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i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science. 

 

IMPACT OF ENVIRONMENTAL AND PHYSIOLOGICAL PARAMETERS ON 

ANTIOXIDANT ACTIVITY IN PREMNA SERRATIFOLIA L.  

 

By 

IRIS CHUA YIEN PING 

November 2014 

Chair: Patricia King Jie Hung, PhD 

Faculty: Agriculture and Food Sciences (Bintulu) 

 

Premna serratifolia L. is believed to have antioxidant properties. However, the scientific 

research on this species is still lacking. This study was conducted to assess the influence 

of environmental (light intensity, air temperature, relative humidity) and physiological 

(photosynthetic rate, transpiration rate and stomata conductance) parameters on the 

antioxidant content in P. serratifolia L.. Fresh leaves at the lower part of P. serratifolia 

L. were collected at 6 am, 9 am, 12 noon, 3 pm and 6 pm on the third consecutive sunny 

day at the botanical garden, Universiti Putra Malaysia Bintulu Sarawak Campus. Light 

intensities, air temperature (Ta), relative humidity (RH), photosynthetic rate (A), stomata 

conductance (gs) and transpiration rate (E) of P. serratifolia L. were measured in situ on 

the day of leaf collection. The antioxidant activities were measured by 1,1-diphenyl-2-

picryhydrazyl (DPPH) radical method while total flavonoid (TF) content and total 

phenolic (TP) were estimated by using aluminium chloride reagent and Folin-Ciocalteu 

reagent, respectively.  The antioxidant compounds present in the leaf extracts of P. 

serratifolia L. with the highest or lowest antioxidant activity (accessed by DPPH 

antioxidant activity, TP and TF content) was identified by using High Performance 

Liquid Chromatography (HPLC). Results showed that leaf extracts collected at 9 am had 

the highest DPPH antioxidant activity and the lowest TF and TP contents. On the other 

hand, leaf extracts collected at 12 noon had the highest TF and TP contents but the 

lowest DPPH antioxidant activity. Correlation test showed that DPPH antioxidant 

activity, TF and TP content were influenced significantly by air temperature. However, 

other environmental parameters, namely light intensities and physiological parameters 

were not significantly correlated with DPPH antioxidant activity, TF and TP content in P. 

serratifolia L.. Antioxidant compounds were divided into heat induced and non-heat 

induced as some antioxidant compounds were found to be significantly correlated with 

temperature. The identified antioxidant compounds that were possibly heat induced 

included theaflavins, epigallocatechin, epicatechin and ascorbic acid while the non-heat 

induced were catechin, quercetin, uric acid and rutin. In conclusion, consideration on 

environmental parameter, namely air temperature is crucial in order to obtain high 

antioxidant compounds.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Sarjana Sains  

 

KESAN PARAMETER ALAM DAN FISIOLOGI KE ATAS AKTIVITI 

ANTIOKSIDAN DALAM PREMNA SERRATIFOLIA L. 

 

Oleh  

IRIS CHUA YIEN PING  

November 2014 

Pengerusi: Patricia King Jie Hung, PhD 

Fakulti: Sains Pertanian dan Makanan (Bintulu) 

 

Premna serratifolia L. dipercayai mempunyai ciri-ciri antioksidan. Namun, penyelidikan 

saintifik pada masa ini tentang spesies ini masih kekurangan. Kajian ini dijalankan untuk 

menilai pengaruh parameter alam (keamatan cahaya, suhu udara dan kelembapan relatif) 

dan fisiologi (kadar fotosintesis, stomata kealiran dan kadar transpirasi) ke atas 

kandungan antioksidan P. serratifolia L.. Daun segar P. serratifolia L. yang berada di 

bahagian bawah dikumpul pada 6 pagi, 9 pagi, 12 tengahari, 3 petang dan 6 petang pada 

hari ketiga berturut-turut menerima cahaya penuh di taman botani, Universiti Putra 

Malaysia Kampus Bintulu Sarawak. Keamatan cahaya, suhu udara (Ta), kelembapan 

relatif (RH), kadar fotosintesis (A), stomata kealiran (gs) dan kadar transpirasi (E) bagi P. 

serratifolia L. diukur secara in situ semasa pengumpulan daun. Aktiviti antioksidan 

ditentukan oleh kaedah cerakinan 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 

manakala jumlah kandungan flavonoid (TF) dan phenolik (TP) dikuantitikan masing-

masing dengan reagen aluminium klorida dan Folin-Ciocalteu. Kuantifikasi antioksidan 

bagi sampel daun yang mempunyai kandungan antioksidan, TF dan TP tertinggi atau 

terendah dilakukan dengan menggunakan Kromatografi Cecair Prestasi Tinggi (HPLC). 

Keputusan menunjukkan ekstrak daun yang dikutip pada pukul 9 pagi mempunyai 

aktiviti antioksidan DPPH yang tertinggi tetapi kandungan TF dan TP yang terendah. 

Ekstrak daun yang dikutip pada pukul 12 tengahari mempunyai kandungan TF dan TP 

yang tertinggi tetapi aktiviti antioksidan yang terendah. Ujian korelasi menunjukkan 

aktiviti antioksidan DPPH, kandungan TF dan TP dipengaruhi dengan ketara oleh Ta. 

Walau bagaimanapun, parameter alam sekitar seperti keamatan cahaya dan parameter 

fisiologi yang lain tidak mempuyai hubungan yang ketara dengan aktiviti antioksidan 

DPPH, kandungan TF dan TP. Antioksidan dibahagikan kepada antioksidan haba teraruh 

dan bukan haba teraruh memandangkan antioksidan yang dikenal pasti didapati 

berkolerasi dengan suhu. Antioksidan yang dikategorikan sebagai haba teraruh termasuk 

theaflavins, epigallocatechin, epicatechin dan asid askorbik manakala antioksidan bukan 

haba teraruh ialah catechin, quercetin, asid uric dan rutin. Kesimpulannya, pertimbangan 

ke atas parameter alam, iaitu suhu udara adalah sangat penting untuk mendapatkan 

kandungan antioksidan yang tinggi.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction  

 

The reactive oxygen species (ROS) have been the companions which are not 

welcomed by aerobic life ever since the molecular oxygen (O2) is being introduced 

into our atmosphere by O2-evolving photosynthetic organisms ~2.7 billion years ago 

(Mittler et al., 2004). In contrast to O2, free radicals such as superoxide anion (O2
−
), 

hydroxyl radical (HO•), singlet oxygen (
1
O2) and hydrogen peroxide (H2O2) are 

highly reactive and toxic. These free radicals can result in the oxidative destruction 

of cells.  

 

About 1% of O2 consumed by plants is estimated to be diverted to produce ROS in 

organelles with a highly oxidizing metabolic activity or with an intense rate of 

electron flow, namely chloroplasts, mitochondria and microbodies (Sharma et al., 

2012). The Mehler reaction and the antenna pigments are the primary sources of 

ROS production in chloroplasts (Mittler et al., 2004). Lipid catabolism produces 

H2O2 as a side-product of fatty acid oxidation in microbodies. Over-reduction of the 

electron transport chain in mitochondria is the main source in producing O2
−
 under 

specific stress conditions. This ROS production is likely to occur mostly in 

complexes I and III of the mitochondrial electron transport chain (de Carvalho, 2008). 

Other additional sources of ROS production in plant cells include the detoxifying 

reactions that are catalyzed by cytochromes in both the endoplasmic reticulum and 

cytoplasm (Mittler et al., 2004).  

 

Posmyk et al. (2005) found out that antioxidants in plants have the potential in 

protecting cellular damage induced especially due to the formation of free radical 

and ROS. Many of these phytochemicals varies in their content with varying plants, 

time of herbal part collection and others. According to Hemm et al. (2004), 

environment factors such as light intensity and CO2 concentration, leaf maturity, 

plant age have influence on synthesis of flavonoids and phenolics in plants. Plant 

phenolics show marked qualitative and quantitative variation at different genetic 

levels (Joubert et al., 2008) and between different physiological and developmental 

stages (Bunning et al., 2010). Besides that, they vary in response to environmental 

factors, namely light intensity and availability of nutrient as well (Kotilainen et al., 

2010, Larbat et al., 2012). 

 

Light is known to adjust plant growth and development. Besides, it also regulates 

both primary and secondary metabolites biosynthesis (Ghasemzadeh et al., 2010b). 

Previous studies by Graham (1998) showed that changes in light intensity were 

capable in changing the production of flavonoids and phenolic in herbs. Karimi et al. 

(2013) reported that the existence of interspecific differences to micro-environment 
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2 

 

may influence accumulation of plant and distribution of total phenolics and flavonoid 

compounds.  

 

Therefore, it would be interesting to examine the effect of light intensities, other 

environmental and physiological parameters on antioxidant activity. This study was 

conducted to identify the antioxidant compounds in Premna serratifolia L. which are 

capable in protecting cellular damage caused by free radical and ROS formation. 

Besides, the relationships between the light intensities, temperature, relative 

humidity, photosynthetic rate, transpiration rate, stomata conductance and 

antioxidant activity of P. serratifolia were determined.  

 

1.2 Research Objectives  

 

The objectives of this study are: 

 

i. To quantify and identify the antioxidant present in P. serratifolia L.; and 

 

ii. To investigate the effect of time collection and influence of light intensities, 

temperature, relative humidity, photosynthetic rate, transpiration rate and 

stomata conductance on the antioxidant activity of P. serratifolia L.. 

© C
OPYRIG

HT U
PM



38 

 

REFERENCES 

 

Apak, R., Güҫlü, K., Demirata, B., Ӧzyürek, M., Ҫelik, S.E., Bektaşoğlu, B., Berker, 

K.I. and Ӧzyurt, D. 2007. Comparative Evaluation of Various Total 

Antioxidant Capacity Assays Applied to Phenolic Compounds with the 

CUPRAC Assay. Molecules 12: 1496-1547. 

 

Arora, A., Byrem, T.M., Nair, M.G. and Strasburg, G.M. 2000. Modulation of 

Liposomal Membrane Fluidity by Flavonoids and Isoflavonoids. Archives of 

Biochemistry and Biophysics 373(1): 102-109. 

 

Asada, K. 2000. The Water-water Cycle as Alternative Photon and Electron Sinks. 

Philosophical Transactions of the Royal Society B: Biological Sciences 355: 

1419-1431. 

 

Asada, K. 2006. Production and Scavenging of Reactive Oxygen Species in 

Chloroplasts and Their Functions. Plant Physiology 141: 391-396. 

 

Bartley, G.E. and Scolnik, P.A. 1995. Plant Carotenoids: Pigments for 

Photoprotection, Visual Attraction, and Human Health. The Plant Cell 7: 

1027-1038. 

 

Baruah, D., Bhuyan, L.P. and Hazarika, M. 2012. Impact of Moisture Loss and 

Temperature on Biochemical Changes during Withering Stage of Black Tea 

Processing on Four Tocklai Released Clones. Two and a Bud 59(2): 134-142. 

 

Becker, B.F., Reinholz, N., Raschke, P., Permanetter, B. and Gerlach, E. 1991. Role 

of Uric Acid as an Endogenous Radical Scavenger and Antioxidant. CHEST 

100(3): 176S-181S. 

 

Boo, H.O., Heo, B.G., Gorinstein, S. and Chon, S.U. 2011. Positive Effects of 

Temperature and Growth Conditions on Enzymatic and Antioxidant Status in 

Lettuce Plants. Plant Science 181: 479-484. 

 

Bouba, A.A., Njintang, Y.N., Scher, J. and Mbofung, C.M.F. 2010. Phenolic 

Compounds and Radical Scavenging Potential of Twenty Cameroonian 

Species. Agriculture and Biology Journal of North America 1(3): 213-224. 

 

Braca, A., Sortino, C., Politi, M., Morelli, I. and Mendez, J. 2002. Antioxidant 

Activity of Flavonoids from Licania licaniaeflora. Journal of 

Ethnopharmacology 79: 379-381. 

 

Bunning, M.L., Kendalim P.A., Stone, M.B., Stonaker, F.H., and Stushnoff, C. 2010. 

Effects of Seasonal Variation on Sensory Properties and Total Phenolic 

Content of 5 Lettuce Cultivars. Journal of Food Science 75(3): 156-161. 

 

Cabrera, C., Artacho, R. and Giménez, R. 2006. Beneficial Effects of Green Tea – A 

Review. Journal of the American College of Nutrition 25(2): 79-99. 

 

© C
OPYRIG

HT U
PM



39 

 

Caillet, S., Yu, H.L., Lessard, S., Lamoureux, G., Ajdukovic, d. and Lacroix, M. 

2007. Fenton Reaction Applied for Screening Natural Antioxidants. Food 

Chemistry 100: 542-552. 

 

Chennasamudram, S.P., Kudugunti, S., Boreddy, P.R., Moridani, M.Y. and 

Vasylyeva, T.L. 2012. Renoprotective Effects of (+)-Catechin in 

Sreptozotoccin-Induced Diabetic Rat Model. Nutrition Research 32: 347-356. 

 

Dai, J. and Mumper, R.J. 2010. Plant Phenolics: Extraction, Analysis and Their 

Antioxidant and Anticancer Properties. Molecules 15: 7313-7352. 

 

Dalton, D.A., Baird, L.M., Langeberg, L., Taugher, C.Y., Anyan, W.R., Vance, C.P. 

and Sarath, G. 1993. Subcellular Localization of Oxygen Defense Enyzmes in 

Soybean (Glycine max [L.] Merr.) Root Nodules. Plant Physiology 102: 481-

489. 

 

Daniel, M. 2006. Medicinal Plants: Chemistry and Properties. Science Publishers, 

Enfield, NH, USA.  

 

de Carvalho, M.H.C. 2008. Drought Stress and Reactive Oxygen Species. Plant 

Signaling and Behavior 3(3): 156-165. 

 

de Kok, R. 2013. The Genus Premna L. (Lamiaceae) in the Flora Malesiana Area. 

Kew Buletin 68:1-30. 

 

del Rio, L.A., Palma, J.M., Sandalio, L.M., Corpas, F.J., Pastori, G.M., Bueno, P. 

and Lopez-Huertas, E. 1996. Peroxisomes as A Source of Superoxide and 

Hydrogen Peroxide in Stressed Plants. Biochemical Society Transactions 24: 

434-438. 

 

Di Carlo, G., Mascolo, N., Izzo, A.A. and Capasso, F. 1999. Flavonoids: Old and 

New Aspects of a Class of Natural Therapeutic Drugs. Life Sciences 65(4): 

337-353. 

 

Dismukes, G.C., Klimov, V.V., Baranov, S.V., Kozlov, Y.N., DasGupta, J. and 

Tyryshkin, A. 2001. The Origin of Atmospheric Oxygen on Earth: The 

Innovation of Oxygenic Photosynthesis. Proceedings of the National 

Academy of Sciences of the United States of America 98: 2170-2175. 

 

Droge, W. 2002. Free Radicals in the Physiological Control of Cell Function. 

Physiological Reviews 82: 47-95. 

 

Escarpa, A. and González, M.C. 2001. Total Extractable Phenolic Chromatographic 

Index: An Overview of the Phenolic Class Contents from Different Sources 

of Foods. European Food Research and Technology 212(4): 439-444. 

 

Farasat, M., Khavari-Nejad, R.A., Nabavi, S.M.B. and Namjooyan, F. 2013. 

Antioxidant Properties of Two Edible Green Seaweeds From Northern Coasts 

of the Persian Gulf. Jundishapur Journal of Natural Pharmaceutical 

Products 8(1): 47-52. 

© C
OPYRIG

HT U
PM



40 

 

Faried, A., Kurnia, D., Faried, L.S., Usman, N., Miyazaki, T., Kato, H. and Kuwano, 

H. 2007. Anticancer Effects of Gallic Acid Isolated from Indonesian Herbal 

Medicine, Phaleria macrocarpa (Scheff.) Boerl, on Human Cancer Cell 

Lines. International Journal of Oncology 30(3): 605-613. 

 

Fernandez-Orozco, R., Li, L., Harflett, C., Shewry, P.R. and Ward, J.L. 2010. Effects 

of Environment and Genotype on Phenolic Acids in Wheat in the 

HEALTHGRAIN Diversity Screen. Journal of Agricultural and Food 

Chemistry 58: 9341-9352. 

 

Ferry, D.R., Smith, A. Malkhandi, J., Fyfe, D.W., deTakats, P.G., Anderson, D., 

Baker, J. and Kerr, D.J. 1996. Phase I Clinical Trial of the Flavonoid 

Quercetin: Pharmacokinetics and Evidence for In Vivo Tyrosine Kinase 

Inhibition. Clinical Cancer Research 2: 659-668. 

 

Genestra, M. Oxyl Radicals, Redox-Sensitive Signalling Cascades and Antioxidants. 

Cellular Signalling 19: 1807-1819. 

 

Ghasemzadeh, A. and 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. and Jaafar, H.Z.E. 2011. Effect of CO2 Enrichment on Synthesis 

of Some Primary and Secondary Metabolites in Ginger (Zingiber officinale 

Roscoe). International Journal of Molecular Sciences 12: 1101-1114. 

 

Ghasemzadeh, A., Jaafar, H.Z.E. and Rahmat, A. 2010a. Antioxidant Activities, 

Total Phenolics and Flavonoids Content in Two Varieties of Malaysia Young 

Ginger (Zingiber officinale Roscoe). Molecules 15: 4324-4333. 

 

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

2010b. 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: 

3885-3897. 

 

Ghafar, M.F.A., Prasad, K.N., Weng, K.K. and Ismail, A. 2010. Flavonoid, 

Hesperidine, Total Phenolic Contents and Antioxidant Activities from Citrus 

Species. African Journal of Biotechnology 9(3): 326-330. 

 

Grace, S.G. and Logan, B.A. 2000. Energy Dissipation and Radical Scavenging by 

the Plant Phenylpropanoid Pathway. Philosophical Transactions of the Royal 

Society 355(1402): 1499-1510. 

 

Graham, T.L. 1998. Flavonoid and Flavonol Glycoside Metabolism in Arabidopsis. 

Plant Physiology and Biochemistry 36: 135-144. 

 

Gruia, M., Baciu, A. and Sina C. 2011. The Environmental Factors and their 

Influences on Main Physiological Processes on Apple Trees. Journal of 

Horticulture, Forestry and Biotechnology 15(2): 152-156. 

© C
OPYRIG

HT U
PM



41 

 

Guo, R., Wei, P. and Liu, W.Y. 2007. Combined Antioxidant Effects of Rutin and 

Vitamin C in Triton X-100 Micelles. Journal of Pharmaceutical and 

Biomedical Analysis 43: 1580-1586. 

 

Halliwell, B. 2006. Oxidative Stress and Neurodegeneration: Where Are We Now? 

Journal of Neurochemistry 97: 1634-1658. 

 

Harborne, J.B. and Williams, C.A. 2000. Advances in Flavonoid Research Since 

1992. Phytochemistry 55: 481-504. 

 

Hase, M., Babazono, T., Karibe, S., Kinae, N. and Iwamoto, Y. 2006. Renoprotective 

Effects of Tea Catechin in Streptozotocin-Induced Diabetic Rats. 

International Urology and Nephrology 38: 693-699. 

 

Hemm, M.R., Rider, S.D., Ogas, J., Murry, D.J. and Chapple, C. 2004. Light Induces 

Phenylpropanoid Metabolism in Arabidopsis Roots. The Plant Journal 38: 

765-778. 

 

Huseynova, I.M. 2012. Photosynthetic Characteristics and Enzymatic Antioxidant 

Capacity of Leaves from Wheat Cultivars Exposed to Drought. Biochimica et 

Biophysica Acta 1817: 1516-1523. 

 

Iacopini, P., Baldi, M., Storchi, P. and Sebastiani, L. 2008. Catechin, Epicatechin, 

Quercetin, Rutin and Resveratrol in Red Grape: Content, In vitro Antioxidant 

Activity and Interactions. Journal of Food Composition and Analysis 21: 

589-598. 

 

Ibrahim, M.H. and Jaafar, H.Z.E. 2012. Reduced Photoinhibition under Low 

Irradiance Enhanced Kacip Fatimah (Labisia pumila Benth) Secondary 

Metabolites, Phenyl Alanine Lyase and Antioxidant Activity. International 

Journal of Molecular Sciences 13: 5290-5360. 

 

Joo, J.H., Wang, S., Chen, J.G., Jones, A.M. and Fedoroff, N.V. 2005. Different 

Signaling and Cell Death Roles of Heterotrimeric G Protein α and β Subunits 

in the Arabidopsis Oxidative Stress Response to Ozone. The Plant Cell 17: 

957-970. 

 

Joubert, E., Richards, E.S., Van der Merwe, J.D., de Beer, D., Manley, M., and 

Gelderblom, W.C.A. 2008. Effect of Species Variation and Processing on 

Phenolic Composition and In Vitro Antioxidant Activity of Aqueous Extracts 

of Cyclopia spp. (Honeybush Tea). Journal of Agricultural and Food 

Chemistry 56: 954-963. 

 

Karimi, E., Jaafar, H.Z.E., Ghasemzadeh, A. and 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. 

 

© C
OPYRIG

HT U
PM



42 

 

Karthikevan, M. and Deepa, K. 2011. Anti-inflammatory Activity of Premna 

corymbosa (Burm.f.) Rottl. Willd. Leaves Extracts in Wilstar Albino Rats. 

Asian Pacific Journal of Tropical Medicine 4(7): 510-513. 

 

Karuppanapandian, T., Moon, J.C., Kim, C., Manoharan, K. and Kim, W. 2011. 

Reactive Oxygen Species in Plants: Their Generation, Signal Transduction, 

and Scavenging Mechanisms. Australian Journal of Crop Science 5(6): 709-

725. 

 

Kim, D., Jeond, S. and Lee, C. 2003. Antioxidant Capacity of Phenolic 

Phytochemicals from Various Cultivars of Plums. Food Chemistry 81: 321-

326. 

 

Kobayashi, K., Kumazawa, Y., Miwa, K. and Yamanaka, S. 1996. ε-(ɣ-

Glutamyl)lysine Cross-Links of Spore Coat Proteins and Transglutaminase 

Activity in Bacillus subtilis. FEMS Microbiology Letters 144(2-3): 157-160. 

 

Koopman, W.J., Nijtmans, L.G., Dieteren, C.E., Roestenberg, P., Valsecchi, F., 

Smeitink, J.A.M. and Willems, P.H.G.M. 2010. Mammalian Mitochondrial 

Complex I: Biogenesis, Regulation, and Reactive Oxygen Species Generation. 

Antioxidants & Redox Signaling 12(12): 1431-1470. 

 

Kopjar, M., Piližota, V., Hribar, J. and Simčič, M. 2009. Total Phenol Content and 

Antioxidant Activity of Water Solutions of Plant Extracts. Croatian Journal 

of Food Science and Technology 1(1): 1-7. 

 

Kotilainen, T., Tegelberg, R., Julkunen-Tiitto, R., Lindfors, A., O’Hara, R.B., and 

Aphalo, P.J. 2010. Seasonal Fluctuations in Leaf Phenolic Composition 

Under UV Manipulations Reflect Contrasting Strategies of Alder and Birch 

Trees. Physiologia Plantarum 140: 297-309. 

 

Kukic, J., Petrovic, S. and Miketic, M. 2006. Antioxidant Activity of Four Endemic 

Stachys Taxa. Biology & Pharmaceutical Bulletin 29(4): 725-729. 

 

Kumari, R., Singh, S. and 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. 

 

Kuo, S.M. 1996. Antiproliferative Potency of Structurally Distinct Dietary 

Flavonoids on Human Colon Cancer Cells. Cancer Letters 110: 41-48. 

 

Kusumi, K., Hirotsuka, S., Kumamaru, T. and Iba, K. 2012. Increased Leaf 

Photosynthesis Caused by Elevated Stomatal Conductance in a Rice Mutant 

Deficient in SLAC1, a Guard Cell Anion Channel Protein. Journal of 

Experimental Biology 63(15): 5635-5644. 

 

Laloi, C., Stachowiak, M., Pers-Kamczyc, E., Warzych, E., Murgia, I. and Apel, K. 

2006. Cross-Talk between Singlet Oxygen- and Hydrogen Peroxide-

Dependent Signaling of Stress Responses in Arabidopsis thaliana. 

Proceedings of the National Academy of Sciences 104(2): 672-677. 

© C
OPYRIG

HT U
PM



43 

 

Larbat, R., Olsen, K.M., Slimestad, R., Løvdal, T., Bénard, C., Verheul, M., 

Bourgaud, F., Robin, C. and Lillo, C. 2012. Influence of Repeated Short-

Term Nitrogen Limitations on Leaf Phenolics Metabolism in Tomato. 

Phytochemistry 77: 119-128. 

 

Li, F., Vallabhaneni, R., Yu, J., Rocheford, T. and Wurtzel, E.T. 2008. Plant 

Physiology 147(3): 1334-1346. 

 

Lin, Y.L., Tsai, S.H., Shiau, S.YL. Ho, C.T. and Lin, J.K. 1999. Theaflavins-3,3’-

digallate from Black Tea Blocks the Nitrite Oxide Synthase by Down-

regulating the Activation of NF- ĸB in Macrophages. European Journal of 

Pharmacology 367: 379-388. 

 

Lim, J.H., Park, J.W., Min, D.S., Chang, J.S., Lee, Y.H., Park, Y.B., Choi, K.S. and 

Kwon, T.K. 2007. NAG-1 Up-Regulation Mediated by EGR-1 and p53 is 

Critical for Quercetin-Induced Apoptosis in HCT116 Colon Carcinoma Cells. 

Apoptosis 12(2): 411-421. 

 

Logan, B.A., Kornyeyev, D., Hardison, J. and Holaday, A.S. 2006. The Role of 

Antioxidant Enzymes in Photoprotection. Photosynthesis Research 88: 119-

132. 

 

Ma, Z.Q., Li, S.S., Zhang, M.J., Jiang, S.H. and Xiao, Y.L. 2010. Light Intensity 

Affects Growth, Photosynthetic Capability, and Total Flavonoid 

Accumulation of Anoectochilus Plants. HortScience 45(6): 863-867. 

 

Maeda, H., Song, W., Sage, T.L. and DellaPenna, D. 2006. Tocopherols Play a 

Crucial Role in Low-Temperature Adaptation and Phloem Loading in 

Arabidopsis. Plant Cell 18(10): 2710-2732. 

 

Mancinelli, R., Barlocci, E., Palminiello, S. and Saso, L. 2011. Oxidative Stress and 

Brain Diseases: Biomarkers and Analytical Methodologies. Indian Journal of 

Biotechnology 10: 395-403. 

 

Meda, A., Lamien, C.E., Romito, M., Millogo, J. and Nacoulma, O.G. 2005. 

Determination of the Total Phenolic, Flavonoid and Proline Contents in 

Burkina Fasan Honey, As Well As Their Radical Scavenging Activity. Food 

Chemistry 91: 571-577. 

 

Miller, N.J., Castelluccio, C., Tjiburg, L., Rice-Evans, C. 1996. The Antioxidant 

Properties of Theaflavins and their Gallate Esters – Radical Scavengers or 

Metal Chelators? FEBS Letters 392: 40-44. 

 

Mittler, R. 2002. Oxidative Stress, Antioxidants and Stress Tolerance. Trends in 

Plant Science 7(9): 405-410. 

 

Mittler, R., Vanderauwera, S., Gollery, M. and Van Breusegem, F. 2004. Reactive 

Oxygen Gene Network of Plants. Trends in Plant Science 9(10): 490-498. 

 

© C
OPYRIG

HT U
PM



44 

 

Miyake, C., Schreiber, U., Hormann, H., Sano, S. and Asada, K. 1998. The FAD-

Enzyme Monodehrydroascorbate Radical Reductase Mediates 

Photoproduction of Superoxide Radicals in Spinach Thylakoid Membranes. 

Plant and Cell Physiology 39(8): 821-829. 

 

Ncube, N.S., Afolayan, A.J. and Okoh, A.I. 2008. Assessment Techniques of 

Antimicrobial Properties of Natural Compounds of Plant Origin: Current 

Methods and Future Trends. African Journal of Biotechnology 7(12): 1797-

1806. 

 

Noctor, G. and Foyer, C.H. 1998. Ascorbate and Glutathione: Keeping Active 

Oxygen under Control. Annual Review of Plant Biology 49: 249-279. 

 

Noctor, G., Mhamdi, A., Chaouch, S., Han, Y., Neukermans, J., Marquez-Garcia, B., 

Queval, G. and Foyer, C.H. 2012. Glutathione in Plants: An Integrated 

Review. Plant, Cell and Environment (35): 454-484. 

 

Nurul, M.H., Radzali, M., Johari, R., Syahida, A. and Maziah, M. 2008. Antioxidant 

Activities of Different Aerial Parts of Putat (Barringtonia racemosa L.). 

Malaysian Journal of Biochemistry and Molecular Biology 16(2): 15-19. 

 

Okigbo, R.N., Eme, U.E. and Ogbogu, S. 2008. Biodiversity and Conservation of 

Medicinal and Aromatic Plants in Africa. Biotechnology and Molecular 

Biology Reviews 3(6): 127-134. 

 

Olajire, A.A. and Azeez, L. 2011. Total Antioxidant Activity, Phenolic, Flavonoid 

and Ascorbic Acid Contents of Nigerian Vegetables. African Journal of Food 

Science and Technology 2(2): 22-29. 

 

Pacher, P., Beckman, J.S. and Liaudet, L. 2007. Nitric Oxide and Peroxynitrite in 

Health and Disease. Physiological Reviews 87: 315-424. 

 

Paliwal, S., Sundaram, J. and Mitragotri, S. 2005. Induction of Cancer-Specific 

Cytotoxicity towards Human Prostate and Skin Cells Using Quercetin and 

Ultrasound. British Journal of Cancer 92: 499-502. 

 

Park, H.H., Lee, S., Son, H.Y., Park, S.B., Kim, M.S., Choi, E.J., Singh, T.S.K., Ha, 

J.H., Lee, M.G., Kim, J.E., Hyun, M.C., Kwon, T.K., Kim, Y.H. and Kim, 

S.H. 2008. Flavonoids Inhibit Histamine Release and Expression of 

Proinflammatory Cytokines in Mast Cells. Archives of Pharmacal Research 

31(10): 1303-1311. 

 

Pék, Z., Szuvandzsiev, P., Nemenyi, A. and Helyes, L. 2011. The Effect of Natural 

Light on Changes in Antioxidant Content and Color Parameters of Vine-

ripened Tomato (Solanum lycopersicum L.) Fruits. HortScience 46(4): 583-

585. 

 

Pham-Huy, L.A., He, H. and Pham-Huy, C. 2005. Free Radicals, Antioxidants in 

Disease and Health. International Journal of Biomedical Science 4(2): 89-96. 

 

© C
OPYRIG

HT U
PM



45 

 

Posmyk, M.M., Bailly, C., Szafranska, K., Janas, K.M. and Corbineau, F. 2005. 

Antioxidant Enzymes and Isoflavonoids in Chilled Soybean (Glycine max (L.) 

Merr.) Seedlings. Journal of Plant Physiology 162: 403-412. 

 

Ramchoun, M., Harnafi, H., Alem, C., Bennlys, M., Elrhaffari, L. and Amrani, S. 

2009. Study on Antioxidant and Hypolipidemic Effects of Polyphenol Rich 

Extract from Thymus vulgaris and Lavendula multifida. Pharmacognosy 

Research 1: 106-112. 

 

Ranelletti, F.O., Maggiano, N., Serra, F.G., Ricci, R., Labrocca, L.M., Lanza, P., 

Scambia, G., Fattorossi, A., Capelli, A. and Piantelli, M. 2000. Quercetin 

Inhibits p21-RAS Expression in Human Colon Cancer Cell Lines and in 

Primary Colorectal Tumors. International Journal of Cancer 85: 438-445. 

 

Ranković, B.R., Kosanić, M.M. and Stanojković. 2011. Antioxidant, Antimicrobial 

and Anticancer Activity of the Lichens Cladonia furcata, Lecanora Atra and 

Lecanora muralis. BMC Complementary and Alternative Medicine 11: 97. 

 

Rice-Evans, C.A., Miller, N.J. and Paganga, G. 1996. Structure Antioxidant Activity 

Relationships of Flavonoids and Phenolic Acids. Free Radical Biology & 

Medicine 20: 933-956. 

 

Rice-Evans, C.A., Miller, N.J. and Paganga, G. 1997. Antioxidant Properties of 

Phenolic Compounds. Trends in Plant Science 2(4): 152-159. 

 

Rohman, A., Riyanto, S., Yuniarti, N., Saptura, W.R., Utami, R. and Mulatsih, W. 

2010. Antioxidant Activity, Total Phenolic, and Total Flavonoid of Extracts 

and Fractions of Red Fruit (Pandanus conoideus Lam). International Food 

Research Journal 17: 97-106. 

 

Rosales, M.A., Ruiz, J.M., Hernández, J., Soriano, T. Castilla, N. and Romero, L. 

2006. Antioxidant Content and Ascorbate Metabolism in Cherry Tomato 

Exocarp in Relation to Temperature and Solar Radiation. Journal of the 

Science of Food and Agriculture 86: 1545-1551. 

 

Sakihama, Y., Mano, J., Sano, S., Asada, K. and Yamasaki, H. 2000. Reduction of 

Phenoxyl Radicals Mediated by Monodehydroascorbate Reductase. 

Biochemical and Biophysical Research Communications 279(3): 949-954. 

 

Salah, N., Miller, N.J., Paganga, G., Tijburg, L., Bolwell, G.P. and Rice-Evans, C. 

1995. Polyphenolic Flavanols as Scavengers of Aqueous Phase Radicals and 

as Chain-Breaking Antioxidants. Archives of Biochemistry and Biophysics 

322(2): 339-346. 

 

Salucci, M., Stivala, L.A., Maiani, G. and Vannini, V. 2002. Flavonoids Uptake and 

Their Effect on Cell Cycle of Human Colon Adenocarcinoma Cells. British 

Journal of Cancer 86: 1645-1651. 

 

© C
OPYRIG

HT U
PM



46 

 

Sanbogi, C., Osakabe, N., Natsume, M., Takizawa, T., Gomi, S. and Osawa, T. 1998. 

Antioxidative Polyphenols Isolated from Theobroma cacao. Journal of 

Agricultural and Food Chemistry 46: 454-457. 

 

Saxena, M., Saxena, J. and Pradhan, A. 2012. Flavonoids and Phenolic Acids as 

Antioxidants in Plants and Human Health. International Journal of 

Pharmaceutical Sciences Review and Research 16(2): 130-134. 

 

Sazegar, M.R., Banakar, A., Bahrami, N., Bahrami, A., Baghbani, M., Nematolahi, P. 

and Mottaghi, M. 2011. Determination of the Antioxidant Activity and 

Stability of Chamomile (Matricaria chamomilla L.) Extract in Sunflower Oil. 

World Applied Sciences Journal 12(9): 1500-1504. 

 

Scalet, M., Federice, R., Guido, M.C. and Manes, F. 1995. Peroxidase Activity and 

Polyamine Changes in Response to Ozone and Stimulated Acid Rain in 

Aleppo pine needles. Environmental and Experimental Botany 35: 417-425. 

 

Scandalios, J.G. 1993. Oxygen Stress and Superoxide Dismutases. Plant Physiology 

101(1): 7-12. 

 

Scandalios, J.G. 2005. Oxidative Stress: Molecular Perception and Transduction of 

Signals Triggering Antioxidant Gene Defenses. Brazilian Journal of Medical 

and Biological Research 38: 995-1014. 

 

Seelinger, G., Merfort, I. Wӧlfle, U. and Schempp, C.M. 2008. Anti-carcinogenic 

Effects of the Flavonoid Luteolin. Molecules 13: 2628-2651. 

 

Selivanov, V.A., Votyakova, T.V., Pivtoraiko, V.N., Zeak, J., Sukhomlin, T., Trucco, 

M., Roca, J. and Cascante, M. 2011. Reactive Oxygen Species Production by 

Forward and Reversse Electron Fluxes in the Mitochondrial Respiratory 

Chain. PLoS Computational Biology 7(3): e1001115. 

 

Shao, H.B., Chu, L.Y., Lu, Z.H., and Kang, C.M. 2008. Primary Antioxidant Free 

Radical Scavenging and Redox Signaling Pathways in Higher Plant Cells. 

International Journal of Biological Sciences 4(1): 8-14. 

 

Sharma, H., Parihar, L. and Parihar, P. 2011. Review on Cancer and Anticancerous 

Properties of Some Medicinal Plants. Journal of Medicinal Plants Research 

5(10): 1818-1835. 

 

Sharma, P., Jha, A.B., Dubey, R.S. and Pessarakli, M. 2012. Reactive Oxygen 

Species, Oxidative Damage, and Antioxidative Defense Mechanism in Plants 

under Stressful Conditions. Journal of Botany 2012: 1-26. 

 

Sharififar, F., Dehghn-Nudeh, G. and Mirtajaldini, M. 2009. Major Flavonoids with 

Antioxidant Activity from Teucrium polium. Food Chemistry 112: 885-888. 

 

Shigeoka, S., Ishikawa, T., Tamoi, M., Miyagawa, Y., Takeda, T., Yabuta, Y. and 

Yoshimura, K. 2002. Regulation and Function of Ascorbate Peroxidase 

Isoenzymes. Journal of Experimental Botany 53(372): 1305-1319. 

© C
OPYRIG

HT U
PM



47 

 

Smifnoff, N. 1996. The Function and Metabolism of Ascorbic Acid in Plants. Annals 

of Botany 78: 661-669. 

 

Squadrito, G.L., Cueto, R., Splenser, A.E., Valavanidis, A., Zhang, H.W., Uppu, 

R.M. and Pryor, W.A. 2000. Reaction of Uric Acid with Peroxynitrite and 

Implications for the Mechanism of Neuroprotection by Uric Acid. Archives of 

Biochemistry and Biophysics 376(2): 333-337. 

 

Srivastava, J.K., Pandey, M. and Gupta, S. 2009. Chamomile, a Novel and Selective 

COX-2 Inhibitor with Anti-inflammatory Activity. Life Sciences 85(19-20): 

663-669. 

 

Stagos, D., Kazantzoglou, G., Theofanidou, D., Kakalopoulou, G., Magiatis, P., 

Mitaku, S. and Kouretas, D. 2006. Activity of Grape Extracts from Greek 

Varieties of Vitis vinifera Against Mutagenicity Induced by Bleomycin and 

Hydrogen Peroxide in Salmonella typhimurium Strain TA102. Mutation 

Research 609: 165-175. 

 

Subramanian, R., Subbramaniyan, P. and Raj, V. 2013. Antioxidant Activity of the 

Stem Bark of Shorea roxburghii and its Silver Reducing Power. SpringerPlus 

2: 28. 

 

Tian, Y., Jiang, B., An, L. and Bao, Y. 2007. Neuroprotective Effect of Catalpol 

Against MPP+-Induced Oxidative Stress in Mesencephalic Neurons. 

European Journal of Pharmacology 568: 142-148. 

 

Tsukada, K., Hasegawa, T., Tsutsumi, S., Katoh, H., Kuwano, H., Miyazaki, T. and 

Yamamoto, Y. 2000. Effect of Uric Acid on Liver Injury during Hemorrhagic 

Shock. Surgery 127(4): 439-446. 

 

Ushimaru, T., Maki, Y., Sano, S., Koshiba, K., Asada, K. and Tsuji, H. 1997. 

Induction of Enzymes Involved in the Ascorbate-Dependent Antioxidative 

System, Namely Ascorbate Peroxidase, Monodehydroascorbate Reductase 

and Dehydroascorbate Reductase, after Exposure to Air of Rice (Oryza sativa) 

Seedlings Germinated under Water. Plant and Cell Physiology 38(5): 541-

549. 

 

Ushimaru, T., Nakagawa, T., Fujioka, Y., Daicho, K., Naito, M., Yamauchi, Y., 

Nonaka, H., Amako, K., Yamawaki, K. and Murata, N. 2006. Transgenic 

Arabidopsis Plants Expressing the Rice Dehydroascorbate Reductase Gene 

are Resistant to Salt Stress. Journal of Plant Physiology 163(11): 1179-1184. 

 

Valko, M., Rhodes, C.J., Monocol, J., Izakovic, M. and Mazur, M. 2006. Free 

Radicals, Metals and Antioxidants in Oxidative Stress-Induced Cancer. 

Chemico-Biological Interactions 160: 1-40. 

 

Vinha, A.F., Soares, M.O., Castro, A., Santos, A., Oliveira, M.B.P.P. and Machado, 

M. 2012. Phytochemical Characterization and Radical Scavenging Activity of 

Aqueous Extracts of Medicinal Plants from Portugal. European Journal of 

Medicinal Plants 2(4): 335-347. 

© C
OPYRIG

HT U
PM



48 

 

Wang, P.T. and Song, C.P. 2008. Guard-cell Signaling for Hydrogen Peroxide and 

Abscisic Acid. New Phytologist 178: 703-718. 

 

Wang, J., Zhang, H. and Allen, R.D. 1999. Overexpression of an Arabidopsis 

Peroxisomal Ascorbate Peroxidase Gene in Tobacco Increases Protection 

against Oxidative Stress. Plant and Cell Physiology 40(7): 725-732. 

 

Waris, G. and Ahsan, H. 2006. Reactive Oxygen Species: Role in the Development 

of Cancer and Various Chronic Conditions. Journal of Carcinogenesis 5: 14. 

 

Wojdyło, A., Oszmiański, J. and Czemerys, R. 2007. Antioxidant Activity and 

Phenolic Compounds in 32 Selected Herbs. Food Chemistry 105: 940-949. 

 

Yang, H.L., Zhao, Y.R., Wang, C.L., Yang, Z.L., Zeng, Q.Y. and Lu, H. 2009. 

Molecular Characterization of a Dehydroascorbate Reductase from Pinus 

bungeana. Journal of Integrative Plant Biology 51(11): 993-1001. 

 

Yang, Z.Y., Jie, G.L., Dong, F., Xu, Y., Watanabe, N. and Tu, Y.Y. 2008. Radical-

Scavenging Abilities and Antioxidant Properties of Theaflavins and Their 

Gallate Esters in H2O2-Mediated Oxidative Damage System in the HPF-1 

Cells. Toxicology in Vitro 22: 1250-1256. 

 

Yashin, A., Yashin, Y. and Nemzer, B. 2011. Determination of Antioxidant Activity 

in Tea Extracts, and Their Total Antioxidant Content. American Journal of 

Biomedical Sciences 3(4): 322-325. 

 

Young, I. and Woodside, J. 2001. Antioxidants in Health and Disease. Journal of 

Clinical Pathology 54: 176-186. 

 

Zhai, W., Zheng, J.H., Yao, X.D., Peng, B., Liu, M., Huang, J.H., Wang, G.C. and 

Xu, Y.F. 2013. Catechin Prevents the Calcium Oxalate Monohydrate Induced 

Renal Calcium Crystallization in NRK-52E Cells and the Ethylene Glycol 

Induced Renal Stone Formation in Rat. BMC Complementary and Alternative 

Medicine 13: 228. 

 

Zhang, Y. 2013. Ascorbic Acid in Plants: Biosynthesis, Regulation and Enhancement, 

pp. 7-28. New York: Springer. 

 

 

© C
OPYRIG

HT U
PM



49 
 

BIODATA OF STUDENT 

 

Iris Chua Yien Ping was born to Chua King Ming and Khoo Bee King in Sibu, 

Sarawak. She is the third among the four siblings. She started her education at S.R.B. 

Sacred Heart Chinese in 1993. During her primary years of schooling, she was very 

active and took part in Pertandingan Reka Cipta Model Sains dan Kemahiran Hidup 

untuk Sekolah-Sekolah Rendah Daerah Sibu. She continued her secondary study at 

Methodist Secondary School from 2000 to 2006. She gained 8A for her PMR 

(Penilaian Menengah Rendah) in 2002, 8A and 3B for SPM (Sijil Pelajaran 

Malaysia) in 2004, and successfully completed STPM (Sijil Tinggi Persekolahan 

Malaysia) with 1A and 3B. During her secondary education, she took part in several 

marching competitions organized by Ibu Pejabat PBSMM, Cabang Sibu. Apart from 

that, she took part in Malaysian National Chemistry Quiz in 2004 and 2006. She was 

vice secretary of Red Crescent and Sixth Form Society during her secondary study. 

Besides that, she was the committee member of Kelab Pembimbing Rakan Sebaya, 

an officer of Kem Persatuan-Persatuan Beruniform and a prefect in form 6. She 

received her B.Sc. in Agricultural Science from Universiti Malaysia Sabah in 2011. 

She involved in the stage decoration of UMS 12
nd

 Convocation and underwent her 

internship at Rimbunan Sawit Berhad. She has had experience as a school teacher. 

She started her Master of Science at Universiti Putra Malaysia Bintulu Sarawak 

Campus in 2011. The topic of her M.Sc. research is “Impact of Environmental and 

Physiological Parameters on Antioxidant Activity in Premna serratifolia L.” under 

the supervision of Dr. Patricia King Jie Hung. This research is basically to determine 

the influence of environmental and physiological parameters on the antioxidant 

activities in Premna serratifolia L.. 

© C
OPYRIG

HT U
PM



50 
 

LIST OF PUBLICATION 

 

Chua, I.Y.P., King, P.J.H., Ong, K.H., Sarbini, S.R. and Yiu, P.H. Influence of Light 

Intensity and Temperature on Antioxidant Activity in Premna serratifolia L. 

Journal of Soil Science and Plant Nutrition. Accepted.  

© C
OPYRIG

HT U
PM


	Cover Page 
	Title Page 
	Copyright Page
	Table of Contents
	Abstract
	Acknowledgements
	Approval Sheets
	Declaration Form
	List of Tables
	List of Figures 
	List of Abbreviations
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5 
	Chapter 6
	References
	Biodata of Student
	List of Publication
	CHAPTER 2
	LAST CHAPTER



