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The objective of this work was to evaluate the antioxidant and antimicrobial capacity of Kale leaves, as 

well as to quantify the levels of phenolic compounds and flavonoids present in its aqueous extract, and the 

viability when added to a fermented milk drink. The leaves were subjected to four treatments: fresh crushed 

in a blender, fresh sprayed with liquid nitrogen, dried in an oven at 45°C for 72 hours and frozen. 

Antioxidant activity, concentration of total phenolic compounds, flavonoids and antimicrobial activity were 

determined. To prepare the dairy drink, the amounts of 5%, 10% and 15% of the dry extract of Kale leaves 

were added, as well as 15% of the dry extract with sorbate and the control treatment. Furthermore, it 

determined the antioxidant activity and the number of lactic acid bacteria in the drink. The dried and frozen 

leaves showed better antioxidant activity and, when compared to fresh powdered leaves, they did not differ 

in phenolic compounds, presenting the best contents. Fresh powdered leaves showed the highest flavonoid 

yield. The aqueous extracts of kale leaves did not show antibacterial activity against the studied 

microorganisms. The abstract did not show antioxidant capacity contents of total phenolic compounds and 

flavonoids in kale subjected to different treatments. 

Keywords: aqueous extract, Brassica oleracea var. acephala, flavonoids. 

 

O objetivo deste trabalho foi avaliar a capacidade antioxidante e antimicrobiana de folhas de couve, bem 

como quantificar os teores de compostos fenólicos e flavonóides presentes em seu extrato aquoso e a 

viabilidade quando adicionado em bebida láctea fermentada. As folhas foram submetidas a quatro 

tratamentos: frescas trituradas no liquidificador, frescas pulverizadas com nitrogênio líquido, secas em 

estufa a 45°C por 72 horas e congeladas. Determinou-se a atividade antioxidante, concentração de 

compostos fenólicos totais, flavonóides e atividade antimicrobiana. Para preparo da bebida láctea foram 

adicionadas as quantidades de 5%, 10% e 15% do extrato seco de folhas de couve, bem como 15% do 

extrato seco com sorbato e o tratamento controle. Além disso, determinou a atividade antioxidante e o 

número de bactérias lácticas na bebida. As folhas secas e congeladas apresentaram melhor atividade 

antioxidante e, quando comparadas às folhas frescas em pó, não diferiram em compostos fenólicos, 

apresentando os melhores teores. Folhas frescas em pó apresentaram maior rendimento de flavonóides. Os 

extratos aquosos de folhas de couve não apresentaram atividade antibacteriana contra os microrganismos 

estudados. O resumo não apresentou capacidade antioxidante, teores de compostos fenólicos totais e 

flavonóides da couve submetida aos diferentes tratamentos. 

Palavras-chave: extrato aquoso, Brassica oleracea var. acephala, flavonoides. 

1. INTRODUCTION 

Kale (Brassica oleracea L. var. Acephala) is widely consumed throughout the world [1], being 

one of the most cultivated and commercialized leafy vegetables in Brazil [2], producing around 

161,986 tons per year [3]. This vegetable produces about 3 to 5 kilos of leaves per plant and has 

a cycle of 6 to 8 months [4], and its leaves can be consumed fresh or minimally processed. 

As a Brassicaceae it has a low caloric value (24-34 kcal / 100 g) depending on the low protein 

content (1.44-2.82 g / 100 g) and an average fiber content of 2.5 / 100 g [5]. Kale has a higher 
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concentration of flavonoids and is a good source of vitamin C (107 mg / 100 g FM) and 

carotenoids (2.7 mg / 100 g FM) [6]. Furthermore, it is a rich source of antioxidants, phenolic 

compounds, vitamins, glucosinolates and isothiocyanates among others, and has been referred as 

a “superfood” [7]. Composite production varies according to the geographical and environmental 

conditions where the kale is grown, as well as the variety analyzed [8]. Thus, plants of the same 

variety may have a different composition in bioactive compounds if exposed to different 

edaphoclimatic conditions during their growth [9]. In studies carried out comparing the 

conventional planting system and the organic system, contents of phenolic compounds between 

173 and 244 mg EAG / 100g in kale leaves and between 86 and 180 mg EAG / 100g in the stems 

were obtained. Where leaves processed in dry heat and grown in physical systems have higher 

phenolic contents [10] vegetable extracts have the potential to be used in food products in order 

to improve the quality and nutritional value of foods [11], thus, kale has phytochemical contents 

that meet these objectives. 

Fermented dairy beverage is a milk product resulting from the mixture of milk and whey, 

fermented by the action of specific microorganisms, in which it is possible to add other food 

substances. It is a product of easy acceptance and access to the different age groups, therefore, 

the supplementation of dairy beverage with kale extract is a promising aspect, thus developing a 

new product with bioactive compounds of kale, because it is the consumer's desire to acquire 

enriched and functional products. For besides the kale being highly nutritious, with functional 

properties, it is easily accessible to populations. 

Although kale is a good source of antioxidant, it can present variations of this characteristic at 

different stages of development, maturation [12], cropping systems [10] and after processing [10, 

13]. Additionally, as the type of solvent used in the extraction has considerable influence on the 

phytochemical content and antioxidant and antimicrobial activity, when the objective is the 

addition of extracts in foods, solvents that are not toxic for human consumption should be 

considered. 

Therefore, the objective of this study was to evaluate the antioxidant and antimicrobial 

potential, as well as to quantify the phenolic and flavonoid compounds contents in aqueous kale 

extract and the viability of the addition fermented dairy beverage. 

2. MATERIAL AND METHODS 

2.1 Specimen Collection and Preparation 

The leaves of kale (Brassica oleracea var. Achephala) "cultivar Manteiga" were harvested in 

the experimental garden of the UFMG Institute of Agrarian Sciences in Montes Claros, at an 

altitude of 630 m, latitude 16° 45'S and longitude 43° 51'W from February to July 2017 and taken 

to the UFMG Aromatic Medicinal Plants Laboratory. The samples were screened in order to select 

tradable leaves and chlorinated solution cleaning. 

The kale leaves were submitted to four treatments. In the first, after sanitization, about 50g of 

leaves were manually chopped, then shredded in a blender and were immediately analyzed. This 

treatment was called shredded fresh leaf (SFL). In the second treatment the fresh leaves (50g) 

were manually chopped and sprayed in liquid nitrogen in mortar, and immediately analyzed, it 

was named fresh sprayed leaf (FLP). 

For the third treatment, called dry leaf (DL), the whole leaves (200g) were dried in an air 

circulation oven at 45 ° C for 72 hours, then crushed and stored under freezing (-20 ° C) for 60 

days to analyze the antioxidant activity of phenolic and flavonoid compounds. In the fourth 

treatment, about 50g of the sanitized leaves were manually chopped, then sprayed with liquid 

nitrogen and stored in Falcon tubes under freezing (-20°C) temperature for up to 60 days for 

analysis of antioxidant activity, phenolic compounds and flavonoids, this treatment was called 

frozen leaf (FL). 
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2.1.1 Preparation of aqueous kale extracts 

To prepare the aqueous extracts, 2g of the leaves were placed in a conical flask and 20 mL of 

distilled water was added. The choice of water as a solvent is mainly due to non-toxicity, ease 

handling and its use in food. The container was covered with aluminum foil and for each treatment 

four repetitions were prepared. The system was kept in orbital agitation (GO shaker, SK-180-Pro) 

at 320 rpm for one hour and then left in an ultrasonic bath (Sanders, SoniClean 6) for 25 minutes. 

The extract was filtered on filter paper and the supernatant collected in an amber flask, then stored 

under refrigeration (4°C) until the time of analysis. 

2.2 Antioxidant Activity Analysis 

Antioxidant activity analysis was performed using the free radical DPPH (2,2-diphenyl-1-

picrylhydrazyl) according to the methodology of Brand-Williams et al. (1995) [14] with 

adaptations. For the reaction, aqueous kale extract (0.2 mL) was added to glass tubes containing 

0.05 mM DPPH solution (3.0 mL) diluted in ethanol. The tubes were vortexed for 30 seconds 

then left in a dark environment for 30 minutes. Absorbance reading was performed on a 

spectrophotometer (Micronal, B582) at 517 nm. The mixture of ethanol (3.0 mL) and distilled 

water (0.2 mL) was used as blank.  

The percentage of free radical sequestration (FRS) was calculated using the following 

equation: FRS (%) = ((Acontrol-Sample)/Acontrol) x100, where Acontrol refers to the 

absorbance of the control reaction (3.0 mL of solution DPPH and 0.2 mL of distilled water) and 

Samples the reaction absorbance between the samples of kale and DPPH extracts. 

Efficient concentration (EC50) values were determined. This is the minimum concentration 

required for kale extract to reduce by 50% the initial DPPH radical of the reaction. For the 

construction of the curve, five concentrations of each treatment were selected, being for dry leaves 

from 1.56 to 25 mg mL-1 and for the other three treatments from 6.25 to 100 mg mL-1. 

2.3 Determination of total phenolic compounds 

For the determination of phenolic compounds, the methodology described by Singleton et al. 

(1999) [15] was followed. For each treatment, four quadruplicate repetitions were performed. For 

expression of the results, a gallic acid calibration curve (Sigma-Aldrich) was constructed at 

concentrations of 0.005, 0.01, 0.02, 0.04 mg mL-1 (R² = 0.99). Thus, the results were expressed 

as mg EAG g-1 dry weight. EAG was the gallic acid equivalent. Samples were diluted as necessary 

to meet standard curve limits. 

2.4 Determination of total flavonoids 

Flavonoids were determined according to the methodology described by Dewanto et al. (2002) 

[16]. For each treatment, four quadruplicate repetitions were performed. To express the results 

catechin calibration curves (Green select Phytosome, 88.88% purity) were constructed using 

concentrations of 100, 200, 300, 400, and 500 µg mL-1 and quercetin (Sigma-Aldrich) at 50, 100, 

200, 300, and 400 µg mL-1 (R2 = 0.99). The results were expressed as mg EC50 g-1 dry weight 

and mg EQ g-1 dry weight. EC50 was the efficient concentration to neutralize 50% of free radicals. 

2.5 Screening of antimicrobial activity 

The plate diffusion method was used on paper discs, which was based on the methodology 

proposed by CLSI (2019) [17] with changes. The pathogenic bacteria Staphylococcus aureus 

ATCC 43300, Escherichia coli ATCC 8759 and Salmonella choleraesuis ATCC 10708 were 

suspended in sterile saline and the turbidity was compared to the McFarland 0.5 standard. The 

amount of 15 µL of this suspension was inoculated in Petri dishes containing culture medium of 
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Mueller Hinton nutrient agar. Subsequently, 6 mm diameter filter paper discs impregnated with 

30 μL of kale extract from the four treatments at a concentration of 100 mg mL-1 were placed. 

Antibiogram plates were incubated at 37°C for a period of 24 hours. After incubation, inhibition 

halos were measured. Three replicates of each microorganism were made. 

2.6 Production of Kale Extract Fermented Dairy Drink 

The following ingredients were used to produce the fermented dairy drink: Whole UHT milk, 

whey powder, mineral water, sugar, milk yeast composed of Streptococcus thermophilus and 

Lactobacillus delbrueckii ssp bulgaricus (Crs. Hansen), modified starch thickener and kale 

extract. The drink was produced with the ratio of 75% milk and 25% whey, this proportion was 

chosen to reach the minimum limits of protein (1.7g 100g-1) and fat (2g 100g-1) of dairy origin 

[18]. 

For preparation of the kale extract, the treatment that presented the best results in the analysis 

of antioxidant activity with more than 50% of radical sequestration, determination of total 

phenolics and flavonoids regarding the extract was chosen. The extract was prepared at a 

concentration of 100 mg mL-1 and in addition to the steps already mentioned in the preparation, 

the extract was microfiltered (0.22 µm) for sterilization purposes and added to the milk in the 

proportions of 5, 10 and 15% (v/v). For the positive control potassium sorbate preservative 

concentration of 0.03 (3.0% m/v) was used according to the limit established by the technical 

regulation of identity and quality of dairy drink [18]. 

For the production process of fermented dairy drink, the methodology described by EPAMIG 

(2010) [19] was followed. Microbiological and antioxidant analyzes were performed on milks 

after manufacture. 

2.7 Analysis of antioxidant activity of fermented dairy drink 

The antioxidant activity analyses of the fermented dairy drink were performed using the free 

radical DPPH (2,2-diphenyl-1-picrylhydrazyl, Sigma-Aldrich) according to the methodology of 

Brand-Williams et al. (1995) [14] with adaptations by Skrede et al. (2004) [20]. 

First the drinks were diluted in methanol 1:0.5. Following, in triplicate, 100 µl of the diluted 

samples were placed in a methanol treatment (control) in Falcon tubes and 3.9 mL of the DPPH 

radical (0.0277 g DPPH L-1 methanol) was added. The mixture was left in a dark environment 

for 30 minutes and then centrifuged at 4000 rpm for 10 min. Thereafter, the absorbance of the 

supernatant was read on a spectrophotometer at 515 nm using methanol as blank. 

2.8 Lactic bacterial count of fermented milk drink 

In all produced milk lactic bacteria were counted. The first dilution was made with 25 mL of 

sample in 225 mL of 0.1% (p/v) peptone saline and homogenization. From the initial dilution (10-

1), further dilutions were made using the above diluent solution. Each desired dilution was 

inoculated into the MRS Agar medium (De Man, Rogosa and Sharpe), the plates were incubated 

at 37°C for 48 hours, after which the lactic acid bacteria were counted [21]. 

2.9 Statistical analysis 

The experimental design was completely randomized with four replications and the results 

were analyzed by the variance analysis method and the means compared by the Tukey test at a 

5% significance level using the R statistical software and the ExpDes.pt package. 
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3. RESULTS AND DISCUSSION 

3.1 Antioxidant activity, total phenolic compounds and flavonoids 

Regarding antioxidant activity, freshly harvested leaves subjected to shredding techniques 

using a blender and sprayed on liquid nitrogen did not differ statistically (Table 1). This shows 

that, in this case, differences in leaf particle size (FLP> SFL) as well as the rapid inhibition of 

enzymatic activity by low nitrogen temperature were not sufficient to influence DPPH 

sequestration capacity. 

Table 1- Antioxidant activity, EC50, content of total phenolic and flavonoid compounds in aqueous kale 

extract. 

Treat. AA(%) 
EC50  

(mg mL-1) 

Phenolics 

(mgEAG g-1 dw) 

Flavonoides 

mgEC g-1 dw mgEQ g-1 dw 

DL 78.75 ± 4.79 a 
10.00 

±1.20 
43.53 ± 3.87 a 26.00 ±2.70b 14.59 ±1.61 b 

FL 71.20 ± 2.06 a 
43.80± 

3.50 
42.94 ± 9.11 a 23.76 ±2.06b 11.53 ±1.24 b 

SFL 
63.16 ± 5.12 

b 

61.77 ± 

5.13 
40.22 ± 3.76 ab 49.27 ±8.27a 26.83 ±4.96 a 

FLP 
62.04 ± 0.91 

b 

76.15 

±6.01 
29.89 ± 2.73 b 19.91 ±0.82b 9.22 ± 0.49 b 

Treatments: AA: Antioxidant Activity; DL: Dry leaf; FL: Frozen leaf; SFL: Fresh Leaf Sprayed; FLP: Fresh 

shredded leaf; dw: dry weight. Equal letters in the columns do not differ statistically by Tukey's test at 5% 

significance. 

The percentages of inhibition of DPPH radical by the fresh leaves of this study are in agreement 

with those found by Korus (2011) [12] who obtained values in the range of 40.7 to 65.5% for 

fresh kale. The results also agree with those found by Rigueira et al. (2016) [10], who found 

68.6% in unprocessed kale leaves. However, the percentages of FRS of fresh leaves are below 

those found by Melo et al. (2006) [22] in raw kale leaves with a value of 90.49%, although this 

percentage did not differ from 60.16% (curly lettuce). It should be noted that the studies by 

Rigueira et al. (2016) [10] and Melo et al. (2006) [22] used methanol and ethanol as solvents. In 

the present study, distilled water was used. As the type of solvent used for extraction has a direct 

influence on the phytochemical composition of the extract, it also influences the antioxidant 

potential [11, 23]. 

Studies report that vegetables subjected to different processing techniques may change their 

antioxidant potential [10, 24], as well as, the use of different types of solvents influences the 

content of extracted phytochemicals, and consequently the antioxidant activity and antimicrobial 

activity. For the purpose of adding extracts into foods, the ideal is the choice of non-toxic solvents 

that is easy to handle, and water meets these requirements, however, its effectiveness in extraction 

must be known. 

The FLP and SFL of this study, according to the classification of Melo et al. (2006) [22], 

showed moderate DPPH sequestration capacity with values from 60 to 70%. It is important to 

remember that the condition of fresh shredded leaves resembles the juice of kale, shredded in a 

blender with water. 

DL presented the highest numerical value of antioxidant activity, but did not differ from FL 

(Table 1). Other studies also found an increase in AA as a function of heat application, such as 

data from Rigueira et al. (2016) [10] by applying dry heat (frying for 3 min) on kale leaves as 

well as Murador et al. (2016) [13] and Girgin and El (2015) [1] observed an increase of 186.9% 
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in cauliflower and 39% in cauliflower, respectively, in antioxidant activity with steam cooking 

compared to raw vegetables. 

This increase in antioxidant activity as a function of heat in fresh leaves may be due to several 

factors, such as degradation of compounds, leading to variation in total phenolic content and 

composition [13] and breakdown of cell components, favoring release of antioxidant compounds 

[1]. Simply by drying favors the concentration of antioxidant compounds due to the lower amount 

of water compared to fresh vegetables. 

DL results are close to those found by Rigueira et al. (2016) [10] when analyzing kale leaves 

submitted to dry heat and presented DPPH inhibition capacity from 72.5% to 86.9%. 

FL, as well as DL, showed the best results in DPPH radical sequestration (71.20%). Studies 

show antioxidant stability during freezing, such as blackberry fruits with up to 60 days of storage, 

ranging from 80.55 to 77.94% of DPPH inhibition [25]. 

From the absorbance values of the different concentrations of the extracts in reaction with 

DPPH the EC50 calculations were made for the treatments (Table 1). These values which are 

close to those found by Armesto et al. (2016) [26] in boiled kale leaves (22.50 mg mL-1), presented 

lower yield than those found by Jaiswal et al. (2012) [11] for broccoli and cabbage, which ranged 

from 0.71 to 1.41 mg mL-1 depending on the solvent and smaller than cauliflower leaves with a 

value of 2.27 mg mL-1 [27]. Knowing the antioxidant capacity of foods can help with research 

that assesses dietary intake and planning for increased antioxidant intake. 

It was observed that in the DL extracts at concentrations of 25 and 100 mg mL-1, after the 

reaction with the DPPH radical, there was precipitate formation, and the higher the concentration 

the greater the precipitate formation. No reports of this have been observed in the literature, so it 

is believed that precipitate formation is related to higher leaf solids concentration. 

The nutritional interest for kale is mostly related to its total phenolic compounds, as it is 

generally rich in polyphenols, and among its properties for human health, one of the most 

important is the antioxidant activity [19]. DL, FL and SFL did not differ statistically for total 

phenolic compounds (Table 1). FSL, however, had lower total phenolic content, but did not differ 

from SFL (p> 0.05). Before transforming the values to the unit of mg EAG g-1 dry weight, we 

obtained the data of mg EAG mL of extract-1. It was observed that the extract with DL had about 

10 times higher total phenolic content (4, 06 ± 0.36 mg EAG mL extract-1) than the other 

treatments. 

Naguib et al. (2012) [28] found values from 7.68 to 13.82 mg EAG g-1 dry weight when 

evaluating the effect of organic fertilizers on two broccoli cultivars. Results are also above those 

found for Galega kale (13.18 mg EAG g-1 dry weight) [29] and are in agreement with Armesto 

et al. (2016) [26] in kale cultivate "Galega". 

The heat treatment and consequently the dehydration showed no significant changes in the total 

phenolic content in relation to the fresh leaves (pulverized). This behavior was similar to that 

observed by Fiol et al. (2013) [30] who submitted three kale cultivars at 100°C for two and four 

hours, and the total phenolic content did not differ between the cooked samples and the raw kale. 

The authors point out that the simultaneous degradation of some compounds results in an increase 

of other neoformed compounds or substances which compensates for the loss of total phenolic 

components and, therefore, there was no change in the total phenolic content [30]. 

The higher content of total phenolic compounds in FL compared to FSL is in agreement with 

Alanís-Garza et al. (2015) [31] who evaluated the effect of industrial freezing (-20°C), therefore 

the same temperature of the present work, on the stability of bioactive molecules in seven 

commercial broccoli cultivars. As a result, total phenols remained constant in most cultivars and 

in some were slightly increased. This suggests that bioactive compounds in frozen broccoli would 

be more bioavailable than in raw vegetables [31], which corroborates our findings. 

Therefore, plant freezing can lead to the development of ice crystals within the plant matrix, 

and these crystals can affect the structure of cell membranes, inducing changes in their 

permeability, improving the compound extraction process [31]. In addition, studies report that 

freezing leads to higher polyphenol retention as part of plant response to low temperature stress 

[24]. 

In the present study, the leaves before being frozen were sprayed with liquid nitrogen, so there 

may have been inhibition of kale enzymes, which may influence phenolic metabolism, in addition 
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to cell membrane rupture, which could increase the extractability of the compounds. SFL also 

underwent these processes of liquid nitrogen and membrane rupture through spraying, which may 

justify their close contents, resulting in greater accessibility of the compounds to the extraction 

solvent, as the total phenolic compounds are water soluble. 

There was no significant (p> 0.05) correlation between antioxidant activity and total phenolic 

content (R = 0.7372). SFL showed lower antioxidant power than DL and FL, but did not differ 

from these treatments in relation to the phenolic compounds, because phenolic compounds are 

not the only components that influence antioxidant activity. Studies show that the antioxidant 

capacity of Brassica oleracea species is related to the content and composition of phenolics, 

flavonoids, anthocyanins, lutein, vitamin C and neochlorogenic acids [24]. 

Among the total phenolic compounds, flavonoids and phenolic acids are the most characterized 

groups in Brassica. Flavonoids protect plants against UV radiation, pathogenic microorganisms, 

insects and plant-eating animals, and also react as antioxidants in defense against reactive oxygen 

species (ROS) [32]. The treatments DL, FL and FSL did not differ statistically in flavonoid 

content (Table 1), therefore, the application of heat as well as the low temperature to kale leaves 

provides extracts with high total phenolic contents, but low amounts of flavonoids. Crushing using 

a blender can be considered an inefficient technique for extracting both compounds. SFL in liquid 

nitrogen, which is characterized by their smaller particle size and rapid enzymatic inhibition, 

provided extracts with higher flavonoid content (26.83 mg EQ g dry weight-1 and 49.27 mg EC50 

g dry weight-1). 

Similar situation was found by Bhandari and Kwak (2015) [27] when analyzing cauliflower 

and broccoli, found that the total phenol content was higher in the inflorescences, while the total 

flavonoid content was higher in the leaf tissue, and there was no correlation between total 

phenolics and flavonoids. In the present study there was no significant correlation (p> 0.05) 

between flavonoids and antioxidant activity (R = -0.21883), as well as flavonoids and phenolic 

compounds (R = 0.3438). The DL, FL and SFL presented higher content of total phenolic 

compounds. The highest content of flavonoids was presented in SFL. 

The results found for flavonoid contents are in agreement with those found by Bhandari and 

Kwak (2015) [27] in broccoli and cauliflower and also corroborate the findings by Naguib et al. 

(2012) [29] for broccoli. Before transforming the values to the unit of mg / g dry weight, the 

extract mg mL-1 data were obtained, it was noticed that the extract pf dried leaves had the 

flavonoid content (1.37 mg EQ mL extract-1) and (2.43 mg EC50 mL extract-1) about 10 times 

higher than FL and FSL treatments and about five times higher than FCL treatments. 

DL and FL, stored for up to 60 days for flavonoid analysis, there may have been competition 

in the production of other phenolic compounds, a large group to which flavonoids belong. In a 

study with kale Park et al. (2014) [32] stated that based on biosynthetic pathways, phenolic acids 

had a competitive relationship with anthocyanidins and flavonols. 

In this study the kale leaves were analyzed for shredding and preservation techniques. The use 

of water as a solvent and the concentration of 0.1 g mL-1 (or 100 mg mL-1) in kale leaves presented 

good results of antioxidant activity, total phenolic compounds and flavonoids. This fact has high 

relevance, especially regarding the possible addition of these extracts in foods as enrichment of 

antioxidant potential. 

3.2 Antimicrobial activity of kale extracts 

There was no inhibition halo formation of any of the aqueous kale extracts for S. aureus, E. 

coli and Salmonella bacteria. Differing results were found in studies that evaluated the 

antimicrobial action on Brassica oleracea plants using aqueous extract, such as Begum and 

Poonkothai (2013) [23] and Vale et al. (2015) [33]. In both studies there was a high concentration 

of the extract, either by lyophilization or by heating. In addition to the experimental conditions, 

non-inhibition may have been due to factors related to the analyzed leaves, such as the selected 

cultivar, soil, region climate and cultivation. The cultivation system (conventional and organic) 

and processing (dry and wet heat) directly affect the chemical composition of the plant [10] and 

the extraction solvents also influence the recovery of secondary metabolites [23]. Other studies 
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should be performed by diversifying the concentration of the extracts and the way of extraction 

of these compounds. 

Other studies have also found that water is less effective in extracting antimicrobial compounds 

[34]. 

The kale leaves studied in this research and submitted to these extraction techniques did not 

show antimicrobial action. Therefore, further work should be done by studying other cultivars 

and extraction methodologies. 

3.3 Fermented milk drink added with aqueous kale extract 

The aqueous extracts of kale leaves submitted to the drying technique showed better results of 

antioxidant activity, EC50, total phenolic compounds and flavonoids (depending on the extract) 

so this treatment was chosen for addition to the fermented milk drink. The dairy drink with 15% 

extract and the drink with 15% extract with sorbate did not differ statistically and showed higher 

antioxidant activity (Table 2). Therefore, the antioxidant activity of the control drink (11.65%) is 

due to the milk and whey ingredients. Ribeiro et al. (2014) [35] found almost 5% antioxidant 

activity in fermented milk. In this work, the addition of potassium sorbate additive had no 

antioxidant effect on the milk. Thus, the fermented milk drink already has the antioxidant 

potential and the addition of 15% of the aqueous extract of dried kale leaf increased this potential 

more than three times. 

Table 2 - Antioxidant activity and lactic acid count of fermented dairy drinks with addition of aqueous 

kale extract and control. 

Treat. AA (%) BAL (UFC mL-1) 

5% drink 26.83 ± 2.57b 2.13 x 107 

10% drink 28.34 ± 2.70b > 107 

15% drink 36.82 ± 3.37a > 107 

15% Sorbate Drink 36.32 ± 5.27a 3.7 x 106 

Sorbate Drink (Control) 11.65 ± 1.90c 1.49 x 107 

Treatments - AA: Antioxidant Activity; BAL: lactic acid bacteria. Equal letters do not differ by Tukey 

test at 5% significance level. 

There was no difference in antioxidant activity between milks added with 5% and 10% of kale 

extract, but they were still 2.3 and 2.4 times higher than the control, respectively. Regarding the 

lactic bacteria count, the drinks added in the extract in 5%, 10%, 15% and 15% with sorbate, had 

lactic bacteria counts above 106 CFU mL-1 (Table 2), so they are in accordance with current 

legislation [18]. Therefore, the presence of the extract in the drink did not inhibit the growth of 

these bacteria, as they did not differ from the control. 

Aqueous kale extract is a promising ingredient for both food and consumer due to the fact that 

it will inhibit the oxidation of the kale and it is a food enriched with bioactive kale compounds 

and increased antioxidant activity. The fermented milk drink added with 15% aqueous kale extract 

showed better antioxidant performance. 

4. CONCLUSIONS 

The application of heat as well as the low temperature to the kale leaves provide extracts with 

high antioxidant activity, high total phenolic contents, but low amounts of flavonoids. Fresh 

leaves sprayed with liquid nitrogen provide extracts with higher flavonoid content. There is no 

antimicrobial action of aqueous kale extracts against S. aureus, E. coli and Salmonella bacteria. 

Other studies should be performed by diversifying the concentration of the extracts and the way 

of extracting these compounds. 



L.C.R. da Silva et al., Scientia Plena 17, 101502 (2021)                                           9 

The use of water as a solvent and the concentration of 0.1 g mL-1 in kale leaves obtained good 

results of antioxidant activity, total phenolic compounds and flavonoids. Aqueous kale extract is 

promising for addition to fermented milk drink as it can inhibit the oxidation of the milk without 

interfering with the fermentation process. 

Due to the demand for functional foods, these extracts can also be added in other foods low in 

antioxidant activity. Further studies should be done for sensory acceptance of fermented milk 

drink supplemented with kale extract. 
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