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Isolation and quantification of anthocyanins 
from red cabbage (Brassica oleracea L.) and 
its potential uses as antioxidant in 
natural food
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ABSTRACT

Red cabbage (Brassica oleracea L. var. capitata) is a widely cultivated vegetable 
known for its diverse varieties and health benefits. This article focuses on the 
extraction and analysis of anthocyanins, phenolic compounds, and antioxidant 
activities from red cabbage powder and paste. The physicochemical properties 
of red cabbage, including its nutritional composition, were evaluated. The an-
thocyanin content was found to be highest in red cabbage paste in water, fol-
lowed by red cabbage powder in water, while the lowest level was observed in red 
cabbage powder in methanol. The total anthocyanin content in red cabbage was 
determined to be 78.47 mg/100g. The total phenolic content was highest in red 
cabbage paste in methanol, followed by red cabbage paste in water. The antioxi-
dant activity was assessed using the DPPH assay, showing promising results for 
red cabbage extracts. The findings demonstrate the potential of red cabbage as a 
natural source of anthocyanins and phenolic compounds with antioxidant prop-
erties, which can be utilized in various applications, including the food industry.
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INTRODUCTION

One of the most significant vegetables farmed worldwide is cabbage (Brassica 
oleracea L. var. capitata). It is a member of the Cruciferae family, along with 
Brussels sprouts, broccoli, cauliflower, and kale1. In terms of the size, shape, 
color, and texture of the leaves as well as the size, shape, color, and texture of the 
head, the different cultivated varieties of cabbage exhibit enormous variability. 
The various cultivars of cabbage are divided into three categories: white, red, 
and savoy cabbage2. People across the world use brassica vegetables in the hu-
man diet3. Numerous epidemiological and clinical researches have shown that 
cabbage is good for your health4,5. Red cabbage is a blooming plant that is herba-
ceous, biennial, and dicotyledonous. Its leaves are typically served as coleslaw, 
salad, and beverage6. Red cabbage stands out for its flavour, colour, and texture. 
It was first grown and harvested in Europe, but it is now grown and harvested all 
over the world. This vegetable contains a lot of micronutrients and phytochemi-
cals, like glucosinolates, vitamin C and K, beta-carotene, minerals, fibre, and 
total polyphenols7. Red cabbage is becoming increasingly popular across the 
world, and it is consumed raw as well as after technical and home treatment8.

The most important pigments found in vascular plants are anthocyanins (anthos, 
which means flower and kianos, which means blue). Because they are non-toxic 
and simple to absorb into aqueous mediums, anthocyanins are attractive as nat-
ural water-soluble colourants9. Aglycone, acylated and glycosidic anthocyanins 
are all absorbed by people. Anthocyanins are ingested by humans at levels that 
may be physiologically relevant as components of plant food items. A rise in in-
terest in these polyphenols was caused by this discovery as well as the pro-health 
qualities of anthocyanins (anticancer, cardioprotective, eyesight-improving, 
antidiabetic)10. Anthocyanins have been shown to have several potential health 
benefits, including a reduced risk of chronic illnesses like cancer and coronary 
heart disease11, obesity and type 2 diabetes prevention13, vision and acuteness 
enhancement12, and anti-allergic and antibacterial activities14. Red cabbage has a 
distinct anthocyanin pattern. It includes a substantial number of anthocyanins, 
the primary structure of which is cyanidin glycosides usually. However, most 
anthocyanin compounds in red cabbage are acylated15. When compared to an-
thocyanins from other natural sources, red cabbage anthocyanins represent the 
colour throughout a wide range of pH values, which is extremely appealing to the 
food industry as natural food colourants. It is critical to pick a suitable approach 
with high anthocyanin recovery from red cabbage, with organic solvent extrac-
tion being the most often used extraction method16. Red cabbage’s anthocyanins 
can be used in neutral foods as well as acidic ones because they range in colour 
from red at low pH to blue and green at high pH. They therefore have the poten-
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tial to offer a natural substitute for artificial colourants17.

Red cabbage contains more than 150 flavonoids, among which anthocyanins 
are abundant. Among the Brassica species, red cabbage is the vegetable with 
the best antiradical defence system. Food oxidation can be inhibited or con-
trolled by antioxidant substances. The main antioxidants in red cabbage are 
phenolic compounds. Their chemical activity is proportional to the quantity 
of hydroxyl groups they contain. They are natural antioxidants with numerous 
roles, including free radical scavengers and potential pro-oxidant producers18. 
During a reaction, the activation energy of the radial molecule is very less it is 
composed of a chain reaction of kinetic property. The free radicals are prevent-
ed from causing any harm with the help of antioxidants. Since the antioxidants 
are composed of phenolic hydroxyl groups, these groups react with the present 
free-radical molecule, thus producing a stable product i.e., imiquimod radical. 
Another way to stop the free radical from creating harm is to reduce itself and 
donate an electron to the radical19,20.

The purpose of the current study is to isolate and quantify the anthocyanins 
from red cabbage along with their antioxidant activity.

METHODOLOGY 

Plant material 

Three fresh red cabbages were acquired at a nearby grocery, cash and carry Pun-
jab society in Lahore, Pakistan. The red cabbages were washed and cleaned under 
running water to eliminate any signs of dust and contaminants21. Following that, 
raw red cabbage (1770g) was weighed and sliced into small pieces. The chopped 
cabbage was then placed in a polythene bag and refrigerated for later use.

Chemical and reagents 

All additional chemicals used in the current experiment were analytical grad-
ed, except for the following: sodium carbonate, the Folin-Ciocalteu reagent, 
2,2′-diphenyl-1-picrylhydrazyl (DPPH), ethanol, and methanol, which were all 
acquired from sigma Chemical Co.

Extraction procedure 

Two procedures were used to extract the red cabbage powder:

In the first method, fresh red cabbage was sliced and weighed before being 
placed in a tray and dried in a dry oven at 50 degrees Celsius for 56 hours. After 
drying, the dried cabbage was converted into a fine powder.

The second method used to create red cabbage powder was solvent extraction. 
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In this procedure, 200g of chopped cabbage was placed in a flask along with a 
1:1 combination of 250 mL ethanol and 250 mL water (v/v) and covered with 
foil and plastic wrap for 1 week. After a week, the red cabbage colour was re-
leased into the solution, which was then dried and pulverized in a dry oven. A 
red cabbage paste was obtained at the end22.

Physiochemical analysis 

AOAC techniques were used to measure physicochemical properties such as 
moisture, ash, fat fibre, and protein content of fresh red cabbage and red cab-
bage powder, and then the measured parameters were compared.

Isolation and quantification of anthocyanins

The colours (purple, blue, and red) in many plants are caused by anthocyanins, 
which are water-soluble flavonoid pigments that come in a spectrum of hues 
ranging from red to blue depending on the pH of the vacuole water. Anthocya-
nins are becoming more and more important as antioxidants in addition to serv-
ing as food colouring. Several therapeutic benefits, including as Vaso protective 
and anti-inflammatory properties, have been associated with anthocyanins23.

The total monomeric anthocyanin was calculated using the pH differential 
method. Using pH 1 (0.025 M potassium chloride) and pH 4.5 (0.4 M sodium 
acetate) buffers, the extract was diluted 100 times. 15 minutes were given for 
the solutions to equilibrate in the dark. On cuvettes with a 1 cm path length, 
absorbance was measured at 530 and 700 nm using a Shimadzu UV/visible 
spectrophotometer24.

The following formula is used to calculate the anthocyanin content:
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A modified Folin-Ciocalteu technique was used to measure the number of total 
polyphenols in the sample25. 250 L of Folin-Ciocalteu reagent and approxi-
mately 50 L of each sample’s diluted extract were blended with minor adjust-
ments. 1.5 mL of sodium carbonate solution (7%) was added after 5 minutes, 
and the mixture was shaken occasionally for the next 30 minutes. The absorb-
ance of the resulting solution was measured at 760 nm. Milligrams of gallic 
acid equivalent per gram of dry weight (mg GAE/g DW) were used to assess the 
amount of phenol in the sample26.
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DPPH assay

The hue of the organic nitrogen radical, DPPH free radical, is dark purple. 
When DPPH reagent is introduced in a solution that includes an antioxidant, 
this then changes from purple hue to yellow. The DPPH test is also regarded 
as the simplest colorimetric technique for such uses. It is a stable radical in 
solution, and when present in methanol, it looks purple in colour. The DPPH 
test works on the idea that when the DPPH ion absorbs a hydrogen atom from 
the antioxidant, the absorbance decreases and the colour changes from purple 
to yellow27.

The approach recommended by Brand-Williams was modified to determine 
the overall free radical-scavenging activity of the samples under analysis. In 
this experiment, 25–100 L of each red cabbage extract was mixed with 2.95 
mL of a methanolic solution containing 0.4 mmol/L of DPPH. The absorbance 
at 517 nm was measured after standing at room temperature in the dark for 30 
minutes28,29.

Using the equation, the percentage of DPPH scavenging (RSA%) was calcu-
lated:

% Scavenging of DPPH = [(A0 − A1)/A0] × 100

Where A0 = absorbance of the control and A1 = absorbance of the test ex-
tracts30.

Statistical analysis

The average and standard deviation (SD) of the three replicates were used to 
express the experimental results. Using the SAS v. 9.1.3 programme, the re-
sults of each analysis were compared using an ANOVA and Duncan’s multiple 
range test.

RESULTS and DISCUSSION 

Colour is a sensory property of food that makes it more appealing, enticing, 
and tasty to customers. Colour has a strong impact on flavour perception and is 
frequently recognized before fragrance31. In addition to the food industry, the 
textile, and cosmetics sectors both heavily rely on colour. These sectors typi-
cally employ artificial colours, which represent a health risk, and as the globe 
changes, everyone is gravitating toward natural and organic goods. Keeping 
that in mind, the present research involves the extraction of natural colour 
from red cabbage. In this study, red cabbage powder was extracted (Figure 1) 
and tested for anthocyanin, phenolic, and antioxidant activities.
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Figure 1. Red cabbage flakes, extract and powder

Physiochemical analysis 

Red cabbage powder was assessed for its physiochemical properties that in-
clude its nutritional value shown in Table 1. The nutritional composition of 
red cabbage which includes moisture, ash, carbs, protein, fats, and fibre was 
assessed. The findings revealed that 100 g of edible red cabbage contains the 
following nutritional value: calories (31 kcal), water (90 g), protein (2.0 g), and 
fat (0.2 g)32. The nutritional value of red cabbage powder was also assessed, 
and it was then compared to the nutritional value of fresh cabbage. red cabbage 
powder has the following nutritional value: red cabbage powder contains 8.3% 
moisture, and this value was like Drozdowska’s study who also reported 8.33% 
of moisture in dehydrated red cabbage powder33.
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Table 1. Nutritional composition of red cabbage

Parameters Value
(Fresh red cabbage)

Value
(Red cabbage powder)

Moisture (%) 89.70 8.30

Ash (%) 0.90 6.37

Fats (%) 0.12 3.21

Fiber (%) 2.20 6.50

Protein (%) 1.52 9.45

Carbohydrates (%) 5.56 66.17

Anthocyanin content in red cabbage powder and paste

Red cabbage paste and powder were tested for total anthocyanin content using 
a UV spectrophotometer, and the results are shown in Table 2. The result of 
anthocyanin content in red cabbage shows that the highest anthocyanin level 
was detected in red cabbage paste in water (27.55mg/100g) and then in red 
cabbage powder water (26.14mg/100g) and (14.93mg/100g) anthocyanin was 
present in red cabbage paste in methanol. The minimum level of anthocyanin 
was seen in red cabbage powder in water (9.85mg/100g). Total anthocyanin 
determined in red cabbage powder and paste was 78.47mg/100g. The total 
anthocyanins contents decreased in the following order: Red cabbage paste 
(Water) > Red cabbage powder (Water) > Red cabbage paste (Methanol)>Red 
cabbage powder (Methanol)34.

Table 2. Total anthocyanin content in red cabbage

Samples Total anthocyanins content

Red cabbage paste (Water) 27.55 mg/100g

Red cabbage paste (Methanol) 14.93 mg/100g

Red cabbage powder (Water) 26.14 mg/100g

Red cabbage powder (Methanol) 9.85 mg/100g

Red cabbage anthocyanin-rich extract improved cell viability and apoptosis by 
reducing H2O2-induced intracellular oxidative stress in human hepatocellu-
lar carcinoma (HepG2) cells35. Anthocyanins are water-soluble pigments that 
could be used to colour a variety of food goods36. Currently, these pigments are 
used to create food colorings that are produced from horticulture crops and 
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processing wastes37. Additionally, anthocyanins have been found in both in vit-
ro and in vivo studies to have a variety of potential health advantages and to be 
excellent free radical scavengers, making them good antioxidant chemicals38,39.

Total phenolic content

The total phenolic content of red cabbage pastes and powder is shown in Table 
3. The TPC was determined by Folin–Ciocalteu reagent and the result obtained 
shows the highest phenolic content was present in red cabbage paste (methanol) 
at 140μg/GAE. Then the second highest was seen in red cabbage paste (Water) 
at 112μg/GAE. Red cabbage powder (methanol) had 107μg/GAE of phenolic con-
tent. The lowest level of phenolic content was seen in red cabbage powder (water) 
at 24μg/GAE. Our results align with the study reported by Izzo L. et al. 202040.

Table 3. Total phenolic content of red cabbage

Samples Total phenolic content

Red cabbage paste (Methanol) 140 µg/g GAE

Red cabbage paste (Water) 112 µg/g GAE

Red cabbage powder (Methanol) 107 µg/g GAE

Red cabbage powder (Water) 24 µg/g GAE

Red cabbage extract contains 21 hydroxycinnamic acid derivatives (HCAs), the 
majority of which are leftovers of the organic acids p-coumaric, ferulic, and 
synaptic or their hydrated forms. As it is well known, different herbs and re-
gions of the world have variable amounts of TPC in plant extracts. Numerous 
factors, including genetics, the impact of the environment’s climate and the 
type of solvent employed during the extraction technique, can be utilized to 
explain this variation41. 

Antioxidant activity using DPPH Assay

By applying the previously reported DPPH technique in a free radical scaveng-
ing experiment, the antioxidant activity of Aloe vera extract was determined. 
The technique is based on a reduction in DPPH in the presence of antioxidants 
and a progressive change in the colour of DPPH from purple to yellow depend-
ing on the concentration of antioxidants, which is shown by a reduction in ab-
sorbance42. According to the results, the highest antioxidant activity is present 
in red cabbage paste (Methanol) which lies in the range of 57.71-69.21 in the 
25-100μl sample which are in line with the study conducted by Ricci43,44. Table 
4 shows the antioxidant activity of red cabbage.
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Table 4. Antioxidant activity of red cabbage

Antioxidant activity (DPPH) Sample (25µl) Sample (50µl)

Red cabbage paste (Methanol) 57.71 69.21

Red cabbage paste (Water) 50.74 60.90

Red cabbage powder (Methanol) 29.47 55.44

Red cabbage powder (water) 9.10 36.35

It was found that red cabbage in paste form showed maximum antioxidant 
activity in methanol than in water. Similarly, red cabbage in powder form 
showed more antioxidant activity in methanol than in water. 

The above study showed that red cabbage is the best source of antioxidants and 
can be used as a potential antioxidant source in food and cosmetics. The ex-
tracted anthocyanins can be used as natural colorants in different food items.
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