., Haque, C. I., Nishika, J., & Suprakash, R. (2014). Spectrophotometric 

Analysis of chlorophylls and Carotenoids from Commonly Grown Fern 

Species by Using Various Extracting Solvents. Research Journal of Chemical 

Sciences, 4(9), 63–69. 

Stanton, K. M., Weeks, S. S., Dana, M. N., & Mickelbart, M. V. (2010). Light 

exposure and shade effects on growth, flowering, and leaf morphology of 

Spiraea alba du roi and Spiraea tomentosa L. HortScience, 45(12), 1912–

1916. 

Steindal, A. L. H., Mølmann, J., Bengtsson, G. B., & Johansen, T. J. (2013). 

Influence of Day Length and Temperature on the Content of Health-Related 

Compounds in Broccoli (Brassica oleracea L. var. italica ). Journal of 

Agricultural and Food Chemistry, 61(45), 10779–10786.  

Stutte, G. W., & Edney, S. (2009). Photoregulation of Bioprotectant Content of Red 

Leaf Lettuce with Light-emitting Diodes. HortScience, 44(1), 79–82. 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

150 

 

Su, W. H., Zhang, G. F., Li, X. H., Gu, F. X., & Shi, B. L. (2006). Effect of light 

intensity and light quality on growth and total flavonoid accumulation of 

Erigeron breviscapus. Chinese Traditional and Herbal Drugs.  

Sun, Y., Qian, M., Wu, R., Niu, Q., Teng, Y., & Zhang, D. (2014). Postharvest 

pigmentation in red Chinese sand pears (Pyrus pyrifolia Nakai) in response to 

optimum light and temperature. Postharvest Biology and Technology, 91, 64–

71. 

Szopa, A., Starzec, A., & Ekiert, H. (2018). The importance of monochromatic lights 

in the production of phenolic acids and flavonoids in shoot cultures of Aronia 

melanocarpa, Aronia arbutifolia and Aronia prunifolia. Journal of 

Photochemistry & Photobiology, B: Biology, 1–23.  

Szymańska, R., Ślesak, I., Orzechowska, A., & Kruk, J. (2017). Physiological and 

biochemical responses to high light and temperature stress in plants. 

Environmental and Experimental Botany, 139, 165–177.  

Takos, A. M., Jaffe, F. W., Jacob, S. R., Bogs, J., Robinson, S. P., & Walker, A. R. 

(2006). Light-Induced Expression of a MYB Gene Regulates Anthocyanin 

Biosynthesis in Red Apples. Plant Physiology, 142(3), 1216–1232.  

Tang, H., Hu, Y. Y., Yu, W.-W., Song, L. L., & Wu, J. S. (2015). Growth, 

photosynthetic and physiological responses of Torreya grandis seedlings to 

varied light environments. Trees, 29(4), 1011–1022.  

Tattini, M., Galardi, C., Pinelli, P., Massai, R., Remorini, D., & Agati, G. (2004). 

Differential accumulation of flavonoids and hydroxycinnamates in leaves of 

Ligustrum vulgare under excess light and drought stress. New Phytologist, 

163(3), 547–561.  

Tattini, M., Guidi, L., Morassi-Bonzi, L., Pinelli, P., Remorini, D., Degl’Innocenti, 

E., & Agati, G. (2005). On the role of flavonoids in the integrated 

mechanisms of response of Ligustrum vulgare and Phillyrea latifolia to high 

solar radiation. New Phytologist, 167(2), 457–470.  

Taulavuori, K., Pyysalo, A., & Taulavuori, E. (2018). Responses of phenolic acid 

and flavonoid synthesis to blue and blue-violet light depends on plant species. 

Environmental and Experimental Botany, 1–18.  

Tegelberg, R. (2002). Impact of elevated ultraviolet-B radiation on three northern 

deciduous woody plants. University of Joensuu. 

Teramura, A. H., & Sullivan, J. H. (1994). Effects of UV-B radiation on 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

151 

 

photosynthesis and growth of terrestrial plants. Photosynthesis Research, 

39(3), 463–473.  

Thrane, J. E., Kyle, M., Striebel, M., Haande, S., Grung, M., Rohrlack, T., & 

Andersen, T. (2015). Spectrophotometric analysis of pigments: A critical 

assessment of a high-throughput method for analysis of algal pigment 

mixtures by spectral deconvolution. PLoS ONE, 10(9), 1–24.  

Thwe, A. A., Vercambre, G., Gautier, H., Gay, F., & Phattaralerphong, J. (2014). 

Response of photosynthesis and chlorophyll fluorescence to acute ozone 

stress in tomato ( Solanum lycopersicum Mill .). Photosynthetica, 52(1), 105–

116.  

Tian-gen, C., Chang-peng, X., Ming-nan, Q., Hong-long, Z., Qing-feng, S., & Xin-

guang, Z. (2017). Evaluation of Protocols for Measuring Leaf Photosynthetic 

Properties of Field-Grown Rice. Rice Science, 24(1), 1–9.  

Tianzi, C., & Baolong, Z. (2016). Measurements of Proline and Malondialdehyde 

Content and Antioxidant Enzyme Activities in Leaves of Drought Stressed 

Cotton. Bio-Protocol, 6(17), 1–14. 

Tinoco-Ojanguren, C., & Pearcy, R. W. (1992). Dynamic stomatal behavior and its 

role in carbon gain during lightflecks of a gap phase and an understory Piper 

species acclimated to high and low light. Oecologia, 92(2), 222–228.  

Tourism Malaysia (2014). Gunung Ledang. Retrieved 25 May 2014. 

Treutter, D. (2005). Significance of flavonoids in plant resistance and enhancement 

of their biosynthesis. Plant Biology, 7(6), 581–591.  

Treutter, D. (2006). Significance of flavonoids in plant resistance : a review, 147–

157.  

Triantaphylides, C., Krischke, M., Hoeberichts, F. A., Ksas, B., Gresser, G., Havaux, 

M., & Mueller, M. J. (2008). Singlet Oxygen Is the Major Reactive Oxygen 

Species Involved in Photooxidative Damage to Plants. Plant Physiology, 

148(2), 960–968.  

Triantaphylidès, C., & Havaux, M. (2009). Singlet oxygen in plants: production, 

detoxification and signaling. Trends in Plant Science, 14(4), 219–228.  

Trojak, M., & Skowron, E. (2017). Role of anthocyanins in high-light stress 

response. World Scientific News, 81(2), 150–168. 

Tsurunaga, Y., Takahashi, T., Katsube, T., Kudo, A., Kuramitsu, O., Ishiwata, M., & 

Matsumoto, S. (2013). Effects of UV-B irradiation on the levels of 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

152 

 

anthocyanin, rutin and radical scavenging activity of buckwheat sprouts. 

Food Chemistry, 141(1), 552–556.  

Tu, J., Zhang, Z., Cui, C., Yang, M., Li, Y., & Zhang, Y. (2017). Fast Separation and 

Determination of Flavonoids in Honey Samples by Capillary Zone 

Electrophoresis. Kem. Ind, 66(3–4), 129–134.  

Turturica, M., Oancea, A. M., Rapeanu, G., & Bahrim, G. (2015). Anthocyanins: 

naturally occuring fruit pigments with functional properties mihaela. The 

Annals of the University Dunărea de Jos of Galaţi Fascicle VI – Food 

Technology, 39(1), 9–24. 

Uddin, M. M., Islam, M. A., Hosen, M. T., Alam, M. S., Alam, M. N., Faruk, M., & 

Uddin, S. B. (2017). Estimation of in vivo neuropharmacological and in vitro 

antioxidant effects of Tetracera sarmentosa. Cogent Biology, 3(1), 1–10.  

Uddin, M. M. N., Kabir, M. S. H., Hasan, M., Al Mahmud, Z., Alam Bhuiya, N. M. 

M., Ahmed, F., & Alam, M. S. (2018). Assessment of the antioxidant, 

thrombolytic, analgesic, anti-inflammatory, antidepressant and anxiolytic 

activities of leaf extracts and fractions of Tetracera sarmentosa (L.) Vahl. 

Journal of Basic and Clinical Physiology and Pharmacology, 29(1), 81–93.  

Uleberg, E., Rohloff, J., Jaakola, L., Trôst, K., Junttila, O., Häggman, H., & 

Martinussen, I. (2012). Effects of Temperature and Photoperiod on Yield and 

Chemical Composition of Northern and Southern Clones of Bilberry 

(Vaccinium myrtillus L.). Journal of Agricultural and Food Chemistry, 

60(42), 10406–10414.  

Vialet-Chabrand, S., Matthews, J. S. A., Simkin, A. J., Raines, C. A., & Lawson, T. 

(2017). Importance of Fluctuations in Light on Plant Photosynthetic 

Acclimation. Plant Physiology, 173(4), 2163–2179.  

Vimolmangkang, S., Zheng, D., Han, Y., Khan, M. A., Soria-Guerra, R. E., & 

Korban, S. S. (2014). Transcriptome analysis of the exocarp of apple fruit 

identifies light-induced genes involved in red color pigmentation. Gene, 

534(1), 78–87.  

Wada, M., Kagawa, T., & Sato, Y. (2003). Chloroplast movement. Annual Review of 

Plant Biology, 54(1), 455–468.  

Wan Nurhayati, W. H., Norli Arlizan, T., & Nurdiana, S. (2013). Effect of Mikania 

micrantha leaf extract on the level of blood glucose and hepatic glycogen in 

the normal and alloxan-induced diabetic rats. Npaij, 9(10), 398–402.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

153 

 

Wang, C. L., Guo, Q. S., Zhu, Z. B., & Cheng, B. X. (2017). Physiological 

characteristics, dry matter, and active component accumulation patterns of 

Changium smyrnioides in response to a light intensity gradient. 

Pharmaceutical Biology, 55(1), 581–589.  

Wang, C. Y., Chen, C. T., & Wang, S. Y. (2009). Changes of flavonoid content and 

antioxidant capacity in blueberries after illumination with UV-C. Food 

Chemistry, 117(3), 426–431.  

Wang, H., Gui, M., Tian, X., Xin, X., Wang, T., & Li, J. (2017). Effects of UV-B on 

vitamin C, phenolics, flavonoids and their related enzyme activities in mung 

bean sprouts (Vigna radiata). International Journal of Food Science and 

Technology, 52(3), 827–833.  

Wang, J., Lu, W., Tong, Y., & Yang, Q. (2016). Leaf Morphology, Photosynthetic 

Performance, chlorophyll Fluorescence, Stomatal Development of Lettuce 

(Lactuca sativa L.) Exposed to Different Ratios of Red Light to Blue Light. 

Frontiers in Plant Science, 7(250), 1–10.  

Wang, M. L., Jiang, Y. S., Wei, J. Q., Wei, X., Qi, X. X., Jiang, S. Y., & Wang, Z. 

M. (2007). Effects of irradiance on growth, photosynthetic characteristics, 

and artemisinin content of Artemisia annua L. Photosynthetica, 46(1), 17–20.  

Wang, S. Y., Chen, C. T., & Wang, C. Y. (2009). The influence of light and maturity 

on fruit quality and flavonoid content of red raspberries. Food Chemistry, 

112(3), 676–684.  

Wang, Y., Zhou, B., Sun, M., Li, Y., & Kawabata, S. (2012). UV-A light induces 

anthocyanin biosynthesis in a manner distinct from synergistic blue + UV-B 

light and UV-A/blue light responses in different parts of the hypocotyls in 

turnip seedlings. Plant and Cell Physiology, 53(8), 1470–1480.  

Wilson, K. E., Thompson, J. E., Huner, N. P. A., & Greenberg, B. M. (2001). Effects 

of Ultraviolet-A Exposure on Ultraviolet-B–induced Accumulation of 

Specific Flavonoids in Brassica napus. Photochemistry and Photobiology, 

73(6), 678–684.  

Winkel-Shirley, B. (2002). Biosynthesis of flavonoids and effects of stress. Current 

Opinion in Plant Biology, 5(3), 218–223.  

Winter, K., & Virgo, A. (1998). Elevated CO2 enhances growth in the rain forest 

understory plant, Piper cordulatum, at extremely low light intensities. Flora 

Jena, 193(3), 323–326.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

154 

 

Wu, G., Liu, H., Hua, L., Luo, Q., Lin, Y., He, P., & Ye, Q. (2018). Differential 

Responses of Stomata and Photosynthesis to Elevated Temperature in Two 

Co-occurring Subtropical Forest Tree Species. Frontiers in Plant Science, 

9(April), 1–8.  

Wu, H. C., & Lin, C. C. (2012). Red Light-emitting Diode Light Irradiation 

Improves Root and Leaf Formation in Difficult-to-propagate Protea 

cynaroides L. Plantlets In Vitro. HortScience (Vol. 47). American Society for 

Horticultural Science. Retrieved from 

http://hortsci.ashspublications.org/content/47/10/1490.short 

Wulandari, L., Retnaningtyas, Y., & Lukman, H. (2016). Analysis of Flavonoid in 

Medicinal Plant Extract Using Infrared Spectroscopy and Chemometrics. 

Journal of Analytical Methods in Chemistry, 2016, 1–6.  

XiaoYing, L., ShiRong, G., ZhiGang, X., XueLei, J., & Tezuka, T. (2011). 

Regulation of chloroplast ultrastructure, cross-section anatomy of leaves, and 

morphology of stomata of cherry tomato by different light irradiations of 

light-emitting diodes. HortScience, 46(2), 217–221. 

Xie, B. D., & Wang, H. T. (2006). Effects of light spectrum and photoperiod on 

contents of flavonoid and terpene in leaves of Ginkgo biloba L. Journal of 

Nanjing Forestry University, 30, 51–54.  

Xu, Y., Wang, G., Cao, F., Zhu, C., Wang, G., & El-Kassaby, Y. A. (2014). Light 

intensity affects the growth and flavonol biosynthesis of Ginkgo (Ginkgo 

biloba L.). New Forests, 45(6), 765–776.  

Xue, W., Li, X. Y., Zhu, J. T., Lin, L. S., & Wang, Y. J. (2011). Effects of shading 

on leaf morphology and response characteristics of photosynthesis in Alhagi 

sparsifolia. Chinese Journal of Plant Ecology, 35(1), 82–90.  

Yabuzaki, J. (2017). Carotenoids Database: structures, chemical fingerprints and 

distribution among organisms. Database, 2017(1).  

Yamane, T., Jeong, S. T., Goto-Yamamoto, N., Koshita, Y., & Kobayashi, S. (2006). 

Effects of Temperature on Anthocyanin Biosynthesis in Grape Berry Skins. 

American Journal of Enology and Viticulture, 57, 54–59. 

Yang, F., Song, L., Wang, H., Wang, J., Xu, Z., & Xing, N. (2015). Quercetin in 

prostate cancer: Chemotherapeutic and chemopreventive effects, mechanisms 

and clinical application potential. Oncology reports, 33(6), 2659-2668. 

Yang, W., Liu, Y., Fang, S., Ding, H., Zhou, M., & Shang, X. (2017). Variation in 



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

155 

 

growth, photosynthesis and water-soluble polysaccharide of Cyclocarya 

paliurus under different light regimes. IForest, 10(2), 468–474.  

Yao, X. yang, Liu, X. ying, Xu, Z. gang, & Jiao, X. lei. (2017). Effects of light 

intensity on leaf microstructure and growth of rape seedlings cultivated under 

a combination of red and blue LEDs. Journal of Integrative Agriculture, 

16(1), 97–105. 

Ye, S., Shao, Q., Xu, M., Li, S., Wu, M., Tan, X., & Su, L. (2017). Effects of Light 

Quality on Morphology, Enzyme Activities, and Bioactive Compound 

Contents in Anoectochilus roxburghii. Frontiers in Plant Science, 8(5), 1–7.  

Yu, L. Y. (2015). Evaluation of the anti-oxidant and anti-aging properties of extracts 

from four types of plants. Universiti Sains Malaysia. 

Yu, W., Liu, Y., Song, L., Jacobs, D. F., Du, X., Ying, Y., & Wu, J. (2016). Effect of 

Differential Light Quality on Morphology, Photosynthesis, and Antioxidant 

Enzyme Activity in Camptotheca acuminata Seedlings. Journal of Plant 

Growth Regulation, 36(1), 148–160.  

Yuan, M., Jia, X., Ding, C., Zeng, H., Du, L., Yuan, S., & Liu, J. (2015). Effect of 

fluorescence light on phenolic compounds and antioxidant activities of 

soybeans (Glycine max L. Merrill) during germination. Food Science and 

Biotechnology, 24(5), 1859–1865.  

Zandi, K., Teoh, B. T., Sam, S. S., Wong, P. F., Mustafa, M., & AbuBakar, S. 

(2011). Antiviral activity of four types of bioflavonoid against dengue virus 

type-2. Virology Journal, 8(1), 560.  

Zhang, L. L., & Wen, D. Z. (2009). Responses of photosynthetic parameters of 

Mikania micrantha and Chromolaena odorata to contrasting irradiance and 

soil moisture. Journal of Plant Resources, 122, 69–79.  

Zhang, L. Y., Ye, W. H., Cao, H. L., & Feng, H. L. (2004). Mikania micrantha 

H.B.K. in China - an overview. Weed Research, 44(1), 42–49.  

Zhang, Q., Liu, M., & Ruan, J. (2017). Metabolomics analysis reveals the metabolic 

and functional roles of flavonoids in light-sensitive tea leaves. BMC Plant 

Biology, 17(1), 1–10.  

Zhang, X., C Allan, A., Yi, Q., Chen, L., Li, K., Shu, Q., & Su, J. (2011). 

Differential Gene Expression Analysis of Yunnan Red Pear, Pyrus Pyrifolia, 

During Fruit Skin Coloration. Plant Molecular Biology Reporter, 29(2), 305–

314.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

156 

 

Zhang, Z., & Rongfeng, H. (2013). Analysis of Malondialdehyde, chlorophyll 

Proline, Soluble Sugar, and Glutathione Content in Arabidopsis seedling. 

Bio-Protocol, 3(14), 1–8. 

Zhao, D., Maoyin, L., Jianmin, X., & Zhe, T. (1999). Effects of light on cell growth 

and flavonoids biosynthesis in callus cultures of Saussurea medusa Maxim. 

Acta phytophysiologica Sinica (Vol. 25). Shanghai ke xue ji shu chu ban she. 

Retrieved from https://europepmc.org/abstract/cba/321524 

Zhen, S., & van Iersel, M. W. (2017). Far-red light is needed for efficient 

photochemistry and photosynthesis. Journal of Plant Physiology, 209, 115–

122.  

Zheng, L., & Van Labeke, M.-C. (2017). Long-Term Effects of Red- and Blue-Light 

Emitting Diodes on Leaf Anatomy and Photosynthetic Efficiency of Three 

Ornamental Pot Plants. Frontiers in Plant Science, 8(5), 1–12.  

ZhiMin, Y., ShaoJian, Z., AiTong, H., YouFei, Z., & JingYi, Y. (2000). Response of 

cucumber plants to increased UV-B radiation under water stress. Journal of 

Environmental Sciences, 12(2), 236–240. 

Zhong, J., Seki, T., Kinoshita, S., & Yoshida, T. (1991). Effect of light irradiation on 

anthocyanin production by suspended culture of Perilla frutescens. 

Biotechnology and Bioengineering, 38(6), 653–658.  

Zhou, R., Su, W. H., Zhang, G. F., Zhang, Y. N., & Guo, X. R. (2016). Relationship 

between flavonoids and photoprotection in shade-developed Erigeron 

breviscapus transferred to sunlight. Photosynthetica, 54(2), 201–209.  

Zhou, Y., & Singh, B. R. (2004). Effect of Light on Anthocyanin Levels in 

Submerged, Harvested Cranberry Fruit. Journal of Biomedicine and 

Biotechnology, 5, 259–263.  

Zhu, H., Li, X., Zhai, W., Liu, Y., Gao, Q., Liu, J., & Zhu, Y. (2017). Effects of low 

light on photosynthetic properties, antioxidant enzyme activity, and 

anthocyanin accumulation in purple pak-choi (Brassica campestris ssp. 

Chinensis Makino). PLoS ONE, 12(6), 1–17.  

Zhu, W., Jia, Q., Wang, Y., Zhang, Y., & Xia, M. (2012). The anthocyanin cyanidin-

3-O-β-glucoside, a flavonoid, increases hepatic glutathione synthesis and 

protects hepatocytes against reactive oxygen species during hyperglycemia: 

Involvement of a cAMP–PKA-dependent signaling pathway. Free Radical 

Biology and Medicine, 52(2), 314–327.  



PTTA
PERPUS

TAKAAN
 TUNKU

 TUN A
MINAH

157 

 

Zlatev, Z. S., J. C. Lidon, F., & Kaimakanova, M. (2012). Plant physiological 

responses to UV-B radiation. Emirates Journal of Food and Agriculture, 

24(6), 481–501.  

Zoratti, L., Karppinen, K., Luengo, E., HÃggman, H., & Jaakola, L. (2014). Light-

controlled flavonoid biosynthesis in fruits. Frontiers in Plant Science, 

5(October), 1–17. https://doi.org/10.3389/fpls.2014.00534 

Zoratti, L., Karppinen, K., Luengo Escobar, A., HÃ¤ggman, H., & Jaakola, L. 

(2014). Light-controlled flavonoid biosynthesis in fruits. Frontiers in Plant 

Science, 5, 534.  




