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Abstract: This study was conducted to determine the effect of different concentrations of salicylic acid (SA) (control, 
0.01, 0.10, 1.00 mM) on carotenoids and chlorophyll content and its retinol activity equivalents (RAE) value in Ficus 
deltoidea Jack var. trengganuensis leaves. In this study, 12 seedlings of Ficus deltoidea Jack var. trengganuensis were 
sprayed with different concentrations of SA. Carotenoid content was determined using High-Performance Liquid 
Chromatography (HPLC) and chlorophyll content was determined using chlorophyll meter. Retinol activity equivalents 
were calculated using RAE formulation. From the results obtained, two types of carotenoids, lutein and β-carotene, were 
detected in HPLC. The highest lutein and β-carotene content present in Ficus deltoidea Jack var. trengganuensis leaves 
extract was found in 0.10 mM SA treatment (93.50b ± 0.71 µg/g DW) for lutein and (282.00b ± 46.67 µg/g DW) for β-
carotene, while the lowest lutein compound was found in 1.00 mM SA treatment (30.25a ± 1.77 µg/g DW) while the least 
β-carotenoid content was found in (1.00 mM SA) treatment (63.00a ± 0.71 µg/g DW). The same goes for retinol activity 
equivalents, the highest retinol activity equivalents was recorded in 0.10 mM SA treatment while lowest in 1.00 mM SA 
treatment. For chlorophyll content, the highest reading was showed in 0.10 mM SA treatment (73.50b ± 0.71 µg/g DW) 
while the lowest reading was in 1.00mM SA treatment (42.10a ± 1.41 µg/g DW). From this study, it can be concluded that 
salicylic acid at a certain concentration could increase or improve the carotenoid or chlorophyll content. Thus, it could be 
an alternative source of carotenoid and chlorophyll for the food and pharmaceutical industry in the future. 
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INTRODUCTION 

Mas Cotek (Ficus deltoidea Jack) is a miniature tree 
or perennial plant [1]. The beginning of its common 
name is due to its flowing epiphyte plant on larger trees 
[2]. Besides, Mas cotek is also recognized as 
Kangkalibang in Africa, Agoluran and Sempit-sempit in 
East Malaysia and Tabat Barito in Indonesia [3]. It is 
known as Mas Cotek in Peninsular Malaysia due to its 
fine spots on the external of the leaf with gold colour 
[4]. “Mas” means gold and “Cotek” means dot which 
provides to the name of this plant [3]. It has been used 
conventionally to cure diseases such as diabetes and 
cardiovascular diseases [1] cholesterol and lipids, 
migraine, menopause, cancer and high blood pressure 
[5] lower external glucose contents [6]. Besides, they 
are used by the female after delivery to tighten up the 
womb, to cure the problem of the menstrual cycle and 
to recover blood circulation [7]. It also has medicinal 
properties such as antinociceptive [7], antioxidant [8], 
anti-inflammatory [9], anti-ulcerogenic [10], antibacterial  
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[11], anti-melanogenic [12], and anti-hyperglycemic 
activity [13].  

Salicylic acid (SA) is an endogenous growth 
regulator of phenolic nature and it is normally present 
in plants in quantities of a few µg/g fresh mass or less 
[14]. Its name is originated from the word Salix, the 
scientific name for the willow tree. In the last three 
decades, its role in plants has only been known and the 
full picture is still not well-defined until day even though 
the beneficial consequence of SA in humans has been 
well learned for about 200 years [15]. According to [16], 
at low concentrations (less than 1 mM) it has been 
reported that SA was found to be beneficial for the 
plant growth and development. For example, the 
exogenous use of SA has been reported to enrich the 
fruit yield of cucumber [17, 18]. Salicylic acid also has 
various adjusting roles in the metabolism with the 
gathering of effects on the morphology and physiology 
of plants [19, 20]. SA also found to show positive 
resistance effects on biotic and abiotic stress compared 
to other hormones [21-24]. 

Vitamin A is a fat-soluble vitamin attained from the 
diet either as preformed vitamin A (retinol and retinyl 
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esters) in foods of animal source or as a provitamin A 
carotenoid (mainly β-carotene) in plant-derived foods, 
mostly in oils, fruits and vegetables. Retinol is 
comprised of a β-ionone ring, a polyunsaturated side 
chain and a polar end group. This chemical structure 
makes it feebly soluble in water but easily convertible 
through membrane lipid bilayers. Preformed vitamin A 
consists primarily of retinol and retinyl esters, which are 
provided in the diet by animal-derived products and the 
most abundant forms of vitamin A in the body. Retinol 
is a conveyance form and an ancestor of the 
transcriptionally active metabolite all-trans retinoic acid 
[25]. Vitamin A presents many tasks in the body. It is 
an important micronutrient throughout the life cycle and 
is needed for vision, regulation of cell proliferation and 
differentiation and reproduction, especially for 
embryonic development, growth and tissue repairs. It is 
also imperative for continuing good nutritional grades 
for optimal intellectual function in the elderly [26, 27]. 

The U.S. Institute of Medicine (IOM) has announced 
a new term, retinol activity equivalent (RAE) to press 
out the activity of carotenoids in terms of Vitamin A, to 
allow for new research on the Vitamin A activity (bio-
efficacy) of carotenoids [28]. IOM established the 
following conversion factor equivalents: 

1 µg retinol = 1 µg RAE 

1 µg β-carotene in oil = 0.5 µg RAE 

1 µg β-carotene in mixed foods = 0.083 µg RAE 

1 µg other pro-vitamin A carotenoids in mixed foods = 
0.042 µg RAE 

1 µg retinol= 1 RE 

1 µg β-carotene= 0.167µg RE (1/6 µg ) 

1 µg other pro-vitamin A carotenoids= 0.084µg RE, 
(1/12µ) 

Micronutrient deficiencies among children under 5 
years old in low- and middle-income countries are 
common. Vitamin A (VA), iron, and zinc are specifically 
targeted for improvement by the World Health 
Organization (WHO) because their deficiencies are 
prevalent and lead to increased mortality and morbidity 
[29]. Community randomized controlled trials have 
shown that administering preformed VA solely or in 
combination with zinc to children in regions with a high 
prevalence of malaria, reduced morbidity [30, 31]. 
Targeting preschool children is of specific interest 
because of the long-term detrimental effects of 

undernutrition on cognitive development and adulthood 
work productivity [29]. Vitamin A deficiency (VAD) can 
lead to anemia, stunting, and weakened resistance to 
infection, blindness, and death [29]. 

More than 800 different carotenoids are known to 
be present in nature and are found in green leafy and 
yellow-colored vegetables and orange-colored fruits 
[32]. Based on their chemical structure, carotenoids are 
lipophilic compounds and have been distributed into 
carotenes and xanthophylls. The xanthophylls have 
oxygenated functional groups making them more polar 
than the carotenes whereas the carotenes are 
hydrocarbons. Carotenoid pigments are responsible for 
protection of the photosynthetic tool in plants by 
dispelling additional energy. They also have a major 
role in photosynthesis by gathering light and by 
stabilizing protein ruin in the photosynthetic tool. 
Carotenoids snuff out singlet oxygen which mainly 
ascends from sunlight absorption by chromospheres 
and thus shield chlorophylls, lipids, proteins and DNA 
from oxidative injury [33].  

The term vitamin A is used in the context of dietary 
requirements to comprise provitamin A carotenoids that 
are dietary precursors of retinol. Of the many 
carotenoids in nature, several have provitamin A 
activity but food composition data are only promptly 
obtainable for α-carotene, β-carotene and β-
cryptoxanthin. Preformed vitamin A is found only in 
animal-derived foods, whereas dietary carotenoids are 
found mostly in oils, fruits and vegetables. 

The aim of this research was to observe the effect 
of salicylic acid on carotenoid and chlorophyll content 
of Ficus deltoidea Jack var. trengganuensis leaves. 
Thus, it was hoped that alternative sources of 
carotenoid and chlorophyll compound discovered 
through this research could be used in the 
pharmaceutical and food industry in the future. 

MATERIALS AND METHODS 

In order to study the effect of different concentration 
of salicylic acid (SA) on carotenoids and chlorophyll 
content in Ficus deltoidea Jack var. trengganuensis 
leaves, this experiment was conducted under the shed 
behind Plant Tissue Culture Lab in Tembila Campus at 
Department of Faculty Bioresources and Food Industry, 
University Sultan Zainal Abidin. 12 seedlings of Mas 
Cotek Ficus deltoidea Jack var. trengganuensis were 
obtained from Agriculture and Biotechnology 
plantations at Tembila Campus, Sultan Zainal Abidin 
University, in Besut, Terengganu. 
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The seedlings were transferred to the shed provided 
before the experiment started. They were arranged 
about 2 feet each other. There were four treatments to 
investigate the effect of salicylic acid on carotenoids 
and relative activity equivalents (RAE) in Mas Cotek 
leaves. The seedlings were sprayed with 0.01mM SA, 
0.1mM SA, 1mM SA and 0 mM SA (control). The 
seedlings were sprayed every three days based on 
their treatments. Every treatment had three seedlings. 
Every week, the results were recorded until reached 
the fourth week. The readings were taken and recorded 
for every treatment. Each pot was treated as one 
replicate and all treatments were repeated three times. 
The data was analysed statistically with SPSS Statis-
tics 20 statistical software. Means were statistically 
compared by One Way Anova at p< 5% level.  

Method for Carotenoid Determination 

Sample preparation 

Firstly, Ficus deltoidea Jack var. trengganuensis 
leaves samples were plucked, washed, freeze-dried 
and ground to the fine powder prior to analysis. 

Sample Extraction  

The extraction procedure described by Othman 
(2009) was followed with slight modifications [34]. For 
each sample, 1g of powdered dried Ficus deltoidea 
Jack var. trengganuensis leaves was weighed and 
50ml of an acetone and methanol mixture (7:3, v/v) 
was mixed into the sample to allow an efficient solvent 
penetration. The solution was allowed to stand 
overnight at room temperature under dark conditions. 
The next day, the samples were vortexed and 
centrifuged for 5 min at 9500 rpm in a refrigerated 
centrifuge and the supernatant was transferred into 
another centrifuged tube. This procedure was repeated 
three times or until the sample became colorless. The 
samples were done in triplicate. Subsequently, 10ml of 
petroleum ether was added in the supernatant with 
distilled water until reached 50ml. The solutions were 
then allowed to separate and the upper layers of 
petroleum ether containing carotenoids were collected. 
Vials or test tubes were then capped and sealed with a 
parafilm to exclude oxygen and immediately stored at - 
20°C for further analysis.  

Saponification  

Saponification was done as described by Othman 
(2009) with again slight modifications [34]. This step 
was done to eliminate chlorophylls in sample leaves. 
Carotenoid extracts that were dried using rotary 
evaporator after the extraction process were then 
subjected to certain steps. 20µl of ethyl acetate was 

added into the samples, followed with 380 µl 
acetonitrile: distilled water (9:1 v/v). Then, 400 µl 
methanolic potassium hydroxide solution (10% w/v) 
was added. Base carotenoids were then extracted by 
the addition of 2 ml hexane with 0.1% butylated 
hydroxytoluene (BHT), followed by 10% of sodium 
chloride (NaCl). Finally, the extracts were washed with 
distilled water, the upper layer was collected, dried and 
re-suspended in ethyl acetate for HPLC analysis.  

High-Performance Liquid Chromatography (HPLC) 
Analysis 

The HPLC analysis was conducted as described by 
Othman (2009) to quantify the carotenoid content in 
each treatment [34]. The HPLC analysis of carotenoids 
was performed using the Agilent model 2100 series 
which comprises a binary pump with autosampler 
injector, micro vacuum degassers, thermostat column 
compartment and a diode array detector. The column 
used was an HPLC column ZORBAX Eclipse XDB-C18 
end-capped (5 µm), sized at 4.6 x 150 mm. The 
solvents used were (A) acetonitrile: water (9: 1 v/v) and 
(B) ethyl acetate. The solvent gradient used was 
developed as follows: 0-40% solvent B (0-20 min), 40-
60% solvent B (20-25 min) , 60-100% solvent B (25-
25.1 min), 100% solvent B (25.1-35 min) and 100-0% 
solvent B (35-35.1 min) at a flow rate of 1.0 ml min-1. 
The temperature of the column was maintained at 
20°C. The injection volume was 10 µl. Carotenoid 
standards of β-carotene and lutein were obtained 
commercially from Sigma- Aldrich. Detection for 
carotenoid peaks was in the range of 350 nm to 430 
nm. Individual carotenoid concentration was calculated 
by comparing their relative proportions, as reflected by 
the integrated HPLC peak areas.  

Calculation of Retinol Activity Equivalent (RAE) 

RAE was determined by using the equation of 1 
RAE = 1 µg retinol or 12 µg β-carotene or 24 µg of 
provitamin A carotenoids [28].  

Determination of Chlorophyll Content 

Chlorophyll content was determined according to 
[35] using SPAD-502 Plus Chlorophyll Meter. The 
reading of chlorophyll content was taken based on the 
reading appear on the instrument after clicking the 
leaves with chlorophyll meter.  

RESULTS AND DISCUSSION 

Analysis of Concentration of Salicylic Acid on 
Carotenoid Content 

Figure 1 shows the HPLC chromatogram of 
carotenoids detected in Ficus deltoidea Jack var. 
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trengganuensis leaves treated with salicylic acid. Two 
types of carotenoids detected in HPLC were lutein and 
β-carotene. Table 1 shows the value of β-carotene and 
lutein present in Ficus deltoidea Jack var. 
trengganuensis leaves extracts based on HPLC 
analysis. The highest lutein compound was detected in 
0.10 mM SA treatment (93.50 ± 0.71 µg/g DW), 
followed with lutein compound treated with 0.01 mM SA 
treatment (38.50 ± 7.78 µg/g DW) while the least lutein 
compound present was in 1.00 mM SA treatment 
(30.25 ± 1.77 µg/g DW). There was a significant 
difference between the treatments. Meaning here that, 
0.10 mM SA was the best outcome to enhance lutein 
content in the samples.  

Table 1 also shows the content of β-carotene 
content detected in Ficus deltoidea Jack var. 
trengganuensis leaves treated with different 
concentrations of Salicylic acid. The highest compound 
of β-carotene present in Ficus deltoidea Jack var. 
trengganuensis leaves extracts from 0.10 mM SA 
treatment was about 282.0 ± 46.67 µg/g DW, while the 
second-highest was control with 112.25 ± 9.55 µg/g 
DW and the least β-carotene compound was from 1.00 
mM SA treatment (63.00a ± 0.71 µg/g DW).  

Table 1: Effect of Different Concentrations of Salicylic 
Acid on Lutein and β-Carotene Content in 
Ficus deltoidea Jack var. trengganuensis 
Leaves Extract 

Concentration of SA 
(mM) 

Lutein  
(µg/g DW) 

β-carotene  
(µg/g DW) 

Control 32.0a ± 2.12 112.25a ± 9.55 

0.01 38.50a ± 7.78 106.25a ± 7.42 

0.10 93.50b ± 0.71 282.0b ± 46.67 

1.00 30.25a ± 1.77 63.00a ± 0.71 

Data expressed as the mean ± standard deviation (n = 4) of four samples. 
a,bVariation in the letters between samples in different columns indicate 
significant differences at 5% level (P<0.05) utilizing One-Way Anova. 

The previous study showed that there was a 
positive result in sample Wolffia arrhiza (Lemnaceae) 
when 10-1 to 10-3 M SA strongly stimulated action on 
the content of chlorophyll a and b and carotenoids 
especially β-carotene and lutein with zeaxanthin [36]. 
Other than that, one study has found that when 0, 0.5, 
1.0 and 1.5 mM SA used in sample tomatoes (Solanum 
lycopersicum), salicylic acid increased the carotenoid 
content in the tomato plants [37]. It also reported that 
10-2 M SA in salt-stressed maize plants (Zea mays) 
increased the chlorophyll and carotenoid content in 
maize plants [38]. Besides, in one study using 
sunflower cotyledons (Helianthus annuus L.) as 
samples have found that about 10 and 0.1 µM SA 
concentrations accelerated carotenoid content of 
excised cotyledons, 1000 µM SA retarded it. Salicylic 
acid also affected photosynthetic pigments like 
chlorophyll a, b, and carotenoids significantly [39].  

Salicylic acid plays a key role in a plant’s growth, 
development, and protection responses, and is 
involved in some signal transduction systems to 
encourage certain enzymes related to the biosynthesis 
of secondary metabolites such as carotenoid and 
chlorophyll in plants [40-42]. Besides that, salicylic acid 
upgraded the accumulation of compounds belonging to 
diverse structural classes, including phenolics, 
terpenoids and alkaloids as an elicitor [43, 44]. In this 
study, 0.1 mM SA applied onto Mas cotek seedlings 
had increased the lutein and β-carotene content. These 
results were in line with those which detected that the 
treatment of salicylic acid increased carotenoids 
content as discussed.  

Carotenoids and chlorophyll are well known for their 
antioxidant properties. In previous studies, they 
reported that salicylic acid had a positive effect on the 
antioxidant activity of various concentrations of extracts 
which could be an indication of the presence of 
chlorophyll and carotenoids in their samples treated 

 
Figure 1: HPLC chromatogram of lutein and β-carotene detected in Mas Cotek leaves.  
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with SA [42, 43, 45]. From their study, salicylic acid 
with a quantity of 1 mM and at a concentration 300 
ppm showed the highest radical scavenging activity 
among the different concentrations of SA, and has 
been demonstrated SA as an elicitor enriched 
secondary metabolites in plants. As a result of this 
compound accumulations, antioxidant activity also 
increased in different plants species.  

The level of secondary metabolites in plants was 
influenced by some factors like biotic and abiotic 
stresses. Several factors, including the age of the plant, 
the season, microbial attack, cropping, radiation, 
competition, and nutritional status, have been proven to 
influence the secondary metabolite profile in higher 
plants [46]. Carotenoid content is also influenced by 
diverse environmental disorders like drought and 
temperature [47]. In other studies, consequences of 
altitude and temperature on the carotenoid content of 
saffron were observed [48]. [49] reported that SA is an 
endogenous plant growth regulator of phenolic nature, 
and this compound is proficient in enhancing plant 
growth and harvest in some plants as an elicitor. It 
plays an imperative role in adjusting a number of plant 
physiological processes, including photosynthesis and 
manufacture of bioactive compounds [49].  

Analysis of Retinol Activity Equivalents (RAEs) in 
Ficus Deltoidea Jack var. Trengganuensis Leaves  

Table 2 shows the relative activity equivalents 
(RAEs) present in Ficus deltoidea Jack var. treng-
ganuensis leaves extracts. After treatment with salicylic 
acid highest reading is from 0.10 mM SA (23.5b ± 3.89 
RAE) while the second highest is from control with 
9.35a ± 0.80 RAE and the least is from 1.00 mM SA of 
5.25a ± 0.06 RAE. The results obtained were based on 
the calculation from the β-carotene present in Ficus 
deltoidea Jack var. trengganuensis leaves extract.  

RAE is a measure of vitamin A activity based on the 
capacity of the body to convert provitamin carotenoids. 
Carotenoids, especially α- and β-carotene are potential 
provitamin A precursors that can be altered into retinol, 
are existent in plant products, particularly green leafy 
vegetables, red palm oil and yellow and orange fruits 
and some tubers, like sweet potato. Red palm oil is the 
richest unsurprisingly occurring source of β-carotene 
and generally contains a total of ~500-800 mg of 
provitamin A carotenoids/kg oil, which is ~15 times 
higher than the carotenoid contents of carrots on a 
weight-by-weight basis [52]. Carotenoids are physically 
less available than retinol but they are generally more 
reasonably priced than animal foods. Thus carotenoids 

stipulate most of the vitamin A activity in the diets of 
lower socio-economic units of the populations. 

Basically, nutrient requirements for a certain group 
of people are different based on age, gender and 
health condition. Malaysian have their diet guidelines 
known as Recommended Nutrient Intake (RNI), and 
the RE (retinol equivalent) for an adult is 600 µg/day 
[50]. There is also an international reference such as 
guideline from USDA [51]. 1 RE is equivalent 1 RAE, 
which means in this study, the highest value of β-
carotene obtained from 1g of the sample treated with 
0.1 mM SA will provide 23.5 RAE (µg). Thus, 25.53 g 
of Mas cotek leaves extraction will provide the value of 
Vitamin A recommended by this RNI, which seems to 
be a potential source of Pro-vitamin A that could be 
used in the future pharmaceutical and food industry. 

Table 2: Effect of Different Concentrations of Salicylic 
Acid on Retinol Activity Equivalents (RAEs) in 
Ficus deltoidea Jack var. trengganuensis 
Leaves Extract 

Concentration of SA 
(mM) 

Retinol Activity Equivalents (RAEs)  
(µg) 

Control 9.35a ± 0.80 

0.01 8.85a± 0.62 

0.10 23.5b ± 3.89 

1.00 5.25a ± 0.06 

Data expressed as the mean± standard deviation (n = 4) of four samples. 
a,bVariation in the letters between samples indicates a significant difference at 
5% level (P<0.05) utilizing One-Way Anova. 
 
Analysis of Chlorophyll Content with Different 
Concentration of Salicylic Acid in Ficus Deltoidea 
Jack var. Trengganuensis Leaves  

According to Table 3, the range of chlorophyll 
content in Ficus deltoidea Jack var. trengganuensis 
leaves extract is from 42.10a ± 1.41 µmol/m2 to 73.50b 
± 0.71 µmol/m2. The maximum chlorophyll content 
obtained after spraying with SA is about 73.50b ± 0.70 
µmol/m2, in 0.10 mM SA concentration, while the 
lowest content of chlorophyll is shown in 1.00 mM SA 
concentration is around 42.10a ± 1.41 µmol/m2. There 
is a significant difference between the treatment of 0.10 
mM SA and 1.00 mM SA.  

There are many other factors that contribute to the 
performance of plant growth, yield and quality [53, 54]. 
Plant nutrient including ecological circumstances is 
among the causes that control plant growth. Nitrogen 
(N) and potassium (K) are the most vital nutrient 
elements required for plant growth and for the creation 
of new cells. Since N is the building block in all plant 



30      Journal of Pharmacy and Nutrition Sciences,  2020, Vol. 10, No. 1 Ismail et al. 

portions and a portion of the chlorophyll molecule 
structure, and it is one of the key macronutrients crucial 
for plants, adequate N acts as a significant character in 
the development of chlorophyll in the photosynthetic 
route [55, 56].  

The chlorophyll content is a revealing factor for the 
estimate of the N taken from the soil. K performs an 
imperative function in plant breathing through the 
stomata, enzymatic activity, diseases or drought 
resistance and conveying the photosynthesis products 
among plant tissues. Since K also builds up starch, fat 
and secondary metabolite compound contents of the 
plant, it improves the plant quality [56]. There is a 
relationship between the chlorophyll in the plant leaves 
and the complete N in all dry plant materials [57]. In 
this study, all seedlings were provided with sufficient 
nutrients needed through NPK fertilizer, thus, nutrients 
of N and K were assumed not to affect the production 
of secondary metabolites. 

Previous studies reported that the exogenous 
application of SA was to improve plant resistance to 
water deficiency. SA application at different 
concentrations through roots, seed soaking and foliar 
spraying in a concentration-dependent routine reduced 
the negative result of water inadequacy on tissue water 
status, stomatal conductance, chlorophyll content, 
membrane properties and plants physiological actions 
[15, 58]. Moreover, SA is recognized as an imperative 
tool of photosynthesis, water relations and metabolic 
characteristics of plants, depending on its likenesses, 
concentrations, the process of application and plant 
type. SA is recognized to influence leaf and chloroplast 
structure [59], stomatal closure [60, 61], chlorophyll and 
carotenoid contents [62, 63] and the enzyme activities, 
such as Rubisco (ribulose-1, 5-bisphosphate 
carboxylase/oxygenase) and carbonic anhydrase [64-
67]. However, high concentrations of SA (1 mM – 5 
mM) will initiate a drop in the photosynthetic rate [68], 
and decline chlorophyll contents in cowpea, wheat, and 
Arabidopsis [62, 69, 70]. The decline in Rubisco activity 
credited to a 50 % reduction in protein levels, as 
compared to non-treated plants [71]. Exogenously 
applied SA will encourage alterations in leaf structure 
that contains a reduced width of the adaxial and 
abaxial epidermis, and mesophyll tissue [72]. Such 
changes relate ultra-physically with an increase in 
chloroplast volume, swelling of grana thylakoids, and 
gelling of the stroma [59]. Thus, the reduced 
photosynthetic activity at high SA concentrations was 
due to its effects on the thylakoid membranes and light-
induced reactions related to them. 

Meanwhile, in other studies, chlorophyll content was 
significantly improved in wheat seedlings, higher from 
the grains pre-treated with lower SA concentration (10 
nM – 5 nM) [73]. Higher concentrations did not prove to 
be advantageous. In terms of treatment efficiency, 
foliar application of SA showed to be more productive 
in Brassica napus compared to seed-soaking treatment 
[74]. In line with this study, lower SA concentration (10 
nM – 5 nM) sprayed on Brassica juncea, the 
chlorophyll content was significantly boosted [63]. This 
study was in agreement with many previous studies 
that exhibited low SA concentration provided the 
highest chlorophyll content.  

Table 3: Effect of Different Concentrations of Salicylic 
Acid on Chlorophyll Content Activity in Ficus 
deltoidea Jack var. Trengganuensis Leaves 
Extract 

Concentration of SA 
(mM) 

Chlorophyll content  
(µmol/m2) 

Control 72.10b ± 3.68 

0.01 71.25b ± 4.59 

0.10 73.50b ± 0.71 

1.00 42.10a ± 1.41 

Data expressed as the mean± standard deviation (n = 4) of four 
samples.a,bVariation in the letters between samples indicates a significant 
difference at 5% level (P<0.05) utilizing One-Way Anova. 

CONCLUSION  

SA was found to affect the carotenoid and 
chlorophyll content in Ficus deltoidea Jack var. 
trengganuensis leaves. From the results, it can be 
observed that 0.10 mM SA treatment caused an 
increase in carotenoid and chlorophyll content of Ficus 
deltoidea Jack var. trengganuensis leaves extract, and 
thus reflected on the RAE value through the calculation 
of β-carotene content.  
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