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Abstract 

Background: Diabetes Mellitus is a disease caused by a disruption of the pancreas in producing insulin. The 

International Diabetes Federation (IDF) organization identified ten countries that have the highest cases of 

Diabetes Mellitus. Indonesia is ranked 7th out of 10 countries and is the only Southeast Asian country included 

in the list. Prevention of diabetes mellitus is a solution that must be done to reduce cases of diabetes mellitus in 

Indonesia., one of which is by consuming vegetables that have antidiabetic activity. Objective: This study was 

conducted to determine the activity of kale (Brassica oleracea var. sabellica) extract in reducing glucose levels. 

Methods: The qualitative test results showed that the kale extract contained positive flavonoids, triterpenoids, 

tannins and phenols. The antidiabetic activity test was carried out using the UV-Vis spectrophotometer and the 

Nelson Somogyi method. This test is carried out at the 25th minute operating time and a maximum λ of 745 nm. 

Results: The decrease in glucose levels in kale extract concentration of 4 ppm was 2.23% ± 0.46, 6 ppm of 

16.47% ± 0.27.8 ppm of 30.62% ± 0.46, 10 ppm of 41.88 ± 0.27, 12 ppm of 55.50 ± 0.20. The concentration of 

kale extract in reducing glucose up to 50% (EC50) was 11.13 ppm. Conclusion: Kale extract (Brassica oleracea 

var. sabellica) can reduce glucose levels or have antidiabetic activity. 
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INTRODUCTION 

Diabetes mellitus is a chronic metabolic disease 

characterized by increased blood glucose levels due to 

impaired insulin production or use by body cells. 

Symptoms experienced by patients with diabetes 

mellitus are frequent eating (polyphagia), frequent 

drinking (polydipsia) and frequent urination (polyuria) 

(WHO, 2018). Diabetes mellitus is often associated 

with inflammation. The inflammatory response to an 

infection or virus is influenced by blood glucose levels 

in a person's body. Hyperglycemia in type 2 diabetes 

will stimulate macrophages to secrete the 

proinflammatory cytokine TNF-α. When patients with 

type 2 diabetes have high levels of TNF-α this will lead 

to more severe insulin resistance resulting in 

endothelial dysfunction resulting in disease 

complications (Yuniarti, 2017). 

Prevention and control of diabetes mellitus is 

carried out to keep individuals healthy and people who 

already suffer or have risk factors for this disease can 

control their disease so as not to cause complications or 

death. The International Diabetes Federation 

Organization (IDF) projects the number of people with 

diabetes in the population aged 20 - 79 years in several 

countries in the world in 2019. Research from the IDF 

is able to show a list of 10 countries with the highest 

number of people with diabetes mellitus. Indonesia is 

ranked 7th among ten countries, with10.7 millions of 

sufferers. Indonesia is the only country from Southeast 

Asia on the list, so it can be estimated that Indonesia's 

contribution to the prevalence of diabetes cases in 

Southeast Asia can be estimated (Kemenkes RI, 2020). 

With the high number of sufferers in Indonesia, it is 

necessary to prevent and control the disease preventing 

and controlling the disease is necessary. 

Prevention and control of diabetes mellitus that 

everyone can do is to eat vegetables that contain 

polyphenols. Polyphenols, in particular flavonoids can 

be suggested as a better treatment therapy in diabetes 

mellitus as well as chronic complications associated 

with the disorder. Research from Arjadi & Susatyo 

(2010) states that flavonoid compounds can lower 

blood sugar levels by stimulating pancreatic ß cells to 

produce more insulin. One of the vegetables in 

Indonesia that contains flavonoids is kale (Brassica 

oleracea var. sabellica). Kale is a vegetable with curly 

leaves that are dark green and belongs to the cabbage 

family. This vegetable kale abroad is nicknamed the 

Queen of Vegetable (Superfood) because it has many 

benefits, but some Indonesian people are not familiar 

with this vegetable. Based on research by Krumbein et 

al. (2010), kale contains flavonoids, namely quercetin, 

kaempferol and isorhamnetin. Study from Cieslik et al. 

(2008) states that the polyphenol content in kale is 

higher than brocoli, brussels sprouts, and cauliflower, 

namely 773 mg/100 g. 

Based on the data obtained from kale vegetables 

and the antidiabetic effects of kale that have not been 

studied the researchers were interested in testing the 

antidiabetic activity of kale extract (Brassica oleracea 

var. sabellica) using the Nelson-Somogyi method. The 

principle of the Nelson somogyi method is that 

Nelson's reagent in a sample that has been added to 

standard glucose will reduce Cu2+ ions to form 

gluconic acid and cuprous oxide precipitates. The 

copper oxide precipitate will react with the 

arsenomolybdate reagent to form a turquoise-blue 

copper and molybdate complex. The color created is 

then measured in its absorbance with a UV-Vis 

spectrophotometer at the maximum wavelength 

(Advistasari et al., 2019). This study of glucose-

lowering activity is expected to provide an initial study 

of the use of kale (Brassica oleracea var. sabellica) as 

an antidiabetic vegetable. 

 

MATERIALS AND METHODS 

Materials 

The materials used in this study were kale 

vegetables from Pasar Gedhe Harjonagoro, Jebres 

District, Surakarta, Nelson reagent (Merck), 96% 

ethanol, glucose pa (Merck), arsenomolybdate 

(Merck), concentrated HCl (32% Technical HCl 500 

mL), Mg powder Merck (Catalog 1.05815.1000), 

Technical HCl 2N (Colorless), aquadest, gelatin 

solution, 10% NaCl, Mayer reagent HgI4K2 25 mL, 

Dragendroff reagent 10 mL, Wagner reagent 25 mL, 

glacial CH3COOH 100% Merck, concentrated H2SO4 

95 - 97% pa (Merck), Technical FeCl3 5% 100 mL. 

Tools 

The tools used analytical scales (Ohaus Pioneer 

with a sensitivity of 0.0001 g and a minimum weighing 

of 0.1000 g), rotary evaporator (IKA RV 10 Digital V), 

waterbath WNB14RING 6 holes, volumetric flask 100 

mL 50 mL 10 mL (pyrex), beaker glass 50 mL and 100 

mL (pyrex), measuring cup (Merck IWAKI), 

measuring pipette 1 mL (Pyrex), test tube 17 mL Pyrex 

and test tube rack 12 hole, UV-Visible 

Spectrophotometer (Shimadzu UV mini-1240), Hellma 

Analytic cuvette type No. 100.600 QG Light parh 

lotum. 
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Methods  

Sample determination 

Identification of kale (Brassica oleracea var. 

sabellica) was carried out at the Research and 

Development Center for Medicinal and Traditional 

Medicinal Plants in Tawangmangu with the letter-

number YK.01.03/2/545/2021. 

Preparation of kale powder  

The kale vegetables collected from the Pasar 

Gedhe Harjonagoro are carried out wet sorting, which 

aims to separate the dirt from the kale, then continue 

washing it using running water to facilitate the loss of 

dirt is still attached to the kale. After that, it was 

chopped to speed up the drying time. Drying is carried 

out in an oven at 40oC until dry so that the moisture 

content in the material is reduced so that it can prevent 

the growth of microbes in the sample, then mashed 

using a blender and sieve no. 40 to get a fine kale 

powder. The kale powder obtained is stored in a tightly 

closed container.  

Preparation of extract 

A total of 200 g of kale powder put into a 

maceration container, then (1 : 7.5) dissolved in 1500 

mL of 96% ethanol. The solution left to stand for 3 

days and stirred occasionally. After 3 days, the kale 

sample was filtered, the first filtrate was obtained. 

Furthermore, the remaceration was carried out with 

500 mL of 96% ethanol solvent (1 : 2.5), left to stand 

for two days. Then the sample is filtered until a second 

filtrate is obtained. The results of the first and second 

filtrate that have been collected are subjected to a 

concentration process with the help of a rotary 

evaporator at a temperature of 40oC, then continued 

with concentration with an electric water bath at 40C. 

After that, the yield was calculated, and phytochemical 

screening was carried out on kale extract. The extract 

obtained is a thick extract with a constant weight when 

weighed. 

Antidiabetic activity test 

The antidiabetic activity test was carried out using 

the Nelson Somogyi method and the UV-Vis 

Spectrophotometry instrument. This test starts from 

determining the operating time, maximum wavelength, 

positive glucose control, and decreasing the glucose 

levels of kale extract. 

The operating time was determined by pipetting 1 

mL of glucose 100 ppm standard working solution, 1 

mL of nelson reagent, and putting it in a test tube 

closed with a cotton swab. Then, heating the solution 

for 10 minutes in boiling water and cooling for 5 

minutes, then transferred to a 5 mL volumetric flask. 

The solution was added with 1 mL of arsenomolybdate 

reagent and diluted with distilled water to mark the 

limit and shake. Absorbance measured at the 

theoretical maximum wavelength until optimum time 

was stable (Aprizayansyah et al., 2016). 

The maximum wavelength and positive control of 

20 ppm glucose were determined with the same 

treatment as the operating time. The two tests differ 

only in wavelength measurements. In the test, the 

maximum wavelength was suspended during 

operational time and measured at a 700 - 780 nm 

wavelength. Meanwhile, the treatment on the positive 

control test for glucose carried out by measuring the 

maximum wavelength of 745 nm. 

The test for lowering the glucose level of kale 

extract was carried out by pipetting 0.2 mL, 0.3 mL,     

0.4 mL, 0.5 mL, and 0.6 mL from the 100 ppm 

working sample solution. The sample was pipetted into 

a test tube, added with a standard solution of 100 ppm 

glucose and 1 mL Nelson's reagent, and then covered 

with cotton. It was heated for 10 minutes in boiling 

water,, cooled for 5 minutes, and then transferred to a 5 

mL volumetric flask. 1.0 mL of arsenomolybdate 

reagent was added, diluted with distilled water to the 

mark, shaken and deferred for an operational time. The 

measurement results of the sample are read at the 

maximum wavelength, and the percentage of glucose 

reduction is calculated. 

Data analysis 

Calculation of the percent decrease in glucose levels 

The reduction in glucose levels is measured by the 

difference between the positive controls for glucose 

and residual glucose, then compared with intact 

glucose to get a percent decrease in glucose levels. The 

formula for this value is stated as follows: 

A = 
𝐵−𝐶

𝐵
 × 100% 

Note:  

A = % decrease in glucose levels 

B = absorbance of glucose positive control 

C = residual glucose absorbance 

EC50 calculation 

The EC50 value (Effective Concentration) is a 

value that describes 50% of the maximum effect of 

kale extract in reducing glucose levels. This calculation 

uses a linear equation from the relationship between 

the concentration of kale extract and the percent 

decrease in glucose levels. 

Y= bx+a 

Note : 

y = percent decrease in glucose levels (50)  
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b = slope (slope) 

a = intercept 

x = concentration of kale extract 

  

RESULTS AND DISCUSSION 

Determination 

The results showed that the vegetables taken from 

Pasar Gedhe were kale with the name simplisia 

Brassica oleracea var. sabellica. Vegetable kale is 

shown in Figure 1. 

 

 
Figure 1. Kale 

 

Kale extraction 

Kale is carried out by making powder first before 

the extraction process is carried out. The kale powder 

was made using a blender and sieve no. 40 to get a fine 

kale powder. The use of sieve no. 40 is based on 

research by Nurhasnawati et al. (2017) which states 

that the mesh size of 40 on tiwai onion bulbs has a 

higher yield than mesh 20, 60, and 80. 

Dry powder of kale is remacerated with 96% 

ethanol while stirring once every 8 hours. 

Remaceration is carried out to optimize the process of 

withdrawing the active compounds contained in kale 

powder because there is a possibility that in the 

previous maceration process, the active substance was 

still left in the residue and stirring aims to maintain the 

difference in concentration inside and outside the cell 

so the filter fluid can still filter substances according to 

its properties polarity (Anggraini & Damayanti, 2019). 

The maceration method is a cold extraction 

method, this method is appropriate to use in research, 

where this test will take flavonoid compounds that 

have heat insoluble properties at temperatures > 50oC. 

The choice of 96% ethanol solvent was chosen because 

based on Bintang et al. (2014), it showed that the total 

flavonoids were more dissolved in 96% ethanol 

compared to 70% ethanol and water. This solvent also 

has the ability to extract compounds better because the 

high solvent concentration influences the amount 

obtained from the extraction. The extraction results 

obtained a thick brownish green color extract with 

15.3%. 

Phytochemical screening 

Phytochemical screening is carried out to 

determine the presence of active compounds in kale 

extract which are expected to act as antidiabetic. The 

results of phytochemical screening on kale extract 

(Brassica oleracea var sabellica) can be seen in Table 

1. The table shows that kale extract contains 

flavonoids, tannins, triterpenoids and phenols. 

Flavonoids 

Figure 2 below shows the flavonoid reactions 

occur because Magnesium and HCl powder will 

reduces flavonoids that have hydrogen bonds (-OH), 

resulting in a red or orange color (Agustina et al., 

2017). 

 

Table 1. The phytochemical test of kale extract 

Compound Group Positive result based on 

reference 
Test Result Note 

Flavonoids Red or orange Red Positive flavonoids 

Saponins A stable foam is formed with 

a height of 1.5 cm 

No foam is formed Negative saponin 

Tannins Yellowish white precipitate Yellowish white precipitate Positive tannins 

 

Alkaloids 

 

Mayer White precipitate   

Dragendroff Orange red precipitate No precipitate is formed Negative alkaloids 

Wagner Chocolate precipitate  

Steroids Blue or green Sample color does not change Negative steroids 

           Triterpenoids Red or purple Purple Positive 

triterpenoids 

Phenols Green, purple, blue, 

and black 

Black Positive phenols 
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Tannins 

Kale extract also contains tannins because the 

sample is able to form a yellowish white precipitate. 

This happened because of the nature of tannins that can 

tanner proteins (gelatin) so as to form a water-insoluble 

precipitate. Protein is more difficult to dissolve at high 

salt concentrations, the addition of sodium chloride, a 

salt that aims to optimize gelatin deposition (Esteti, 

2008). 

Triterpenoids 

Triterpenoids which are hydrolyzed with 

concentrated sulfuric acid will produce hydroxyl 

groups and react with acetic anhydride (Souhoka et al., 

2019). In the identification of triterpenoids, the testing 

of this group of compounds was carried out with the 

reagent Liebermann-Burchard (acetic anhydrous-

H2SO4). Figure 3 shows the reaction of triterpenoid 

with H2SO4.  

Phenols 

Kale extract contains phenols. Positive results are 

shown in black after adding reagent. This happens 

because FeCl3 is able to react with the hydroxyl groups 

present in phenol (Susanti et al., 2017). The color 

change reaction is shown in Figure 4, where the 

reaction of FeCl3 with phenols  produces a black 

complex. 

 

 

 
Figure 2. Flavonoid reaction with magnesium powder and concentraced HCl 

 

 

Figure 3. Reaction of triterpenoids with H2SO4 
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Figure 4. Reaction of phenol with FeCl3 

 

 

Figure 5. Results of phytochemical screening of flavonoids (a), tannins (b), triterpenoids (c) and phenols (d) 

 

Figure 5 contains two tube names, where the tube 

labeled as sample contains kale extract without 

reagents and the second tube is sampled with each 

reagent. The positive result of favonoid in the test is 

shown in Figure 5 (a) where the kale sample that has 

not been added with the reagent is greenish yellow and 

after testing the tube II sample becomes red. Figure 5 

(b) shows the difference in tube II (Sample) which was 

not tested and tube I (tannins) which after being tested 

with gelatin and NaCl formed a yellowish white 

precipitate. The test results in Figure 5 (c) there is a 

difference in the color, tube II is purple because the 

sample has been added Lieberman-Burchard reagent, 

which means kale extract contains triterpenoids. Tube 

II (phenols) in Figure 5 (d) shows that the kale sample 

that has been added with FeCl3 can turn  black, which 

means that the kale sample contains phenol.  

Antidiabetic activity test  

Operating time 

Determination of the operating time is done with 

the aim of knowing the time required for the test 

solution to achieve a constant absorbance. This 

solution is in the form of a complex compound 

formation reaction between a whole glucose solution, 

Nelson's reagent and arsenomolybdate reagent which 

forms a greenish blue color. The operational time used 

in this study is at 25 minutes in accordance with 

previous research by Hamdani et al. (2017). 

Maximum wavelength  

This determination aims to determine the 

maximum absorption area that can be produced from 

the 20 ppm glucose standard solution. According to the 

theoretical results, the measurement results obtained a 

maximum wavelength of 745 nm with an absorbance 

of 0.72, according to the theoretical results, namely 745 

nm. 

Positive glucose control 

Positive control testing for glucose is very 

important in this test. This determination is used to 

determine the% value of glucose reduction so that we 

can find out what concentration of the sample has an 

effective value in reducing glucose levels (50%). In 

this determination, positive glucose control obtained an 

average absorbance of 0.75. 

Antidiabetic activity 

The antidiabetic activity test was carried out by 

Nelson Somogyi method. This method was chosen 

because the Nelson Somogyi method has specific 

properties for reducing sugars. The principle in this 

method remaining glucose which is not bound by the 

active compound in the kale extract will react with 

Nelson's reagent to form a brick-red precipitate which 

is then added with arsenomolybdate to form 
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molybdenum blue which is turquoise. Glucose reaction 

with Nelson can be seen in Figure 6. 

The kale extract which added with glucose and 

Nelson's reagent subjected to a heating process for 10 

minutes to accelerate the reaction of copper ions to 

form a brick red copper oxide precipitate. The cooling 

process for 5 minutes in this method is carried out so 

that the reaction can run stably, because there may be 

compounds that are not heat-resistant and volatile. 

The brick-red precipitate will react with 

arsenomolybdate to form a turquoise color. This color 

results from the reduction of cuprooxide to cuprioxide. 

The smaller the residual glucose level, the smaller the 

absorbance value, because the color that is formed has 

a low concentration. A small absorbance value results 

in a large decrease in glucose levels. 

The results of study in Table 2 start from the 

calculation of the decrease in glucose levels. The 

difference in positive control of glucose and 

absorbance of kale samples was calculated for each 

concentration, then the results of the difference were 

compared with the positive control of glucose. The 

final result is a percentage. The higher the 

concentration of added kale extract, the greater the 

percent decrease in glucose levels, and vice versa. The 

low concentration of kale extract contains glucose 

which is still high, so the absorbance value of the 

sample read on uv-vis spectrophotometer is almost 

close to the value of the positive control of glucose. 

The EC50 value is obtained from the linear 

equation for the average decrease in glucose levels 

with the concentration of kale extract so that the value 

is 11.13 ppm. The value of this test shows that with a 

concentration of 11.13 ppm kale extract has produced a 

50% maximum effect in reducing glucose levels. This 

ability is thought to be obtained from the flavonoid 

compounds identified in kale extract, where these 

compounds can react with glucose to form a glucose-

flavonoid complex. The reaction for forming the 

glucose-flavonoid complex is shown in Figure 7. 

The hydroxyl group on the flavonoids in kale 

extract will bind glucose so that the glucose level in the 

sample solution will decrease. The higher the kale 

extract concentration will make the flavonoids in it 

bind more glucose so that the remaining glucose is less, 

and the decrease in glucose levels in the kale extract 

gets bigger. 

Flavonoids are compounds that have the ability to 

lower glucose through inhibition of metabolic 

enzymes, increase insulin secretion, reduce apoptosis, 

and reduce insulin resistance (Azzahra et al., 2020). 

Kaempferol and quercetin found in kale also have a 

working mechanism: protecting beta cells from 

damage, supporting glycogen synthesis, and preventing 

alpha glucosidase (Adams et al., 2015).

 

 
Figure 6. Glucose reaction with Nelson's reagent (Anggraini & Damayanti, 2019) 

 

Table 2. Results of the percent decrease in glucose levels 

Concentration 

(ppm) 

% Decrease in Glucose Levels 
Mean ± SD 

Regression 

Equations 

EC50 

(ppm) Test I Test II Test III 

4 2.67 % 2.27 % 1.74 % 2.23% ± 0.46   

6 16.56 % 16.69 % 16.15 % 16.47% ± 0.27   

8 31.11 % 30.57 % 30.17 % 30.62% ± 0.46 y = 6.59x 

- 23.44 

11.13 

10 42.19 % 41.79 % 41.66 % 41.88% ± 0.27  

12 55.54 % 55.27 % 55.67 % 55.50% ± 0.20   
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Figure 7. Reactions of the formation of glucose complex compounds with flavonoids 

 

CONCLUSION 

Phytochemical results show kale extract (Brassica 

oleracea var. sabellica) contains flavonoids, tannins, 

terpenoids, and phenols. Kale extract can reduce 

glucose levels or has antidiabetic activity with an EC50 

of 11.13 ppm.  
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