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Free Radical Scavenging Capacity and Total Phenolic Contents in 
Peel and Fleshy Crude Extracts of Selected Vegetables
Chanate Wanna*

INTRODUCTION
The higher burden of free radicals causes an 
imbalance in homeostasis phenomena between 
oxidants and antioxidants in the body.1 This 
imbalance leads to oxidative stress that free radicals 
react with the importance cellular components 
such as protein, DNA and cell membrane to 
damage2 and destroy the balance of the body 
system as well as lead to the deterioration or 
aging of cells and various diseases such as cancer, 
age-related neurodegeneration, high blood 
pressure, diabetes and cardiovascular disease.3-5 
Antioxidants have attracted a great deal of 
attention as they are compounds that inhibit 
or delay the oxidation of other molecules by 
inhibiting the initiation or propagation of oxidizing 
chain reactions. There are two basic categories of 
antioxidants, namely, synthetic and natural. In 
general, synthetic antioxidants are compounds 
with phenolic structures of various degrees of alkyl 
substitution, whereas natural antioxidants can be 
phenolic compounds (tocopherols, flavonoids and 
phenolic acid), nitrogen compounds (alkaloids, 
chlorophyll derivatives, amino acids, and amine) 
or carotenoids.6,7 Among the natural antioxidants 

are non-toxic and biodegradable products and 
received much attention due to the best alternative to 
currently available synthetic antioxidants. 

Vegetables have received increasing attention 
because they are edible plants which are known as 
a good source of dietary antioxidants or therapeutic 
agents for preventing oxidative stress-related diseases 
and in aging process due to the presence of various 
phytochemicals such as α-tocopherol, ascorbic 
acid, β-carotene and phenolic compounds.8-10 
Epidemiological studies have found that the intake 
of vegetables has a strong inverse correlation with 
the risk of developing many chronic diseases.11-15 
Current antioxidant researches are primarily 
focused on phenolic compounds, the principal 
components in vegetables responsible for health-
promoting substances and their antioxidant activity.8 
In most cases, the waste by-products such as peels 
and seeds can present similar or higher contents of 
antioxidant and antimicrobial compounds.16 The 
higher amount of phenolic compounds and various 
vitamins has been reported in the peel than in 
pulp.17 Potato peel provides an excellent source for 
the recovery of phenolic compounds so it may offer 
an effective source of an antioxidant.18 Cucumber 
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peel is considered a cheap source of flavonoids and can be used as a 
potential source of antioxidant for industrial applications.19 It has 
been shown that only fleshy part of the pumpkin is used in the food 
processing industry and 18-21% of the fruit is generated as pumpkin 
waste.20 Carrot processing peel is usually discarded or used as animal 
feed which is high in phenolics and antioxidant properties which 
could be considered for value-added utilization.21 Vegetable peels may 
be a great source of bioactive compounds especially antioxidants to 
utilize in the food industry. Furthermore, bitter gourd is an important 
vegetable grown in tropical and sub-tropical regions for biologically 
active compounds and its medicinal properties.22 Numerous studies 
confirm that the consumption of vegetables such as carrots, radishes, 
beets, pumpkin, broccoli, spinach, potato, bitter gourd and mushrooms 
where they contain high fiber and antioxidants to help the digestive 
system and excretory system regular, reduce the risk of colon cancer, 
lower cholesterol and reduce blood sugar levels as well as other diseases 
associated with free radicals.8,15,17,23-28

All of these aspects explain the increasing interest in vegetables that have 
been manifested in the past few years. Though many other vegetables 
have been investigated in the antioxidants generally there is still a need 
to find more information concerning the antioxidant potential of them 
as they are safe and also bioactive. Besides, it should be noted that the 
result may vary according to the geographical location, soil in which 
the plant is grown, season, varieties and method of extraction. Thus, 
the current study was undertaken to elucidate the antioxidant activity 
by DPPH and FRAP assay and determine total phenolic compounds 
by Folin-Ciocalteu assay from these selected local vegetable peels 
and fleshes in Thailand. The correlation between the antioxidant 
capacity and total phenolic contents was also determined to serve for 
human consumption which is safe and health-promoting, using as a 
nutraceutical and as a food preservative and the basic information to 
advanced research in further. 

MATERIALS AND METHODS

Chemicals and reagents
All chemicals and reagents used in this study, such as 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethyl chroman-
2-carboxylic acid (Trolox) 2,4,6–tris (2-pyridyl)-s-triazine (TPTZ), 
gallic acid monohydrate and Folin-Ciocalteu’s phenol reagent were 
purchased from Sigma Chemical Company (St. Louis, MO, USA) and 
LOBA Chemie PVT. LTD., India. Other chemicals used (hydrochloric 
acid, acetic acid, sodium acetate, iron (III) chloride hexahydrate, 
ferrous (II) sulfate, sodium carbonate anhydrous and ethanol) were of 
analytical grade. 

Vegetable samples
Six samples of fresh vegetable peels and fleshes were collected from the 
local market to conduct this study. The vegetables used for analysis were 
potato, carrot, bitter gourd, pumpkin, Chinese radish and cucumber 
(Table 1).

Preparation of extracts
To clean out and both peels and fleshes were cut into small pieces. Then 
they were dried in a hot air oven at 50oC until dry and their weights were 

recorded. The six vegetable samples of both peel and flesh groups were 
weighed. By weighing the peel 6 g of added ethanol 10 ml and weigh 
the flesh 15 g of added ethanol 25 ml (3: 5 w/v) macerated for 24 hours 
between both groups after that filters out the residue by filter paper. 
Bring the liquid to filter out the ethanol using a rotary evaporator at 80 
oC until a viscous substance and dried by freeze dryer, dried extracts 
weighed and recorded. Store the extracts within the sealed container in 
the refrigerator to be tested for antioxidant activity and total phenolic 
compounds in the extracts.

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity assay 
This assay was used to evaluate the antioxidant activity of extracts 
from purple to yellow through 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
scavenging system and determined using the method outlined by 
Seephonkai et al. (2011).29 The stock of 0.3 mM DPPH solution was 
prepared by dissolving 5.9 mg DPPH powder in 50 ml of ethanol, 
sealed in aluminum foil and kept in a fridge. A100 μl aliquot of the 
extract was mixed with 900 μl of freshly prepared 0.3 mM DPPH 
solution. The mixture was shaken vigorously and kept in dark for 30 
min at room temperature. The reaction mixture was measured against a 
blank (ethanol) at 515 nm with a UV-VIS spectrophotometer (Thermo 
GENESYS 20). Each free radical scavenging activity assay was carried 
out in triplicate from the same extract to determine their reproducibility 
and the results were expressed as the percentage of free radical DPPH 
scavenging activity of the extract using Trolox as a positive control in 
two groups was calculated as:

DPPH scavenging activity (%) = [(Acontrol – Asample)/ A control] x 100

Where, Acontrol is the absorbance of control solution containing only 
DPPH

 Asample is the absorbance of extract in DPPH solution

Ferric reducing antioxidant power (FRAP) assay

The ferric reducing ability of different extracts was estimated by the 
method of Benzie and Strain (1996).30 This assay uses antioxidants as 
reductants in the redox-linked colorimetric method. The FRAP reagent 
was prepared by mixing 0.2 M acetate buffer, pH 3.6 (0.2 M acetic acid 
46.3 ml and 0.2 M sodium acetate 3.7 ml), 1 mM TPTZ (2,4,6-tris (2- 
pyridyl)-s-triazine) in 40 mM HCl and 20 mM FeCl3•6H2O in the ratio 
of 10:1:1 to mix the working reagent and then incubate 37oC for 20 min. 
Triplicates of 100 μl of extract were added with 1.5 ml of FRAP reagent 
and kept in dark for 30 min at room temperature. The reduction of ferric 
(Fe3+)(colorless) to ferrous (Fe2+) (blue) can be monitored by measuring 
absorbance at 595 nm wavelength using a UV-VIS spectrophotometer 
after 30 min. Calibration curve of ferrous (II) sulfate (FeSO4) at 0.2, 
0.4, 0.6, 0.8, 1.0 and 1.2 mM Fe2+ equivalents was set up to estimate 
the activity capacity of samples. Result was expressed as mM of Fe2+ 
equivalents per gram of extract (mM Fe2+/g extract).

Determination of total phenolic contents (TPC) 
A modified method by Tibuhwa (2014)31 was used to determine the total 
phenolic content of the extracts. Briefly, Each 100 μl of extracts were 
mixed thoroughly with 900 μl of 10% Folin-Ciocalteau’s reagent and 

Sample No. Vegetables Scientific name Family
1
2
3
4
5
6

Potato
Carrot

Bitter gourd
Pumpkin

Chinese radish
Cucumber

Solanum tuberosum L.
Daucus carota L.

Monordica Charantia L.
Cucurbita moschana Duchesna

Raphanus sativus L.
Cucumis sativus L.

Solanaceae
Apiaceae

Cucurbitaceae
Cucurbitaceae
Brassicaceae

Cucurbitaceae

Table 1: Taxonomic of vegetables selected for study.
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kept for 8 min at room temperature. Then 400 μl of 7.5% (w/v) sodium 
carbonate was added to the mixture and was allowed to stand for 60 
min. The absorbance of extract and prepared blank were measured at 
765 nm for blue colored complex using UV-VIS spectrophotometer. 
The test was analyzed in triplicate and constructed the calibration curve 
with different concentrations of gallic acid at 1, 5, 10, 20, 40, 60 and 80 
µg/ml. The results were expressed as milligram of gallic acid equivalents 
(GAE) per gram of extract (mg GAE/g extract). 

Statistical analysis 

All experiments were done in triplicate (n = 3). The results were 
expressed as means ± standard deviations and analyzed by using 
Statistical Package for Social Sciences (SPSS version 21). The data were 
statistically analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison tests at 95% least significance 
difference (p < 0.05). The Pearson correlation coefficient was used to 
determine the relationship between the antioxidant activity and total 
phenolic contents in sample extracts. Differences between means at p < 
0.05 level were considered to be significant.

RESULTS
Vegetable peels and fleshes were macerated using 95% ethanol and 
concentrated using a rotary evaporator to obtain a viscous ethanolic 
extract. The ethanolic extracts were the viscous concentrated brown 
extracts and total yield of extracts were ranging from 1.90 to 6.78%. The 
highest yield was contributed to pumpkin flesh and had the lowest yield 
in bitter gourd peel (Table 2).

DPPH radical scavenging activity assay

The extracts from six vegetable peels and fleshes were continued to 
antioxidant activity test using DPPH assay which measures the ability 
to inhibit DPPH free radical happened. The results obtained from this 
study are the percentage of inhibition. Trolox was used as a standard 
in this test. Based on Table 3 and Figure 1, it found that vegetable peels 
were a statistically significant difference in anti-oxidation caused by 
DPPH free radicals (F-test = 58.98, p < 0.05). The carrot peel could 
inhibit free radicals the highest as 61.80 ± 6.14%, followed by potato 
peel (59.02 ± 6.64%), Chinese radish (41.30 ± 2.84%), pumpkin 

Vegetable samples
Extract yield (%)

Peel Flesh
potato 2.43 4.35
carrot 3.86 6.63

bitter gourd 1.90 2.75
pumpkin 4.29 6.78

Chinese radish 2.23 3.65
cucumber 2.56 3.13

Table 2: Total yield of crude extracts from vegetables.

Vegetable samples DPPH assay
(% inhibition)

FRAP assay
(mM Fe2+/g extract)

Folin-Ciocalteau
(mg GAE/g extract)

potato 59.02 ± 6.64 c 0.59 ± 0.06 b 75.48 ± 11.05 a

carrot 61.80 ± 6.14 c 0.75 ± 0.03 c 87.90 ± 3.45 a

bitter gourd 19.37 ± 0.97 a 0.20  ± 0.01 a 91.17 ± 21.09 a

pumpkin 37.04 ± 1.52 b 0.56 ± 0.07 b 110.45 ± 22.49 a

Chinese radish 41.30 ± 2.84 b 0.53 ± 0.01 b 88.22 ± 6.87 a

cucumber
trolox

24.08 ± 0.59 a

58.77 ± 0.23c
0.27 ± 0.02 a

-
51.95 ± 10.61 a

-

Table 3: The ability of antioxidants and total phenolic contents in the six vegetable peel extracts.

Values are expressed as mean ± SD (n = 3) of triplicate measurements.
Different letters in the column indicate significant differences at p < 0.05.

Figure 1: The ability of antioxidants of extracts from the peel and flesh in six vegetables by DPPH 
assay compared to the standard solution (trolox) 0.5 mM. 
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(37.04 ± 1.52%), cucumber (24.08 ± 0.59%) and bitter gourd (19.37 ± 
0.97%), respectively. The DPPH inhibition of carrot and potato peels 
was significantly different from other vegetable peels and higher than 
the positive control (trolox). This result indicated that the antioxidant 
activity of carrot and potato peels was better than trolox. The antioxidant 
activity of flesh extracts was statistically significant differences (F-test = 
499.76, p < 0.05). By order of their ability to inhibit the highest to the 
lowest as potato, carrot, Chinese radish, pumpkin, bitter gourd, and 
cucumber was equal to 35.60 ± 0.63%, 33.86 ± 1.92%, 32.07 ± 0.58%, 
26.10 ± 0.71%, 12.63 ± 0.16% and 10.17 ± 0.43%, respectively (Table 
4 and Figure 1). Percentage of inhibition in the potato flesh was not 
statistically different with carrot and Chinese radish flesh but unlike 
other types of flesh. It found that the DPPH inhibitory effect of peel was 
higher than flesh in all vegetables. 

Ferric reducing antioxidant power (FRAP) assay
FRAP assay measures the electron-donating capacity of an antioxidant 
present in the test compound reacting with a ferric tripyridyltriazine 
(Fe3+-TPTZ) complex and forms a colored ferrous tripyridyltriazine 
(Fe2+-TPTZ). Ferrous (II) sulfate was used as the standard in this assay 
and produced the calibration curve against the standard to obtain the 
regression equation, y = 0.7114x + 0.2407 with R2 of 0.9995 (Figure 
3). The reaction can be monitored ferrous ions (Fe2+) performed as the 
reducing power or FRAP value. When tested for antioxidant activity 
of the extracts from the peel and flesh of six vegetables by FRAP assay, 
that peel had anti-oxidation caused by Fe3+ free radicals statistically 
significant difference (F-test = 79.00, p < 0.05). By order of their ability 
to inhibit the highest to the lowest as carrot, potato, pumpkin, Chinese 
radish, cucumber and bitter gourd was equal to 0.75 ± 0.03, 0.59 ± 
0.06, 0.56 ± 0.07, 0.53 ± 0.01, 0.27 ± 0.02 and 0.20 ± 0.01 mM Fe2+/g 
extract, respectively (Table 3 and Figure 2). Carrot peel had the amount 

of Fe2+ different from other vegetables but the potato, pumpkin and 
Chinese radish peel were not statistically different and the antioxidant 
of extracts from flesh found a statistically significant difference (F-test = 
64.45, p < 0.05). The potato flesh had a highest value of 0.61 ± 0.08 mM 
Fe2+/g extract, followed by the pumpkin, Chinese radish, carrot, bitter 
gourd and cucumber as 0.56 ± 0.02, 0.50 ± 0.02, 0.38 ± 0.01, 0.29 ± 0.02 
and 0.18 ± 0.03 mM Fe2+/g extract, respectively (Table 4 and Figure 2). 
Pumpkin flesh had the amount of Fe2+ no differ statistically with potato 
and Chinese radish. It also found that the ability to reducing of their 
peel and flesh were mostly similar but carrot peel was greatly higher 
than carrot flesh.

Total phenolic contents 
In this study was also measured total phenolic content. Total phenolic 
contents in the peel and flesh extracts of six vegetables was determined 
using Folin-Ciocalteu assay. Gallic acid was used as a standard in this 
test and produces a linear regression equation, y = 0.0090x + 1.0116 
with R2 of 0.9997 (Figure 5). The total phenolic contents of ethanol 
extracts can be calculated using the regression equation obtained. From 
the results, it can be seen that the total phenolic contents of vegetable 
peel extracts were not a statistically significant differences (F-test = 
1.42, p > 0.05). In order to the highest to lowest are as the following of 
pumpkin, bitter gourd, Chinese radish, carrot, potato and cucumber 
equal to 110.45 ± 22.49, 91.17 ± 21.09, 88.22 ± 6.87, 87.90 ± 3.45, 75.48 
± 11.05 and 51.95 ± 10.61 mg GAE/g extract, respectively (Table 3 and 
Figure 4). Total phenolic contents of vegetable fleshes with a difference 
was statistically significant (F-test = 28.05, p < 0.05). The Chinese radish 
flesh had the highest of total phenolic contents as 142.15 ± 3.53 mg 
GAE/g extract, followed by the carrots, pumpkin, and bitter gourd, 
potato and cucumber were 132.02 ± 10.91, 116.66 ± 7.78, 108.49 ± 
13.91, 34.30 ± 16.67 and 33.00 ± 6.53 mg GAE/g extract, respectively 

Vegetable samples DPPH assay
(% inhibition)

FRAP assay
(mM Fe2+/g extract)

Folin-Ciocalteau
(mg GAE/g extract)

potato 35.60 ± 0.63 e 0.61 ± 0.08 e 34.30 ± 16.67 a

carrot 33.86 ± 1.92 d,e 0.38 ± 0.01 c 132.02 ± 10.91 b

bitter gourd 12.63 ± 0.16 b 0.29 ± 0.02 b 108.49 ± 13.91 b

pumpkin 26.10 ± 0.71 c 0.56 ± 0.02 d,e 116.66 ± 7.78 b

Chinese radish 32.07 ± 0.58 d 0.50 ± 0.02 d 142.15 ± 3.53 b

cucumber
trolox

10.17 ± 0.43 a

58.77 ± 0.23f
0.18 ± 0.03 a

-
33.00 ± 6.53 a

-

Table 4: The ability of antioxidants and total phenolic contents in the six vegetable fleshy extracts.

Values are expressed as mean ± SD (n = 3) of triplicate measurements.
Different letters in the column indicate significant differences at p < 0.05.

Figure 2: The reducing antioxidant power of extracts from the peel and flesh in six vegetables by 
FRAP assay compared with the standard calibration curve of ferrous (II) sulfate.
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Figure 3: Standard calibration curve of ferrous (II) sulfate.

Figure 4: Total phenolic contents of six vegetable extracts from peel and flesh by Folin-Ciocalteu 
assay compared with the standard calibration curve of gallic acid. 

Figure 5: Standard calibration curve of gallic acid.
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(Table 4 and Figure 4). The flesh was higher total phenolic contents 
than the peel and the Chinese radish and carrot flesh were higher total 
phenolic contents when compared with a standard solution of gallic 
acid.

Correlation between antioxidant activity and total 
phenolic contents 
The Pearson correlation coefficients between the antioxidant abilities 
by DPPH and FRAP assay with total phenolic contents of six vegetable 
extracts were depicted in Table 5. As shown in this study, there was a low 
correlation (r = 0.014 and 0.126) in peels and the correlation in fleshes 
was also correlated similarly (r = 0.088 and 0.030), respectively. The 
peels correlated inversely with fleshes in DPPH and FRAP assay with 
total phenolic contents. In addition, a considerable correlation which 
was noted in DPPH and FRAP assay in peel and flesh of six vegetables 
showed a relatively high positive correlation (r = 0.931 and 0.819) 
respectively. Overall, the result revealed the existence of a positive 
correlation between antioxidant assays and total phenolic contents.

DISCUSSION
The method used in antioxidant activity test is the DPPH radical uptake 
method because it is a simple, easy method, and uses a small amount 
of sample.29 In addition, this method does not require a substrate 
because free radicals are available directly to replace the substrate. 
Useful property in determining the non-enzymatic antioxidant values 
of vegetables is the capacity of the extracts to inhibit the free radical 
DPPH. Antioxidants present in the extracts were expressed as the 
reduction of the purple-colored stable free radical 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) to the yellow-colored diphenylpicryl hydrazine 
by donating an electron or hydrogen. This reduction of the free radical 
diminishes cellular damage by allowing the neutralization of reactive 
oxygen species present in the solution.32 

The results of this study found that carrot peel extract was the highest 
of the ability to inhibit DPPH free radicals and the number of ferrous 
ions (Fe2+) as compared to other vegetable peels. The reductive capacity 
of compound depends on the presence of reductones, which exhibit 
antioxidative potential by breaking the free radical chain and donating 
a hydrogen atom.33 It was possible that extraction in ethanol was found 
to be more efficient than water in extracting the antioxidants present 
in vegetables; especially the carotenoids and the ethanolic extracts 
contained both polar and semi-polar compounds. The beta-carotene 
in carrots is capable to inhibit DPPH free radicals and also reducing 
ferric ions (Fe3+) into ferrous ions (Fe2+).34 But Eryngium foetidum 
(parsley) had the most antioxidant and the least antioxidant was carrot 
because bioactive compounds in parsley may be more antioxidant 
than beta-carotene in carrot. The antioxidants in carrot peel which 
contains variety of antioxidants such as vitamin A, B, C, and beta-
carotene were the high quantity and found falcarinol substance in 
carrot which is useful in anticancer as well.35 There was also a study 
of the antioxidant activity of six vegetables by DPPH assay showed 
that Cratoxylum formosum (Tilapia) had the most antioxidant activity 
due to high chlorogenic acid when compared to total polyphenols. It 
was possible that carrot peel was capable of the most inhibition and 
may not be only phenolic compounds.36 From this result found that 
potato peel could inhibit free radicals inferior to carrot peel. The potato 
peel enriched several bioactive compounds such as vitamin A, B, C, 
beta-carotene, potassium, and minerals that help to eliminate free 

radicals. Ethanolic extracts from potato peel gave the highest phenolic 
content. As the evaluation of freeze-dried extracts by HPLC showed 
that gallic acid was the most phenolic compounds found in the extracts 
then caffeic acid, chlorogenic acid, protocatechuic acid, and vanillin 
respectively.37,38 Potato peel could inhibit free radicals due to various 
phenolic compounds and citric acid.39 Additionally, it was capable of 
reducing agents, iron-chelating capacity and inhibited the oxidation of 
linoleic acid.40

Pumpkin peel had the most total phenolic contents and also found 
carotenoids in the form of beta-carotene which has antioxidant 
properties include phenolic compounds.38,41 Pumpkin and carrot 
contained beta-carotene, a pigment of carotenoids which is a precursor 
in the synthesis of vitamin A, B1, B2, and C.42 Vegetables that can inhibit 
free radicals comprised mainly phenolic compounds such as flavonoid, 
phenolic acid, and anthocyanin which were found in the vegetable 
peels.26 The analysis of total phenolic contents in six vegetable fleshes 
showed that Chinese radish was the most because it was composed 
of phenolic compounds include kaempferol, cytidine, triterpenes, 
gentisic acid, hydrocinnamic acid, vanillic acid, pelargonidin, luteolin, 
myricetin and quercetin.43

Each vegetable has total phenolic compounds and antioxidant activity 
differently due to the differences in the species cultivation, the 
extraction methods and environmental factors, such as climatic growth 
conditions, growth, ripening stage, temperature, duration of storage 
and thermal treatment may have influenced the antioxidant activity.44-46 
The antioxidant activity of vegetable extracts also depends on the 
type and polarity of the extracting solvent, the isolation procedures 
and purity of active compounds, as well as the assay techniques and 
substrate used.47 The extraction solvent in this study was 70% ethanol 
while 100% acetone was used by Cao et al. (1996).25 

In most vegetables, total phenolic compounds have been determined 
to be the main antioxidative compounds. Several studies have 
reported on the relationships between antioxidant activity and total 
phenolic contents. Some research found a correlation between the 
antioxidant activity and the phenolic contents, while others found no 
such relationship. The correlation between the antioxidant of plants 
10 species by FRAP and TEAC was very high positive (r = 0.917).48 It 
is possible that both methods can be anti-oxidation though electron 
transferring mechanism. Other substances such as sugar, amine, 
ascorbic acid can be reduced Folin-Ciocalteu reagent change to blue 
resulting in too high phenolic compounds in those vegetables.49 
Moreover, flavanones are capable of providing hydrogen atoms less than 
anthocyanins and flavonols which them are phenolic compounds. As a 
result, the vegetables which contain flavanones were determined to have 
antioxidant activity less than the other two groups lead to be not related 
to the real number of phenolic compounds.50 In this study, the findings 
did not show any relationship (Table 4). For example, potato flesh had 
the lowest total phenolic contents whereas its antioxidant activity was 
higher than others. Pumpkin peel and bitter gourd peel and flesh had 
the high total phenolic contents although its antioxidant activity was 
quite the lowest (Tables 2 and 3). Carotenoids in pumpkin do not 
eliminate free radicals as well as phenolic compounds. The antioxidant 
may be due to the enzymes in vegetables such as peroxidase, catalase as 
could be seen from the potato extracts which eliminate free radicals so 
well in spite of the amount of phenolic compounds is low.51 The gallic 
acid was the predominant phenolic compound in the bitter gourd that 
was effective in reducing the stable radicle DPPH although the rate of 
reaction with DPPH is relatively low.32,52

Assay
Vegetable peels Vegetable fleshes

DPPH FRAP TPC DPPH FRAP TPC
DPPH - 0.931 0.014 - 0.819 0.088
FRAP - - 0.126 - - 0.030

Table 5: Correlation coefficients between antioxidant activities and total phenolic contents (TPC) of six vegetable peels and fleshes.
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According to the study in the antioxidant by DPPH and FRAP assay and 
total phenolic contents by Folin-Ciocalteu of six vegetable, ethanolic 
extract from peel and flesh found that carrot peel extract was the 
highest capacity of antioxidants as 61.80 ± 6.14% and 0.75 ± 0.03 mM 
Fe2+/g extract respectively. Potato flesh extract was the best antioxidant 
of 35.60 ± 0.63% and 0.61 ± 0.08 mM Fe2+/g extract respectively. The 
highest and lowest total phenolic contents in peel were pumpkin and 
cucumber equal to 110.45 ± 22.49 and 51.95 ± 10.61 mg GAE/g extract 
respectively. Extract from Chinese radish flesh had the highest total 
phenolic contents as 142.15 ± 3.53 mg GAE/g extract and extract from 
cucumber was the lowest as 33.00 ± 6.53 mg GAE/g extract. Besides, the 
ability of antioxidants did not correlate with the total phenolic contents.

CONCLUSION
These results suggested that the antioxidant activities and the presence 
of phenolic compounds in six vegetable peels and fleshes can serve as a 
potential source of antioxidants to protect against free radical damage, 
which could be useful in the prevention of diseases. This may be useful 
information for identifying processing waste materials that are rich 
in these protective components for the development of food products 
with appropriate antioxidant properties. Further studies in peel and 
flesh are warranted to validate its functional and physiological benefits 
for utilizing antioxidants containing extracts as nutraceuticals and in 
food industries for human consumption which are safe and health-
promoting.
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• Carrot peel and potato flesh ethanolic was the highest 
antioxidants. 

• The highest and lowest total phenolic contents in peel 
were pumpkin and cucumber, respectively. 

• Chinese radish and cucumber fleshy extracts had the 
highest and lowest of total phenolic contents, respectively. 

• The antioxidants ability in extract of six vegetables did not 
correlate with the total phenolic contents.
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