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To provide data on the potential of local plant foods as sources of phytochemicals for human
health, this study evaluated the phenolic content and antioxidant capacity of locally cultivated
vegetables, both in raw form and in a form that they are usually consumed. Hydrophilic
extracts of raw and boiled forms of 47 locally cultivated vegetables were evaluated for their
total phenolic content (TPC) and antioxidant capacities using the 2,2-diphenylpicrylhydrazyl
(DPPH) and 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)-diammonium salt (ABTS)
assays. Results showed that the TPC of raw vegetables ranged 1.0–79.6 mg gallic acid equivalents
(GAE) g–1, with the following vegetables having the highest values among the lot: turmeric >
red coral lettuce > sweet potato tops ≥ chili leaves > jute > water spinach 1 > green eggplant >
purple eggplant. Antioxidant capacities of raw samples determined by DPPH and ABTS assays
ranged 0.6–380.6 µmol Trolox equivalents (TE) g-1 and 1.4-322.7 µmol TE g-1, respectively,
with the following plants consistently displaying the strongest scavenging values among the
lot: turmeric, red coral lettuce, sweet potato tops, jute, chili leaves, lowland water spinach, and
purple eggplant. Boiling plant foods had variable effects depending on the material studied.
The TPC and antioxidant capacities of the fruit samples eggplant, green pepper, and squash
significantly increased (p < 0.05) after boiling, while those of chili leaves and squash flower
decreased. Boiling generally reduced the antioxidant capacities but turmeric, lowland water
spinach, and chili leaves consistently exhibited the highest TPC and antioxidant capacities in
either form among the tested samples. Our findings signify that local vegetables may be sources
of phenolics and other hydrophilic compounds with antioxidant properties.
Keywords: ABTS radical-cation scavenging activity, antioxidants, DPPH radical scavenging activity,
phenolics

INTRODUCTION
Filipinos’ consumption of plant foods, particularly
vegetables, remains low despite their abundance (FNRIDOST 2015a; Gonzales et al. 2016). Based on the National
Nutrition Survey in 2013 (FNRI-DOST 2015b), the mean
one-day per capita vegetable consumption of Filipinos
*Corresponding Author: rvmanaois@philrice.gov.ph

is 114 g, which is equivalent to only one-half cup of
boiled vegetables consumed per day or during the three
major meals. This is much lower than the recommended
intake, which is three-fourths to one cup of raw or cooked
vegetables per meal, based on the new food guide for
Filipinos called Pinggang Pinoy (FNRI-DOST 2014).
Gonzales and colleagues (2016) estimated the daily
vegetable intake of Filipino adolescents in public schools
in Metro Manila at only 81 g. In a country where chronic
1045

Philippine Journal of Science
Vol. 149 No. 3-a, October 2020

diseases such as cardiovascular diseases and cancers
have continued to afflict many people (DOH; PSA 2019),
prevention through the consumption of low-cost health
foods such as vegetables needs to be promoted as this is
a better and more sustainable approach than expensive
medical treatment.
Little information on the phytochemical content and
antioxidant capacities of local vegetables are currently
available. In 2005, Garcia and colleagues studied the
antioxidant potential of only 12 vegetables using the
linoleic acid emulsion and deoxy-D-ribose assays.
Rumbaoa et al. (2009) focused on different varieties of
Philippine sweet potato subjected to steaming, while
Baang and co-authors (2015) investigated five different
green leafy vegetables – namely, alugbati (Basella rubra
L.), kulitis (Amaranthus tricolor L.), ampalayang ligaw
(Momordica chuchinensis L.), kamote (Ipomea batatas),
and saluyot (Corchorus olitorius L.). Sagum and colleagues
(2016) evaluated 10 vegetables purchased in the market
for their anthocyanidins, flavonoids, polyphenolics,
and antioxidative properties. In other countries, similar
plant foods have been tested but differences in cultivars,
soil, climatic conditions, and agricultural management
practices limit their relevance to Filipinos. In addition,
the methods used in assessing the antioxidant capacities
and components vary. Estimation of the phytochemical
content and antioxidant capacities of the vegetables in the
form that they are typically eaten is necessary to provide
insight into the potential of plant foods as sources of
phytochemicals for human health. Thus, identifying local
plant foods with relatively high antioxidant levels in both
raw and cooked forms is necessary.
This study aimed to evaluate the antioxidant capacities
of hydrophilic extracts of 47 various locally-cultivated
vegetables in the Philippines. This study also investigated
the changes in the levels of total phenolics and antioxidant
capacities of the vegetables in their edible boiled forms.

MATERIALS AND METHODS
Test Samples and Chemicals
Forty-seven (47) vegetables were collected in the
provinces of Benguet, Bulacan, Isabela, Nueva Ecija,
and Mountain Province in Northern and Central Luzon,
Philippines from Jun 2015 to Sep 2016. These crops were
procured from the farms where they were planted right
after harvest or in local markets (Appendix Table I).
Folin-Ciocalteu (FC) phenol reagent, DPPH, ABTS,
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid), gallic acid, potassium persulfate,
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cyanidin-3-glucoside (C3G), chlorogenic acid (CGA),
and quercetin were from Sigma Aldrich (St. Louis, MO,
USA). All other reagents were of analytical grade.
Sample Processing
Raw samples. The samples were processed within 24
h after procurement. Freshly collected samples were
removed of dirt and inedible parts, and the edible portions
were weighed. The samples were washed twice with tap
water and once with distilled water – prepared as indicated
in Appendix Table II – then weighed and dried in an air
oven at 40 °C for a minimum of 16 h. After drying, the
samples were again weighed, ground to a fine powder,
and stored at –20 °C until analyzed.
Cooked samples. Except for the lettuce samples, the
washed vegetables were weighed and prepared as specified
in Appendix Table II. They were completely submerged
in boiling distilled water at previously optimized cooking
times per sample (Appendix Table II). These were based
on the times when the vegetables were deemed tender
for consumption. Timing started after the vegetable was
submerged in the boiling water. The cooking water was
drained off and the sample was submerged for at least 1
min in sufficient amounts of distilled water (~ 24 °C).
The cooked samples were weighed, chopped, oven-dried,
powdered, and stored at –20 °C until analyzed.
Antioxidant Extraction
The extraction of hydrophilic antioxidants was done based
on the methods of Singh et al. (2012) and Khairunnuur
et al. (2009), with modifications. The powdered sample
(0.5 g) was added with methanol (85%, 10 mL) and mixed
overnight at 300 rpm. The tubes were centrifuged (3,000
rpm,15 min) and the extracts stored at 4 °C until analyzed.
Phytochemical and Antioxidant Capacity Analysis
TPC analysis. The TPC of the sample extracts were
determined based on the method of Singleton and
colleagues (1998), with few modifications. Briefly,
0.5 mL of sample extract was mixed with 2.5 mL
of FC reagent (1:10). After 15 min, 2 mL of 7.5%
Na2CO3 solution was added – the contents were mixed
thoroughly, left to incubate for 1 h, and then read at 765
nm. A reagent blank (85% methanol) and gallic acid
standards (0, 10, 20, 40, 50, 60, 80, and 100 µg L–1) were
run with the samples. TPC was expressed as milligrams
GAE per gram of sample (mg GAE g–1 sample), in a dry
weight basis (dwb).
DPPH radical scavenging activity. The DPPH radical
scavenging activities of the sample extracts were evaluated
using the method of Brand-Williams and co-workers
(1995) with modifications. Dilute extract (0.5 mL) was
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added with 5 mL of 0.01 mM DPPH solution, mixed,
allowed to stand for 1 h, then read at 517 nm. A reagent
blank (85% methanol) and Trolox standards (0, 20, 40,
60, 100 160, 200, 240, 280, and 500 µmol L–1) were run
with the samples. DPPH radical scavenging activity was
expressed as micromoles TE per gram of dry sample (µmol
TE g–1 sample, dwb).
ABTS radical cation scavenging activity. The ABTS
scavenging activities of the sample extracts were evaluated
based on the procedures of Pellegrini et al. (2003) and
Moore et al. (2005), with modifications. Briefly, an
ABTS working solution was first prepared by mixing
2.4 mM potassium persulfate and 7 mM aqueous ABTS.
The contents were allowed to incubate for 12–16 h. The
mixture was diluted to 1:45 and a 0.3-mL aliquot was
added with 3 mL of ABTS working solution. The solution
was mixed thoroughly and allowed to react for 1 min, after
which the absorbance was read at 734 nm against distilled
water as blank and Trolox standards (0, 20, 40, 60, 100,
160, 200, 240, 280, 320, 400, 500 µmol/L). ABTS values
were expressed in µmol TE g–1 sample dwb.
Quantification of Phenolic Compounds
Sample preparation. The raw and cooked samples with
the highest levels of TPC, DPPH, and ABTS were frozen
overnight (–20 °C) and lyophilized (–108 °C, ≥ 12 h).
The lyophilized samples were ground and 0.5 g each was
extracted with 10 mL of 85% HPLC-grade methanol, as
described above. The extracts were filtered through 0.45µm cellulose acetate and transferred into 2-mL amber
vials prior to analysis.
HPLC analysis. The samples were assessed for their
phenolic composition using a Waters Alliance e2695
HPLC system (Milford, MA, 01757, USA) equipped with
a Waters 2998 photodiode array detector. Data signals
were acquired and processed using the EMPOWER 3
PDA software. Analytical separation of phenolics was
carried out using a BRISA LC2 C18 column (250 mm
x 4.6 mm x 0.46 μm) (Teknokroma, Barcelona, Spain).
Sample (20 μL) was injected by an autosampler and
eluted through the column with a gradient mobile phase
consisting of solvent A (99:1 of water: acetic acid) and
solvent B (48:50:2 of water:acetonitrile: acetic acid) at
1 mL/min. The solvent gradient was programmed as
follows: 0% B at 0 min, increasing from 0–18 min to
30%; 18–30 min isocratic elution at 30% B; 30–45 min at
30–100% B; and 45–47 min 100% isocratic elution. The
column temperature was 40 ºC and the absorbance was
monitored between 220–530 nm. Phenolic quantification
was based on the maximum absorbance of specific
phenolic components: CGA and quercetin, 320 nm; and
C3G, 530 nm.
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Statistical Analysis
SAS v. 9.1 was used in the statistical analysis. ANOVA
was performed on the antioxidant and TPC values and
multiple comparisons were carried out using Tukey’s
studentized range test. The level of significance used was
p < 0.05 and measurements were performed in triplicates
unless otherwise stated.

RESULTS AND DISCUSSION
TPC
Table 1 summarizes the TPC of raw and boiled vegetables.
Lettuce samples were not subjected to boiling as these are
usually consumed raw (e.g. in salads). The TPC of the raw
vegetables ranged from 0.8–79.6 mg GAE g–1 sample.
Among the vegetables tested, the samples with the highest
TPC (22.5–79.6 mg GAE g–1 dwb) in their raw forms were
the following: turmeric > red coral lettuce > sweet potato
tops ≥ chili leaves > jute > water spinach 1 (lowland) >
green eggplant > purple eggplant. Green leafy vegetables
had higher TPC while fruits, seeds, bulbs, and roots
generally belonged to the lower tier among the samples
– with the exception of eggplant and turmeric. Phenolics
are secondary metabolites produced in plants to protect
them from herbivores, pests, and pathogens (Rehman et
al. 2012); hence, they are found in high concentrations
in the leaves and stems of plants (Larbat et al. 2014), as
observed in this study.
Boiling is one of the most common cooking methods in
the Philippines. Phenolics are known to be destroyed upon
boiling due to their thermal instability (Tang et al. 2015).
However, several samples still exhibited high TPC after
boiling, as indicated in Table 1. These were turmeric,
lowland water spinach, chili leaves, purple eggplant,
and the two green pepper varieties. The samples – which
consistently had the highest TPC among the test samples,
raw or cooked – were turmeric, chili leaves, lowland water
spinach, and purple eggplant. This, despite the fact that
the edible parts of these samples belong to different types,
the forms boiled were similar to others belonging to the
same type and were boiled at the same duration. Loss of
phenolics could occur depending on cooking time and food
size (Hwang et al. 2012). Among these four samples, only
chili leaves showed a marked decline in TPC after boiling,
which was common among leafy vegetables, except for
lowland water spinach. Turmeric contains the phenolic
compound curcumin, which has been extensively studied
and reported to exhibit high antioxidant capacity and
various other biological functions and medicinal effects
(Tanvir et al. 2017). Curcuminoids were found to be heat
resistant in hydrothermal treatments with temperatures
ranging 50–100 °C for 30 min (Prathapan et al. 2009),
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Table 1. TPC and antioxidant capacities of raw and boiled vegetables.
Vegetables

Moisture
content
(%)a

TPC
(mg GAE g–1 dwb)b

Raw

Boiled

88
71
91
76
95
92
79
93
83
87
88
90
88

7.8 ± 0.3lmnop
37.9 ± 3.45c
9.5 ± 0.5jklm
31.8 ± 0.0d
12.6 ± 0.5hi
55.3 ± 1.3b
17.8 ± 0.3g
10.3 ± 0.2ijkl
6.8 ± 0.1nopq
7.2 ± 0.5mnop
38.3 ± 1.2c
28.4 ± 2.2e
3.5 ± 0.1rst

2.3 ± 0.2nopq
22.5 ± 0.4c
2.3 ± 0.2nopq
8.5 ± 0.3fghi
–
–
9.2 ± 0.3fgh
4.8 ± 0.2jklm
2.3 ± 0.1nopq
4.6 ± 0.2klmn
9.5 ± 0.4fg
30.7 ± 1.7b
5.9 ± 0.2ijk

–70
–41*
–76*
–73*
–
–
–48*
–53*
–66*
–36*
–75*
+8
+66*

27.0 ± 1.8no
197.3 ± 2.6e
30.4 ± 0.8mno
239.3 ± 1.3d
67.5 ± 4.9h
380.6 ± 14.7a
60.6 ± 2.2hi
36.6 ± 1.4klmn
21.8 ± 1.0opqr
14.5 ± 0.7pqrst
254.9 ± 4.5c
170.8 ± 5.0f
55.8 ± 0.3ijj

4.3 ± 0.6klm
116.9 ± 5.6c
10.7 ± 0.8jklm
52.0 ± 2.5e
–
–
31.2 ± 0.8fg
14.1 ± 0.4ijklm
8.8 ± 0.6jklm
16.2 ± 1.5ghijklm
48.8 ± 4.1e
193.6 ± 26.0b
56.6 ± 4.1e

94
95
74
91
93
91
90
91
92
94
81
79
77
94

2.5 ± 0.1stu
2.3 ± 0.1stu
10.3 ± 0.3ijk
22.5 ± 1.8f
24.5 ± 0.5f
9.1 ± 0.0jklmn
8.3 ± 0.3klmno
5.8 ± 0.3opqr
1.3 ± 0.0tu
2.0 ± 0.0tu
1.1 ± 0.0tu
0.8 ± 0.0u
1.0 ± 0.0u
4.6 ± 0.2qrs

2.4 ± 0.0nopq
1.6 ± 0.1pq
10.5 ± 0.1f
21.1 ± 1.3cd
8.4 ± 0.6fgh
16.0 ± 0.3e
19.9 ± 0.4d
4.3 ± 0.1klmno
1.4 ± 0.1pq
1.5 ± 0.1pq
1.3 ± 0.1pq
0.7 ± 0.0pq
1.0 ± 0.0pq
5.3 ± 0.0jk

–4
–32*
+2
–6
–66*
+76*
+141*
–26
+6
–25
+13
–8
+9
+15*

6.2 ± 0.2stuv
14.2 ± 0.5qrst
23.3 ± 0.8opq
191.8 ± 6.5e
141.3 ± 1.47g
40.8 ± 0.3kl
31.1 ± 0.9lmno
37.9 ± 1.4klm
4.4 ± 0.1tuv
5.2 ± 0.0stuv
1.2 ± 0.0v
0.6 ± 0.0v
0.8 ± 0.03v
15.0 ± 0.3prqs

11
43

1.0 ± 0.0tu
3.0 ± 0.2stu

0.8 ± 0.0pq
2.5 ± 0.1nop

–22*
–17*

88
91
93

6.3 ± 0.3opq
5.6 ± 0.2pqr
6.3 ± 0.2opq

5.2 ± 0.3jk
4.2 ± 0.3l
5.0 ± 0.3jkl

64
85
95
89
65
70
78

1.3 ± 0.0tu
7.2 ± 0.2mnop
1.4 ± 0.1tu
2.4 ± 0.0stu
1.6 ± 0.1tu
1.7 ± 0.2tu
4.6 ± 0.3qrs

1.2 ± 0.0pq
7.2 ± 0.6hij
1.4 ± 0.1pq
2.2 ± 0.1opq
2.9 ± 0.3lmnop
1.4 ± 0.0pq
2.6 ± 0.2mnop

ABTS radical cation scavenging
activity (µmol TE g–1 dwb)b
%Diffc
Boiled

–84*
–41*
–65*
–78*
–
–
–48*
–62*
–60*
+12
–81*
+13
+2

24.0 ± 1.2jklm
135.4 ± 2.7d
32.0 ± 1.0i
136.8 ± 3.3d
46.4 ± 2.9h
180.9 ± 3.6b
45.4 ± 0.8h
28.1 ± 0.9ijk
16.1 ± 0.9opq
27.7 ± 0.7ijkl
162.8 ± 4.2c
101.1 ± 0.7e
30.2 ± 0.4ij

7.9 ± 0.5nopq
94.4 ± 3.9c
7.7 ± 0.5opqr
82.7 ± 1.0de
–
–
31.6 ± 1.6i
16.2 ± 1.0jkl
15.9 ± 1.3jkl
11.8 ± 0.6lmno
33.2 ± 1.2i
114.7 ± 4.1b
22.7 ± 0.9j

–67*
–30*
–76*
–40*
–
–
–30*
–42*
–1
-58*
-80*
+14*
–25*

8.0 ± 0.2jklm
9.4 ± 1.0jklm
29.7 ± 0.7ghi
178.5 ± 12.8b
30.9 ± 0.7fgh
81.0 ± 0.6d
114.6 ± 1.2c
23.3 ± 1.5ghij
2.5 ± 0.2lm
3.0 ± 0.1lm
3.3 ± 0.0lm
1.1 ± 0.0lm
1.0 ± 0.0lm
16.6 ± 0.2ghijkl

+28*
–34*
+28*
–7
–78
+98*
+268*
–39*
–42*
–42*
+165*
+91*
+19
+11*

2.2 ± 0.3q
4.6 ± 0.1rs
22.8 ± 0.2klmn
82.2 ± 5.6f
28.9 ± 2.4ijk
30.7 ± 1.8i
21.6 ± 0.3lmno
22.6 ± 0.7klmn
4.2 ± 0.2rs
5.1 ± 0.2rs
2.1 ± 0.0s
1.4 ± 0.1s
2.4 ± 0.4s
12.2 ± 0.4pq

3.9 ± 0.1pqr
3.8 ± 0.5pqr
21.8 ± 0.2jk
85.0 ± 6.6d
36.0 ± 3.6hi
53.1 ± 0.7f
77.6 ± 3.0e
17.5 ± 0.4jkl
3.7 ± 0.1pqr
0.6 ± 0.1qr
2.2 ± 0.1pqr
1.4 ± 0.1pqr
1.4 ± 0.0pqr
15.6 ± 0.7jkl

+76*
+16
–5*
+3
+24*
+73*
+260*
–22*
–11*
–88*
+7*
–1
–42
+28*

1.7 ± 0.1v
12.2 ± 0.3rstu

1.1 ± 0.1lm
8.6 ± 0.3jklm

–37*
–29*

1.6 ± 0.1s
12.6 ± 0.8pq

1.2 ± 0.4pqr
8.2 ± 0.2mnop

–24
–35*

–17*
–25*
–21*

24.7 ± 1.9op
24.5 ± 1.9opq
27.5 ± 0.3no

28.3 ± 0.6ghi
15.7 ± 1.4gijklmn
14.8 ± 0.4hijklm

+15*
–36*
–46*

20.5 ± 0.7mno
17.1 ± 0.3nop
20.7 ± 0.4mno

19.6 ± 0.6jk
15.1 ± 0.5klmn
15.5 ± 0.9jklm

–42
–12*
–25*

–8*
–1
+1
–7*
+81*
–20*
–45*

2.3 ± 0.2uv
38.1 ± 1.3klm
4.5 ± 0.2tuv
4.3 ± 0.2uv
6.5 ± 0.4stuv
10.0 ± 0.3stuv
43.4 ± 0.6k

1.8 ± 0.1lm
20.2 ± 1.2ghijk
3.4 ± 0.3lm
4.2 ± 0.2klm
22.0 ± 2.6ghij
8.2 ± 0.2jklm
16.3 ± 1.2ghijklm

–22*
–47*
–25*
–1
+239*
–20*
–62*

1.8 ± 0.1s
50.6 ± 3.6gh
3.2 ± 0.2s
4.0 ± 0.4rs
3.8 ± 0.1rs
4.4 ± 0.2rs
23.6 ± 0.5klm

–23*
–15
–44*
–8
+58*
–14*
–50*

Turmeric
91
79.6 ± 1.0a
76.3 ± 3.9a
–4
303.2 ± 9.0b
295.7 ± 92.1a
–2
Flower
Banana Blossom
90
9.1 ± 0.2jklmn
8.0 ± 0.2ghi
–12*
46.0 ± 1.6jk
46.4 ± 2.5ef
+1
Squash
94
11.3 ± 0.2ij
8.5 ± 0.2fgh
–25*
28.9 ± 1.0mno
11.2 ± 0.2jklm
–61*
Other plant parts
Bamboo shoot
94
14.4 ± 0.4h
5.9 ± 0.3ijk
–59*
5.4 ± 0.2stuv
2.3 ± 0.1m
–58*
Corn
55
1.3 ± 0.0tu
0.1 ± 0.0q
–91
3.0 ± 0.1uv
2.8 ± 0.2lm
–6
Mushroom 1
53
2.1 ± 0.1stu
0.7 ± 0.0q
–57*
3.1 ± 0.3uv
1.1 ± 0.1m
–66*
Mushroom 2
92
2.9 ± 0.2stu
0.9 ± 0.0pq
–77*
5.6 ± 0.4stuv
0.4 ± 0.0lm
–92*
Taro stalk
93
2.8 ± 0.1stu
2.7 ± 0.1m
–2
10.4 ± 0.7stuv
11.0 ± 0.6jklm
+5
aMoisture content of fresh samples
bMeans ± SD (n = 3). Mean values with the same lowercase letter within a column are not significantly different at p < 0.05.
cDifferences with * indicate statistical significance between the TPC values of raw and boiled forms by t-test (p < 0.05).

322.7 ± 7.2a

1.4 ± 0.0pqr
43.2 ± 2.9gh
1.8 ± 0.2pqr
3.7 ± 0.3pqr
6.1 ± 0.6opqr
3.8 ± 0.2pqr
11.9 ±
1.4kmno
324.0 ± 9.6a

56.5 ± 1.9g
18.5 ± 0.3mnop

47.4 ± 2.1fg
11.9 ± 0.3lmno

–16*
–36*

2.5 ± 0.2s
2.6 ± 0.2s
2.2 ± 0.0s
5.7 ± 0.4rs
10.1 ± 0.4qr

1.1 ± 0.1pqr
2.9 ± 0.2pqr
0.8 ± 0.0r
0.4 ± 0.1qr
8.2 ± 0.5mnop

–55*
+14
–62*
–85*
–19*
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Boiled

%Diffa

Raw

Leaves
Bitter gourd
Chili
Chinese Cabbage
Jute
Lettuce 1
Lettuce 2, red coral
Moringa
Mustard
Spinach
String beans
Sweet potato Tops
Water spinach 1
Water spinach 2
Fruit
Bitter gourd
Bottle gourd
Chili
Eggplant 1
Eggplant 2
Green pepper 1
Green pepper 2
Okra
Papaya
Sponge gourd
Squash 1
Squash 2
Squash 3
Tomato
Seeds
Mungbean
Peanut
Pods
Cowpea
String beans
Winged bean
Bulbs and roots
Garlic
Ginger
Radish
Red onion
Sweet potato 1
Sweet potato 2
Taro Corm

Raw

%Diffc

DPPH radical
scavenging activity
(µmol TE g–1 dwb)b

–0.
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which could explain the results of this study (Table 1). In
purple eggplant, leaching of phenolics into the cooking
water might have been prevented, as the vegetable was
boiled whole, hence the TPC retention. This was not
observed in the other eggplant variety tested. Boiling
was shown to exert different effects on the antioxidant
properties of different varieties of eggplant (Lo Scalzo et
al. 2016). In addition, physical characteristics (e.g. size
and shape) of the samples and amount of water used for
boiling could account for the differences observed. For
different varieties of plants belonging to the same species,
harvest season and planting location may also influence
the levels of phenolics, which could be the subject of
future studies.
Boiling of the vegetables to the form they are edible
generally caused a reduction in their TPC, with reductions
ranging from 1.2–91.4% (Table 1). This result is consistent
with previous reports on different crops (Azizah et al.
2009; Singh et al. 2015). When vegetables are boiled,
antioxidant compounds break down and then leach into
the cooking water, resulting in decreased antioxidant
activity (Sultana et al. 2008). Notable declines in TPC
were observed in leafy vegetables, such as Chinese
cabbage (75.6%), sweet potato tops (75.2%), jute
(73.2%), spinach (66.5%), mustard (52.9%), and moringa
leaves (48.3%). These results contradict the findings of
Hossain and co-workers (2017), who reported significant
enhancement of TPC in boiled samples of amaranth and
different varieties of spinach grown in India. It can be
noted that boiling treatment conditions employed in this
study and the cultivars tested were different. Variations
in the effects of boiling in the different varieties of the
same species of plants can also be observed. In this study,
the levels of phenolics in lowland water spinach were not
significantly affected by boiling, while improvement in
TPC was recorded in the other variety. Along with the
leafy vegetables, plant parts with soft tissues such as
bamboo shoots and mushrooms also had > 50% reduction
in TPC after boiling, which could be due to relative ease
of breaking down the cellular matrix, causing thermal
degradation or leaching of phenolics into the boiling water.
Decreases in TPC in other plant foods were also observed
in seeds, pods, and flowers, but to a lesser extent.
Samples with increased TPC after boiling were the two
green pepper samples, sweet potato (white-fleshed), and
tomato (Table 1). The enhancement in TPC could either
be due to the formation of simpler phenolic compounds
from complex ones (Singh et al. 2014), deactivation of
polyphenolic oxidase and improvement of extractability
of phenolics (Shaimaa et al. 2016), or the liberation of
phenolics during hydrolysis of the glycoside bonds in
pectin or cellulose networks where phenolic compounds
are usually contained (Padmini et al. 2015).
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DPPH Radical Scavenging Activity
The DPPH activities of the plant extracts are presented in
Table 1. The DPPH values of the raw samples varied widely
at 0.6–380.6 µmol TE g–1. The vegetables with the highest
DPPH values (141.3–380.6 µmol TE g–1) were red coral
lettuce > turmeric > sweet potato tops > jute > chili leaves
≥ purple eggplant > water spinach 1 > green eggplant.
In the boiled form, the DPPH values of the samples
ranged 0.4–295.7 µmol TE g–1 (Table 1). The boiled
vegetables with the highest DPPH scavenging activities
(46.4–295.7 µmol TE g–1) were turmeric, lowland water
spinach, purple eggplant, chili leaves, the two green
pepper varieties, upland water spinach, jute, and banana
blossom. Generally, boiling reduced the DPPH values of
the vegetables, with oyster mushroom losing as much as
92%. Leafy vegetables were among the most antioxidantrich samples, but most of these vegetables significantly
lost > 40% of their DPPH antioxidant power after boiling.
Minimal heat processing may be necessary to prevent
loss of components that exhibit antioxidant activities,
particularly in leafy vegetables.
String bean leaves and other non-leafy vegetables – such
as banana blossom, purple eggplant, red onion, and taro
stalk – retained their DPPH antioxidant capacities after
boiling (Table 1). This signifies that the antioxidants may
still be present even after boiling. For purple eggplant,
which was boiled whole, retention of antioxidant capacity
may be due to minimal leaching of antioxidants into the
boiling water, which can also be observed in the change
in its TPC content (Table 1). In red onion, boiling for 1
min resulted in retained antioxidant capacity. Kosewski
and colleagues (2018) reported that red onion boiled for
10 min, the conventional method used in Polish cooking,
had reduced DPPH activity by as much as 71%. Nine
vegetables had significantly improved (p < 0.05) DPPH
activities after boiling to their edible forms, with as much
as 239% enhancement, as shown in Table 1. These were
bitter gourd, chili fruit, cowpea, the two green pepper
samples, squash fruits 1 and 2, white-fleshed sweet potato,
and tomato. A possible reason for the increase was the
liberation of antioxidant components from the cell wall
of plants in general (Sun et al. 2014) or the formation
of other compounds with high antioxidant capacity,
notably the aglycones. This results from the breaking
of glucosides of flavonoids, a group of polyphenolics,
particularly in cowpea (Xu and Chang 2008); Maillard
reaction products, especially in peppers (Wangcharoen
and Morasuk 2009); and CGA and several forms of
di-caffeoylquinic acid in sweet potatoes (Bellail et al.
2012). Furthermore, deactivation of peroxidases, which
have pro-oxidant properties, could have also contributed
to improved antioxidant capacities of the boiled samples
(Gazzani et al. 1998; Xu and Chang 2008).
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ABTS Radical Cation Scavenging Activity
Raw samples had ABTS activities ranging from
1.4–322.7 µmol TE g–1 (Table 1). Turmeric, red coral
lettuce, sweet potato tops, jute, chili leaves, lowland
water spinach, and purple eggplant had the highest ABTS
antioxidant capacities among the test samples. These
vegetables also exhibited the highest ABTS activities
among the lot after boiling. In terms of plant part types,
leafy vegetables were generally stronger ABTS radical
scavengers than the rest of the samples – raw or boiled –
with the exception of turmeric, eggplants, ginger, green
peppers, and banana blossom.
Of the 46 boiled samples, 27 had significantly reduced
ABTS values (p < 0.05), with decreases by as much
as 88% (sponge gourd) (Table 1). Bitter gourd, green
pepper, squash, and tomato had significantly increased
ABTS activities after boiling. These trends in ABTS
measurements were noted as generally similar to the
results of the DPPH assay. These results signify that
phenolic compounds present in the vegetables have the
ability to scavenge both ABTS and DPPH radicals in
vitro, as also shown by the strong positive correlations
(r = 0.9126** and r = 0.9323**, p < 0.01) between
DPPH and ABTS values for both extracts of raw and
cooked samples, respectively (Appendix Figure I).
Tiveron and co-workers (2012) also reported a positive
correlation (r = 0.71) between ABTS and DPPH values
of 23 vegetables consumed in Brazil. However, except
for banana blossom, ginger, and turmeric, all hydrophilic
extracts were more effective in DPPH radical scavenging
than ABTS. Although ABTS and DPPH follow the same
electron donation mechanism (Rubalya Valantina and
Neelamegam 2015), different antioxidant compounds
vary in their reaction and quenching action against
various radicals, as previously reported (Wang M et
al. 1998; Wang W et al. 2008). In a study by Noreen
and colleagues (2017), extracts and fractions of the
medicinal plant Coronopus didymus were shown to be
better scavengers of ABTS radical than DPPH. The same
action was displayed by ethanolic extracts of the stem
and leaf of Grewia carpinifolia (Adebiyi et al. 2017) and
some leafy vegetables consumed in Africa (Obeng et al.
2020). In the latter, no correlation between the ABTS
and DPPH methods was also noted (Obeng et al. 2020).
These contradict the results of this study, which tested a
wide range of samples – with phenolic compounds having
varying complexity, polarity, and chemical properties
under a different solvent system. Some other factors that
could have contributed to this distinction in the observed
DPPH and ABTS relationship are stereoselectivity of the
radicals used, and solubility and redox potential of the
antioxidants and radicals (Apak et al. 2007; Amensour
et al. 2010; Noreen et al. 2017).
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Relationship of TPC and Antioxidant Capacities
Analyses yielded significant correlations (p < 0.05)
for the TPC of the samples against their antioxidant
capacities (DPPH and ABTS), both in raw (Figure
1A) and cooked forms (Figure 1B), with r values
ranging 0.74–0.98. These results suggest that phenolics
significantly influence the hydrophilic antioxidant
capacities of the assayed vegetables, supporting
previous reports on some raw and boiled plant foodstuff
(Takebayashi et al. 2013; Preti et al. 2017).
Although the antioxidant capacities generally decreased
after boiling, slightly higher correlations between TPC
and antioxidant capacities were obtained in boiled
samples than in raw ones (Figures 1A and 1B). In
addition to phenolics, the antioxidant capacity of the

Figure 1. Correlations (p < 0.05) of TPC versus antioxidant
capacities of raw (A) and boiled (B) vegetables.

hydrophilic extracts of the vegetables can be due to
various other compounds present such as ascorbic acid,
a heat-labile antioxidant compound. Moist-heat cooking
methods, e.g. boiling, have been found to greatly reduce
ascorbic acid (Hwang et al. 2012), while phenolic
content is either decreased or increased depending on
the structure of the vegetable and type of phenolic
compounds present (Gunathilake et al. 2018). Reduction
in ascorbic acid reached up to 66.5% after boiling for 15
min in red peppers (Capsicum annuum L.) (Hwang et al.
2012) and 85.75% in squash boiled for 5 min (Agamy
2016). In these studies, however, TPC also decreased
significantly after boiling, contrary to the results of this
present study for the same vegetables. Nevertheless,
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boiling was found to more adversely affect ascorbic
acid levels than phenolics in several green vegetables
common in the Mediterranean diet (Vinha et al. 2015).
Boiling could have exerted the same effect on the
antioxidants in the samples of this present study.

(Mulabagal et al. 2010), caffeic acid derivatives,
quercetin 3-O-rhammoside and rutinoside, and luteolin
4-O-glucoside (Aires et al. 2013). These compounds
could have accounted for the measured TPC (55.3 mg
GAE g–1; Table 1) in this study.

It must be highlighted, though, that the vegetables used
in this study were subjected to different boiling times,
as the in vitro analyses of the antioxidant capacities and
TPC were done on the extracts of edible forms of the
vegetables. Our purpose is to give an estimation of the
antioxidants that could be available when these vegetables
are consumed. A more thorough investigation on the effect
of boiling, as well as other cooking methods commonly
employed in the country, should be studied in future
work to determine which method could best preserve the
antioxidants in local vegetables.

Quercetin was detected only in chili leaves, either raw
(0.03 mg g–1) or boiled (0.01 mg g–1) (Table 2). Its CGA
level dropped by 51.5% after boiling. CGA had possibly
undergone isomerization into 4-O-caffeoylquinic acid and
5-O-caffeoylquinic acid during boiling (Kan et al. 2014).
CGA might have also washed out with the boiling water
(Sukrasno and Kusmardiyani 2014) or had hydrolyzed
into caffeic acid (Miglio et al. 2008). Water spinach 1
(lowland), however, had raised CGA level after boiling by
up to 37%, which could be attributed to the deactivation of
polyphenol oxidase, an enzyme that can cause degradation
of CGA (Lo Scalzo et al. 2010).

Quantification of Phenolic Compounds of Selected
Samples
Identification and quantification of primary phenolic
compounds were conducted in the samples, which had
high TPC and exhibited high radical scavenging activities
– namely, red coral lettuce, lowland water spinach,
and chili leaves (Table 2). Turmeric, which generally
displayed the highest TPC and antioxidant capacities
either in raw or boiled form, was not assayed due to a
limited amount of sample procured and unavailability
of HPLC standards for curcuminoids or other phenolic
compounds known to be abundant in turmeric. Results
of the chromatographic analysis showed that CGA
was present in all the measured vegetables, with levels
ranging 1.16–12.78 mg g–1 and 0.74–3.06 mg g–1 in raw
and cooked forms, respectively. Red coral lettuce had the
highest CGA level among the three vegetables. CGAs
are among the abundant phenolic compounds in plants,
many of which are important components of the human
diet (Liang and Kitts 2016). Predictably, red coral lettuce
was also the only sample with C3G (0.37 mg g–1) because
C3G is a natural pigment found in plants. In addition
to these compounds, other compounds reported in red
coral lettuce are caffeoylmalic acid (Becker et al. 2014),
derivatives of cyanidin-3-O-malonyl-glucopyranoside

CONCLUSION AND
RECOMMENDATIONS
Vegetables commonly consumed in the Philippines vary
widely in terms of phenolic content and antioxidant
capacities. Boiling can significantly affect the phenolic
content and antioxidant capacities of up to 92% and 88%,
respectively; this suggests that the vegetables, particularly
the green leafy ones, must be subjected to minimal heating
to prevent the loss of antioxidants. As this study focused
on antioxidant properties of hydrophilic extracts only, it is
worthwhile to evaluate the lipophilic antioxidants present
in the samples and any changes after boiling to estimate
antioxidant intake from these vegetables. Additionally,
in vivo antioxidant capacity analysis of the vegetables is
warranted to give a complete antioxidant profile of the
samples and to provide a basis for future epidemiological
studies. Such information will be useful in nutritional
research and could serve as valuable inputs in crafting
policies on nutrition in the country.

Table 2. Levels of phenolic compounds in raw and cooked vegetables.
Content (mg g–1 sample, dwb)a,b
Vegetable

Cyanidin-3-glucoside

Chlorogenic acid

Quercetin

Raw

Cooked

Raw

Cooked

Raw

Cooked

Red coral lettuce

0.37 ± 0.03

–

12.78 ± 0.31a

–

ND

–

Water spinach 1

ND

ND

1.95 ± 0.39b

3.06 ± 0.42a

ND

ND

ND

0.06c

0.01b

0.03 ± 0.01

0.01 ± 0.00

Chili leaves

ND

1.16 ±

0.74 ±

aMeans

± SD (n = 3). Mean values with the same letter within a column are not significantly different at p < 0.05.
bND – not detected
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Appendix Table I. Vegetable samples used in the experiment.
No.

Sample

Scientific name

Common
(Filipino)

name

Variety/
description

Source
(municipality/city,
province)

Harvest seasona

Leaves
1

Bitter gourd

Momordica charantia

Ampalaya

Farmer’s variety

Muñoz, NE

2016 WS

2

Chili

Capsicum frutescens

Talbos ng sili

Farmer’s variety

Muñoz, NE

2016 WS

3

Chinese cabbage

Brassica rapa

Petsay

Pavito F1

Muñoz, NE

2015 WS

4

Jute

Corchorus olitorius

Saluyot

Farmer’s variety

Muñoz, NE

2015 WS

5

Lettuce 1

Lactuca sativa

Letsugas

Korean

Muñoz, NE

2016 DS

6

Lettuce 2, red coral

Lactuca sativa

Letsugas

Lollo Rosso

Muñoz, NE

2016 DS

7

Moringa

Moringa oleifera

Malunggay

Farmer’s variety

Muñoz, NE

2016 DS

8

Mustard

Brassica juncea

Mustasa

Monteverde

Muñoz, NE

2015 WS

9

Spinach

Spinacia oleracea

Alugbati

Green amaranth

Muñoz, NE

2015 DS

10

String beans

Vigna
unguiculata
subs. sesquipedalis

Talbos ng Sitaw

Farmer’s variety

Muñoz, NE

2016 DS

11

Sweet potato

Ipomoea batatas

Talbos
Kamote

Farmer’s variety

Muñoz, NE

2016 DS

12

Water spinach 1

Ipomoea aquatica

Kangkong

Lowland

Muñoz, NE

2016 WS

13

Water spinach 2

Ipomoea aquatica

Kangkong

Upland

Muñoz, NE

2015 WS

14

Bitter gourd

Momordica charantia

Ampalaya

Farmer’s variety

Sagada,
Province

Mt.

2015 WS

15

Bottle gourd

Lagenaria siceraria

Upo

Farmer’s variety

San
Bulacan

Rafael,

2015 WS

16

Chili

Capsicum frutescens

Siling labuyo

Farmer’s variety

Bontoc,
Province

Mt.

2015 WS

17

Eggplant 1, purple,

Solanum melongena

Talong na haba

Morena

Muñoz, NE

2015 WS

18

Eggplant 2, green

Solanum melongena

Talong na bilog

Round

Muñoz, NE

2016 DS

19

Green pepper 1

Capsicum annuum

Siling panigang

Django

Muñoz, NE

2016 DS

20

Green pepper 2

Capsicum annuum

Siling panigang

Korean

Muñoz, NE

2016 DS

21

Okra

Abelmoschus
esculentus

Okra

Smooth green

Muñoz, NE

2015 WS

22

Papaya, unripe

Carica papaya

Papaya

Green

San Jose, NE

2016 WS

23

Sponge gourd

Luffa acutangula

Patola

Farmer’s variety

San Jose, NE

2016 DS

24

Squash 1

Cucurbita maxima

Kalabasa

Suprema

Muñoz, NE

2016 DS

25

Squash 2

Cucurbita maxima

Kalabasa

Farmer’s variety

Muñoz, NE

2015 WS

26

Squash 3

Cucurbita maxima

Kalabasa

Farmer’s variety

Sagada,
Province

27

Tomato

Solanum lycopersicum

Kamatis

Diamante max

Muñoz, NE

2016 DS

28

Mungbean

Phaseolus aureus

Munggo

Farmer’s variety

Isabela

2016 DS

329

Peanut

Arachis hypogaea

Mani

Farmer’s variety

Muñoz, NE

2016 WS

30

Cowpea

Vigna unguiculata

Sitaw na turo

Sumilang

Muñoz, NE

2015 WS

31

String beans

Vigna unguiculata
subs. sesquipedalis

Sitaw na haba

Negrostar

Muñoz, NE

2015 WS

32

Winged bean

Psophocarpus
tetragonolobus

Sigarilyas

Farmer’s variety

Muñoz, NE

2016 DS

ng

Fruit

Mt.

2016 DS

Seeds

Pods
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No.

Sample

Scientific name

Common
(Filipino)

name

Variety/
description

Source
(municipality/city,
province)

Harvest seasona

Bulbs and roots
33

Garlic, bulb

Allium sativum

Bawang

Farmer’s variety

Muñoz, NE

2016 DS

34

Ginger, rhizome

Zingiber officinale

Luya

Farmer’s variety

Muñoz, NE

2016 DS

35

Radish, root

Raphanus sativus

Labanos

Farmer’s variety

Baguio City

2016 WS

36

Red onion, bulb

Allium cepa

Sibuyas

Red Pinoy

Bongabon, NE

37

Sweet
tuber

potato

1,

Ipomoea batatas

Kamote

White fleshed

Sagada,
Province

38

Sweet
tuber

potato

2,

Ipomoea batatas

Kamote

Orange fleshed

Muñoz, NE

2016 DS

39

Taro, corm

Colocasia esculenta

Gabi

Farmer’s variety

Muñoz, NE

2015 WS

40

Turmeric, rhizome

Cucurma longa

Luyang dilaw

Farmer’s variety

Muñoz, NE

2016 WS

41

Banana

Musa spp.

Puso ng saging

Farmer’s variety

Muñoz, NE

2016 WS

42

Squash

Cucurbita maxima

Bulaklak
kalabasa

Suprema

Muñoz, NE

2016 DS

2015 DS
Mt.

2015 WS

Flower
ng

Other plant parts
43

Bamboo, shoot

Bambusa vulgaris

Labong

Farmer’s variety

Muñoz, NE

2016 WS

44

Corn, kernels

Zea mays

Mais

Farmer’s variety

Muñoz, NE

2016 DS

45

Mushroom 1, cap
and stalk

Calocybe indica

Kabute

Milky

Muñoz, NE

2015 WS

46

Mushroom 2, cap
and stalk

Pleurotus ostreatus

Kabute

Oyster

Muñoz, NE

2015 WS

47

Taro, stalk

Colocasia esculenta

Gabi

Farmer’s variety

Muñoz, NE

2015 WS

aDS

– dry season; WS – wet season; NE – Nueva Ecija

Appendix Table II. Sample form and boiling information.
Vegetable, part used

Edible form prepared and boiled

Ratio of vegetable to cooking
water (g/L)

Boiling time (min)

Moringa leaves

Stem and petiole removed

170:1

1

Onion bulb

Cut into four equal parts, about

200:1

1

0.5–1-in3
Bitter gourd leaves

Tender tops

70:1

2

Squash flower

Sepals and stamen removed

750:1

3

Other leafy vegetables

Tender tops

130:1

3

Water spinach 1 & 2

Tender leaves and stalks

130:1

3

Mushroom

Cap and tender stem

375:1

3

Pods

Tips removed

100:1

4

String beans

Cut into 4-in lengths

310:1

4

0.5–1-in3

All root and tubers

Cut into about

cubes

310:1

5

Taro corm

Cut into about 0.5–1-in3 cubes

330:1

5

Taro stalk

Cut into 3-in length

330:1

5

Cut into about 0.5–1 in3

720:1

5

Fruits
Bitter gourd, bottle gourd, sponge gourd
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Vegetable, part used
Tomato

Edible form prepared and boiled

Ratio of vegetable to cooking
water (g/L)

Boiling time (min)

Cut into eight equal sizes (about

540:1

5

0.5–1

in3)

Chili, green pepper, okra

Whole

180:1

5

Eggplant (purple)

Whole (about 6-in long)

180:1

5

Eggplant (green)

Whole (about 3-in diameter)

180:1

5

Papaya, squash

Cut into about 0.5–1 in3

360:1

5

Garlic

Cloves

220:1

5

Rhizomes

Cut into about 0.5–1 in3

375:1

5

Banana blossom

Cut into four pieces (about 3 in

150:1

7

long)
Bamboo shoot

Strips (as purchased)

210:1

8

Corn

In cob

270:1

30

Peanut

Shelled

75:1

30

Mungbean seeds

Whole

100:1

40

Appendix Figure I. Correlations (p < 0.001) between the results of the DPPH and ABTS antioxidant assays
in extracts of raw (n = 47) and boiled (n = 46) vegetables.
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