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ABSTRACT 

 The cocoa drink is a beverage derived from processed cocoa beans. The antioxidant 

content of cocoa can be used as a basis for cocoa beverage development. One form of 

diversification of processed cocoa products is made drinks with Chlorella vulgaris fortification, 

which is rich in nutrients. This study aims to determine the effect of Chlorella vulgaris powder 

fortification on the quality characteristics of cocoa preparations and determine the best 

concentration for making cocoa drinks. The research method was experimental, using a factorial 

Completely Randomized Design (CRD) consisting of 4 different levels of formula 

concentration treatment, namely cocoa drink processing without Chlorella vulgaris powder 

fortification (KC0), 10% Chlorella vulgaris powder fortification (KC1), 15% Chlorella 

vulgaris powder fortification (KC2) and 20% Chlorella vulgaris powder fortification (KC3). 

The research parameters observed were characteristics of appearance, odor, flavor, and texture 

in hedonic testing, proximate composition (moisture, fat, protein, ash, carbohydrate content), 

solubility, antioxidant activity, and total phenolic testing. Based on the results showed that 

cocoa drink with 15% Chlorella vulgaris powder fortification (KC2) is the best concentration 

with organoleptic characteristics such as blackish brown cocoa drink, slightly fragrant 

chocolate odor typical of Chlorella vulgaris and cocoa, a slightly bitter taste, typical of 

Chlorella vulgaris and a slightly thick texture. The proximate composition is 3.18% moisture 

content, 11.10% fat, 7.95% protein, 3.86% ash and 73.92% carbohydrate. Meanwhile, the 

solubility is 67.69%, antioxidant activity is 177.92 mg/L, and phenolic content is 1.14 μg/mL. 

Therefore, this cocoa drink can be used as a functional drink. 
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1. INTRODUCTION 

Nowadays, people are increasingly 

aware of the importance of taking care of 

their health. When consuming beverages, 

they not only look at taste and nutritional 

fulfillment but also consider the functional 

aspects of food for health. Indonesia is one 

of the largest cocoa-producing countries in 

the world, ranking third after Côte d'Ivoire 

and Ghana, with production amounting to 

13% of the world's total cocoa production1. 

The main antioxidant phytonutrients present 

in cocoa beans are polyphenols and 

flavonoids, and 10% of the dry weight of 

cocoa beans is composed of polyphenols. 

The most abundant flavonoids in cocoa 

powder are catechins, anthocyanins, and 

proanthocyanidins2.  

The theobromine, polyphenols, and 

flavonoids in cocoa beans give chocolate its 

bitter taste3. Polyphenolic compounds 

contained in cocoa beans and products that 

have antioxidant and health properties have 

the potential to be used as the basis for the 

development of healthy cocoa drinks. One 

form of diversification of processed cocoa 

products is by processing them into drinks 

fortified with Chlorella vulgaris powder. 

Chlorella vulgaris has 17 amino acid 

profiles with a total of 301.52 mg/g, 7 fatty 
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acids 84.32 mg/g, and secondary 

metabolites, namely alkaloids 109.471 

mg/L, flavonoids 82.111 mg/L, saponins 

1342.222 mg/L, tannins 411.591 mg/L, and 

phenolics 151.889 mg/L, protein (more than 

53%), vitamin A (beta-carotene), and CGF 

(Chlorella Growth Factor) and antioxidant 

content of 32.74%4-6. Chlorella vulgaris is 

not only useful as a food ingredient but also 

has various potentials in the health and 

cosmetic sectors7 and even for detoxifying 

heavy metals in wastewater8. 

Previous studies have shown that 

cocoa drinks fortified with Arthrospira 

platensis microalgae can improve consumer 

characteristics, preferences, and purchase 

intention9. In addition, Fransisca10 also 

fortified cocoa drinks by adding Spirulina 

powder (1.5 g) and 60% stevia sugar 

substitution, which is the best formula based 

on hedonic test and antioxidant content 

testing. Cocoa drinks fortified with 

microalgae Chlorella vulgaris have not been 

widely studied so far. Chlorella vulgaris is a 

source of high protein and antioxidants, and 

cocoa, with its polyphenol content, will 

provide additional nutrients that are good for 

the body. 

Based on the explanation above, the 

author is interested in conducting research 

on the fortification of Chlorella vulgaris 

powder to cocoa drinks by testing 

organoleptic, proximate content, solubility, 

antioxidant activity, and total phenol so that 

it can become a functional beverage product 

that has high economic value. 

 

2. RESEARCH METHOD 

Time and Place 

This research was conducted from 

June to July 2024 at the Fishery Product 

Technology Laboratory and Fishery Product 

Chemistry Laboratory, Faculty of Fisheries 

and Marine Sciences, Universitas Riau and 

Agriculture Laboratory, Faculty of 

Agriculture, Universitas Islam Riau. 

 

Method 

The research method used is 

experimental, namely processing cocoa 

drinks with Chlorella vulgaris powder 

fortification. The research design used is a 

non-factorial complete randomized design 

(CRD) with four treatment levels, namely, 

KC0 (without Chlorella vulgaris powder), 

KC1 (10% Chlorella vulgaris powder), KC2 

(15% Chlorella vulgaris powder), KC3 (20% 

Chlorella vulgaris powder) with three 

replications so that the number of 

experimental units is 12 units. The amount 

of Chlorella vulgaris powder was obtained 

from the percentage of cocoa powder used. 

 

Procedures 

Making C.vulgaris Powder 

Chlorella vulgaris samples are the 

result of cultivation in the Microbiology and 

Biotechnology Laboratory of Fishery 

Products, Faculty of Fisheries and Marine 

Sciences, Universitas Riau, Pekanbaru. 

Furthermore, Chlorella vulgaris, which is 

ready to harvest, is separated between the 

media and sediment using a centrifuge for 5 

minutes at 3000 rpm. Then, the sediment 

obtained was dried in the sun (temperature ± 

30°C) for 1-2 days. After that, the dried 

Chlorella vulgaris was pulverized using a 

mortar and then sieved using a 100-mesh 

sieve until Chlorella vulgaris powder was 

obtained, which was ready to be used for 

making cocoa drink preparations11. 

 

Making Cocoa-Chlorella Drink 

The procedure for making cocoa drink, 

according to Fransisca10, was modified by 

adding 6.5 g of cocoa powder with 

additional ingredients (stevia sugar, 

granulated sugar, vegetable creamer, CMC,  

and salt),  then mixing Chlorella vulgaris 

powder according to the concentration (10, 

15, and 20%) and stirring until 

homogeneous. The dough that has been 

homogenized is then packed in airtight 

plastic according to the dosage. Then, 

produce cocoa-chlorella powder. All 

ingredients were dissolved in water at 800C, 

and as much as 200 mL of water was stirred 

until all ingredients were dissolved in water. 
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Organoleptic tests 

Cocoa-Chlorella drink samples were 

evaluated by semi-trained panelists (n=25). 

The acceptability was evaluated by using 9- 

point hedonic scale ranging from (1) dislike 

extremely, (2) dislike very much, (3) dislike 

moderately, (4) dislike slightly, (5) neither 

like nor dislike, (6) like slightly, (7) like 

moderately, (8) like very much, and (9) like 

extremely. These nine scales are used to 

evaluate the acceptance of cocoa-Chlorella 

drink samples for four attributes: 

appearance, odor, texture, and flavor12. 

 

Proximate Analysis 

The proximate analysis procedure on 

cocoa drink preparation fortified with 

Chlorella vulgaris aims to determine the 

content of the main components in the 

material, such as moisture, ash, protein, fat, 

and carbohydrate content, carried out based 

on AOAC13 procedures. 

 

Solubility Tests 

Solubility measurement was 

conducted to determine the solubility of 

cocoa beverage preparation with Chlorella 

vulgaris powder fortification. The test 

begins with weighing 1 g of powder sample. 

(a) which is then dissolved in 20 mL of 

distilled water. The solution was filtered 

with Whatman No. 42 filter paper. Before 

use, the filter paper was dried in an oven at 

1050C for 30 minutes and then weighed (b). 

After the filtration process, the filter paper 

used was dried again in an oven at 1050C for 

1 hour. The filter paper was then cooled in a 

desiccator and weighed again until it reached 

a fixed weight (c)13. 

Solubility (%) = (1 – (
𝑐−𝑏

𝑎
) x100%) 

 

Antioxidant activity tests 

An antioxidant activity test was 

conducted using the DPPH method with the 

help of a spectrophotometer. This test 

involved four samples of cocoa drink 

preparation with different dosage variations 

of Chlorella vulgaris powder. The procedure 

began with the preparation of a sample 

mother solution of 100 ppm, namely by 

dissolving 10 mg of the sample with 100 mL 

of PA methanol. The 50 ppm DPPH stock 

solution was prepared by dissolving 5 mg of 

DPPH compound in 100 mL of PA 

methanol. Furthermore, the control solution 

was prepared by mixing 2 mL of PA 

methanol and 1 mL of 50 ppm DPPH 

solution. For the sample test, each solution 

consisted of 2 mL of sample solution and 2 

mL of DPPH solution. This mixture was 

incubated for 30 minutes at 270C until there 

was a color change caused by DPPH 

activity. Each sample was tested three times 

(triplo). After incubation, the absorbance 

value of the sample was measured using a 

Uv-vis spectrophotometer at a wavelength of 

517 nm. Antioxidant activity was calculated 

based on the percentage of DPPH inhibition 

by each sample14. 
Inhibition activity (%) =

𝑏𝑙𝑎𝑛𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒−𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒

𝐵𝑙𝑎𝑛𝑘 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒
 x 100% 

 

Total phenol tests 

The total phenol content in cocoa drink 

preparation with Chlorella vulgaris powder 

fortification was tested using the Follin-

Ciocalteau method. Samples with a certain 

volume were put into a test tube, and then 

distilled water was added until the total 

volume reached 5 mL. Next, 0,5 mL of 

Follin-Ciocalteau reagent was added to the 

tube, then the mixture was vortexed and 

allowed to stand for 5 minutes.  

After that, 1 mL of Na2CO3 solution 

(2%) was added, and the mixture was again 

vortexed and allowed to stand for 60 minutes 

in the dark. The absorbance value of the 

sample was measured using a 

spectrophotometer at a wavelength of 765 

nm. The total polyphenol content in cocoa 

drink preparation with Chlorella vulgaris 

powder fortification was expressed as 

phenol equivalents in µg/mL extract15. 

 

Statistical analysis 

The experiment was carried out in 3 

repetitions, and the results were expressed as 

the mean±std.deviation. The experimental 

results were analyzed using ANOVA, and 

differences between treatments (p<0.05) 
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were carried out using the Duncan test 

software SPSS version 26 

 

3. RESULT AND DISCUSSION 

Organoleptic Test 

The results of organoleptic testing on 

cocoa drinks with Chlorella vulgaris powder 

fortification can be seen in Table 1. 

Based on the results showed that a 

cocoa drink with 15% Chlorella vulgaris 

powder fortification (KC2) is the best 

concentration with organoleptic 

characteristics such as blackish brown cocoa 

drink, slightly fragrant chocolate aroma 

typical of Chlorella vulgaris, and cocoa, a 

slightly bitter taste typical of Chlorella 

vulgaris and a slightly thick texture. 

 

Table 1. Organoleptic value of cocoa drink with Chlorella vulgaris fortification 

The level of preference KC0 KC1 (10%) KC2 (15%) KC3 (20%) 

Appearance 7.71±0.02c 7.67±0.02bc 7.61±0.02b 6.87±0.06a 

Odor 7.40±0.04c 7.07±0.06b 6.97±0.06b 6.49±0.05a 

Flavor 7.51±0.02b 7.56±0.04b 8.13±0.06c 5.24±0.04a 

Texture 7.75±0,05b 7.71±0,05b 6.67±0,05b 6.83±0,05a 
Notes: Numbers followed by different letter notations mean the effect of treatment is significantly different. 

 

Chemical and physical tests 

The results of chemical and physical 

testing on cocoa drink preparations with 

Chlorella vulgaris powder fortification can 

be seen in Table 2. 

 

Table 2. Average values obtained on the determination of proximate, physical, and chemical 

composition 

% KC0 KC1 (10%) KC2 (15%) KC3 (20%) 

Composition     

Moisture 3.42±0.03c 3.26±0.03b 3.18±0.02b 2.98±0.10a 

Protein 5.50±0.17a 7.49±0.18b 7.95±0.08c 9.52±0.11d 

Fat 11.85±0.03d 11.24±0.03c 11.10±0.02b 10.83±0.05a 

Ash 2.25±0.01a 3.35±0.04b 3.86±0.04c 5.42±0.05d 

Carbohydrate 76.99±0.01d 74.67±0.04c 73.92±0.04b 71.25±0.05a 

Physical parameters     

Solubility 59.29±0.09a 65.53±0.03b 67.69±0.03c 70.39±0.04d 

Chemical parameters     

Antioxidant activity 436.17±0.03d 191.00±0.08c 177.92±0.05b 145.95±0.12a 

Total phenolic 0.65±0.03a 0.77±0.08a 1.14±0.05b 2.16±0.12c 

 

The more Chlorella vulgaris powder 

fortification, the moisture content in the 

product tends to decrease; this is supported 

by Gharehbeglou et al.16, which states that 

Chlorella vulgaris has hygroscopic 

properties (binds water). Based on the 

quality requirements of SNI17, the moisture 

content in cocoa powder must not exceed 5% 

(maximum 5%), which means that the 

moisture content in cocoa drink preparations 

with Chlorella vulgaris powder fortification 

in this study is still in accordance with 

applicable standards. 

The high ash content obtained in cocoa 

drink preparations with Chlorella vulgaris 

powder fortification is thought to be caused 

by the addition of Chlorella vulgaris, which 

causes an increase in mineral content during 

the manufacturing process. Chlorella 

vulgaris contains iron, which contributes to 

the formation of hemoglobin so that it can 

serve as an additional nutrient for people 

with anemia18. Cocoa powder contains 

calcium, magnesium, potassium, and iron19, 

so mixing Chlorella vulgaris powder and 

cocoa powder produces a high ash content. 



Asian Journal of Aquatic Sciences,  December 2024. Vol 7, Issue (3) 391-397 

Characterization of Cocoa Functional Drink (Vattaah et al.)  395 
 

e-issn: 2716-4608 

  p-issn: 2655-366X 

 
The addition of Chlorella vulgaris 

powder can increase protein levels. This 

addition occurs because Chlorella vulgaris 

has a high protein content. This is in line 

with the statement of Syarif4, which states 

that Chlorella vulgaris has a protein content 

above 53%, the highest compared to other 

living things. Furthermore, based on SNI17, 

the fat content of the cocoa drink preparation 

produced meets the requirements of at least 

10%. 

The higher the composition of 

Chlorella vulgaris in the cocoa drink 

preparation, the lower the carbohydrate 

content. This is due to other nutritional 

components such as water, ash, protein, and 

fat when calculated using the difference 

method. This opinion is in accordance with 

Roifah et al.20, which states that if the 

components of moisture, ash, protein, and fat 

content increase, the carbohydrate content 

will decrease and vice versa. 

A higher solubility value indicates that 

less pulp is formed in the product. Better 

solubility indicates higher product quality, 

as the product will dissolve faster when 

mixed with water21. 

The lowest antioxidant activity value 

is treatment KC0 (436.17 ppm), which is 

classified as weak antioxidant intensity, and 

the best IC50 antioxidant activity value in 

treatment KC3 (145.95 ppm), which is 

classified as moderate antioxidant intensity. 

According to Molyneux22, a compound is 

considered a very strong antioxidant if its 

IC50 value is less than 50, strong if it is in the 

range of 50-100, moderate if 100-150, weak 

if 150-200, and very weak if more than 200. 

Based on the test results, it is known that the 

addition of Chlorella vulgaris to cocoa can 

increase the antioxidant content. 

Antioxidants have many health benefits, 

including preventing various degenerative 

diseases such as cancer, heart disease, 

cataracts, diabetes, liver disease, and 

premature aging. In addition, antioxidants 

also play a role in maintaining the quality of 

food products23. 

Cocoa drink preparations fortified 

with Chlorella vulgaris can increase the 

phenol content in cocoa drinks because of 

the phenol content in Chlorella vulgaris. 

Research conducted by Iriani et al.6 reported 

that Chlorella vulgaris has a phenolic 

content of 151.889 mg/L. Phenolic 

compounds found in marine algae have 

various bioactive properties, such as 

antimicrobial, antiviral, antioxidant, 

antidiabetic, anticancer, and anti-

inflammatory24. 

 

4. CONCLUSION 

Based on the research results of 

Chlorella vulgaris powder fortification of 

cocoa drink preparations, it can be 

concluded that it has a significant effect on 

organoleptic values (appearance, odor, 

flavor, and texture), proximate values 

(moisture, ash, protein, fat and 

carbohydrates), solubility values, 

antioxidant activity values and also total 

phenol values. Based on organoleptic tests of 

cocoa beverages with the best Chlorella 

vulgaris powder fortification with the 

addition of 15% Chlorella vulgaris powder 

(0.98 g), with characteristics of attractive 

appearance and blackish brown color, the 

distinctive odor of Chlorella vulgaris and 

cocoa has a slightly bitter taste typical of 

Chlorella vulgaris and a slightly thick 

texture. Proximate values are moisture 

content (3.18%), ash (3.86%), protein 

(7.95%), fat (11.10%), and carbohydrates 

(73.92%), with solubility value (67.69%), 

antioxidant activity value (177.92 ppm), and 

total phenols (1.14 μg/mL). Therefore, 

cocoa drink preparation with Chlorella 

vulgaris powder fortification can be a 

healthy alternative drink as a functional food 

that is beneficial for consumption. 
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