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Abstract 
Allium cepa L. is valued in traditional as well as modern systems of medicine. It is utilized as a major 
vegetable crop worldwide. However its use is plagued by generation of large quantities of outer scales 
discarded as waste. Literature shows that this leftover is rich in phenolic compounds. The present study 
aimed at establishing the most appropriate solvent for recovery of the antioxidant phenolic compounds. 
Different polar extracts were prepared and their total phenol content (TPC), total flavonoid content (TFC) 
and antioxidant activity were used as quality indicators to evaluate the extraction efficiency of the 
solvents. Distilled water extractive value was the highest (16.76 % w/w); while 70% methanol extract 
had the maximum TPC, TFC and DPPH scavenging activity (IC50 of 30.1µg/ml). Thus, methanol: water 
(70:30) may be used at laboratory scale as well as commercially to recover valuable phenolic compounds 
and flavonoids from onion waste. 
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Introduction 
Plants have been used to treat chronic as well as infectious diseases since antiquity. The 
biological activities of plants have been attributed to the presence of various secondary 
metabolites such as alkaloids, glycosides, phenols, flavonoids, coumarins, volatile oils etc [1, 2]. 
Phenolic compounds are known for their antioxidant properties and play a vital role in the 
prevention and management of many chronic diseases such as cancer, diabetes, cardiovascular 
and neurodegenerative diseases [3, 4]. Currently natural antioxidants are gaining popularity due 
the belief that they are safer and provide more health benefits than synthetic antioxidant which 
have numerous health hazards [5, 6]. Thus plants containing phenolic compounds are potential 
reservoir for discovery of effective and safe antioxidants. 
Allium cepa (Liliaceae), commonly known as onion and commercially cultivated worldwide, is 
one of the richest sources of phenols and flavonoids [7]. Onion bulbs are traditionally used to 
treat various diseases like asthma, bacterial infections, bronchitis, common cold, ulcer wounds, 
cholera, colic, earache, fever, hypertension, jaundice, pimples and sores [8-10]. It possesses a 
multitude of biological activities including anti-carcinogenic, anti-hypertensive, anti-microbial, 
anti-spasmodic, anti-thrombotic and neuro protective [10-13].  
Onions are important commercially as well as medicinally. However, generation of large 
quantities of waste (for example 450,000 tons of onion waste is generated annually in 
European Union) from onions necessitates its proper management [14]. Since onion waste has 
strong aroma and provides the media for growth of phytopathogens, it cannot be used for 
fodder and landfill disposal [15]. Moreover due to large moisture content its disposal by 
combustion is expensive [14]. The skin or outer scales of onion bulbs (i.e. onion waste) is 
reported to contain high content of phenolics and flavonoids, among them quercetin dominates 
[16, 17]. Thus there is a need to manage onion waste in such a way that the undesirable leftover 
plant material is eliminated and may be used for production/isolation of some useful 
phytochemicals that may otherwise be lost with the waste. 
By-products and wastes of plant food processing can be used to retrieve important bioactive 
compounds. Numerous studies have been done with the aim of development of efficient 
processes for recovering bioactive phytochemicals [6, 18-20]. 
Extraction is a first important step to recover the bioactive compounds from natural sources. 
The choice of solvent for extraction of phenols is a critical step as solubility of different 
classes of phenols is not similar in different solvents [21]. Therefore, several solvent systems 
have been used for the extraction of plant phenolics and antioxidant compounds. Generally, 
polar solvents like aqueous mixtures of acetone, ethanol and methanol are employed for the 
extraction of plant phenolics [22]. 
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Thus, the present work was designed to evaluate the effect of 
different polar solvents on extraction of valuable antioxidant 
phytoconstituents from onion waste. 
 
Materials and Methods 
Chemicals 
DPPH (2, 2-diphenyl-1-picrylhydrazyl) was procured form 
Sigma-Aldrich Co., St. Louis, MO, USA. Ascorbic acid, Folin 
Ciocalteu’s reagent, sodium carbonate and methanol were 
used as supplied by Loba Chemie, India. Gallic acid was 
procured from CDH chemicals, India. All other chemicals 
used were of analytical grade and used as received. 
 
Plant material 
The bulbs of Allium cepa var. NHRDF RED were collected 
from its cultivated source National Horticulture Research and 
Development Foundation (NHRDF), Bathinda, Punjab, India 
in July, 2013. The variety is released by NHRDF and notified 
by Government of India. The bulbs were authenticated by Sh. 
H.K. Sharma, Assistant Director, NHRDF, Bathinda. 
 
Extraction of plant material 
The outer scales of onion bulbs were separated, made free 
from soil, shade dried and coarsely powdered. The powdered 
scales (40 g) were extracted separately with 150 ml each of 
distilled water, methanol, 70% methanol and 70% ethanol by 
ultrasonication on bath sonicator for 30 min followed by 
maceration (24 hrs) in shaking incubator at 37±0.20 C. The 
extracts obtained were concentrated under vacuum and 
percentage yield with to respect to dried weight of plant 
material was calculated. 
 
Determination of total phenolic content 
Total phenolic content of all extracts was determined 
according to the method reported by Singleton et al. with 
slight modifications [23]. In brief, one ml of all dissolved 
extracts was mixed, separately, with 10 ml of deionized water 
and 1.5 ml undiluted Folin Ciocalteu’s reagent. After 5 min, 4 
ml Na2CO3 (20%, w/v) was added and volume was adjusted 
to 25 ml with deionized water. The mixture was incubated for 
30 min and absorbance of resulting mixture was measured 
spectrophotometrically (Beckman DU 640B, Nyon, 
Switzerland) at 765 nm. The assay was performed in 
triplicate. Gallic acid was used as reference standard and the 
results were expressed as milligram gallic acid equivalents 
(mg GAE)/g of extract.  
 
Determination of total flavonoid content 
The total flavonoid content was determined by aluminum 
chloride colorimetric method [24]. Briefly, all extracts were, 
respectively, dissolved in 80% methanol. Each dissolved 
sample solutions (0.5 ml) was separately mixed with 95% 
methanol (1.5 ml), 10% aluminum chloride (0.1 ml), 1 M 
potassium acetate (0.1 ml) and deionized water (2.8 ml). After 
30 min, the absorbance of resultant mixture was measured 
spectrophotometrically (Beckman DU 640B, Nyon, 
Switzerland) at 415 nm. The assay was performed in 
triplicate. Quercetin was used as reference standard and the 
results were milligram quercetin equivalents (mg QE)/g of 
extract. 
 
Antioxidant activity of extracts 
Determination of the free radical scavenging activity of the 
different extracts was carried out using DPPH (2,2-diphenyl-
1-picrylhydrazyl) assay. DPPH radical scavenging assay of 
different extracts was performed by method reported by Blois, 

with slight modifications [25]. Briefly, equal volume of 
methanolic solution of DPPH (0.1 mmol/l) and extracts at 
different concentrations (1- 200 µg/ml) were mixed with 
vortex shaker and incubated (30 min at 30 0C). Ascorbic acid 
was used as positive standard control. The assay was 
performed in triplicate. The absorbance of the resulting 
solution was read at 517 nm against a blank. The DPPH 
radical scavenging effect was measured as 
 

  
 
Where, a= Absorption of sample solution at 517 nm 
b= Absorption of control solution at 517 nm 
The concentration of extract required to scavenge DPPH free 
radical by 50% (IC50) was estimated from the curve of 
scavenging effect (%) plotted against the respective 
concentrations by using linear regression. 
 
Results and Discussion 
Effect of solvents on extraction 
Choice of solvent plays a vital role in the extraction of 
phytochemicals. Earlier studies report the use of polar 
solvents for effective extraction of phenolic compounds [36]. 
Investigations on onions have also shown that methanol and 
ethanol are effective for isolation of phenols and flavonoids 
[37, 38]. To study the effect of different solvents on extractive 
value, total phenolic content and total flavonoid content four 
different solvents viz. methanol, distilled water, 70% 
methanol and 70% ethanol were selected. The percentage 
yields of extracts obtained with different solvents is reported 
in Table 1. Distilled water gave maximum yield for onion 
skin extract while methanol gave the lowest value. The 
extraction yield increase in order: methanol < 70% methanol 
< 70% ethanol < water.  
 

Table 1: Yields of extracts of Allium cepa var. NFRDF-Red 
prepared with different solvents 

 

Solvent used % yield (w/w) 
Methanol 5.53 

Distilled Water 16.76 
70 % Methanol 5.80 
70 % Ethanol 5.92 

 
Effect of solvents on total phenol and flavonoid content 
The total phenol and flavonoid contents of prepared extracts 
were estimated using the Folin-Ciocalteu and aluminum 
chloride method respectively, which are simple and widely 
used methods [26-28]. Extraction with 70% methanol yielded 
maximum phenol and flavonoid content (Table-2) while 
distilled water gave extract with lowest contents. Further, 70 
% ethanol gave relatively lower phenol content than 70 % 
methanol. 
Binary solvents are reported as better solvent system for 
extraction of phenolic compounds as compared to mono 
solvents [29, 30]. Moreover, Jayaprakasha et al. reported a low 
yield of plant phenolics when methanol and acetone were 
used alone as solvent [31]. Further, aqueous mixtures with 
methanol, ethanol or acetone were found better solvent for 
extraction of phenolic compounds, from Vitis rotundifolia 
seeds, than mono-component solvent [32]. It was revealed that 
hydro-methanol (85%) gave maximum yield of phenols and 
flavonoids from the apples [33]. The possible reason could be 
that some phenol compounds exist as glycosides and presence 
of sugar moiety makes them more water soluble [34]. 
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Table 2: Total phenolic and flavonoid content in different extracts of onion waste 
 

Solvent used for extraction TPC (mg GAE/g of extract) TFC (mg QE/g of extract) DDPH Assay (IC50 µg/ml ) 
Methanol 389.5±4.9 178.7±25.0 83.7 

Distilled Water 176.1±9.6 16.5±2.2 107.1 
70% Methanol 456.1±11.7 278.4±21.6 30.1 
70% Ethanol 418.0±34.4 212.3±14.6 43.7 

Ascorbic Acid - - 6.3 
Each value in the table is represented as Mean ± SD (n = 3) 

 
Antioxidant activity 
The antioxidant property of the extracts generated was 
assessed by the DPPH free-radical scavenging method which 
is based on the exchange of hydrogen atoms between the 
antioxidant and the stable DPPH free radical. The color of 
DPPH solution (purple) changes to yellow in presence of 
antioxidant was measured spectrophotometrically [28]. The 
results for prepared extracts are shown in Figure 1, 
respectively. The investigation showed that all the prepared 
extracts have ability to scavenge free radicals. The 
antioxidative capacity increases with increase of 
concentration of all extracts (at concentrations ranging from 1 
- 200 µg/ml). Among all extracts, 70% methanol extract 
showed the most potent (IC50- 30.1 µg/ml) antioxidant 
potential although this is significantly less as compared to 
standard (ascorbic acid; IC50- 6.3 µg/ml). The IC50 DPPH 
values, the amount of total phenol and flavonoid content for 
all extracts are given in Table 2. 
 

 
 

Fig 1: Antioxidant (DPPH scavenging) potential of methanol extract, 
aqueous extract, 70% methanol and 70% ethanol of outer skin of 

onion. The data are expressed as mean ± SD; n=3 
 
It has been well documented that extracts with high phenolic 
content showed high antioxidant activity [35]. The present 
study revealed that 70% methanol extract has prominent 
antioxidant activity which could be attributed to the observed 
high phenol and flavonoid content.  
 
Conclusion 
In the present study, the effect of different solvents on 
extraction of total phenol and flavonoids from onion waste 
was investigated. It was shown that 70% methanol was the 
most appropriate solvent for extraction from outer scales of 
onion. A direct relation between the antioxidant activity and 
the polyphenolic content of the extract was observed. Thus, 
the use of methanol (70%) for recovering antioxidants from 
onion waste is very appealing because of its low cost which 
allows its use in the food industry and reduces the cost of the 
process.  
 
Acknowledgement 
The authors are deeply grateful to the University Grants 

Commission (UGC), New Delhi, India (No. F.7-
265/2009(BSR)) for providing support and financial 
assistance to carry out this research. 
 
References 
1. Newman DJ, Cragg GM. Natural products as sources of 

new drugs over the last 25 years. Journal of Natural 
Product. 2007; 70:461-477. 

2. Kennedy DO, Wightman EL. Herbal extracts and 
phytochemicals: plant secondary metabolites and the 
enhancement of human brain function. Advances in 
Nutrition. 2011; 2:32-50. 

3. Han X, Shen T, Lou H. Dietary Polyphenols and Their 
Biological Significance. International Journal of 
Molecular Sciences. 2007; 8:950-988. 

4. Gollucke AP, Peres RC, Odair A Jr, Ribeiro DA. 
Polyphenols: A nutraceutical approach against diseases. 
Recent Patents Food Nutrition Agriculture. 2013; 5:214-
219. 

5. Pandey KB, Rizvi SI. Plant polyphenols as dietary 
antioxidants in human health and disease. Oxidative 
Medicine and Cellular Longevity. 2009; 2:270-278. 

6. Amado IR, Franco D, Sánchez M, Zapata C, Vázquez J. 
Optimisation of antioxidant extraction from Solanum 
tuberosum potato peel waste by surface response 
methodology. Food Chemistry. 2014; 165:290-299. 

7. Slimestad R, Fossen T, Vågen IM. Onions: A source of 
unique dietary flavonoids. J Agric Food Chemistry. 2007; 
55:10067-10080. 

8. Kirtikar KR, Basu BD. Indian Medicinal Plants. 2nd ed. 
India: Lalit Mohan Basu, Allahabad, India; 1993; 4:2511. 

9. Khare CP. Indian Medicinal Plants: An Illustrated 
Dictionary. Verlag Berlin: Springer. 2007, 33. 

10. Shri R, Bora KS. Neuroprotective effect of methanolic 
extracts of Allium cepa on ischemia and reperfusion-
induced cerebral injury. Fitoterapia. 2008; 79:86-96. 

11. Jung YS, Kim MH, Lee SH, Baik EJ, Park SW, Moon 
CH. Antithrombotic effect of onion in streptozotocin-
induced diabetic rat. Prostaglandins, Leukotrienes & 
Essential Fatty Acids. 2002; 66:453-458. 

12. Corea G, Fattorusso E, Lanzotti V, Capasso R, Izzo AA. 
Antispasmodic saponins from bulbs of red onion, Allium 
cepa L. var. Tropea. Journal of Agricultural and Food 
Chemistry. 2005; 53:935-940. 

13. Corzo-Martı´nez M, Corzo N, Villamiel M. Biological 
properties of onions and garlic. Trends in Food Science & 
Technology. 2007; 18:609-625. 

14. Salak F, Daneshvar S, Abedi J, Furukawa K. Adding 
value to onion (Allium cepa L.) waste by subcritical water 
treatment. Fuel Processing Technology. 2013; 112:86-92. 

15. Rolda´n E, Sa´nchez-Moreno C, de Ancos B, Cano MP. 
Characterisation of onion (Allium cepa L.) by-products as 
food ingredients with antioxidant and antibrowning 
properties. Food Chemistry 2008; 108:907-916. 

16. Benitez V, Molla E, Martin-Cabrejas MA, Aguilera Y, 
López-Andréu FJ, Cools K et al. Characterization of 



 

~ 505 ~ 

Journal of Pharmacognosy and Phytochemistry 

industrial onion wastes (Allium cepa L.): Dietary fibre 
and bioactive compounds. Plant Foods for Human 
Nutrition. 2011; 66:48-57. 

17. Kim SH, Jo SH, Kwon YI, Hwang JK. Effects of onion 
(Allium cepa L.) extract administration on intestinal α-
glucosidases activities and spikes in postprandial blood 
glucose levels in SD rats model. International Journal of 
Molecular Sciences. 2011; 12:3757-3769. 

18. Moure A, Cruz JM, Franco D, Domõ Ânguez JM, Sineiro 
J, Domõ Ânguez H et al. Natural antioxidants from 
residual sources. Food Chemistry. 2001; 72:145-171. 

19. Louli V, Ragoussis N, Magoulas K. Recovery of phenolic 
antioxidants from wine industry by-products. Bioresource 
Technology. 2004; 92:201-208. 

20. Fontana AR, Antoniolli A, Bottini R. Grape pomace as a 
sustainable source of bioactive compounds: extraction, 
characterization, and biotechnological applications of 
phenolics. Journal of Agricultural and Food Chemistry. 
2013; 61:8987-9003. 

21. Tatiya AU, Tapadiya GG, Kotecha S, Surana SJ. Effect of 
solvents on total phenolics, antioxidant and antimicrobial 
properties of Bridelia retusa Spreng. stem bark. Indian 
Journal of Natural Products and Resources. 2011; 2:442-
447. 

22. Antolovich M, Prenzler P, Robards K, Ryan D. Sample 
preparation in the determination of phenolic compounds 
in fruits. Analyst. 2000; 125:989-1009. 

23. Singleton VL, Orthofer R, Lamuela-Ravento’s RM. 
Analysis of total phenols and other oxidation substrates 
and antioxidants by means  of Folin-Ciocalteu reagent. 
In: Packer L, editor. Methods in enzymology. San Diego 
CA: Academic Press. 1999, 152-178. 

24. Lin J, Tang C. Determination of total phenolic and 
flavonoid contents in selected fruits and vegetables, as 
well as their stimulatory effects on mouse splenocyte 
proliferation. Food Chemistry. 2007; 101:140-147. 

25. Blois NS. Antioxidant Determinations by the Use of a 
Stable Free Radical. Nature. 1958; 181:1199-1200. 

26. Fu L, Xu BT, Xu XR, Gan RY, Zhang Y, Xia EQ et al. 
Antioxidant capacities and total phenolic contents of 62 
fruits. Food Chemistry. 2011; 129:345-350. 

27. Sulaiman CT, Balachandran I. Total phenolics and total 
flavonoids in selected Indian medicinal plants. Indian 
Journal of Pharmaceutical Sciences. 2012; 74:258-260. 

28. Kamboj S, Rana V. Physicochemical, rheological and 
antioxidant potential of corn fiber gum. Food 
Hydrocolloids. 2014; 39:1-9. 

29. Thoo YY, Ho SK, Liang JY, Ho CW, Tan CP. Effects of 
binary solvent extraction system, extraction time and 
extraction temperature on phenolic antioxidants and 
antioxidant capacity from mengkudu (Morinda citrifolia). 
Food Chemistry. 2010; 120:290-295. 

30. Grujic N, Lepojevic Z, Srdjenovic B, Vladic J, Sudji J. 
Effects of different extraction methods and conditions on 
the phenolic composition of mate tea extracts. Molecules. 
2012; 17:2518-2528. 

31. Jayaprakasha GK, Singh RP, Sakariah KK. Antioxidant 
activity of grape seed (Vitis vinifera) extracts on 
peroxidation models in vitro. Food Chemistry. 2001; 
73:285-290. 

32. Yilmaz Y, Toledo RT. Oxygen radical absorbance 
capacities of grape/wine industry byproducts and effect 
of solvent type on extraction of grape seed polyphenols. 
Journal of Food Composition and Analysis. 2006; 19:41-
48. 

33. Alberti A, Zielinski AA, Zardo DM, Demiate IM, 
Nogueira A, Mafra LI. Optimisation of the extraction of 
phenolic compounds from apples using response surface 
methodology. Food Chemistry. 2014; 149:151-158. 

34. Ignat I, Volf I, Popa VI. A critical review of methods for 
characterisation of polyphenolic compounds in fruits and 
vegetables. Food Chemistry. 2011; 126:1821-1835. 

35. Stanojević L, Stanković M, Nikolić V, Nikolić L, Ristić 
D, Canadanovic-Brunet J et al. Antioxidant activity and 
total phenolic and flavonoid contents of Hieracium 
pilosella l. extracts. Sensors (Basel) 2009; 9:5702-5714. 

36. Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH, 
Soetaredjo FE, Ismadji S et al. Effect of extraction 
solvent on total phenol content, total flavonoid content, 
and antioxidant activity of Limnophila aromatica. Journal 
of food and drug analysis. 2014; 22(3):296-302. 

37. Bora KS, Shri R, Monga J. Cerebroprotective effect of 
Ocimum gratissimum against focal ischemia and 
reperfusion-induced cerebral injury. Pharmaceutical 
biology. 2011; 49(2):175-81. 

38. Yan QH, Yang L, Wei YM. Optimization of extraction 
methods for flavonoids in onion by RP-HPLC–DAD. 
Journal of Liquid Chromatography & Related 
Technologies. 2015; 38(7):769-73.  


