
Introduction

Plants have long been considered to be a dietary source 
of natural antioxidants. Plants have an efficient defensive 
system to circumvent the toxic effect of free radicals. 
Mitochondria and chloroplasts are the powerhouses and 
sites of reactive oxygen species generation. Plant-driven 
antioxidants or phytochemicals are the ancillary plant 
metabolites. Major antioxidants produced by the plants 

include terpenoids, cinnamic acids, benzoic acids, folic 
acid, ascorbic acid, alpha tocopherols, and tocotrienols 
[1-7]. It is believed that the majority of plant species 
have medicinal significance and excellent antioxidant 
potential. On a similar note, various fruits and vegetables 
also contain a lot of widely useful antioxidants such as 
beta-carotene, anthocyanins, and tocopherols, etc. Easily 
cultivable vegetables can be a chief source of natural 
antioxidants [8-12]. 

Antioxidants prevent the harmful effects of free 
radicals due to their beneficial trend in the reduction 
and inhibition of oxidative reactions. Antioxidants 
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reduce oxidative stress at the cellular level and therefore 
are useful for treating several diseases in humans. 
Nourishments rich in fruits and vegetables are found to 
play a pivotal role in dipping the risk of certain types of 
chronic diseases [13].

Vegetable byproducts are considered to be a source 
of certain phytochemicals having antioxidant activity. 
For this purpose several vegetables have been studied, on 
an industrial scale, as sources of potentially safe natural 
antioxidants, e.g., polyphenols. A large range of plant 
polyphenolics have been proposed for protection against 
lipid oxidation. This increased interest has led to the 
exploration of antioxidants in many plant species. Special 
attention has been paid to vegetable wastes to be a rich 
source of phenolic compounds [14].    

Onion and garlic belonging to the family Allium are 
two vegetables extensively used by humans on a daily 
basis owing to their essence and health beneficiary 
properties. Some researchers have reported that these 
vegetables can be potent cardiovascular and anticancer 
agents. These are a vital source of polyphenols. One of 
the most-consumed vegetables, cauliflower (Brassica 
oleracea L.), has recently become popular with its high 
nourishing value and post-harvest loss of cells division 
power, and is associated with lipid peroxidation – the 
cause of preferential degradation of polyunsaturated fatty 
acids [15].

Various vegetable byproducts have been investigated 
for their nutritional and medicinal attributes. This is the 
first attempt to evaluate the antioxidant potential and 
nutritional quality of vegetable wastes with respect to 
onion, garlic, and cauliflower.  

Materials and Methods

Vegetable waste samples were obtained from canteens 
at the University of Agriculture, Faisalabad (UAF). The 
peels, leaves, and stems were separated. Samples were 
dried in the open air followed by oven drying, and then 
were ground and subjected to extraction. Extraction of the 
dried vegetable byproducts was carried out by aqueous 
methanol (80:20, methanol:water, v/v) and ethanol (80:20, 
ethanol:water, v/v) and were shaken in a Gallenkamp 
(UK) shaker. All acquired extracts were filtered and the 
process was repeated three times. The combined extracts 
were concentrated using a rotary evaporator. 

The amount of total phenolic contents (TPC) was 
assessed using Folin-Ciocalteu reagent procedure as 
described by Chaovanalikit and Wrolstad [16]. Total 
flavonoid contents (TFC) were determined following 
the procedure described by Dewanto et al. [17]. The 
antioxidant activity of extracts was also determined in 
terms of measurement of percent inhibition of peroxidation 
in the linoleic acid system following a reported method 
[18]. The reducing power of the extracts was determined 
according to the procedure described by Yen et al. [19], 
with slight modification. 

Free radical scavenging activities of the extract were 

measured using the procedure described by Iqbal and 
Bhanger [18]. Three samples of each sample were assayed. 
Each extract was analyzed individually in triplicate. Data 
were analyzed using analysis of variance (ANOVA) at 5% 
significance level.

Results and Discussion

Table 1 shows the percentage extract yield from some 
vegetable wastes (onion, garlic, and cauliflower). The 
yield of vegetable waste extracts ranged 6.47-19.85% of 
dry weight. The greatest input (19.85) was acquired from 
cauliflower, whereas the least (6.47%) was from garlic 
waste.

Total phenolic contents (TPC) in extracts of vegetable 
byproducts were analyzed using the Folin-Ciocalteau 
method. This technique was employed owing to its 
sensitivity, least interference, and fortification to compute 
the TPC [20]. We observed that TPC of cauliflower waste 
extracts were found in the range 2.23-3.45 mg gallic acid 
equivalents/gram (GAE/g), and garlic and onion waste 
extracts ranged 4.80-6.47 mg GAE/g and 12.87-16.12 mg 
GAE/g of dry weight (DW) respectively. However, TPC 
of onion waste (ethanolic extract) was found to be highest 
(16.12mg GAE/g DW), while that of cauliflower waste 
(methanolic extract) was the lowest (2.23mg GAE/g DW). 
The attributes of phenolic contents scrutinized in this 
research were comparable to those reported earlier for 
garlic (9 mg GAE/g) and onion (15.87 mg GAE/g). Prakash 
et al. [21] described similar results for phenolic contents 
in onion (4.6-74.4mg GAE/g), and Miean and Mohamed 
[22] reported comparable results for cauliflower. The 
polyphenolic profile found in this work is in agreement 
with previous studies [23-28].

The amount of TF observed in cauliflower waste 
extracts ranged 0.24-0.35 mg catechin equivalent/gram 
(CE/g), and garlic and onion waste extracts were found 
in the range 0.62-0.83 mg CE/g and 1.72-2.13 mg CE/g 
of DW, respectively. The greatest input of flavonoids 
(2.13 mg CE/g DW) was attained from onion (ethanolic 

Solvent Varieties Yield TPC TFC

80% 
Ethanol

Onion 16±0.25 16.12±0.67 2.13±0.4

Garlic 6.47±0.12 4.80±0.50 0.62±0.08

Cauliflower 19.85±0.87 3.45±0.27 0.35±0.06

80% 
Methanol

Onion 15.85±0.62 12.87±0.90 1.72±0.07

Garlic 8.51±0.42 6.91±0.41 0.83±0.07

Cauliflower 16.70±0.35 2.23±0.62 0.24±0.02

Values (mean ± SD) are average of three samples of each 
vegetable waste analyzed individually in triplicate (n = 3 x 3), 
(P<0.05); TPC: total phenolic contents; TFC: total flavonoid 
contents

Table 1.  Percentage yield, TPC, and TFC of onion, garlic, and 
cauliflower waste.
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extract), while the minimum value (0.24mg CE/g DW) 
was observed from cauliflower (methanolic extract). With 
regard to solvents efficiency, 80% ethanol was found to be 
more efficient for the recovery of antioxidant compounds 
from vegetable wastes as compared to 80% methanol. The 
values investigated in this research were comparable to 
those stated by [22] for flavonoid contents in garlic, onion, 
and cauliflower. Antioxidant mechanisms and activity are 
highly reliant on type and concentration of solvent [29], 
but they also vary within the samples. Kabir et al. [30] 
reported that fruit and vegetable byproducts have good 
antioxidant properties owing to the presence of a good 
amount of phenolic components. Waste products from 
the vegetables and fruits, thrown into the environment, 
are the natural and economic sources of antioxidant and 
antimicrobial activities. These products can be effectively 
employed for the prevention of many diseases caused by 
the pathogenic microbes [31]. 

Linoleic Acid System 
(Antioxidant Activity)

The values of inhibition of vegetable byproducts in 
alcoholic (methanol and ethanol) extracts ranged 59.34-
73.13% and 53.64-75.54%, respectively (Fig. 1a). These 

values of scavenging activity were equated with butylated 
hydroxytoluene (BHT) and (butylated hydroxyanisole 
(BHA) (81.89 and 78.56%). Cauliflower wastes showed 
minimum inhibition activity while onion wastes showed 
the maximum. Ethanolic extract of onion waste was found 
to show maximum reticence of peroxidation and therefore 
replicating the highest antioxidant, while bottommost 
inhibition was perceived by ethanol extract of cauliflower 
wastes. The data obtained in this study was comparable 
to the one stated for the chestnut fruit [32]. Arithmetical 
analysis showed the substantial (p<0.05) differences of 
% inhibition in the extracts of vegetable wastes (onion, 
garlic, and cauliflower).

Free Radical Scavenging Activity 
Using DPPH Radical

Free radicals being the initiators of many 
degenerative processes may damage lipids, proteins, and 
deoxyribonucleic acid (DNA), and favors the development 
of many chronic diseases. The diseases caused by 
oxidative stress can be prevented by the consumption of 
food rich in natural antioxidants (Joshi et al., 2012). DPPH 
scavenging activity is the most widely used method for 
screening antioxidant capacity of plant extract [33]. 
Results obtained from the current work show that the 
scavenging activity of vegetable wastes in 80% methanol 
and 80% ethanol extracts ranged 43.98-57.37% and  
47.28-61.13%, respectively (Fig. 1b). The highest activity 
was accomplished from ethanolic extract of onion  
wastes and the lowest from methanolic extract of 
cauliflower byproduct, which is due to the fact that onion 
waste has a large number of phenolic compounds that 
have the ability to donate hydrogen ions that increased 
the scavenging activity of free radicals. These data 
were linked with the control (BHT and BHA) and were 
71.56 and 66.78%. The results were comparable to those 
described for apples [34] and vegetables [35]. Numerical 
analysis has shown the significant (p<0.05) variances 
of percentage of DPPH in the extracts of vegetable 
byproducts. The phenolic compounds found in the 
vegetable byproducts have antioxidant properties such as 
oxygen scavengers and free radical inhibitors.

Reducing Power

Table 2 shows the reducing power of vegetable 
byproduct extracts. The reducing power for ethanolic 
extracts ranged 0.941-1.27, and in 80% methanol extracts 
ranged 0.893-1.13 at the concentration of 10 mg/ml. From 
the analysis we observed that the onion waste extract had 
high reducing power as it had higher intensity of color, 
while the cauliflower waste extract had lower reducing 
power as it intensity of color was low. The data of reducing 
power found in the current scrutiny were less than those 
stated for chestnut fruit [32]. Based on the results, the 
extracted polyphenolic compounds can be employed 
to develop an eco-friendly management system for  
the agro-food sector. The present study revealed that  

Fig. 1. a) Percentage of inhibition of linoleic acid of onion, 
garlic, and cauliflower waste and b) DPPH radical scavenging 
activity of onion, garlic, and cauliflower waste.
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our investigated vegetable waste had considerable 
antioxidant activity since vegetables are potent sources 
of bioactive compounds [36-49]. So far, the recycling/
utilization of such waste is a good option that will  
be helpful for avoiding environmental-related issues  
[50-73]. 

Conclusions

The antioxidant compounds were extracted (using 
ethanol) from vegetable (onion, garlic, and cauliflower) 
wastes, and the extracts showed their promising 
antioxidant activity. We concluded that the vegetable 
wastes represent a good source of natural antioxidants and 
they could be considered as useful sources of bioactive 
compounds. The extraction bioactive compounds present 
in vegetable by-products should be recovered.
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