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Abstract 

Urban farming in communities especially around the city has been highlighted by the 

Malaysia government under Under National Physical Plan Policy in order to promote food 

sovereignty by citizens. It is also a crucial strategy to support the agenda for national food 

security. The main objective of this study was to evaluate the scientific information on 

major phenolic compounds which include quercetin, protocatechuic acid, and gallic acid 

from existing vegetables in Malaysian urban farming communities. The collected 

vegetables consist of leafy and non-leafy types. The detection of the phenolic compounds 

was carried out using High-Performance Liquid Chromatography. Standard phenolic 

compounds were used as reference material to determine their content in the samples 

using the calibration curve method. Based on the data obtained, mostly all the collected 

vegetables from urban farming communities consist of the targeted major phenolic 

compounds. Leaf mustard possesses the highest content of quercetin, protocatechuic acid, 

and gallic acid recorded at values of 20.32, 19.60, and 78.23 µg/g, respectively compared 

to others. Pak choi possess the second highest content of quercetin with the value of 20.13 

µg/g, while okra for total phenolic acids with value of 43.10 µg/g. Overall, from the data, 

it is suggested that leaf mustard could be an important vegetable to be planted under urban 

farming besides other types of vegetables. 

1. Introduction 

Under the National Physical Plan Policy, the 

increasing population of Malaysians was estimated to be 

46.1 million. As for 2020, the population has achieved 

32.4 million with 77% of it recorded in city areas and 

23% in rural areas (Rameli, 2022). The high volume of 

population in the city area has created issues in the 

supply and demand of food aspect which could lead to an 

increase in price. Hence, the government has launched a 

food sovereignty policy (Malaysia Agricultural Subsidies 

Report, 2018) in order to vitalize the urban community's 

food needs and social economy. This policy could also 

support the national crucial food agenda under food 

security.  

Through food sovereignty policy, the urban 

community are encouraged to produce their source of 

food for daily consumption. Self-sufficient farming is 

one of the highlighted approaches in producing food for 

consumption on a small scale. This activity is usually 

conducted around the house area either on balconies, 

patios or community areas using traditional or modern 

practices such as fertigation techniques. The traditional 

technique involved a simple step and material which is 

considered economic. A container and soil are a basic 

need for traditional planting (Cruz et al., 2022) and could 

be obtained easily from supermarkets and grocery. For 

advanced technology, fertigation is more favourable 

although this technique could cost higher. Besides 

container and soil, this technique is equipped with 

automated watering and fertilizing applications (Ranjan 

and Sow, 2021). Usually, the system is controlled 

manually or using a timer. At small-scale planting, the 

watering and fertilizing distribution is mostly conducted 

through a dripping system. As for the larger scale, the 

micro-sprinkler technique could be applied.   

The planting of plant material usually involves the 

selection of vegetables especially those that contain high 

nutritional content besides easy to care for and fast 

growing. This is important due to the hectic lifestyle of 

the urban community which requires beneficial food for 

health and vegetable plants with low supervision. To 

promote and add value to the selected vegetables, the 

scientific information especially on major phenolic 

compounds needs to be investigated. In this study, the 
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selected vegetables which include Brassica juncea (leaf 

mustard), Abelmoschus esculentus (okra), Solanum 

melongena (round eggplant, mini eggplant, long 

eggplant), Momordica charantia (bitter melon and mini 

bitter melon), Brassica rapa subsp. Chinensis (pak choi) 

and Spinacia oleracea (spinach) were obtained from the 

success of urban farming.  

  

2. Materials and methods 

2.1 General 

Analysis of quercetin, gallic acid, protocatechuic 

acid and chlorogenic acid was carried out using a High-

Performance Liquid Chromatography (HPLC) 1200 

Agilent. The standard chemicals used quercetin, 

protocatechuic acid and gallic acid were >95% purity 

and obtained from Sigma Aldrich. The methanol used for 

extraction was AR grade from Merck. Methanol and 

acetonitrile were used for the mobile phase and were 

HPLC grade from Merck. High-purity water used for the 

mobile phase was produced from Millipore at 18.2 MΩm 

conductivity. 

2.2 Sample collection and preparation 

Samples were collected from selected urban farming 

communities registered under the Department of 

Agriculture and all the plots were equipped with a 

fertigation system. The control sample as a comparison 

was obtained from Pasar Borong, Selangor, Malaysia. A 

total of 500 g of sample was cut and reduced to particle 

size using a blender or food processor. The processed 

samples were further kept in a clean plastic container and 

stored in the freezer at -20℃ before analysis. 

2.3 Extraction of phenolic compounds  

Extraction of the sample for quercetin, gallic acid, 

protocatechuic acid and chlorogenic acid analysis was 

performed using methanol as the extraction solvent since 

its effectiveness in extracting chemical compounds from 

plant samples (Abu Bakar and Mainul Haque, 2020). For 

quercetin analysis, 100 g of sample was weighed and 

soaked in 200 mL of methanol for 48 hrs. As for gallic 

acid, protocatechuic acid and chlorogenic acid analysis, 

5.0 grams of the sample were weighed and soaked in 10 

mL of methanol for 24 hrs. The extract obtained was 

filtered using a 0.45 µm Polytetrafluoroethylene (PTFE) 

syringe filter in order to remove particles or insoluble 

substances from the extract.  

2.4 Preparation of standards 

Approximately 2 mg of the standards (quercetin, 

gallic acid, protocatechuic acid and chlorogenic acid) 

were weighed and dissolved in 2.0 mL methanol. 

Different concentrations of standards were prepared 

using serial dilution techniques at 500, 250, 125, 60, and 

30 ppm and further subjected to the HPLC for 

analysis. The calibration curve was constructed because 

of its effectiveness in quantification work (Nanjegowda 

et al., 2016). 

2.5 Analysis of phenolic compounds  

High-Performance Liquid Chromatography, Agilent 

1200 series HPLC, was used to determine the quercetin, 

gallic acid, protocatechuic acid and chlorogenic acid 

contents. The quercetin method was optimised based on 

a previous study (Abdelkawy et al., 2016), while gallic 

acid and protocatechuic acid were based on Bonoli et al. 

(2003). Both methods use the same type of column 

(Kinetex 5µ C18; length, 250 mm; diameter, 4.6 mm) 

and injection volume (20 µL). The mobile phase for 

quercetin was isocratic solvent A (H2O: acetonitrile 

(50:50) + 0.1% acetic acid) for 15 mins, flow rate, 1.0 

mL/min, detection wavelength at UV 260 nm and 

temperature at 25°C. As for gallic acid, protocatechuic 

acid and chlorogenic acid, using a gradient solvent 

system which involved solvent A (Deionised 

water:methanol (80:20) with 0.1% formic acid)) and 

solvent B (acetonirile with 0.1% formic acid). The flow 

rate of the mobile phase was 0.6 mL/min and the 

gradient system, 0 -55%B (0-30 min), 55%-100% (30-40 

min), 0-100% (40-41 min) and 0%B (41-45 min). 

2.6 Data analysis  

All experiments were run in triplicates. Statistical 

analyses were conducted with the Statistical Analysis 

System (SAS) 9.1.3 software package. Analyses of 

variance were performed by ANOVA procedures. 

Significant differences (P<0.05) were determined by 

least square means comparison. 

 

3. Results and discussion 

3.1 Quercetin content 

Quercetin is one of the common and important 

flavonoid constituents which reported to possess wide 

benefits to human health (Salehi et al., 2020). The 

detection of quercetin via HPLC analysis for selected 

urban vegetables is illustrated in Figure 1. The signal 

could be observed within the range of 2.7-3.0 min on the 

HPLC chromatogram. Table 1 exhibits the quercetin 

content of selected vegetables from main urban farming. 

Leaf mustard possessed the highest quercetin content 

compared to other types of vegetables and was controlled 

with a value of 20.32 ug/gram. This is followed by pak 

choi, bitter melon, long eggplant, okra, round eggplant, 

spinach, mini eggplant and mini bitter melon with values 

of 20.13, 18.65, 14.87, 10.07, 9.38, 8.59, 2.45 and 1.22 

ug/gram, respectively. This finding agrees with many 

about:blank
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Figure 1. HPLC chromatogram of quercetin of selected vegetables from urban farming. 

No Vegetable Location Quercetin (µg/g) 

1 Okra 
Precinct 9 Fasa II, Putrajaya 10.07±0.43 

Seksyen 4, Bangi 1.32±0.01 
Control 1.82±0.21 

2 Round eggplant 
Precinct 9 Fasa II, Putrajaya 9.38±0.17 

Control 8.45±0.13 

3 Mini eggplant 

Sekolah Ayer Panas, Kuala Lumpur 8.59±0.15 
Seksyen 16, Shah Alam 1.75±0.05 

PPR Intan Baiduri, Kepong 1.03±0.01 
Felcra Lubuk Sireh, Perlis ND 

Control 8.25±0.11 

4 Long eggplant 
Percint 9 Fasa II, Putrajaya 14.87±0.66 

Control 13.56±0.22 

5 Leaf mustard 
Sekolah Ayer Panas, Kuala Lumpur 20.32±0.25 

Precinct 9 Fasa II, Putrajaya 18.60±0.17 
Control 17.51±0.15 

6 Mini bitter melon 
PPR Intan Baiduri, Kepong 1.22±0.03 

Control 1.02±0.01 

7  Bitter melon 
Sekolah Ayer Panas, Kuala Lumpur 18.65±0.41 

Control 2.45±0.10 

8 Pak choi 
Sekolah Ayer Panas, Kuala Lumpur 20.13±0.15 

Control 19.25±0.18 

9 Spinach 
Flat Seri Sabah, Cheras 2.45±0.02 

Control ND 

Table 1. Quercetin content of selected vegetables from urban farming. 

Values are presented as mean±SD. ND: not detected. 
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 previous studies on Brassica crops, in which quercetin is 

one of the ubiquitous constituents (El Majdoub et al., 

2020; Chhotaray et al., 2020). Although leaf mustard 

possesses a high content of quercetin, different locations 

could also affect its content. From the results, leaf 

mustard planted at Sekolah Ayer Panas, Kuala Lumpur 

consist high content of quercetin as compared to Precinct 

9 Fasa II, Putrajaya with values of 20.3 and 18.60 ug/

gram, respectively. This could be due to environmental 

factors especially which involve climate and soil 

properties (Baker and Capel, 2011). The same trend of 

results was observed for mini eggplant which exhibited 

different values of quercetin content. Mini eggplant 

obtained from Sekolah Ayer Panas, Kuala Lumpur 

possessed the highest value with 8.59 ug/gram of 

quercetin as compared to mini eggplant planted at 

Seksyen 16, Shah Alam and Felcra Lubuk Sireh with 

values of 1.75 and 1.03 ug/g, respectively.  

3.2 Phenolic acid content 

Phenolic acid is one of the important secondary 

metabolite groups besides flavonoids. It could be found 

widely in plant and human metabolites. The capability of 

phenolic acid to contribute to human health quality has 

been reported widely, especially on antioxidant, anti-

inflammatory and anticancer (Afnan et al., 2022). 

Phenolic acid structure basically consists of phenol and 

carboxylic acid also known as phenol carboxylic acid. 

Constituents of phenolic acid are built up from benzene 

rings with substituents of hydrogen atoms attached to 

them. In addition, a carboxylic acid group and a 

minimum of one hydroxyl group were also supporting 

the existence of the structure (Chen et al., 2020). The 

HPLC analysis exhibited the presence of protocatechuic 

acid and gallic acid which belong to the phenolic acid 

group (Figure 2). Both compounds could be detected 

within the range of 5.0-9.1 mins on the HPLC 

chromatogram. Table 2 exhibits the content of two 

common phenolic acids known as protocatechuic acid 

and gallic acid in selected vegetables. Sawi from the 

urban farming community of SK Ayer Panas, Kuala 

Lumpur and Precinct 9, Fasa II Putrajaya possesses the 

highest amount of phenolic acid with the value of 120.14 

µg/g, respectively as compared to others collected 

samples and control. This is followed by okra, bitter 

melon, mini bitter melon, mini eggplant, pak choi, long 

eggplant, round eggplant and spinach with values of 

43.1, 16.4, 16.2, 11.6, 7.86, 3.6, 2.35 and 0.63 µg/g, 

respectively. Leaf mustard planted at SK Ayer Panas, 

Kuala Lumpur also exhibited the highest amount of 

gallic acid with a value of 78.23 µg/g, while at Percint 9, 

Fasa II Putrajaya possesses the highest amount of 

protocatechuic acid with a value of 19.6 µg/g. The higher 

amount of phenolic acid in okra compared to other leafy 

types of vegetables such as spinach and pak choi was 

also reported in many previous studies (Unal et al., 2014; 

Figure 2. HPLC chromatogram of phenolic acids content for selected vegetables from urban farming.  
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Harbaum et al., 2008). In this study, the highest content 

of phenolic acid in leaf mustard for both locations could 

also be due to the awareness of the urban community 

about the importance of plant nutrient application which 

includes continuous fertilizing and watering. For non-

leafy vegetables, okra planted at Precinct 9, Fasa II 

Putrajaya and Seksyen 4, Bangi exhibited the highest 

amount of phenolic acid with a total value of 43.1 µg/g 

as compared to others. At both locations, protocatechuic 

acid and gallic acid could be detected significantly. 

These findings agreed with many previous reports which 

demonstrated the presence of high amounts of phenolic 

acid constituents especially protocatechuic acid and 

gallic acid in okra (Wu et al., 2020; Bayili et al., 2011; 

Singh et al., 2007). 

 

4. Conclusion  

Urban farming is one of the important concepts 

under food sovereignty for urban communities to sustain 

food for daily consumption. In this study, nine types of 

selected vegetables which include leafy and non-leafy 

planted around urban communities have been evaluated 

for their phenolic constituents. Mostly, all types of the 

evaluated vegetables consist of the target phenolic 

constituents. Leaf mustard possesses the highest phenolic 

constituents for quercetin, protocatechuic acid and gallic 

acid. Based on the findings, it is suggested that leaf 

mustard is the most suitable vegetable to be planted due 

to its highest phenolic compound content compared to 

others  
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