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Abstract 
 

Food ingredients derived from plants are a rich source of polyphenols. In recent times, 

polyphenols have become popular for their therapeutic properties as antioxidants. 6-gingerol, 

the main bioactive phenolic compound in Zingiber officinale, is well known for its free radical 

scavenging capabilities in treating multiple ailments. The most common method for extracting 

polyphenols from plant materials is through the use of solvents. The extraction of polyphenols 

from plant matrix is largely dependent on the type of solvent used and the extraction method 

employed. However, due to the complexity of plant chemistry there is no obvious choice in 

solvent or extraction method. In this study we made use of three different solvents; acetone, 

ethanol, and methanol. Variations of two different methods were used.  The reflux was run for 

30 minutes at 95 ℃ and maceration was done at room temperature for 8 hours. Between the 

different methods, maceration extracts generally showed better TPC, 6-gingerol content and 

antioxidant activity. Ethanol was significantly the best extracting solvent due to its higher polarity 

index. While the maceration ethanol extracts significantly had the highest TPC and 6-gingerol 

content, its antioxidant activity was not significantly different from the ethanol reflux extracts. A 

significantly positive correlation was determined between TPC and antioxidant activity, with 

reflux extracts having a better correlation than the maceration extracts. A significant positive 

correlation was also drawn between TPC and 6-gingerol content. 
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1.0  INTRODUCTION 
 

Polyphenols have gained much attention for being 

the main bioactive plant constituents with therapeutic 

properties. Fruits and vegetables are considered 

natural sources of polyphenolic compounds which 

can be divided mainly into phenolic acids, flavanoids, 

and tannins [1]. High amounts of polyphenols can be 

found in plant leaves, stems, and roots. As a result they 

frequently become a part of our diet [2]. Researchers 

and food engineers are especially interested in the 

anti-oxidant properties of plant polyphenols [3, 4].  

Ginger (Zingiber officinale) is one of the most heavily 

consumed dietary substances in the world, rich in 

polyphenols and available at low prices. Apart from 

diet, the rhizome or root part of ginger has been used 

in traditional medicine for centuries for their anti-

inflammatory, anti-nausea properties, and for treating 

migraines and breathing problems [5]. In most recent 

times they have been widely studied for exhibiting 

anti-microbial, anti-tumour, anti-diabetic, and anti-

oxidant activities [6]. In fresh ginger rhizome, gingerols 

are identified as the major active component, with 6-

gingerol being the most abundant constituent in the 

gingerol series [7, 8, 9].  

Solvent extractions are the most commonly used 

procedures to obtain polyphenol extracts from plant 

materials due to their ease of use, efficiency, and 
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wide applicability. The most commonly used solvents 

are hot or cold aqueous mixtures containing acetone, 

ethanol, methanol, and ethyl acetate [10]. Since 

plant chemistry has a complex array of different 

bioactive compounds there is no clear cut solvent 

that can be recommended for extraction since 

optimum recovery varies from one sample to another 

and depends on the plant matrix, what phenolic 

constituents you want to extract, and how soluble the 

phenolic constituents are in the chosen solvent [11].  

Several other parameters may influence the yield 

of polyphenols including extraction time, 

temperature, pH, and solvent polarity [12]. From the 

literature review, the efficiency of polyphenol 

extraction yield is strongly dependent on the plant 

matrix and solvent choice [13, 14, 15] as well as the 

method of extraction used [16, 17]. The aim of the 

current study was to determine the effect of 2 different 

methods and 3 different solvents on the extraction of 

polyphenols in ginger and to draw a relationship 

between total phenolic content (TPC), antioxidant 

activity, and 6-gingerol content. 

 

 

2.0  METHODOLOGY 
 

2.1  Sample Preparation 
 

Fresh ginger rhizomes were washed thoroughly to 

remove any trace amount of soil. Then the rhizomes 

were cut into thinly sliced pieces before being stored 

in a deep freezer at – 80 ℃ overnight. The ginger 

samples were freeze-dried on the following day for 1 

week. The dried ginger was then ground to a fine 

powder using a blender.  

 

2.2  Extraction 

 

Extraction methods used in this experiment were reflux 

and maceration. In order to maximize extraction yield 

while minimizing the extraction cost, a solvent to 

sample ration of 1g per 20 mL was adopted (1).  

For maceration, 10 g of ginger were each weighed 

and placed into 3 different Schott bottles before 

adding 200 mL of appropriate organic solvent 

(acetone, ethanol, and methanol independently). 

Schott bottle tops were covered with aluminium foil 

before being placed on an orbital shaker at 200 

revolutions per minute for 8 hours. The heating coils 

were turned on for 10 minutes before running reflux. 

Then, 2.5 g of ginger and 50 ml of appropriate organic 

solvent were added into a round bottle flask. The 

sample was then refluxed at 90℃ for 30 minutes. Each 

of the samples was run in triplicate. 

After solvent extraction, the ginger for each extract 

were then filtered through a cotton wrapped muslin 

cloth with an additional 100 ml of same fresh solvent 

into a conical flask. The extracts were then passed 

through a filter paper (Whatman No.1). The extracts of 

ginger were then evaporated using a rotary 

evaporator under reduced pressure at 40 °C. The 

extracts were removed and placed into falcon tubes. 

Trace amounts of solvent were evaporated by 

blowing nitrogen gas over the extracts.  
 

2.3  Total Phenolic Content (TPC) Analysis 

 

The total phenolic content was expressed as Gallic 

acid equivalent (GAE) in mg/100g of material. First, 

10% Folin Ciocalteu (FC) reagent was prepared by 

diluting 10 mL of FC reagent into 100 mL of distilled 

water. Next, 7.5% sodium carbonate was prepared by 

diluting 7.5 g of sodium carbonate into 100 mL of 

distilled water. A stock solution of Gallic acid at a 

concentration of 0.1 mg/mL was prepared by 

dissolving 10 mg of Gallic acid into 100 mL methanol. 

Then the stock solution was diluted into 6 different 

concentrations ranging from 0.0031 to 0.1 mg/mL [18].  

A pipette was used to transfer 1 mL of each 

extract into a falcon test tube. Then, 5 mL of 10% Folin-

Ciocalteu reagent was added. After 5 minutes in the 

dark, 4 mL of 7.5% sodium carbonate was added. The 

solution was agitated with a vortex mixer for a minute 

before incubation at room temperature for an hour in 

the dark. The absorbance of the extracts and 

prepared blank were measured at 760 nm using a UV-

visible spectrophotometer. 

 

2.4  DPPH (1, 1-Diphenyl-2-Picryl-Hydrazyl) Radical 

Scavenging Assay 

 

The free radical scavenging activity of Z. officinale 

extracts were measured using the DPPH assay based 

on the method by Tomsone et al. [19] with some 

modifications. A fresh stock of DPPH solution was 

prepared by dissolving 4 mg of DPPH with 100 mL of 

70% ethanol in order to obtain a concentration of 

0.004%. The DPPH was added to the extracts and the 

absorbance was determined at 515 nm using UV/VIS 

spectrophotometer after 30 minutes of incubation at 

room temperature in the dark. The colour changes 

were observed for the six extracts. Synthetic 

antioxidant ascorbic acid was used as a positive 

control. It was prepared by dissolving 100 mg of 

ascorbic acid in 100 mL 70% ethanol. The ascorbic 

acid was diluted in different concentrations of 0.0031 

to 0.1 mg/mL. The same procedure was applied to 

each extract to measure the absorbance. The 

capability to scavenge the DPPH radical or known as 

inhibition percentage was calculated using the 

following formula:  

 

I % = [(ADPPH - Asample)/ ADPPH ] x 100 

 

Where ADPPH is the absorbance of the blank DPPH 

solution, and Asample is the absorbance of the extracts.  

 

2.5  High Performance Liquid Chromatography (HPLC) 

 

A stock solution of 6-gingerol was prepared by 

dissolving 5 mg of 6-gingerol in 10 mL of 80% methanol 

then a series of dilutions were prepared ranging from 
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40 to 500 ppm. Then, 20 𝜇L from each ginger extract 

was diluted in 4 ml of 80% methanol.  Dilution extracts 

were passed through a filter using a 0.45 𝜇m syringe 

filter into 2 mL vials prior to running the HPLC. The 

parameters for HPLC running conditions were 

adopted from Aly et al. [20] with some variations 

(Table 1).  
 

Table 1: HPLC running conditions 

 
Mobile phase Acetonitrile:Water (50:50) 

Flow rate 1.0 mL/min 

Injection volume 20𝜇L 

Wavelength detection 282 nm 

Run time 5 min 

Temperature 50℃ 

 

 

2.6  Statistical Analysis 

  

Triplicate analytical replications were carried out for 

both TPC and DPPH analysis while duplicate analytical 

replications were done for HPLC. Tabulated data was 

represented as the mean ± SD. A statistical analysis 

was carried out using the IBM SPSS Statistics 22 

software.   

An analysis of variance was performed by one-

way ANOVA and significant differences between the 

means were determined by the Duncan’s multiple 

range analysis (p ≤ 0.05) and Pearson correlation (p ≤ 

0.01) to draw a relationship between TPC, DPPH, and 

6-gingerol content [21]. 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Determination of Total Phenolic Content (TPC) 

 

For ethanol, the mean GAE values for the maceration 

and reflux methods were 263 and 205.4 mg/100g 

respectively. For acetone, the mean GAE for the 

maceration and reflux methods were 216 and 184 

mg/100g respectively. For methanol, the mean GAE 

for the maceration and reflux methods were 148 and 

95 mg/100g, respectively (Figure 1). 

 

 
 

 
Figure 1 Mean GAE of ginger extracts. Different letters are 

significantly different at p ≤0.05 

 

 

All maceration extracts were significantly better 

when compared to the reflux extracts for all 

equivalent solvents. Ethanol maceration extracts 

significantly gave the highest TPC readings. However, 

the phenolic content between ethanol reflux extracts 

and acetone maceration extracts were not 

significantly different. True to its polarity index, ethanol 

proved to be the best extracting solvent [19].   

In contrast, acetone was significantly a better 

solvent at extracting polyphenols than methanol 

despite having a similar polarity index [22]. As a result, 

the plant matrix played a more important role than 

polarity index in polyphenol recovery [23]. The results 

also disagree with the findings of Sultana et al. [11] 

who found that reflux extracts would all yield higher 

phenolic content.  

 

3.2  Determination Of DPPH. Radical Scavenging 

Acitivity 

 

The antioxidant activity of maceration extracts was 

better than the reflux extracts for all equivalent 

solvents. The antioxidant activity was highest in 

ethanol followed by acetone and methanol. A 

percentage inhibition graph against concentration 

was plotted to determine antioxidant activity of reflux 

and maceration ginger extracts (Figure 2 a, b).  
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2a Maceration extracts 

 

 
2b Reflux extracts 

 
Figure 2 a, b Percent inhibition of ginger extracts. 

 

 

Since percent inhibition reflects scavenged DPPH 

radicals, a higher percent inhibition will mean better 

antioxidant activity. For maceration extracts, ethanol 

showed the highest antioxidant activity with a mean 

inhibition of 93% followed by acetone with 87.1% and 

methanol with 82.2%. For reflux samples, ethanol 

showed the highest antioxidant activity with a mean 

inhibition of 88% followed by acetone with 83% and 

methanol with 69%.  

A simpler way of representing the antioxidant 

activity of ginger extracts is depicted in Figure 3. The 

abbreviation IC50 is the concentration of the ginger 

extract (𝜇g/mL) needed to scavenge 50% of the initial 

DPPH radicals. Since the IC50 value is inversely 

proportional to percent inhibition, a lower IC50 value 

correlates to better antioxidant activity [24]. 

 

 
 

Figure 3 Mean IC50 value of ginger extracts. Different letters 

are significantly different at p ≤0.05 

 

 

The ethanol extracts significantly yielded the best 

antioxidant activity. However, there was no significant 

difference in antioxidant activity between ethanol 

extracts using different methods. In contrast, a 

significant difference in antioxidant activity can be 

seen between methanol extracts using different 

methods and between acetone extracts using 

different methods. Polyphenol solubility plays an 

important role in antioxidant activity. As a result, an 

increase in total phenolic content is a direct 

correlation to an increase in antioxidant activity [19].  
 

3.3 Correlation Between TPC And DPPH Radical 

Inhibition 

 

Pearson correlation was done to compare the mean 

total phenolic content and mean DPPH radical 

inhibition (I%) and a graph was plotted (Figure 4). From 

the current study, regardless of the method or solvent 

used, a significant positive correlation between TPC 

and antioxidant activity was drawn. The reflux extracts 

showed better correlation than the maceration 

extracts with a steeper curve. It can be concluded 

that temperature played a more important role than 

time for antioxidant recovery due to its effectiveness 

in disrupting the cell wall.  
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4a Reflux extracts 

 

 
4b Maceration extracts 

 
Figure 4 Mean correlation between TPC and Percent 

inhibition (I%) of ginger extracts 

 

 

3.4 HPLC Analysis Of 6-Gingerol Content 

 

UV-HPLC was run to determine the 6-gingerol 

concentration in the ginger extracts (Figure 6). The 

maceration extracts yielded higher 6-gingerol content 

for all equivalent solvents. For maceration, the ethanol 

extracts yielded the highest 6-gingerol content (258.4 

mg/L) followed by acetone (208.6 mg/L) and 

methanol (183.7 mg/L). Similarly, for reflux extracts, 

ethanol yielded the highest 6-gingerol content (226.3 

mg/L) followed by acetone (189.7 mg/L) and 

methanol (159.2 mg/L). 

Comparing different methods, the 6-gingerol 

content of ethanol extracts were significantly 

different. The 6-gingerol from the methanol extracts for 

different methods were also significantly different. In 

contrast, the 6-gingerol content between acetone 

extracts using different methods were not significantly 

different. Within each method, acetone extracts 

significantly yielded better 6-gingerol content than 

methanol extracts, agreeing with a finding by Usman 

et al. [25].   

A significant positive correlation between TPC and 

6-gingerol content can be seen in Table 2. Since 6-

gingerol was the most abundant bioactive 

polyphenol constituent in Z. officinale, it was 

understandable that better polyphenol extractions 

yielded higher 6-gingerol content. 

 

 
 

Figure 6 Concentration of 6-gingerol.  Letters (a to e) 

indicate significant different at p ≤0.05 

 
Table 2 Correlation of 6-gingerol and TPC 

 
  TPC 6-gingerol 

TPC Pearson Correlation 1 .950* 

Sig. (2-tailed)  .004 

N 6 6 

6-

gingerol 

Pearson Correlation .950* 1 

Sig. (2-tailed) .004  

N 6 6 
* Correlation is significant at p ≤ 0.01 

 

 

4.0  CONCLUSION 

 
Different solvents and different methods affect the 

yield of polyphenol extraction. Two different methods 

of extraction, reflux and maceration, were carried out 

using 3 different solvents to determine their effect on 

the TPC, antioxidant activity, and 6-gingerol content 

present in Zingiber officinale. Between the different 

methods, maceration extracts generally did better 

than reflux for all 3 categories.  

Between the solvents, ethanol was significantly 

the best followed by acetone and methanol 

respectively. Among the different methods and 

solvents the ethanol maceration extracts significantly 

yielded the best TPC and 6-gingerol. However, in terms 

of antioxidant activity, ethanol maceration extracts 

did not prove to be significantly better than the 

ethanol reflux extracts. Regardless of the method, 

acetone extracts showed significantly better TPC than 

methanol extracts. However, the antioxidant activity 

and 6-gingerol content of the acetone reflux extracts 

were not significantly different from the methanol 

maceration extracts. The similarities between acetone 

and methanol extracts can be explained in terms of 

their similar polarity index.  

A significant positive correlation could be made 

between total phenolic content, 6-gingerol content 

and antioxidant activity for both extraction methods.  
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Reflux extracts showed better correlation between 

TPC and antioxidant activity than the maceration 

extracts.  
 

 

Acknowledgement 

 
The authors wish to acknowledge full gratitude to the 

International Islamic University Malaysia for assisting 

this work. 

 

 

References 
 
[1] Michiels, J. A., C. Kevers, J. Pincemail, J. O. Defraigne, and 

J. Dommes. 2012. Extraction Conditions Can Greatly 

Influence Antioxidant Capacity Assays in Plant Food 

Matrices. Food Chemistry. 130(4): 986-993. 

[2] Garcia-Salas, P., A. Morales-Soto, A. Segura-Carretero, and 

A. Fernández-Gutiérrez. 2010. Phenolic-Compound-

Extraction Systems for Fruit and Vegetable Samples. 

Molecules. 15(12): 8813-8826. 

[3] Surveswaran, S., Y. Z. Cai, H. Corke, and M. Sun. 2007. 

Systematic Evaluation of Natural Phenolic Antioxidants 

from 133 Indian Medicinal Plants. Food Chemistry. 102(3): 

938–953.  

[4] Dai, J., and R. Mumper. 2010. Plant Phenolics: Extraction, 

Analysis and Their Antioxidant and Anticancer Properties. 

Molecules. 15(20): 7313-7352. 

[5] Singletary, K. 2010. Ginger: An Overview of Health 

Benefits. Nutrition Today. 45(4): 171-183. 

[6] Rahmani, A. H. 2014. Active Ingredients of Ginger as 

Potential Candidates in the Prevention and Treatment of 

Diseases Via Modulation of Biological Activities. 

International Journal Of Physiology, Pathophysiology and 

Pharmacology. 6(2): 125. 

[7] Puengphian, C., and A. Sirichote. 2008. Gingerol Content 

and Bioactive Properties of Ginger (Zingiber officinale 

Roscoe) Extracts from Supercritical CO2 Extraction. Asian 

Journal of Food and Agro-Industry. 1(1): 29-36. 

[8] Zick, S. M., M. T. Ruffin, Z. Djuric, D. Normolle, and D. E. 

Brenner. 2010. Quantitation of 6-, 8- and 10-Gingerols and 

6-Shogaol in Human Plasma by High-Performance Liquid 

Chromatography with Electrochemical 

Detection. International Journal of Biomedical 

Science. 6(3): 233. 

[9] Kizhakkayil, J., and B. Sasikumar. 2014. Characterization of 

Ginger (Zingiber officinale Rosc.) Germplasm Based on 

Volatile and Non-Volatile Components. African Journal of 

Biotechnology. 11(4): 777-786. 

[10] Stalikas, C. D. 2007. Extraction, Separation, and Detection 

Methods for Phenolic Acids and Flavonoids. Journal of 

Separation Science. 30(18): 3268-3295. 

[11] Sultana, B., F. Anwar, and M. Ashraf. 2009. Effect of 

Extraction Solvent / Technique on the Antioxidant Activity 

of Selected Medicinal Plant Extracts. Molecules. 14(6): 

2167-2180. 

[12] Khoddami, A., M.A. Wilkes, and T.H. Roberts. 2013. 

Techniques for Analysis of Plant Phenolic Compounds. 

Molecules. 18 (2): 2328–2375. 

[13] Mazandarani, M. 2012. Effects of Solvent Type on Phenolics 

and Flavonoids Content and Antioxidant Activities in 

Onosma dichroanthum Boiss. Journal of Medicinal Plants 

Research. 6(28): 4481–4488.  

[14] Boeing, J. S., É. O. Barizão, B. C. e Silva, P. F. Montanher, A. 

V. de Cinque and J. V. Visentainer. 2014. Evaluation of 

Solvent Effect on the Extraction of Phenolic Compounds 

and Antioxidant Capacities from the Berries: Application of 

Principal Component Analysis. Chemistry Central Journal. 

8(1): 1-9. 

[15] Liu, M., X. Xia, G. Chou, D. Liu, A. Zuberi, J. Ye, and Z. Liu. 

2014. Variations in the Contents of Gingerols and 

Chromatographic Fingerprints of Ginger Root Extracts 

Prepared By Different Preparation Methods. Journal of 

AOAC International. 97(1): 50-57. 

[16] Yu, J., M. Ahmedna, and I. Goktepe. 2005. Effects of 

Processing Methods and Extraction Solvents on 

Concentration and Antioxidant Activity of Peanut Skin 

Phenolics. Food Chemistry. 90:199-206. 

[17] Turkmen, N., F. Sari, and Y. S. Velioglu. 2006. Effect of 

Extraction Solvents on Concentration and Antioxidant 

Activity of Black and Black Mate Polyphenols Determined 

By Ferrous Tartrate and Folin-Ciocalteu Methods. Food 

Chemistry. 99: 838-841.  

[18] Kamaliroostaa, Z., L. Kamaliroosta, and A. H. Elhamiradc. 

2013. Isolation and Identification of Ginger Essential 

Oil. Journal of Food Biosciences and Technology. (3): 73-80. 

[19] Tomsone, L., Z. Kruma, and R. Galoburda. 2012. 

Comparison of Different Solvents and Extraction Methods 

for Isolation of Phenolic Compounds from Horseradish 

Roots. World Academy of Science, Engineering, and 

Technology. 6(4): 1164–1169. 

[20] Aly, U. I., M. S. Abbas, H. S. Taha, and E. I. Gaber. 2013. 

Characterization of 6-Gingerol for In Vivo and In Vitro 

Ginger officinale Using High Performance Liquid 

Chromatography. Global Journal of Botanical Sciences. 1 

(1): 9–17. 

[21] Arabshahi-Delouee, S., and A. Urooj. 2007. Antioxidant 

Properties of Various Solvent Extracts of Mulberry (Morus 

indica L.) Leaves. Food Chemistry. 102(4): 1233–1240. 

[22] Ghasemzadeh, A., H. Z. Jaafar, and A. Rahmat. 2011. 

Effects of Solvent Type on Phenolics and Flavonoids 

Content and Antioxidant Activities in Two Varieties of 

Young Ginger (Zingiber officinale Roscoe) Extracts. Journal 

of Medicinal Plants Research. 5(7): 1147-1154. 

[23] Addai, Z. R., A. Abdullah, and S. A. Mutalib. 2013. Effect of 

Extraction Solvents on the Phenolic Content and 

Antioxidant Properties of Two Papaya Cultivars. Journal of 

Medicinal Plants Research. 7(47): 3354–3359.  

[24] Eleazu, C. O., and K. C. Eleazu. 2012. Physico-Chemical 

Properties and Antioxidant Potentials of 6 New Varieties of 

Ginger (Zingiber officinale). American Journal of Food 

Technology. 7(4): 214-221. 

[25] Usman, Y. O., S. E. Abechi, O. O. Benedict, O. Victor, U. U. 

Udiba, N. O. Ukwuije, & S. E. Anyahara. 2013. Effect of 

Solvents on [6]-Gingerol Content of Ginger Rhizome and 

Alligator Pepper Seed. Annals of Biological 

Research. 4(11): 7-13. 

 

.

 

 

 

 


