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Abstract. This research aims to investigate the antioxidant activity and physicochemical 

characteristics of yogurt powder fortified by the peel of super red dragon (Hylocereus 

costaricensis) fruit. Methods include the making of super red dragon fruit peel powder, 

making yogurt, fortification of yogurt using super red dragon fruit peel powder and freeze-

drying. The analysis consists of antioxidant activity with the DPPH method and Physico-

chemicals characteristics include water content by gravimetric method, ash content by 

ashing method and pH by potentiometric method. Produced yogurt without fortification 

(F0) and three fortified yogurt variants F1, F2 and F3 with 10%; 20%; 30% successive 

fortification. The super red dragon fruit peels had antioxidant activity 93.08% ± 2.51; 

powdered yogurt before fortification 15.86% ± 3.39 while F1, F2 and F3 fortified 

powdered yogurt were 63.69% ± 1.70  ; 76.33% ± 2.79 and 92.67% ± 1.61 respectively. 

The water content of powdered yogurt before fortification was greater than fortified yogurt. 

The ash content of yogurt before fortification and fortified powdered yogurt are greater 

than the value of standard ash content. The pH value of yogurt powder before fortification 

and fortified yogurt is in the pH range of yogurt. 
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1   Introduction 

Today's society tends to be aware to live a healthy lifestyle through the consumption of 

healthy foods or drinks. One example of a healthy drink is yogurt. Yogurt is a processed product 

of fermented milk using two types of bacterial culture, namely Streptococcus thermophilus and 

Lactobacillus bulgaricus [1]. Yogurt has various health benefits, such as increasing lactose 

absorption, reducing lactose intolerance, antimicrobial activity, increasing the ability to digest 

proteins and lipids, and can stimulate the immune system [2]. However yogurt has a short shelf 

life, so an increase in the shelf life of yogurt can be obtained through drying until yogurt powder 

is obtained.  

The main objective of the drying process is to maintain the product in the form of high-

quality powder without the need for cooling [3]. The freeze-drying method is the most suitable 

method to maintain food quality because it does not change the taste and maintain nutrients in 

food [4]. Fresh yogurt or yogurt powder is generally consumed because it is used as a source of 
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protein. Yogurt contains high protein, but low in vitamin C, the content of vitamin C in yogurt 

is only 4mg / 100 g, while vitamin C can function as an antioxidant.[5] The addition of 

antioxidant compounds is needed to increase the benefits of yogurt. Yogurt with additional 

antioxidants from natural sources will make yogurt have more benefits  [6]. The vitamin C 

content of dragon fruit peels reaches 9.4 mg / 100 g while the flesh of the fruit is 8 - 9 g per 

100g.  [7]. 

Super red dragon fruit peels contain alkaloids, terpenoids, flavonoids, and phenolics [8]. 

Super red dragon fruit contains antioxidants both in flesh and peel. The antioxidant activity 

found in super red dragon fruit peels is higher than the antioxidant activity found in the flesh of 

the fruit, so the super red dragon fruit peels need to be developed as a source of natural 

antioxidants [9] 

This is in accordance with research conducted by Nurliyana, which is stated in 1 mg / mL 

super red dragon fruit skin can keep free radicals as much as 83.48% ± 1.02, while for 1 mg / 

mL the fruit flesh can be used free of radicals by 27 , 45% ± 5.03 [10] Therefore fortification of 

dragon fruit peels in yogurt will increase the antioxidant content of yogurt. The Wahyuni's 

research, super red dragon fruit flesh is used in making jenang [11] and in Sari and Rohmah 

research, super red dragon fruit meat is used as additional material in making nuggets [12]. 

The utilization of super red dragon fruit peel as a source of antioxidants in the production 

of yogurt powder has never been done. This study aims to determine the antioxidant activity 

and physicochemical properties of fortified yogurt powder by super red dragon (Hylocereus 

polyrhizus) fruit peel powder. 

2   Material and Method 

2.1   Material  

The ingredients in this research include whole milk, super red dragon fruit peel, skim milk, 

aquades, yogurt starter containing Lactobacillus bulgaricus and Streptococcus thermophilus,  

Magnesium powder, concentrated  Hydrochloric acid  Merck KGaA, Sodium hydroxide Merck 

KGaA, methanol Merck KGaA, Chloroform Merck KGaA, Mayer reagents, glacial Acetic Acid 

Merck KGaA, concentrated Sulfuric acid  Merck KGaA, Iron(III) Chloride , and DPPH (2,2-

diphenyl-l-picrylhydrazyl) Aldrich reagents. 

2.2   Method 

Making Super Red Dragon Fruit Peel Powder. Super red dragon fruit is sorted, washed 

and peeled. The super red dragon fruit skin is dried in the open air, mashed and filtered using a 

100 mesh size filtering. Super red dragon fruit skin powder is sterilized using UV-C lamps. 

Then the phytochemical test and antioxidant activity test were carried out. 

Phytochemical Test. The phytochemical test of super red dragon fruit peel was performed 

using the Sangi method. [13]. Samples of super red dragon fruit peel powder identified 

phytochemical content with color reagents aimed to determine the type of secondary metabolite 

compounds. Phytochemical tests include flavonoid testing with the addition of Mg powder and 

a few drops of concentrated HCl, an alkaloid test with the addition of chloroform and Mayer 

reagents, a terpenoid and steroid test with the addition of glacial acetic acid and concentrated 



 

 

 

 

sulfuric acid, a tannin test with the addition of FeCl3, and a test for betacyanin compounds 

NaOH. 

Making Yogurt. Making yogurt using the method carried out by Teguh [14] and Kennas 

[15]. Pure milk is added with 2% skim milk. Milk pasteurized at 85 ° C for 30 minutes, and then 

cooled to a temperature of ± 42 ° C, after that a starter was added consist of Streptococcus 

Thermophillus and Lactobacillus Bulgaricus 5%. The mixture was incubated at 42 ° C for 5 

hours, then put in the refrigerator until it will be used. 

Yogurt Fortification. Super red dragon fruit peel powder was added to yogurt with a super 

red dragon fruit peel powder percentage of 10% (F1); 20% (F2); 30% (F3). The mixture was 

stirred until homogeneous and freeze-dried for 2 days, kept in closed cupboards until it will be 

used. Products without the addition of super red dragon fruit peel powder are used as control 

yogurt (F0). 

Antioxidant Activity Test. The determination of antioxidant activity was carried out using 

the method according to Garcia [16]. DPPH solution is prepared by dissolving DPPH in 

methanol. Super red dragon fruit peel powder and fortified yogurt were tested for antioxidant 

activity by making sample solutions, blanks, and controls. 

Making the sample solution is done by mixing the sample, methanol solvent, and DPPH 

solution. A blank solution is made by mixing the sample with a methanol solvent. Whereas the 

control solution was made by mixing methanol solvent with DPPH solution. Then each mixture 

was shaken and incubated for 100 minutes. Absorbance measurements were performed using a 

UV-Vis spectrophotometer at a wavelength of 517 nm. Antioxidant activity is calculated based 

on the following equation (1) : 

% Antioxidant Activity = 100 - [((Abs sample-Abs blank)) / (Abs control)     (1) 

Physico-chemicals characteristics. In this section, will describe about Water Content, Ash 

Content, and Degree of Acidity (pH).   

Water Content. The water content test is carried out using the method according to SNI 

[17]. Yogurt fortified powder of super red dragon fruit skin is weighed 1-3 grams and put into 

a dried cup and its weight is known. Then a sample of the yogurt powder fortified the super red 

dragon fruit skin in a cup is dried in the oven at 105 ° C for 3 hours. Then cooled in a desiccator 

and weighed. Moisture content can be calculated with the following equation (2): 

Water  content (%) =  =
(𝑊1−𝑊2)

(𝑊1−𝑊0)
× 100           (2) 

Information: 

W0 = empty cup mass 

W1 = mass of the cup and sample before drying 

W2 = cup mass and sample after drying 

Ash Content. Ash content test was carried out according to SNI [18]. Yogurt powder 

fortified super red dragon fruit skin weighed 1-3 grams and put in a dried cup and its weight is 

known. The fortified yogurt powder by super red dragon fruit peel in a cup is dried in an electric 

furnace using a temperature of 550 ° C until complete graying. Ash content can be calculated 

using the following equation (3): 

Ash content (%) =
𝑊1−𝑊2

𝑊
× 100      (3) 



 

 

 

 

Information: 

W = mass of the sample before it was evaporated 

W1 = cup mass + sample after ash 

W2 = empty cup mass 

 

Degree of Acidity (pH). Measurement of pH was carried out to determine the acidity of a 

solution. The pH measurements were carried out using the potentiometric method with a pH 

meter and the material needed to be ± 40 mL of sample. The pH meter is calibrated first using 

a pH 7 buffer solution and a pH 4 buffer solution then the electrode in the pH meter is dipped 

in a beaker containing the sample. Wait a while until the pH of the sample is stable then the 

results of the pH measurement test will be read on the pH meter screen [19]. 

3   Results and Discussion 

Super red dragon fruit (Hylocereus costaricensis) of 1000 grams is dried for ± 1 week aimed 

to reduce water content. Super red dragon fruit peel that has been mashed and sifted with 100 

mesh filter size. The results are super red dragon fruit skin powder as much as 8.03% of the 

weight. Phytochemical test results showed super red dragon fruit peel powder containing 

flavonoids, alkaloids, terpenoids, tannins, and betacyanin. 

Powder yogurt production begins with the addition of 2% skim milk with the aim to 

increase the total solids produced after the freeze-drying process. Pasteurization was carried out 

at 85ºC for 30 minutes, aiming to kill pathogenic bacteria so that the culture could grow up 

optimum. During the pasteurization process, stirring is carried out to avoid coagulation of milk 

which causes the mixture to become homogeneous. Pasteurized milk was cooled to 42ºC, 

inoculated using Lactobacillus bulgaricus and Streptococcus thermophillus in a ratio of 1: 1. 

Lactic acid bacteria were added as much as 5% of the volume of milk, then incubated at 42ºC 

for 5 hours [15]. The resulting yogurt is a rather thick white liquid. 

Yogurt produced, fortified with super red dragon fruit skin powder that has been sterilized 

using a UV-C lamp. Sterilization is done to kill pathogenic bacteria found in super red dragon 

fruit skin powder without damaging compounds that act as antioxidants. UV-C lamps with 

wavelengths of 240-260 nm are used as alternatives to sanitation and have been accepted for 

use as disinfectants in food products [20]. 

Fortified yogurt products are made in 3 variants there are  F1, F2 and F3 respectively with 

the addition of super red dragon fruit peel powder 10 %; 20%; 30% and F0 which are yogurt 

products without the addition of super red dragon fruit skin powder. Yogurt fortification results 

show a significant color difference. This is due to the super red-pink dragon skin powder color 

so that F3 yogurt has the reddest color compared to F2 and F1.  

The freeze-drying process aims to eliminate the water content in fortified yogurt and control 

yogurt so that the resulting product is a powdered yogurt. The freeze-drying method was chosen 

because it is a method that has advantages in maintaining the quality of the drying product, 

especially for yogurt products that contain lactic acid bacteria that are not resistant to heat. 

Yogurt powder produced has a dry weight percentage ranging from 12.29-15. 88%. Mass yield 

and percent dry weight of fortified yogurt powder super red and without fortification can be 

seen in Table 1. 



 

 

 

 

Table 1. Mass and percent mass of dry yogurt powder fortified and without fortification. 

Sample Wet Mass (gram) Dry Mass (gram) Dry Mass (%) 

F0 500 61,4483  12,29 

F1 500 67,5361  13,51 

F2 500 73,1537  14,63 

F3 500 79,3827  15,88 

 

Dry mass results obtained are in the same range of values in research conducted by Kennas, 

which amounted to 12.56-22.63% [15]. 

Antioxidant activity test was carried out to determine the antioxidant activity found in super 

red dragon fruit peels and fortified yogurt powder super red dragon fruit peels. The antioxidant 

activity test was carried out using the DPPH method. Measurement of antioxidant activity was 

carried out using a UV-Vis spectrophotometer at a wavelength of 517 nm. The results of the 

antioxidant activity test on super red dragon fruit peel and fortified yogurt powder super red 

dragon fruit peel are shown in Figure 1. 

 

Fig.1. Antioxidant activity in super red dragon fruit peels and fortified yogurt powder without 

fortification. 

Based on the antioxidant activity test using the DPPH method, the antioxidant activity of 

super red dragon fruit peels was 93.08%. The high antioxidant activity of super red dragon fruit 

peels, because the super red dragon fruit peels contain various secondary metabolic compounds 

as antioxidants, besides of that super red dragon fruit peels also contain vitamin C which is also 

an antioxidant. 

From Figure 1, it can be seen that the antioxidant activity of yogurt without the addition of 

super red dragon fruit peels is 15.68%. While the value of the antioxidant activity of fortified 

yogurt super red dragon fruit peels ranged from 63.69 to 92.67%. Based on these results, F3 has 

the highest antioxidant activity compared to F2, F1, and F0. 

The water content test is done using the gravimetric method. The principle of the 

gravimetric method is based on the change in weight of a substance that is analyzed into another 



 

 

 

 

substance so that it can be known its permanent weight. The big difference before and after 

drying is the amount of water that evaporates. The results of the water content test on yogurt 

powder can be seen in Table 2. 

Table 2. Test results of water content and an ash content of fortified yogurt and without 

fortification. 

Ash Content Moisture Samples 

10 Samples 11 Water content 12 Ash Content 

13 F0 14 11,47% ± 0,13 15 4,87% ± 0,86 

16 F1 17 6,26% ± 0,21 18 6,52% ± 0,11 

19 F2 20 7,76% ± 0,15 21 6,88% ± 0,06 

22 F3 23 7,86% ± 0,23 24 7,39% ± 0,08 

 

Based on the test results of water content in the fortified yogurt sample of super red dragon 

fruit peel, the water content value obtained is quite low. Low water content can increase the 

shelf life of powdered yogurt products. Powdered yogurt has a longer shelf life compared to 

liquid yogurt because the water content found in powdered yogurt is lower than the water 

content in liquid yogurt. The water content obtained in fortified powdered yogurt is in 

accordance with the results of research conducted by Herminiati [21].  

Ash content test is carried out to find out how much minerals are contained in a food 

ingredient. The results of the analysis of ash content contained in yogurt powder products do 

not meet SNI standards. Ash content contained in yogurt according to SNI maximum 1% [22] 

Ash content from F3 fortified yogurt has the highest ash content compared to ash content in F2 

and F1 because super red dragon fruit peels contain minerals such as phosphorus. 

 The pH measurement is done by using the potentiometric method with a pH meter. 

This method was chosen because it is easy, fast, and the results are accurate. The pH yogurt test 

results can be seen in Figure 2. 



 

 

 

 

 

Fig; 2.  pH value of fortified yogurt with super red dragon fruit skin powder and without fortification 

before freeze-drying (blue) and after freeze-drying (red). 

A pH test is performed to determine the acidity of the yogurt powder. The pH test results 

for yogurt powder ranged from 4.23 to 4.63. Based on research conducted by Kenna's yogurt 

powder obtained has a pH ranging from 4.01 to 4.16 [15]. The standard pH value for liquid 

yogurt ranges from 3.8-4.8 [23]. So that the yogurt powder fortified with super red dragon fruit 

peel complies with the yogurt pH standard and has been in the range of pH values in previous 

studies. Yogurt has a low pH because, during the fermentation process, the lactose contained in 

milk is converted to lactic acid by lactic acid bacteria. The lactic acid that is formed can reduce 

the pH value of yogurt. The addition of super red dragon fruit peel causes an increase in the pH 

value of the yogurt powder so that the highest pH of the yogurt powder is found in F3, followed 

by F2 and F1. 

In Figure 2, it can be seen that the pH value before freeze-drying is higher when compared 

to the pH value after freeze-drying. The pH of the yogurt powder tends to decrease for F0. This 

also occurs in F2 and F3 fortified yogurt while for F1 the pH value increases. This shows that 

the freeze-drying process does not affect the pH value. 

4   Conclusion 

Produced yogurt without fortification (F0) and three fortified yogurt variants F1, F2 and F3 

with 10%; 20%; 30% successive fortification. The results of the analysis showed super red 

dragon fruit peels had antioxidant activity 93.08% ± 2.51; powdered yogurt before fortification 

15.86% ± 3.39 while F1, F2, and F3 fortified powdered yogurt were 63.69% ± 1.70; 76.33% ± 

2.79 and 92.67% ± 1.61 respectively. The water content of powdered yogurt before fortification 

was greater than fortified yogurt. The ash content of yogurt before fortification and fortified 

powdered yogurt are greater than the value of standard ash content. The pH value of yogurt 

powder before fortification and fortified yogurt is in the pH range of yogurt. 
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