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Antioxidant Activity of Green and Purple Kale Leaves
(Brassica oleracea L.) Ethanol Extract
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Abstract: Kale (Brassica oleracea L.) is a plant from the Brassicaceae family that
Artikel is often consumed by the public. Kale leaves contain vitamin C, phenolic
compounds, and pigments that have the potential as antioxidants. Kale leaves that
are often consumed by the public are green kale and purple kale. This study aims
to determine the comparison of antioxidants between green kale and purple kale
using the DPPH method. Green and purple kale leaf Simplicial powder was
macerated using 96% ethanol solvent. The extraction results were then tested
qualitatively for their phytochemical content using phytochemical screening.
Antioxidant activity was tested qualitatively and quantitatively (DPPH method).
The results showed that the antioxidant activity (ICso) of Vitamin C, purple kale,
and green kale leaves extract successively are 3.19 ug/ml (very strong), 100.03
ug/ml (strong), and 144,35 ug/ml (moderate). The antioxidant activity of purple
kale leaves is stronger than green kale. leaves.
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Abstrak: Kale (Brassica oleracea L.) merupakan tanaman. dari famili
Brassicaceae yang sering dikonsumsi oleh masyarakat. Daun kale mengandung
vitamin C, senyawa fenolik, dan pigmen yang berpotensi sebagai antioksidan.
Daun kale yang sering dikonsumsi masyarakat adalah kale hijau dan kale ungu.
Penelitian. ini bertujuan. untuk mengetahui perbandingan antioksidan antara
kale hijau dan kale ungu dengan metode.. DPPH. Serbuk simplisia daun kale
hijau dan ungu dimaserasi menggunakan pelarut etanol 96%. Hasil ekstraksi
kemudian diuji kandungan fitokimianya secara kualitatif menggunakan
skrining fitokimia. Aktivitas. antioksidan. diuji secara kualitatif dan kuantitatif
menggunakan metode. DPPH. Hasil menunjukkan bahwa aktivitas antioksidan
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Introduction

The development of modern technology and
science has caused changes in people's lifestyles
that have a negative impact on health. Improper
diet, lack of exercise, lack of rest, smoking, and
alcohol consumption. Deteriorating
environmental conditions, such as heavy
pollution, can affect people's quality of life (1).
The evolution of lifestyle in everyday life can
trigger the emergence of various degenerative
diseases (2). Based on WHO data, non-
communicable diseases (NCDs) or degenerative
diseases cause 73% of deaths and 60% of all
illnesses worldwide. Degenerative diseases that
occur can be caused by high concentrations of free
radicals in the body (3).

Free radicals are unstable and reactive atoms
or molecules because they consist of one or more
unpaired electrons in their outermost layer.
These radicals can trigger chain reactions in the
body that can cause continuous and ongoing
damage that can cause various health problems,
such as respiratory tract, lung, and heart
infections, as well as the development of very
dangerous cancers (4). An imbalance in the
number of free radicals that exceeds the body's
ability to neutralize them causes oxidative stress
(5). Radical-induced oxidative stress can affect
the development of various degenerative
diseases, such as cancer (6), (7), and ischemia (8).

Oxidative stress can be prevented by
increasing the body's antioxidant status.
Insufficient antioxidant levels in the body require
additional external antioxidants that can protect
against free radical attacks (5). Antioxidants are
compounds needed to ward off free radicals and
prevent cells from damage. Antioxidants will
provide one electron to free electrons and free
radical compounds so that they become stable.
Antioxidants will then protect body cells from
oxidative damage by free radicals and ROS (9).
Antioxidants can be divided into three groups:
primary antioxidants (such as superoxide
dismutase, catalase, and glutathione peroxidase),
secondary antioxidants (such as vitamin C,
vitamin E, carotenoids, and flavonoids), and
tertiary antioxidants methionine sulfoxide
reductase (10).

Kale (Brassica oleracea L.) is a plant that is
widely distributed in Indonesia, including Bogor,
Bandung, and Malang. Kale contains antioxidant
compounds such as flavonoids, beta-carotene,
quercetin, glucosinolates, carotenoids, vitamin C,
and anthocyanins. Based on the FRAP assay, Kale
leaves have an antioxidant activity = 29.35 * 2.00
umol Fe2+ g-1 DW due to their total polyphenol
content (11). Long-term dietary administration
(90 days in Rats) of Kale leaves increased
antioxidant status based on Trolox equivalents
antioxidant capacity (TEAC) and had no side
effects on blood biochemical markers (12). Based
on the DPPH method, the IC50 of the Kale market
extract (99.397ug/ml) is greater than that of
hydroponic kale leaves (142.184 pg/ml) (13). The
antioxidant effect also causes protection from
liver damage induced by paracetamol (14). The
protective function of water spinach leaves occurs
in several organs and other biological activities,
such as anticancer, cardiovascular, and digestive
protection (15).

Kale leaves have various colours such as
white, yellow, purple, green, red, and grey. The
colour of kale leaves is influenced by the intensity
of 3 colour pigments, namely chlorophyll,
carotenoids, and anthocyanins (16). Green kale
leaves and purple kale are two types of kale leaves
that are commonly found in Indonesia. In
previous studies, purple kale has been observed,
but green kale has not been fully elucidated.
Based on the background above, this study aims
to compare the antioxidant activity of green and
purple kale leaf extracts using the DPPH method.

Materials and Methods
Materials

This study used materials, namely kale leaf
samples obtained from the Bumiaji Agrotourism
Plantation, Batu City, Malang, East Java, Indonesia,
96% ethanol (p.a, Merck, Germany), 2% HCI
(Nitra Kimia Indonesia), Dragendroff's reagent
(Merck, Germany), Meyer's reagent (Nitra Kimia
Indonesia), 1% FeCls (Merck, Germany) CHCI3
(Merck, Germany), silica gel (Merck, Germany),
aluminium plate (Local), ethyl acetate (Merck,
Germany), n-hexane (Merck Germany), TLC plate
(Merck Germany), DPPH powder (sigma-Aldrich),
and vitamin C (Nutrimax C max) comparison
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solution. This study used several laboratory tools,
namely maceration tubes, glassware,
microscopes, rotary evaporators, capillary tubes,
dropper pipettes, volume pipettes, and UV-Visible
spectrophotometers (Genesys 10S, Thermo
Scientific).

Methods

Green and purple kale leaves (Brassica
oleracea L.) were obtained from Bumiaji
Agrotourism Plantation, Batu City, Malang, East
Java, and determined at the UPT Laboratory
Herbal Materia Medika, Batu City, Malang
(Determination  Number: 074/158/102.20-
A/2023).

Plant Preparation

The plants used as samples in this study were
green and purple kale plants, whose leaves were
taken. Green and purple kale leaves were dried by
air drying and ground into powder. Leaves and
simplex were observed organoleptically,
macroscopically, and microscopically. Green and
purple kale leaf powder was macerated using
96% ethanol (1:5) and macerated up to 3 times
(13) with modification. The macerate was
filtered, and the macerate results were
concentrated using a rotary evaporator.

Phytochemical Screening
Alkaloid Test

Green and purple kale leaf extract (1 ml) was
added with 2% HCI], and the solution was divided
into two tubes. Tube 1 contained 2-3 drops of
Dragendorff's reagent, and tube 2 contained
Meyer reagent. A positive alkaloid result occurs
when Dragendorff's reagent forms a brick red,
red, or orange precipitate, while Meyer's reagent
forms a white or yellowish precipitate (17).

Flavonoid Test

Green and purple kale leaf extract (1 ml) was
given 10 drops of HCL Positive results from
flavonoids are indicated by the formation of
orange, pink, or red colours (17).

Tannin Test

Green and purple kale leaf extract (1 ml) was
added to 20 ml of water, boiled, filtered, and 10

drops of 1% FeCls were added. The greenish
brown extract contains tannins (17).

Polyphenol Test

Green kale and purple kale leaf extracts (1 ml)
were reacted with 1% FeCls. Positive results are
the formation of green, red, purple, dark blue,
blue, black-blue, or black-green (17).

Saponin Test

Green and purple kale leaf extract (0.5 mg)
was added to 0.5 ml of hot water, shaken
vigorously for 10 seconds until foam formed, then
1.5 N HCl was added, and the mixture was allowed
to stand for 10 minutes; if the foam did not
disappear, the extract was positive for Saponin
(17).

Triterpenoid Test

CHCl3 was added to the green kale and purple
kale leaf extracts, then three drops of Lieberman-
Burchard reagent were added. A positive reaction
was indicated by the formation of magenta color
(17).

Thin Layer Chromatography (TLC) Analysis

Green and purple leaf extracts were dissolved
sufficiently in ethanol. This TLC analysis used
silica gel on an aluminium plate as the stationary
phase and n-hexane: ethyl acetate (7:3) as the
mobile phase. The extract was spotted on a thin
layer chromatography (TLC) plate and eluted to
the boundary mark. After elution, the TLC plate
was removed, dried, and sprayed with (18). DPPH
solution. The spots on the TLC plate with
antioxidant activity turned yellow (18).

Antioxidant Activity Test

Antioxidant activity is calculated based on the
inhibition of DPPH radical absorption on a UV-Vis
spectrophotometer at a maximum wavelength of
517 nm. The results of the absorption
measurements are then used to calculate the
percentage of inhibition. The percentage of
inhibition is the percentage that indicates free
radical activity (19).

Data Analysis

The data from the antioxidant activity test
were analyzed descriptively, qualitatively, and
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quantitatively. Qualitative data were obtained
from the results of TLC observations, while
quantitative data were obtained from the
calculation of the percentage (%) of inhibition
and the determination of I1Cso. The percent DPPH
inhibition was calculated by the equation %
inhibition = (A0 - A1) /A0 x 100, where AQ was the
absorbance of the control and Al was the
absorbance of the reaction mixture.

The percentage of inhibition that has been
obtained is then searched for the ICso value, which
is the concentration of the sample solution that
can inhibit 50% of DPPH radicals. The ICso value
is obtained from the correlation between the
percentage of inhibition and the concentration of
the extract plotted in the regression equation: y =
ax + b. The ICso value can be calculated by the
equation (Sumardi et al., 2024): 1Cso = (50-a)/b,

where Y was % inhibition (50), a was the
intercept, b was the slope, and x was the sample
concentration.

A sample is categorized as a very strong
antioxidant if the 1Cso value is <50 pg/ml, a strong
antioxidant if the ICso value is between 50-100
ug/ml, a moderate antioxidant if the ICso value is
between 101-250 pg/ml, a weak antioxidant if the
ICsp value is between 251-500 pg/ml, and inactive
as an antioxidant if the ICso value is >500 pg/ml
(20).

Result and Discussion

The results of organoleptic, macroscopic, and
microscopic observations of the simplex, and the
yield of green kale and purple kale leaf extracts
are shown in Table 1 and Figure 1.

Table 1. Organoleptic, Microscopic, and Microscopic Observation of Green and Purple Kale (Brassica oleracea L.) Leaves

Sample Green Kale Leaves

Purple Kale Leaves

The edges of the leaves are serrated with leaf
curves that resemble lettuce leaves, the leaves are  that resemble lettuce leaves, the leaves are purple in
green, the smell is aromatic, and the taste is slightly

Organoleptic
Observation

The edges of the leaves are serrated with leaf curves

color, the smell is aromatic, the taste is slightly

sweet sweet
Water Content 1,16% 1,12%
7 .

% Extract Yield 16,7% 19,16%

Figure 1. Physical and Microscopic Observation of Kale: Al. Green Kale Leaves, A2. Purple Kale Leaves, B1.
Green Kale Leaves Powder, B2. Purple Kale Leaves Powder, C. Microscopic Observation of Green Kale Leaves

(C1) and Purple Kale Leaves (C2) (P: 4 x 10).

Antioxidant activity testing of green and
purple kale (Brassica oleracea L.) leaves was
conducted to determine the potential of
antioxidants in the plant in counteracting free
radicals and how the antioxidant activity of both

is compared with the characteristics of different
pigment content between green kale and purple
kale. The determination results obtained at the
UPT. Herbal Materia Medica Laboratory showed
that the plant is a kale (Brassica oleracea L.) plant
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from the Sabellica variety with a morphology in
the form of single leaves and rosettes, with a fairly
large size in green and purple colors.

Based on the results of organoleptic,
macroscopic, and microscopic observations,
green and purple kale leaves have the same leaf
shape, with distinctive aromatics and different
pigments. Green kale leaf powder contains bright
green pigments, while purple kale leaf powder is
purple. Green kale contains chlorophyll pigments,
while purple kale contains anthocyanins.
Previous studies have shown that white kale and
purple kale contain less chlorophyll than green
leaves, and the anthocyanin content is highest in
purple leaves. The difference in color is
determined by differences in the regulation of
DEG genes that determine chlorophyll and
anthocyanin biosynthesis (16).

To ensure the quality of the resulting herbal
medicine and extract, several parameters are
used, such as the water content of the herbal
medicine and the percentage of extract yield.
Based on the requirements of the Indonesian
Pharmacopoeia, the water content of good herbal
medicine is less than 10% to prevent the herbal
medicine from the growth of fungi and bacteria
that can reduce the stability of active compounds
in the extract (21).

The results showed that the water content of
green kale leaf herbal medicine powder was
1.16% while the purple kale leaf herbal medicine
powder was 1.12%. These results indicate that
the water content of both herbal medicine
powders has met the requirements of the

Indonesian Pharmacopoeia. The kale leaf herbal
medicine was dried by air drying. Although the
air-drying method produces a higher water
content of herbal medicine than the oven, the air-
drying method is the most effective method for
maintaining total phenol and antioxidant capacity
(22).

Based on the percentage yield analysis, it was
found that the green and purple kale leaf extracts
obtained in this study met the Indonesian
Pharmacopoeia standards of not less than 10%
(>10%) (21). The yield values of green and purple
kale leaf extracts were 16.7% and 19.16%,
respectively. Yield is the ratio of the weight of the
extract obtained from the extraction results to the
weight of the raw materials used. The percentage
yield indicates the amount of bioactive content
obtained in the extraction process.

The amount of yield is influenced by several
factors such as the extraction method, length of
time, and solvent used. Extraction of green and
purple kale leaves using 96% ethanol solvent.
Ethanol is a polar solvent and can be used in
preliminary extraction. Ethanol is able to
penetrate cell wall materials so that it can carry
out cell diffusion and attract bioactive compounds
quickly (17). The maceration extraction method
with ethanol solvent produces high phenolic
content and antioxidant capacity (23) (24).

Based on the phytochemical screening shown
in Table 2, it is known that green kale and purple
kale leaves contain alkaloids, flavonoids, tannins,
polyphenols, saponins, and triterpenoids.

Table 2. Phytochemical Screening Results of Ethanol Extracts of Green and Purple Kale (Brassica oleracea L.) Leaves

Phetochemical Screening Result

Class of Compound

Visible Characteristic

Green Kale Leaves

Purple Kale Leaves

Alkaloid + + A brick red precipitate
Flavonoid + + A yellow solution
Tanin + + A greenish brown solution
Polyphenol + + A blackish green solution
Saponin + + The presence of stable foam
Triterpenoid + + The presence of a purple-red solution
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Based on phytochemical screening, the ethanol
extract contains alkaloids, flavonoids,
terpenoids, glycosides, steroids, carbohydrates,
and phenolic compounds.

Antioxidant Activity

Antioxidant testing in this study was
carried out qualitatively using TLC and
quantitatively using a UV-Vis
Spectrophotometer using DPPH. The results of
the qualitative antioxidant test were shown by
the results of the TLC separation under UV light
shown in Figure 2.

Purple Green Purple Green

Rf: 0,74

Rf: 0,48

Rf: 0,39
Rf: 0,28

(b)

Figure 2. Results of Thin Layer Chromatography
Separation under UV Light 475 nm: (a) TLC
results of Green and Purple Kale Leaf Ethanol

Extract before DPPH spraying, and (b) TLC results
after DPPH spraying.

DPPH is a stable free radical with a
characteristic purple colour in solution due to the
presence of an unpaired electron. The separated
compounds on the TLC plate are then exposed to
a DPPH solution (sprayed or dipped) (25). Based
on the results of qualitative antioxidant tests
using TLC, the presence of yellow spots after
spraying DPPH under UV light indicates the
antioxidant activity of green and purple kale
leaves. Yellow spots are produced as a reaction
between DPPH molecules and compounds that
can donate hydrogen atoms in green and purple
kale leaf extracts, resulting in DPPH molecules
being reduced to form yellow DPPH-H (26). Rf
value of purple kale consists of 0.59, 0.78, 0.82,
0.83, and 0.85. Rf value of green kale consists of
0.28, 0.39, 0.48, and 0.74.

Besides the qualitative method, the
antioxidant activity test was also compared using
a quantitative method using Spectrophotometry
analysis. The comparison of the results of the
antioxidant activity test of green and purple kale
leaves quantitatively is shown in Table 3, Figures
3 and 4.

Table 3. Results of Antioxidant Activity Test of Green and Purple Kale Leaves (Brassica oleracea L.)

Vitamin C

Concentration (pg/ml)

Mean of Absorbance + SD

% Inhibition

2 0,111 + 0,007 25
4 0,047 £ 0,009 68,24
6 0,023 £0,003 84,46
8 0,020+0,118 86,49
10 0,014 £ 0,005 90,54
Regression Equation y = 7,4665x + 26,147
R?2=0,962
[Cs0= 3,19

Antioxidant activity: Very Strong

Ethanol Extract of Green Kale Leaves

Concentration (pg/ml)

Mean of Absorbance + SD

% Inhibition

10
20
40
80
160

0,233+ 0,021 2,10
0,212 £ 0,005 10,93
0,197 £ 0,007 18,91
0,158 £ 0,006 22,61
0,113 £ 0,002 52,52

Regression Equation: y = 0,3204x + 3,7488
R2=0,966
ICs0 = 144,35 (Moderate)
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Ethanol Extract of Purple Kale Leaves

Mean of Absorbance * SD

% Inhibition

Concentration (pg/ml)

10 0,174 £ 0,078 10,69
20 0,165 £ 0,043 22,90
40 0,148 £ 0,012 30,84
80 0,118 £ 0,006 44,86
160 0,066 + 0,001 69,16
Regression Equation: y = 0,3342x + 16,569
R2=0,9966
ICs0=100,03

Antioxidant activity: Strong

Antioxidant Acitvity based on %
Inhibition Based on DPPH
Method

80
60

40 O Green Kale

20 r@ "@ ’_g ] Leaves
0o N 3

Purple
10 20 40 80 160 Kale

ppmppmppmppmppm
Concentration

% Inhibition

Figure 3. Graph of Antioxidant Activity of Ethanol
Extract of Green Kale and Purple Kale Leaves
Based on Inhibition Percentage Using the DPPH
Method.

IC50 (pg/ml)

Vitamin C (Standar) @ 3.19

Very Strong
P le Kale L
urple Kale Leaves 10003
Strong
Green Kale Leaves 144.35
Moderate

Figure 4. ICs5o Value Graph

The results obtained from measuring
antioxidant activity are in the form of absorbance
values. The higher the concentration, the lower
the absorbance. The percentage of inhibition (%

Inhibition) is calculated based on the absorbance
value obtained. The percentage of inhibition is the
ability of the sample to inhibit radical activity.
This study shows that the greater the
concentration of green and purple kale leaf
extract, the greater the percentage of inhibition or
inhibitory effect on free radical activity. This is
shown by the linear regression equation for both
kale leaf samples. This study shows that the
higher the concentration of ethanol extract of
green and purple kale leaves, the lower the DPPH
levels detected through the absorbance value,
which indicates higher antioxidant activity (27).

Based on the observation of the ICso value and
antioxidant category (20), it is known that the
highest antioxidant activity is shown by the
standard, namely Vitamin C (ICso = 3.19 pg/ml),
which shows very strong antioxidant activity.
Comparison of the I1Cso values of green and purple
kale leaf extracts shows that purple kale leaves
have higher antioxidant activity. (ICso = 100.03
pug/ml) with a strong antioxidant category
compared to green kale leaves (ICso = 144.35
ug/ml), with a moderate antioxidant category.

In this research, Vitamin C acted as a standard
with the highest antioxidant capacity compared to
others. Vitamin C (L-ascorbic acid or ascorbate) is
a cofactor that participates in many biochemical
processes (28). Vitamin C plays an important role
in protecting against oxidative stress in various
tissues (29). Oxidative stress refers to conditions
of imbalance between the production of reactive
oxygen species (ROS) and antioxidant defence
(30). The antioxidant mechanisms of Vitamin C
are based on hydrogen atom donation to lipid
radicals, quenching of singlet oxygen, and
removal of molecular oxygen (31). Kale has a
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Vitamin C content equivalentto 112,1 mgin 100 g
fresh leaves (32). Information regarding the
vitamin C content between purple and green kale
is still limited.

Besides vitamin C, kale also contains some
active metabolites that have antioxidant activity,
such as phenolic content (such as gallic,
protocatechuic, p-hydroxybenzoic), quercetin,
and some pigments (such as anthocyanin,
carotene, chlorophyll, and lutein) (33). The most
striking difference between purple and green kale
leaves is the pigment or the color of the leaves.

Leaf color not only shows the characteristics
of the plant but is also related to the pigment
content and potential of it, including its
antioxidant properties. Purple kale leaves have a
main pigment content, namely anthocyanin
(purple pigment), reaching 1.73 mg/g (34). Green
kale leaves have a main pigment content, namely
chlorophyll (green pigment), up to 145 mg/g (35).
Based on previous studies, it is known that
various magenta, blue, and red fruits and
vegetables that are rich in anthocyanins are
included in the category of foods with high
antioxidants with the potential to contribute
more than 20% of the daily antioxidant intake
needed, while green vegetables rich in
chlorophyll are included in foods with low
antioxidants (36). This may be one of the factors
that causes the antioxidant activity of purple kale
to be better than that of green kale.

The antioxidant activity of anthocyanins can
be caused by two mechanisms. The first
mechanism, anthocyanins, plays a role in
Hydrogen Atom Transfer and single-electron
transfer. In the HAT mechanism, free radicals
remove hydrogen atoms from antioxidants. In this
reaction, free radicals are converted into more
stable products. In the SET mechanism,
anthocyanins donate electrons to free radicals,
which also form more stable products. These two
mechanisms can occur simultaneously (37).

This research showed that the antioxidant
activity of purple kale (strong) is better than that
of green kale leaves extract (moderate) based on
IC50 values in the DPPH method. This study has
not yet explained the active compound content in
purple and green kale, but the Rf value obtained

from TLC may be a reference. However, the
differences in antioxidant activity between purple
and green kale leaves extract need to be explored
further, such as the pigment or active metabolite
implicated in antioxidant activity, in the next
study.

Conclusion

DPPH method showed that the antioxidant
activity (ICso) of Vitamin C, purple kale, and green
kale leaves extract successively are 3.19 pg/ml,
100.03 pg/ml, and 144,35 pg/ml. Ethanol extract
of purple kale leaves has better antioxidant
activity (strong antioxidant) compared to green
kale leaves (moderate antioxidant).
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