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Abstract 

Zingiber officinale Roscoe, known as ginger (Bentong variety), is an essential spice 

ingredient used in food and condiments due to its refreshing aroma and intense flavour. 

The bioactive constituents found in ginger influence the numerous pharmacological 

effects, including antioxidant, analgesic, anticancer, antipyretic and anti-inflammatory. 

This work proposed a greener approach than the conventional plant matrices extraction to 

promote safe, non-toxic, and environment-friendly products. In this study, three different 

extraction methods: a) water (WE), b) hydrothermal-assisted (HAE) and c) enzymatic-

assisted (EAE), have been applied to measure the potential of both ginger extracts from 

different cultivation methods using fertigation technology and conventionally slope-

grown. To ascertain the biological content of the extracts, the phenolic acid composition 

was quantified using ultra-performance liquid chromatography (UPLC). The total 

phenolic content (TPC) was determined using the Folin-Ciocalteu method, while the 

antioxidant activities were analysed using ferric reducing antioxidant power (FRAP) and 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay. The results obtained 

showed that ferulic acid was significantly highest in EAE extracts of both ginger 

(fertigation and slope-grown cultivation) at 1.165±0.118 and 0.610±0.062 mg/g. 

Moreover, EAE of both ginger extracts also found to be significantly highest in TPC 

(267.481±0.404 mg GAE/g and 247.837±1.675 mg GAE/g), and FRAP value 

(741.867±2.139 mg AAE/g and 461.733±0.231 mg AAE/g), respectively. However, the 

highest free radical scavenging activity of fertigated ginger extract through HAE was 

134.735±0.021 mg AAE/g. Meanwhile, EAE of the sloped-grown ginger extract was 

highest at 141.293±0.707 mg AAE/g. This study demonstrates that EAE can be an 

effective approach in enhancing the TPC and antioxidant activity of ginger extracts. 

Ginger may therefore be suggested as a more greener and natural antioxidant to lessen 

oxidation in food products. 

1. Introduction 

Zingiber officinale Roscoe, indigenously known as 

‘Halia Bentong’ in Malaysia, is a member of the 

Zingiberaceae family with several interesting bioactive 

constituents and possesses therapeutic characteristics 

(Ghasemzadeh et al., 2010a). According to the official 

portal of the Department of Statistics Malaysia, ginger 

reached 81.5% Import Dependence Ratio (IDR) among 

other crops in 2020. This indicates a high consumption 

of ginger among Malaysians. In furtherance of the above 

statement, ginger has been extensively utilised and 

become a prominent culinary flavouring and condiment 

in local cuisine. The main constituent of ginger are 

carbohydrates (50-70%), lipids (3-8%), terpenes 

(zingiberene, β-bisabolene, α-farnesene, β-

sesquiphellandrene and α-curcumin) and phenolic 

compounds including gingerols, paradols and shogaol 

(Grzanna et al., 2005; Prasad and Tyagi, 2015). In 

addition, additional amino acids, raw fibre, ash, protein, 

phytosterol, vitamins and minerals are present in ginger 

(Prasad and Tyagi, 2015). Findings by Tyler (1993), 

suggested that the aromatic constituent of ginger comes 

from zingiberene and bisabolene. Meanwhile, gingerols 

and shogaols are the major compounds that contribute to 
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the pungent flavour of ginger (Prasad and Tyagi, 2015). 

Ginger contains natural substances that help prevent 

or reduce cell damage caused by free radicals. Free 

radicals could induce oxidative stress and it can be 

prolonged to cause DNA damage and cell death. 

Antioxidant constituents can protect the human body 

from free radicals and reactive oxygen species (ROS) 

(Bae et al., 2016). The biological activity has frequently 

been described in connection with antioxidant 

capabilities, which might be connected to plant 

polyphenolic substances. Ginger has been reported to 

effectively protect against oxidative stress (Stoilova et 

al., 2007). In addition, accumulating studies have 

demonstrated that active ingredients like phenolic 

compounds are mainly associated with ginger's 

antioxidant activity (Mao et al., 2019). The amount of 

antioxidative phenolic compounds in natural sources are 

covalently bonded. Therefore, extraction methods were 

applied to the plant materials to enhance the antioxidant 

capacity (Xu et al., 2007). 

Extraction is the process of separating active plant 

components or secondary metabolites from inert material 

by employing the appropriate method (Abubakar and 

Haque, 2020). Conventionally, to assure the extraction of 

a wide variety of compounds with various polarities, the 

serial exhaustive extraction technique comprises 

sequential extraction with solvents of increasing polarity 

from non-polar to more polar (water) (Nawaz et al., 

2020). According to research, the polarity of the solvent 

has a substantial impact on the extract yield and 

antioxidant activity of phenolic chemicals in plant 

material (Nawaz et al., 2020). The conventional 

extraction method was recently replaced by alternative 

and greener techniques to minimise chemical usage and 

increase efficiency and selectivity to meet market 

demand and environmental laws and regulations (Chaves 

et al., 2020). According to Chemat et al. (2012), green 

extraction may be defined as the discovery and design of 

an extraction process as an alternative approach to 

minimise energy consumption, allow the use of 

alternative solvents and renewable natural resources, and 

ensure the safety and high quality of the extract. Due to 

its polarity, many extractants have been employed to 

extract the bioactive compound from plant materials, 

including water. For example, water has been applied to 

extract phenolics and antioxidants from ginger (Tohma 

et al., 2016). Besides extractant polarity, the extraction 

temperature and duration are critical determinants in 

antioxidants and phenolic extractability. Hydrothermal 

extraction has numerous advantages, including high 

recovery; it is faster and energy-efficient (Shinde and 

Shinde, 2017). On the other hand, enzymes are also 

utilised in bioactive compound extraction due to their 

effectiveness in biomolecule extraction and are 

considered a green extraction technique. The enzyme-

assisted extraction approach uses specific enzymes to 

break down the cell wall of the plant materials to 

improve extraction yield (Marathe et al., 2017). 

Moreover, enzyme-assisted extraction benefits from 

extracting the maximum yields of phenols while also 

being safer and environmentally friendly (Shinde and 

Shinde, 2017). However, there is diversification of 

bioactive compounds found in plants, and their solubility 

qualities vary (Truong et al., 2019). Therefore, 

recommending an appropriate extraction approach for 

unique plant materials is often challenging. 

To demonstrate the foundation of scientific 

knowledge and a better understanding of ginger, the 

properties of phenolic compounds and antioxidants must 

be evaluated. This study aimed to access the phenolic 

compound and antioxidant activities of different 

cultivation methods of ginger extract using greener 

approaches. This study offers three different types of 

extraction for both ginger cultivation methods 

(fertigation and slope-grown), which are water extraction 

(WE), hydrothermal-assisted extraction (HAE), and 

enzymatic-assisted extraction (EAE). The antioxidant 

activities and phenolic compound were investigated for 

each extract for both cultivation methods of ginger. The 

results may provide alternative and greener extracts of 

antioxidants and phenolic acid from ginger. 

 

2. Materials and methods 

2.1 Preparation of Gingiber officinale samples 

Gingiber officinale, ginger of Bentong varieties from 

fertigation and slope-grown cultivation were freshly 

acquired from a different farm located in Sepang, 

Selangor and Bentong, Pahang. Both varieties of young 

ginger were harvested when they were roughly at six to 

seven months of maturation stage. Ginger samples were 

soaked and rinsed in running tap water for the cleaning 

process. It was then dried in a ventilated oven (FD-400, 

Tech-lab MFG Sdn Bhd, Malaysia) before being ground 

into 0.5 mm powder using an ultra-centrifugal mill 

(Retsch Zm200, Germany). Finally, the dried ginger 

samples were vacuum-sealed using a full well packaging 

system (DZ-400/2ES, Glarity Excel Sdn. Bhd., 

Malaysia) before being stored in a chiller at 5°C for 

further use. 

2.2 Determination of Gingiber officinale extraction  

Three different extraction processes were evaluated 

in the phenolic content and antioxidant activities: (i) 

water extraction (WE), (ii) hydrothermal-assisted 

extraction (HAE), (iii) enzyme-assisted extraction 

(EAE).  
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2.2.1 Water extraction 

Approximately 1 g of ginger was added in 50 mL of 

distilled water. Then, the mixture was incubated at 30°C, 

vigorously shaken at 160 rpm for 24 hrs using an 

incubator shaker (Innova 4000, New Brunswick 

Scientific, Germany). The extract was then centrifuged at 

20°C, 10 000 rpm in 10 mins (Centrifuge Eppendorf AG 

22331, Hamburg, Germany). It was then filtered using 

Whatman no. 1 filter paper and kept at -20°C for further 

use. All extractions were carried out in triplicate. 

2.2.2 Hydrothermal-assisted extraction  

Hydrothermal assisted extraction method involves 

high-temperature at atmospheric pressure. A total of 1 g 

of ground ginger powder was extracted using 50 mL of 

distilled water. The mixture was heated at 121°C, 0.1 

MPa for 15 mins (ES-315-TOMY, Japan) before being 

incubated at 30°C, 160 rpm for 24 hrs using an incubator 

shaker (Innova 4000, New Brunswick Scientific, 

Germany). It was then centrifuged at 20°C, 10,000 rpm 

for 10 mins (Eppendorf AG, Germany) before filtered 

using Whatman no. 1 filter paper. The collected extract 

was kept at -20°C for further use.  All extractions were 

carried out in triplicate. 

2.2.3 Enzymatic-assisted extraction  

The hydrolytic cellulase enzyme extraction was 

performed with slight modification, as described by 

Chen et al. (2011). The enzyme solution at the 

concentration of 1% was added into 1 g of ground ginger 

samples and immersed in 50 mL distilled water with 

adjusted pH at 7.00 using a certain amount of 0.5 M  

NaOH. Subsequently, the mixture was incubated at 50°C 

for 24 hrs at 160 rpm (Innova 4000, New Brunswick 

Scientific, Canada). The enzyme was deactivated by 

heating at 90°C for 10 mins before centrifuging at 20°C, 

10,000 rpm for 10 mins (Eppendorf AG, Hamburg, 

Germany) and filtered using Whatman no. 1 filter paper. 

The extract was kept at -20°C for further usage. All 

extractions were carried out in triplicate. 

2.3 Determination of total phenolic content 

The total phenolic content was measured 

spectrophotometrically using Folin-Ciocalteu assay at 

absorbance 765 nm. Ginger extract was incorporated 

with a 5 ml Folin-Ciocalteu reagent (Merck, USA) and 

incubated at 30°C for 10 mins before being added with 4 

ml of 7.5% sodium carbonate solution. After 2 hrs of 

incubation, the absorbance of the samples was measured. 

The calibration curve expressed the amount as gallic acid 

(Sigma-Aldrich) equivalents (mg GAE/g extract). 

 

2.4 Determination of phenolic acid composition 

The free phenolic acids in the samples were analysed 

using the Ultra Performance Liquid Chromatography 

(UPLC) Acquity (Waters) with a slight modification of 

Li et al. (2013). Approximately 1 µL aliquot of sample 

solution was separated using a reverse-phase analytical 

column (100 mm × 2.1 mm XBridge-BEH C18, 2.5 m, 

Waters) and photodiode array (PDA) detector at 30°C 

controlled temperature. The mobile phase was 0.1% 

formic acid (A) and methanol (B), with a 0.5 mL/min 

flow rate. Peak identification was accomplished by 

comparing retention times and UV spectra at 270, 305 

and 325 nm with authentic compounds. Calibration 

curves generated by injecting known quantities of pure 

substances as external standards were used for 

quantification.  

2.5 Determination of antioxidant activities 

2.5.1 Ferric reducing antioxidant power  

FRAP activity was measured spectrophotometrically. 

The assay was performed using a modification of Haida 

and Hakiman (2019). A FRAP dye working solution of 

0.3 M acetic acid, 0.01 M 2,4,6-tripyridyl-s-triazine 

(TPTZ) in hydrochloric acid solution, and 0.02 M ferric 

chloride at the ratio of 10:1:1 was freshly prepared. 

Approximately 150 µl of the aliquot extract was mixed 

with 2850 µl of FRAP working solution and incubated 

for 30 mins in the dark. A UV-Vis spectrophotometer 

(VARIAN, Cary 50) was used to compare the 

absorbance changes of the blue-coloured ferrous-

tripyridyltriazine complex at 593 nm. The ascorbic acid 

(Sigma-Aldrich) was employed as a standard and its 

calibration curve was used to calculate the FRAP value.  

2.5.2 DPPH free radical scavenging activity 

The 2,2-Diphenyl-1-picryl-hydrazylhydrate (DPPH) 

free radical scavenging method is commonly used to 

measure antioxidant capacity. The assay was performed 

using a modification of the method decided by Nur 

Diyana et al. (2021). A freshly made 2850 µL of 1,1-

diphenyl-2-picryl-2hydrazil (DPPH) methanolic solution 

was combined with 150 µL extract and vortexed 

thoroughly. The mixture was incubated in dark 

conditions for 30 mins at room temperature. The 

absorbance was read at 515 nm using a UV-Vis 

spectrophotometer. The ascorbic acid (Sigma-Aldrich) 

was employed as the standard and its calibration curve 

was used to calculate the DPPH value. 

2.6 Statistical analysis 

The mean differences between different samples 

were analysed using a one-way analysis of variance 

(ANOVA) followed by Turkey's test at the significance 
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 level of p<0.05. The experiment was complemented with 

three replicates. The differences between ginger extracts 

are represented as mean value ± standard deviation (SD) 

(n = 3). The Minitab software Version 18 (Minitab, 

LLC) was used to analyse the collected data from this 

study. 

 

3. Results and discussion 

3.1 Determination of total phenolic content  

Two different cultivation methods of Z. officinale 

Roscoe using fertigation technology and conventionally 

slope-grown were examined. The ginger was extracted 

using three different approaches:  a) WE, b) HAE and c) 

EAE. The total phenolic content in WE, HAE and EAE 

were described in Figure 1. In both different cultivated 

ginger extracts, the determined total phenolic content of 

the EAE extracts (267.481±0.404 and 247.834±1.675 mg 

GAE/g) were highly significant at p<0.05 compared to 

WE (91.196±0.044 and 122.290±0.153 mg GAE/g) and 

HAE extracts (83.613±0.044 and 129.847±2.777 mg 

GAE/g). This is in accordance with a study reported by 

Nagendra Chari et al. (2013), where the total polyphenol 

content of ginger treated with cellulase enzyme resulted 

in higher extraction at 37.5 mg/g compared to organic 

solvent, ethanol and acetone extraction. According to 

Ghasemzadeh et al. (2010b), the polyphenolic 

compounds are known to have antioxidant activity, and 

the action of the extracts is most likely attributable to 

these compounds. In addition, water is the most polar 

solvent used in extraction because it can dissolve a wide 

range of polar compounds, inexpensive, safe, non-

flammable. However, it encourages microorganisms' 

growth, which results in a hydrolysis process (Abubakar 

and Haque, 2020). A study by Mukherjee et al. (2014), 

explained that the increment of extraction temperature 

enhanced the extraction of ginger extract rate of 

polyphenol but also can increase the polyphenol 

oxidation. Whilst, a high-temperature treatment can 

cause polysaccharides on the cell wall to diffuse to the 

solvent, weakening the cell wall's integrity (Yang et al., 

2009). 

3.2 Determination of phenolic acid composition 

Phenolic acids are secondary metabolites that 

seldomly discovered in their natural condition and are 

found in low concentrations. Plants mostly display 

phenolic compounds in bonded form, such as glycosides 

and esters. The amount of phenolic acids and other 

phenolic compounds in raw plant materials depends on a 

variety of variables, such as climate, cultivation, 

fertiliser, and harvest season. In addition, storage 

condition and methods of extract preparation of plant 

materials must also crucial (Arceusz et al., 2013). 

Phenolic acids are regarded as an important type of 

antioxidant. They can also work through other processes, 

such as electron donation or singlet oxygen quenching, 

which are less well-known. The aromatic ring and its 

substituents influence the stability of various phenolic 

acids, resulting in different acid stabilities (Tohma et al., 

2016). Phenolic acids have been shown to offer possible 

health benefits like antioxidants and anti-inflammatory 

(Kumar and Goel, 2019). Strong antioxidant sources in 

ginger can be described by the presence of phenolic 

acids as tabulated in Table 1. The content of phenolic 

acids was measured using UPLC and the mass spectra of 

the sample were compared with authentic compounds as 

external standard. The EAE extracts from both different 

cultivation methods of ginger obtained significantly 

highest ferulic acid at 1.165±0.118 mg/g (fertigation) 

and 0.610±0.062 mg/g (slope-grown) compared to other 

extraction methods. EAE extracts of fertigated ginger 

(0.071±0.001 mg/g syringic acid; 0.056±0.007 mg/g 

gallic acid; 0.025±0.040 mg/g p-Coumaric acid and 

0.023±0.003 mg/g vanillic acid) released more secondary 

metabolites compared to EAE extracts of slope-grown 

ginger (0.046±0.006 mg/g syringic acid; 0.049±0.002 

mg/g gallic acid; 0.021±0.002 mg/g p-Coumaric acid and 

0.020±0.004 mg/g vanillic acid). However, water 

extracts of both cultivated gingers showed no detection 

of syringic, p-coumaric and ferulic acids. Only gallic and 

vanillic acid were detected in fertigated ginger using 

water extraction at 0.089±0.002 and 0.256±0.021 mg/g, 

respectively. In addition, HAE extract of fertigated 

ginger only showed 0.050±0.011 mg/g gallic acid. The 

HAE extract of slope-grown ginger quantified the 

presence of 0.011±0.002 mg/g gallic acid, 0.033±0.003 

mg/g p-Coumaric acid and 0.020±0.002 mg/g of ferulic 

acid. A study by Ghasemzadeh et al. (2010b), also 

discovered that phenolic acids such as gallic acid, 

vanillic acid, ferulic acid, tannic acid, cinnamic acid and 

Figure 1. Total phenolic content (TPC) of different Zingiber 

officinale Roscoe using different extraction approaches. 

Different cultivating methods of ginger showed statistically 

significant difference at p<0.05. 

**Fertigation cultivation method: all extracts are significantly 

different 

*Slope grown cultivation method: EA are significantly 

different with WE and HAE. 



 Nur Diyana et al. / Food Research 6 (Suppl. 3) (2024) 67 - 73 71 

 https://doi.org/10.26656/fr.2017.6(S3).1 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

salicylic acid are found in young ginger varieties. Tohma 

et al. (2016) reported higher phenolic compounds found 

in Z. officinale Roscoe using lyophilized water extract 

with the highest amount of p-Hydroxybenzoic acid 

followed by p-coumaric acid, pyrogallol, vanillin, ferulic 

acid, gallic acid, caffeic acid and syringic acid at 321.1, 

291.4, 142.4, 101.2, 88.8, 29.8, 9.8 and 0.00 mg/kg 

compared to both of fertigation and slope grown water 

extract. However, EAE extract display higher ferulic and 

syringic acid in comparison with the amounts stated as 

the cellulose and hemicellulose of ginger are degraded 

by aid of enzymes, thus releasing these non-extractable 

polyphenols (Mushtaq et al., 2017).  

3.3 Determination of antioxidant activities 

3.3.1 Ferric reducing antioxidant power  

The antioxidant activity of ginger extract from 

fertigation and slope-grown cultivation systems were 

determined using the Ferric reducing antioxidant power 

method that based reduction potential react with 

potassium ferricyanide (Fe3+) to generate potassium 

ferrocyanide (Fe2+), which subsequently interacts with 

ferric chloride to form ferric–ferrous complex with an 

absorbance maximum at 700 nm (Bhalodia et al., 2013). 

As depicted in Figure 2, the EAE of both cultivated 

ginger extracts exhibited a significantly high antioxidant 

activity at 741.867±2.139 and 461.733±0.231 mg AAE/g 

compared to HAE (410.000±1.200 and 175.467±0.115 

mg AAE/g) and WE extract (450.900±0.141 and 

125.400±0.283 mg AAE/g) at p>0.05. Plant cell walls 

comprise a complex array of structural polysaccharides 

such as cellulose, hemicellulose, pectin, lignin and 

proteins. This structure gives cells their stability and 

resistance to intracellular component extraction (Gligor 

et al., 2019). As a result, cellulase enzymes with 

specialised hydrolytic characteristics are used. This 

could be explained by the higher hydrolytic capacity of 

the cellulase and its broad substrate selectivity. In a study 

conducted by Nagendra Chari et al. (2013), cellulase 

exhibited better cell wall degradation of Z. officinale 

Roscoe. Ghasemzadeh et al. (2010a), also reported a 

higher FRAP value of Z. officinale Roscoe rhizome 

extract at 680.68±18.38 µmol Fe(II)/g dry weight.  

3.4 DPPH free radical scavenging activity 

On the other hand, the antioxidant activity of 

different cultivated ginger extracts was measured using 

DPPH free radical scavenging activity method based on 

electron transfer that produces a violet solution in 

ethanol. In the presence of an antioxidant molecule, this 

free radical, which is stable at room temperature, is 

reduced, yielding a colourless ethanol solution (Huang et 

al., 2005). According to the findings of this study (Figure 

3), ginger extracts exhibit strong free radical scavenging 

activity. Therefore, they can be employed as a radical 

inhibitor or scavenger, perhaps serving as the main 

antioxidant. The EAE extracts of both ginger scavenged 

DPPH radical at 132.317±0.672 and 141.293±0.707 mg 

 
Gallic acid Vanillic acid Syringic acid p-Coumaric acid Ferulic acid 

(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) 

Fertigation Z. officinale Roscoe 

Water extraction  0.089±0.002a 0.256±0.021a NDb NDb NDb 

Hydrothermal-assisted extraction  0.050±0.011b NDb NDb NDb NDb 

Enzymatic-assisted extraction  0.056±0.007b 0.023±0.003b 0.071±0.001a 0.025±0.04a 1.165±0.118a 

Slope-grown Z. officinale Roscoe 

Water extraction  NDc NDb NDb NDc NDb 

Hydrothermal-assisted extraction  0.011±0.002a NDb NDb 0.033±0.003a 0.020±0.002b 

Enzymatic-assisted extraction  0.049±0.002b 0.020±0.004a 0.046±0.006a 0.021±0.002b 0.610±0.062a 

Table 1. Phenolic acid composition of different cultivation methods of Zingiber officinale Roscoe extracts using different 

extraction approaches. 

Values are presented as mean±SD of triplicates. Values with different superscripts within the same column are statistically 

significantly different between extracts (p<0.05). Different cultivating methods of ginger showed statistically significant 

difference at p<0.05. ND: Not detected. 

Figure 2. Ferric reducing antioxidant power (FRAP) of 

different Zingiber officinale Roscoe using different extraction 

approaches. Different cultivating methods of ginger showed 

statistically significant difference at p<0.05. 

**Fertigation cultivation method: all extracts are significantly 

different 

*Slope grown cultivation method: EA are significantly 

different with WE and HAE. 
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AAE/g, while WE extract scavenged the lowest DPPH 

radical at 113.638±0.007 and 72.803±0.025 mg AAE/g 

of dried ginger.  Similar to Mukherjee et al. (2014), 

described ginger extract containing significant phenolic 

content also obtained strong DPPH radical scavenging 

activity. The antioxidant activity of ginger is dependent 

on its total polyphenols content. 

 

4. Conclusion 

The EAE approach significantly influenced ginger’s 

total phenolic composition and antioxidant activities. 

The EAE extracts of both fertigation and slope-grown 

cultivated ginger extracts obtained high ferulic acid, 

which suggested contributing antioxidant activities of 

both gingers. The study suggests that enzymatic 

techniques may offer a greener solution and help add bio

-functional value to the ginger extract, as the bioactive 

compounds and bioactivity values exhibited are value-

added products and commercially important. 
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