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Abstract 

 

This research was performed to evaluate the effect of light intensity (310 and 630 μmol m−2s−1) on production and antioxidant 

activity of flavonoids and phenolic compounds from the leaves, stems and roots in three varieties of Labisia pumila Benth.  The 

experiment was carried out base on randomized complete block design with a factorial arrangement. The results revealed that total 

phenolic and flavonoid content as well as antioxidant activity in all three varieties had consistently higher values when exposed to 

high irradiance (70% IR). The highest amount of these components was accumulated in the leaves followed by the roots and stems in 

all three varieties. The results showed that total flavonoid accumulation was highest in the leaves of L. pumila var pumila (2.94±0.11 

mg rutin equivalent /g DW) under 630 μmol m−2s−1 light intensity and total phenolics was highest in L. pumila var alata (3.92±0.06 

mg Galic acid equivalent (GAE)/g DW) under the same light intensity. HPLC analyses of phenolics and flavonoids in all three 

varieties revealed the presence of gallic acid, caffeic acid, kaempferol, naringin and myricetin in the leaves of all three varieties of L. 

pumila Benth and these compounds increased under 630 μmol m−2s−1 light intensity. Antioxidant activities determined by 1,1-

Diphenyl-2-picryl-hydrazyl (DPPH) and  ferric reduction antioxidant power (FRAP) assays in all varieties. The results showed 

significantly (p ≤ 0.05) higher activity with increasing total phenolics and flavonoids in all plant organs under 630 μmol m−2s−1 light 

intensity compared to 310 μmol m−2s−1. This study indicates the ability of different light intensities to enhance the secondary 

metabolites such as flavonoid and phenolic compounds as well as their antioxidant activities in all three varieties of L. pumila Benth. 
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Introduction 

    

Labisia pumila, locally known as Kacip Fatimah, is a forest-

floor herbal plant that has tremendous potential in the herbal 

industry (Ibrahim et al., 2012). It is one of the five herbal 

plants identified by the government as one of the national key 

economic areas to be developed for commercials purposes. In 

Malaysia, it is an important and popular medicinal plant that 

has long been recognized and much demanded for its value as 

female tonics and health products (Ibrahim et al., 2010). With 

the recent discovery of estrogenic activity the demand for L. 

pumila is expected to soar (Jaafar et al, 2008). As little has 

been done to domesticate L. pumila, the current high rate of 

demand and methods of harvesting, particularly from the 

wild, has made research on domestication, propagation and 

cultivation of robust high quality plants urgent to ensure 

prolonged richness of the tropical biodiversity and to avoid 

extinction of natural forest populations from over harvesting 

(Jaafar et al, 2008). Natural phytochemicals obtained from 

plants have been reported to have a wide range of biological 

activities, including antioxidant, anti-inflammatory and 

antimicrobial actions (Ao et al., 2008; Brunet et al., 2009). 

Among them, phenolic acids and flavonoids are important 

secondary metabolites. A great number of studies have been  

 

 

directed towards biological activities of traditional medicinal 

plants. The antioxidant activity may be due to these 

compounds, which act as free radical scavengers and metal 

chelators (Ao et al., 2008; Brunet et al., 2009). Positive 

correlations have been established between high phenolic 

content and strong antioxidant activity (Barros et al., 2007; 

Karimi et al., 2011a). Natural antioxidants neutralize the free 

radicals harmful effect in the human body and retard the 

progress of many chronic diseases as well as lipid oxidative 

rancidity in foods (Oskoueian et al., 2011).  

The world is rich with natural and unique medicinal plants 

which have been developed and considered for a large range 

of purposes, including medicine, nutrition, flavourings, 

beverages, dyeing, repellents, fragrances, cosmetics and 

industrial uses (Safaei-ghomi et al., 2010). Currently, 

medicinal plant extracts are very attractive not only in 

modern phytotherapy but also in the food industry (Brunet et 

al., 2009). Raising L. pumila under greenhouses, where 

micro-climate could be manipulated, appears to be a 

promising alternative for controlling levels of phytochemicals 

and producing targeted quality raw materials in a sustainable 

way (Jaafar et al., 2008). However, the existence of inter- 
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Table 1. Accumulation of total phenolics in leaf, stem and root of three varieties of Labisia pumila Benth. under 

different light intensities. 

Light intensity 

 (μmol m−2s−1) 

Total phenolic (mg gallic acid/g dry weight) 

 Plant Part Alata Pumila Lanceolata 

 Leaf 3.56±0.03b 3.46±0.3bc 3.27±0.007bc 

310 Root 1.56±0.06d 1.18±0.2e 1.15±0.11e 

 Stem 1.22±0.02e 1.14±0.03e 1.10±0.047e 

 Leaf 3.92±0.06a 3.59±0.04b 3.31±0.04c 

630 Root 1.58±0.26d 1.21±0.01e 1.21±0.07e 

 Stem 1.23±0.01e 1.18±0.02e 1.17±0.08e 
All analyses are the mean of triplicate measurements ± standard deviation.  Means not sharing a common letter were 

significantly different at P ≤ 0.05. 

 
 

Fig 1. The RP-HPLC chromatogram of flavonoid compounds in the leaves of Labisia pumila var. pumila. under 310 μmol m−2s−1. 

Identification of compounds: rutin, naringin, myricetin, quercetin and kaempferol. 

 

specific differences to micro-environment may influence 

plant accumulation and distribution of total phenolics and 

flavonoid compounds (Jaafar et al., 2008). Previous studies 

by Karimi et al. (2011b) have demonstrated and documented 

the phytochemical properties (flavonoids, phenolics, 

antioxidant activity) of L. pumila. Since microenvironment of 

the greenhouse may influence the phytochemical content in 

plants, it would be interesting to examine the effect of 

different greenhouse irradiance levels on the accumulation 

and distribution of the metabolites. The aim of the present 

work was to determine the effect of two levels of greenhouse 

irradiance (310 and 630 μmol m−2s−1) on the accumulation 

and concentration of phenolics and flavonoid compounds as 

well as their antioxidant activity in the leaf, stem and root of 

three varieties of L. pumila Benth. The findings would 

provide useful information for future studies on production of 

higher quality L. pumila with improved greenhouse 

irradiance. 

 

Results and Discussion 

 

Total phenolics (TP) content 

 

The results of total phenolic content are shown in Table 1. 

The results indicate that TP accumulation and partitioning in 

the plant was considerably affected by different light 

intensities. The different light intensities had a significant (p 

≤ 0.05) effect on total phenolic content (Table 1). The results 

showed that in all three varieties of L. pumila, the leaves had 

a higher total phenolic content (3.92 ±0.06 mg gallic acid 

equivalent (GAE)/g DW in L. pumila var. alata, 3.59 ±0.04 

mg gallic acid equivalent (GAE)/g DW in L. pumila var. 

pumila and 3.31 ±0.04 mg gallic acid equivalent (GAE)/g 

DW in L. pumila var. lanceolata) under a light intensity of 

630 μmol m−2s−1 compared to 310 μmol m−2s−1. The highest 

amount of TP after three months planting was observed in 

leaves and followed by roots and stems. The light treatment 

imposed significant effects (p ≤ 0.05) on TP accumulation 

and partitioning in all three varieties of L. pumila Benth. 

(Table 1). Similar enhancement in TP with increased light 

intensity was reported in two varieties of Zingiber officinale 

(Halia Bentong and Halia Bara) (Ghasemzade et al., 2010). It 

was also reported that the leaves had higher TP content 

compared to the rhizomes and stems. Kumari et al. (2009) 

reported that Phenylalanine ammonialyase (PAL) is an 

important enzyme in the biosynthesis of phenolic acids, and 

that the activity of this enzyme increased while this enzyme 

was induced by high light intensity. Therefore, increasing 

production of phenolic acids could be related to increasing 

PAL enzyme activity.  

 

Total flavonoids (TF) content 

 

The results on the TF content of L. pumila indicated that TF 

was considerably affected by the different light intensities 

(Table 2). Differing light intensity had a significant (p ≤ 0.05) 

effect on TF content similar to TP content. The results 

showed that the leaves in all three varieties had a higher 

content of TF with 2.73 ±0.14 mg rutin equivalent /g DW L. 

pumila var. alata, 2.94 ±0.11 mg rutin equivalent /g DW in L. 

pumila var.  pumila and 2.54 ±0.11 mg rutin equivalent /g 

DW in L. pumila  var. lanceolata compared to roots and 

stems under 630 μmol m−2s−1 of light intensity. Between 

varieties, L. pumila var. pumila had the highest content of  
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Fig 2. The RP-HPLC chromatogram of flavonoid compounds in the leaves of Labisia pumila var. pumila. under 630 μmol m−2s−1. 

Identification of compounds: rutin, naringin, myricetin, quercetin and kaempferol. 

 

 

 

flavonoids under the two different light intensities compared 

to the other two varieties. Chen et al. (2002) indicated that 

vegetable leaves that are exposed to shade had much greater 

concentrations of flavones and flavonols. Bergquist’s et al. 

(2007) had also demonstrated that the flavonoids 

concentration and composition in baby spinach under shade 

netting was more effective and acceptable. Increasing light 

intensity increases primary photosynthate, which leads to an 

increase in phenolic concentration in the plant (Warren et al., 

2003). Flavonoids are the most readily-produced phenolics in 

the epidermal cells of plants exposed to high light intensity. 

They are antioxidants, and their production is considered as a 

response toward protecting the plant against oxidative 

damage. Studies have shown an increase in flavonoid content 

of various plant species grown under high light conditions 

compared to those in the shade.  

In hemlock, the concentration of various phenolics has 

been found to be lower in plants grown under shade than 

those found in full sun (Zobel and Clarke, 1999). This 

suggests that different plant species have different levels of 

sensitivity to light intensities. Flavonoid compounds in fruits 

and vegetables have been believed to function as therapeutic 

agents with beneficial health effects, such as protection 

against certain cancers, cardiovascular diseases and aging 

(Ross and Kasum, 2002).  

However, flavonoids and other plant metabolites are not 

evenly distributed throughout the plant tissues. Their 

concentration and distribution in plants are not only a 

function of genetics, but are also found to be influenced by 

various environmental factors such as light, humidity and soil 

fertility (Mannfried, 1993). Effects of these factors on the 

concentration of plant metabolites are very important and 

need to be considered in assessing and evaluating 

propagation of medicinal plant materials. Light is the most 

imperative factor among all the ecological factors. Flavonoid 

and phenolic biosynthesis require light or are enhanced by 

light. Flavonoid formation is absolutely light-dependent, and 

its biosynthetic rate is related to light intensity and density 

(Ghasemzadeh and Ghasemzadeh, 2011). 

 

Profiling of phenolic and flavonoid compounds by HPLC 

  

Various types of phenolic and flavonoid components were 

identified based on the standards using high performance 

liquid chromatography (HPLC) (Tables 3 and 4). The 

analysis for phenolics and flavonoids was performed on the 

leaves of all three varieties of L. pumila Benth due to the 

higher total phenolic and flavonoid contents in the leaf tissues 

as compared to the roots and stems. It is apparent that 

phenolic and flavonoid accumulation and partitioning in all 

three varieties of L. pumila Benth was considerably affected 

by the different light intensities. The methanolic extracts of 

the leaves of all varieties exhibited variable patterns of 

flavonoid and phenolic compounds under different light 

intensities.  

Kaempferol, naringin and myricetin were the main 

flavonoid compounds available in all three varieties. 

Meanwhile, gallic acid and caffeic acid were present as the 

major phenolic acid compounds in all extracts. Among all 

varieties, L. pumila var. alata showed a greater variation in 

phenolic compounds compared to L. pumila var pumila and 

lanceolata, but L. pumila var pumila exhibited high 

concentrations of the flavonoid compounds compared to L.  

 

Table 2. Accumulation of total Flavonoids in leaf, stem and root of three varieties of Labisia pumila Benth. under 

different light intensities. 

                                                                  Total flavonoid (mg rutin/g dry weight) 

     Light intensity 

      (μmol m−2s−1) 

Plant Part Alata Pumila Lanceolata 

 Leaf 2.51±0.11cd 2.84±0.11a 2.43±0.13d 

310 Root 0.79±0.05fg 0.72±0.04fgh 0.66±0.08gh 

 Stem 0.67±0.05gh 0.69±0.01fgh 0.65±0.03gh 

 Leaf 2.73±0.14b 2.94±0.11a 2.54±0.11c 

630 Root 0.79±0.07f 0.74±0.04fgh 0.68±0.01h 

 Stem 0.68±0.01fgh 0.70±0.01e 0.65±0.01gh 
All analyses are the mean of triplicate measurements ± standard deviation.  Means not sharing a common letter were 
significantly different at P ≤ 0.05. 
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Fig 3. Relationship between total phenolic and total antioxidant activities of Labisia pumila under different light intensities (310 and 

630 μmol m−2s−1). 

 

pumila var alata and lanceolata. The HPLC chromatograms 

from the leaf extracts show some of the flavonoids 

compounds found in L. pumila var pumila under different 

levels of greenhouse irradiance (310 and 630 μmol m−2s−1) 

(Figs 1 and 2). Increasing the light intensity from 310 to 630 

μmol m−2s−1 resulted in an enhancement in phenolics such as 

gallic acid and caffeic acid as well as flavonoid compunds 

such as quercetin, rutin, myricetin, kaempferol and naringin 

in the leaves of all three varieties of L. pumila Benth. On the 

other hand pyrogallol was only observed in Labisia pumila 

var. alata (845.5, 912.3 μg/g dry sample) and rutin was only 

recorded in Labisia pumila var. pumila (38.4, 56.1 μg/g dry 

sample) under 310 and 630 μmol m−2s−1, respectively. 

These results are in agreement with Ghasemzade and 

Ghasemzade (2011) who reported the accumulation of 

phenolic acids like gallic acid with high light intensities. It 

was also indicated that myricetin was absolutely light 

dependent and its biosynthetic rate was related to light 

intensity. However, it was also shown that increasing the 

light intensity reduced some flavonoids compounds such as 

quercetin, apigenin and luteolin in leaves of two varieties of 

ginger (Halia Bentong and Halia Bara) (Ghasemzade and 

Ghasemzade, 2011). Several previous studies have also 

shown that varying light intensities resulted in changes in 

plant morphological and physiological characteristics which 

exerted a substantial impact on the medicinal compounds in 

herbs (Hemm et al., 2004; Briskin and Gawienowski, 2001; 

Kurata et al., 1997). 

 

 

 

 

DPPH Assay (1, 1-Diphenyl-2-picryl-hydrazyl) 

 

The results of the DPPH scavenging assay showed that all the 

extracts were able to reduce the stable DPPH radical to 

yellow-coloured diphenylpicrylhydrazine. The extracts from 

L. pumila grown under 630 μmol m−2s−1 showed a significant 

effect in inhibiting DPPH, reaching up to 60.28% in L. 

pumila var. alata leaves, 57.58% in L. pumila var. pumila and 

53.63% in L. pumila var. lanceolata leaves at 400 μg/mL 

(Table 5). The IC50 values for BHT, α-tocopherol and the 

leaves of three varieties of L. pumila var. alata, pumila and 

lanceolata exposed to light intensity at 630 μmol m−2s−1 were 

78.75, 36.03, 325.67, 360.96 and 371.37 µg/ml, respectively. 

Antioxidant activities were higher in the leaves compared to 

stems and roots under 630 μmol m−2s−1.  

With increasing TF and TP content, the free radical 

scavenging power increased in all three varieties of Labisia 

pumila. Antioxidant activities increased in samples from all 

parts of the plant with increasing light intensity. The roles of 

TF and TP for scavenging of free radicals in all 3 varieties of 

L. pumila Benth are shown in Figs 3 and 4.  

 
Ferric reducing antioxidant potential (FRAP) 

 

Similar to the DPPH results, the reductive potential of L. 

pumila Benth increased with light intensity (Table 6). L. 

pumila leaves of all three varieties appeared to be active in 

the reduction of Fe3+, indicating antioxidant activity. The 

ferric reducing power activity of Labisia pumila leaves was 

 

 

 

Table 3. Concentration of different phenolic compounds in the leaves of three varieties of Labisia pumila Benth. under different 

light intensities. 

Light intensity 

(μmol m−2s−1) 

Phenolic contents (μg/g dry sample) 

Variety Gallic acid Pyrogallol Caffeic acid 

 Alata 512.5± 0.19b 845.5± 0.21b 52.5± 0.1e 

310 Pumila 259.2± 0.16f ND 42.8± 0.06f 

 Lanceolat 385.8± 0.12d ND 98.1± 0.13b 

 Alata 577.3± 0.22a 912.3± 0.36a 85.3± 0.05c 

630 Pumila 266.5± 0.11e ND 61.7± 0.02d 

 Lanceolat 412.6± 0.15c ND 135.2± 0.18a 
ND: not detected. All analyses were mean of triplicate measurements ± standard deviation.  Means not sharing a common letter were significantly 

different at P ≤ 0.05. 
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Fig 4. Relationship between total flavonoids and total antioxidant activities of Labisia pumila under different light intensities (310 

and 630 μmol m−2s−1). 

 

 

higher than the stems and roots, but the values were lower 

than all the standards (BHT, ascorbic acid (vitamin C) and α-

tocopherol). The reductive potential of leaf extracts  under 

630 μmol m−2s−1 in all 3 varieties and standards at 

concentration of 400 µg/ml  were as follows: vitamin C > 

BHT > α-tocopherol > alata leaf > pumila leaf > lanceolata 

leaf with respective values of 99.58%, 99.18%, 96.17%, 

57.15%, 55.68% and 53.19% under 630 μmol m−2s−1. 

Significant differences (p ≤ 0.05) in ferric reduction were 

observed between different light intensities, varieties and 

different parts of the plant (Table 4). The result demonstrated 

a positive relationship between total flavonoids and total 

antioxidant activities of L. pumila Benth under different light 

intensity (Figs 3 and 4). Transition metals like iron are 

potentially pro-oxidative and the capability of an antioxidant 

to maintain the transition metal in its reduced state is an 

effective means of preventing lipid oxidation (Halliwell and 

Gutteridge, 1990). The ferric reducing antioxidant power 

(FRAP) assay developed by Benzie and Strain (1996) is a 

commonly used assay to evaluate the antioxidant potential of 

fruits and vegetables. FRAP assay determines the ferric 

reducing ability of the samples at low pH, forming a 

concentrated blue color as the ferric tripyridyltriazine (Fe3+-

TPTZ) compound is reduced to the ferrous (Fe2+) form. Prior 

et al. (2005) suggested that these results may vary depending 

on the time scale that the ferric reducing ability was allowed 

to occur. Thaipong et al. (2006) recommended that a 

reduction in iron could be an indicator of antioxidant activity. 

Similarly, the cupric reducing antioxidant capacity 

(CUPRAC) assay is a colormetric method of measuring the 

ability of a substance to keep potentially pro-oxidative copper 

in its reduced state (Apak et al., 2008).  

 

Materials and methods 

 

Plant materials 

 

Three varieties of L. pumila i.e. var. alata (Stone 6030 

(KLU)), pumila (Stone 7233 (KLU)), and lanceolata (Stone 

8385 (KLU)) were used in the study. Uniform 4-week-old 

seedlings with 5-6 leaves were selected and transferred into 

pots which were filled with a mixture of burnt rice husk and 

coco peat (ratio 1:1) (Jaafar et al., 2010). The plants were 

grown under two levels of shade using tildenet material (30% 

and 70% shade) at the glasshouse complex of University 

Putra Malaysia (UPM). The average light intensity passing 

through each shading treatment as determined using a 

portable light meter (Spectrum Handheld Quantum meter, 

USA) were 630 and 310 μmol m−2s−1 of photosynthetically 

active radiation (PAR), respectively. The experiment 

consisted of a factorial arrangement of treatments (light and 

variety) in a randomized complete block design with 3 

replications. Plants were harvested three months after 

planting. The leaves, stems and roots in all three varieties 

were cleaned, separated, and freeze dried for further analysis.  

 

Table 4. Concentration of different flavonoid compounds in the leaves of three varieties of Labisia pumila Benth. under different light 

intensities. 

Light intensity 

(μmol m−2s−1) 

Flavonoid contents (μg/g dry sample) 

Variety Kaempferol Myricetin Naringin Quercetin Rutin 

 Alata 195.7 ± 0.16d 97.5 ± 0.11b 149.3 ±0.25b ND ND 

310 Pumila 255.1 ± 0.24b 53.5 ± 0.06e 86.9 ± 0.33e 125.7 ±0.05b 38.4 ± 0.28b 

 Lanceolat 142.5 ± 0.35f 43.5 ± 0.03f 82.6 ± 0.04f 64.9 ± 0.12d ND 

 Alata 201.2 ± 0.07c 117.8 ±0.19a 172.3 ±0.02a ND ND 

630 Pumila 293.9 ± 0.13a 92.1 ± 0.07c 125.4 ±0.15c 159 ± 0.22a 56.1 ± 0.19a 

 Lanceolat 176.5 ± 0.05e 55 ± 0.01d 94.7 ± 0.25d 88.2 ± 0.14c ND 
ND: not detected. All analyses were mean of triplicate measurements ± standard deviation. 
Means not sharing a common letter were significantly different at p ≤ 0.05. 
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Extraction method 

 

Samples ware extracted using methanol as a solvent based on 

Crozier et al. (1997). Two g samples of freeze-dried leaf, 

stem and roots were weighed and placed into 100 ml conical 

flasks, and added with 40 ml of 80% (v/v) methanol. It was 

followed by an addition of 10 ml of 6 M HCl. The mixture 

was refluxed for 2 hours at 90 oC, filtered through Whatman 

No. 1 filter paper (Whatman, England) and the filtrate was 

evaporated using a vacuum rotary evaporator (Buchii, 

Switzerland). The dried crude extract was weighed and 

dissolved in methanol and stored at -20 oC for further 

experiments.  

 

 Determination of total phenolics 

 

Total phenolics content was determined using Folin–

Ciocalteu reagent according to the method described in 

Ismail et al. (2010) and total phenolic content was expressed 

as mg gallic acid equivalents/g dry matter of plant material.  

 

Determination of total flavonoids 

  

Total flavonoids was determined based on aluminium 

chloride colorimetric assay described in Ismail et al. (2010). 

Total flavonoids content of extracts was expressed as mg 

rutin equivalent/g dry matter of plant material. 

 

Analyses of phenolic and flavonoid compounds by RP-

HPLC 

 

Analyses of phenolic and flavonoid compounds in the leaves 

of all three varieties was quantitatively determined by 

reversed-phase HPLC based on the method described in 

Crozier et al. (1997) with some modifications. Phenolic 

standards used were gallic acid, caffeic acid and pyrogallol. 

Flavonoid standards used were quercetin, rutin, myricetin, 

kaempferol and naringin at stock concentrations of 100 

µg/ml. An aliquot of sample extracts was loaded on the 

HPLC equipped with an analytical Intersil ODS-3 column (5  

 

 

 

 

μm, 4.6 x 150 mm, Gl Science Inc). Solvents comprising of 

de-ionized water (solvent A) and acetonitrile (solvent B) 

were used. The pH of water was adjusted to 2.5 with 

trifluoroacetic acid. The phenolic compounds were detected 

at 280 nm, while flavonoid compounds were detected at 350 

nm. The column was equilibrated by 85% solvent A and 15% 

solvent B. Then the ratio of solvent B was increased to 85% 

in 50 min followed by a corresponding reduction in solvent A 

to 15%. This ratio was maintained for 60 min for analysis 

with a flow rate of 0.6 ml/min. 

 

 DPPH radical-scavenging activity 

 

The free radical scavenging activity of the plant extracts was 

determined using the DPPH assay as described in Gülçin et 

al. (2004). One ml methanolic extract of each plant sample at 

different concentrations were mixed with 3 ml 0.1 mM 

solution of 1,1-diphenyl-2-hydrazil (DPPH) in methanol and 

incubated for 30 min in the dark. The absorbance of the 

mixture was read using a visible spectrophotometer 

(Novaspec II visblespectro) at 517 nm. BHT and α-

tocopherol were used as antioxidant standards. Free radical 

scavenging activity of the sample was calculated according to 

the following formula: Free radical scavenging activity = 

[(A0 - A1)/ A0] x 100% 

 Where, A0 was the absorbance of the control reaction, and   

A1 was the absorbance in the presence of the sample. 

 

Ferric-reducing antioxidant power (FRAP) assay  

      

The ferric reducing antioxidant power (FRAP) of the extracts 

was determined as described in Yen and Chen (1995). One 

ml (concentration of 100, 200, 300, and 400 μg/ml) of sample 

extracts were mixed with 2.5 ml of potassium phosphate 

buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferricyanide 

(1 g/100 ml). The mixture was incubated at 50°C for 20 min. 

Trichloroacetic acid (10%) was added to the mixture to stop 

the reaction. Equal volume of distilled water was added 

Table 5. DPPH scavenging activities of the methanolic extracts (400 μg/mL) from different plant parts of three 

varieties of Labisia pumila.  under different light intensities. 

Light Intensities  

 (μmol m−2s−1) 

Extraction Source 

 

Inhibition (%) 

Alata Pumila Lanceolata 

 Leaves 56.55± 1.65c 54.30± 0.87d 51.70± 1.47f 

310 Stem 36.29± 1.33j 35.33± 0.92k 30.41± 0.63n 

 Root 38.89± 0.97h 36.97± 0.49jk 33.80± 0.77l 

 Leaves 60.28± 0.81a 57.58± 0.31b 53.63± 0.15e 

630 Stem 37.73± 1.17i 36.09± 0.25jk 32.15± 0.39m 

 Root 42.33 ± 0.55g 37.62± 0.67i 33.86± 0.58l 
All analyses were mean of triplicate measurements ± standard deviation. Results expressed in percent of free radical inhibition.  

Means not sharing a common letter were significantly different at P ≤ 0.05. 

Table 6. FRAP activities of the methanolic extracts (400 μg/mL) from different parts of three varieties of Labisia 

pumila Benth. under different light intensities. 

Light Intensities 

(μmol m−2s−1) 

Extraction Source 

 

Total antioxidant (FRAP) activities (%) 

Alata Pumila Lanceolata 

 Leaf 55.23 ± 0.17b 51.72 ± 0.72d 50.96 ± 0.59e 

310 Stem 25.23 ± 0.28n 33.26 ± 1.23j 29.64 ± 0.45 m 

 Root 35.88 ± 0.15h 35.37 ± 0.33h 31.92 ± 0.29 k 

 Leaf 57.15 ±0.83a 55.68 ±0.56b 53.19± 0.82c 

630 Stem 35.42 ±0.62h 32.21± 0.97k 30.56 ± 0.35l 

 Root 38.09 ±0.87f 36.87 ± 0.8g 34.32 ± 0.18i 
All analyses were the mean of triplicate measurements ± standard deviation. Results expressed in percent of antioxidant power.  
Means not sharing a common letter were significantly different at P ≤ 0.05. 
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followed by 0.5 ml ferum chlorate (0.1 g/100 ml) (FeCl3). 

The procedure was carried out in triplicate and allowed to 

stand for 30 min before measuring the absorbance at 700 nm. 

Ascorbic acid, BHT and α-tocopherol were used as standard 

antioxidants.  

 

Statistical analysis 

       

The experiment was factorial based on a Randomized 

Complete Block with three replications. The data on 

antioxidant activities, and phenolic and flavonoid compounds 

were analyzed using the analysis of variance procedure in 

Statistical Analysis System (SAS) Version 9 (SAS Institute, 

Cary, NC). The results were expressed as mean ± standard 

deviation. Significant differences among means from 

triplicate analyses (p ≤ 0.05) were determined by Duncan’s 

Multiple Range Test. 

 

Conclusion  

 

This research indicated the effect of imposing varying levels 

of greenhouse irradiance on the accumulation and distribution 

of phenolics and flavonoid compounds as well as their 

antioxidant activities in the leaves, stems and roots of all 

three varieties of L. pumila (var. alata, pumila and 

lanceolata). From the result, it was concluded that L. pumila 

plant contained substantial amounts of antioxidants under 

high irradiance (630 ìmol m−2s−1) as reflected by the high 

total phenolic and flavonoid contents in all varieties. The 

results also demonstrated strong correlations and direct 

relationships of total phenolic and flavonoid contents with 

antioxidant activity under the different light intensities. The 

manipulation of greenhouse microenvironment seemed able 

to cause alterations in the types and levels of secondary 

metabolite (such as phenolic and flavonid compounds) and 

modify their partitioning in the different plant parts. 

Understanding the effects of microenvironments and their 

interactions with plant species on the accumulation and 

partitioning of secondary metabolites pose a great challenge 

to establish an alternative method for biopharmaceutical 

production of local herbs. It would be indeed a challenge to 

establish a factory-run system in a multi-tiered controlled 

environment for greenhouse niche production of targeted key 

metabolites. 
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