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ABSTRACT 
Chemical compounds that can donor one or more electrons to free radicals to inhibit free radical 
reactions are called antioxidants. Manalagi apple ((Malus sylvestris Mill) is a fruit with high antioxidant 
activity. Manalagi apple is a typical fruit of Batu City. Processed apple products are apple cider, vinegar, 
dodol, and chips. These products are sold in Batu city from the same home industry. This study aimed 
to determine the antioxidant activity comparison between Manalagi apple and four processed apple 
products based on IC50 values. This study used the ABTS method (2,2-azino bis (3-ethyl 
benzothiazoline-6-sulfonic acid) and analysis used spectrophotometric visible. IC50 value as apples and 
their processed products were analyzed using a one-way ANOVA. The study results indicated that the 
IC50 value of Manalagi apple was insignificantly different from the processed apple product of dodol 
and chips. However, the IC50 value of manalagi apple was significantly different from apple cider and 
vinegar. 
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INTRODUCTION  

Batu City is located in East Java, Indonesia, as one of the cities with a high quantity of 
apple production (Sa'adah, LIN; Estiasih, 2018). Statistical data of Batu City in 2018 on apple 
production in Batu City was 15.90 tons compared to 2017 with 19.10 tons. That has decreased 
by 16.75% (Anonim, 2020). Based on the high productivity of apples, people have diversified 
their apple products into various processed products such as apple cider beverages, vinegar, 
chips, and dodol. One of the most well-known apple varieties in Batu City is Manalagi apple. 
Manalagi apples have a different color when raw. They are green, while when ripe, they are 
yellowish-green, so many people find it difficult to tell the difference (Ciputra et al., 2018).  

Apples are one of the subtropical plants that people like to eat. Apple skin contains 
flavonoid compounds beneficial for human health as antihypertensive properties (Balasuriya 
& Rupasinghe, 2012). Apple skin also contains high concentrations of quercetin (Cempaka, 
Anggun. Rindang., Sanarto Santoso, 2015). Previous studies found that apple peels were 
proven to have higher antioxidant activity than flesh and flesh-skin determined by the ORAC 
(Oxygen Radical Absorbance Capacity) method (Sutrisno, 2019). 

Antioxidants can attack free radicals found in the body due to body metabolism, air 
pollution, food contamination, and sunlight (Asri Werdhasari, 2014). Antioxidants are very 
beneficial for health to prevent aging and degenerative like cancer, diabetes mellitus 
complications, and atherosclerosis which underlies heart disease and stroke (Sidor & Gramza-
Michałowska, 2015).  

Several factors affecting the concentration of bioactive compounds in fruit are various 
flavonoid types, tissue, varieties, storage time, conditions, and processing (Barreira et al., 
2019). Besides, decreased antioxidant activity can also be caused by heating, light, and direct 
contact with metal materials. Based on research (Mikulic-Petkovsek et al., 2020), it is stated 
that processing techniques carried out on fruit, such as juicing or drying, hurt the content of 
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bioactive chemical compounds. Some drying techniques, such as ovens, can change the most 
bioactive chemical compounds (Lo Piccolo et al., 2020).   

Several studies have reported that thermal treatment can reduce or increase its phenolic 
content and antioxidant activity, depending on the heat treatment's severity and exposure time. 
Fermentation can reduce the ability to fight the effects of radicals in the DPPH test. 
Hydrothermal treatment and decortication can reduce the polyphenol content. It has been 
reported that hydrothermal treatment can also reduce the total phenolic content (TPC). 
Processing can increase the bioavailability of bioactive compounds, but processing can reduce 
their levels (Chandrasekara et al., 2012). 

Dietary antioxidants have an essential role in the oxidation-reduction balance in the body, 
preventing oxidative stress-related disorders. Flavonoids in foods and beverages consumed 
regularly (tea, onions, apples) can reduce the risk of death from coronary heart disease in older 
adults. Several studies have demonstrated the preventive effect of antioxidants against 
oxidative-related diseases, although there is not enough evidence to prove the therapeutic 
effect of antioxidants in sick people. Understanding the relationship between human metabolic 
processes and the intake of antioxidants from food will provide opportunities to change diet to 
improve health. For an individual consumption of 2500 kcal per day, the antioxidant capacity 
requirement was estimated at 11.5 mmol TE. It calculated the antioxidant capacity intake per 
serving of various types of cereals, fruits, and vegetables. And by researching the antioxidant 
activity of food, it is hoped that it can increase the intake of the food consumed (Cömert & 
Gökmen, 2018). 

This study aimed to identify the antioxidant comparison between manalagi apples and their 
processed products, namely apple cider, vinegar, dodol, and chips, besides determining 
whether the processing on manalagi apples could cause a decrease in antioxidant activity or 
not. The novelty of this result is no research has ever been conducted on samples used from 
Batu City. 

 
METHODS 
 
Materials and Tools 

Manalagi apples and their processed products, namely apple cider, vinegar, dodol, and 
chips, were obtained from Home Industry "X" in Batu City. ABTS (2,2-Azinobis (3-
ethylbenzothiazoline)-6-sulfonic acid) (TCI), Vitamin C (pharmaceutical grade), K2S208 
(Sigma Aldrich), aqua dest, ethanol. Equipment for this research is UV-Vis spectrophotometer 
(UV mini-1240 Shimadzu), Hellma Analytics cuvette, analytical balance scale (Scout Pro 
400g), pycnometer (Blau Brand) , juicer (Philips). 
 
Preparation of ABTS Reagent Solution 

In a dark room, seven mM ABTS and 2.45 mM K2S208 solution (1:1) were mixed and 
incubated for 12-16 hours. ABTS solution was dissolved into aqua dest and ethanol (1:1) until 
it reached absorbance of  0.700 ± 0.05 at the maximum wavelength. All of these methods are 
modified for Shalaby & Shanab researchers. (Shalaby & Shanab, 2013).  
 
Measurement of Incubation Time 

Incubation time was determined from operating time, from 2 to 65 minutes after adding 
ABTS adhesion to a positive control solution of vitamin C. 

 
Preparation of Vitamin C Solution 
  The concentrations of vitamin C used were 3.14; 15.65; 31.39; 62.78, and 125.55 ppm. 
The test solution was measured in three replications. Each solution was pipetted 100 µl, added 

https://doi.org/10.25139/fst.v4i2.4143


FOODSCITECH, Vol. 4 No.2 January 2022 
ISSN 2622-1985 (print) | ISSN 2622-4127 (online) 

DOI : https://doi.org/10.25139/fst.v4i2.4143 
 

 

48                                                                                         Engrid, et al | The Antioxidant Activity…

  

 

with 6.0 ml ABTS reagent solution. The mixture was incubated for 60 minutes after adding 
reagent solution, then measured by a UV-Vis spectrophotometer. 
 
Preparation of Manalagi apple juice Solution 

Apple juice was tested in various concentrations of 520; 5,200; 15,600; 26,000, and 52,000 
ppm. The test solution was measured in three replications. Each solution was pipetted 100 µl, 
added with 6 ml ABTS reagent solution, then incubated for 60 minutes and measured by a UV-
Vis spectrophotometer. 

 
Preparation of Apple Cider Solution 

Apple cider was tested in various concentrations of 25,750; 51,500; 103,000; 206,000 and 
824,000 ppm of the test solution and measured in three replications. Each solution was 
pipetted 100 µl, added 6.0 ml ABTS reagent solution, incubated for 60 minutes, and measured 
by a UV-Vis spectrophotometer. 

 
Preparation of Apple Vinegar Solution 
 Apple vinegar was tested in various concentrations of 12,375; 24,750; 99,000; 792,000 
and 990,000 ppm of the test solution and measured in three replications. Each solution was 
pipetted 100 µl, added 6.0 ml ABTS reagent solution, incubated for 60 minutes, and measured 
by a UV-Vis spectrophotometer. 
 
Preparation of Apple Dodol Solution 

Apple dodol was tested in various concentrations of 502.74; 2,513.7; 5,027.39; 50,273.87, 
and 100,547.8 ppm of the test solution and measured in three replication. Each solution was 
pipetted 100 µl added, with 6.0 ml ABTS reagent solution, incubated for 60 minutes, and 
measured by a UV-Vis spectrophotometer. 
 
Preparation of Apple Chips Solution 

Apple chips were tested in various concentrations of 50.11; 2,505,52; 5,011.03; 7.516.55 
and 12.527.58 ppm of the test solution and measured in three replication. Each solution was 
pipetted 100 µl, added 6.0 ml ABTS reagent solution, incubated for 60 minutes, and measured 
by a UV-Vis spectrophotometer. 

 
Data Analysis 

The absorbance data of each test solution in various concentrations were calculated the 
inhibition percentage using the following formula: 
 

% Inhibition= 
(ABTS Solution Absorbance-Test Solution Absorbance)

ABTS Solution Absorbance
x 100% 

 
A regression equation was made between each test solution and the inhibition percentage of 
each test solution to calculate the IC50 value. The IC50 value results were compared using 
statistical analysis. 
 
RESULT AND DISCUSSIONS 
 

The maximum ABTS solution wavelength was firstly determined to identify the produced 
maximum absorption of ABTS solution at 737 nm wavelength with an absorbance value of 
0.631. 

The operating time of vitamin C solution as a positive control was aimed to determine the 
reaction period perfectly run between the antioxidant compound (test solution) and ABTS 
reagent solution as indicated from a stable absorbance. The results obtained were at 60 
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minutes after the addition of ABTS solution. Another function of vitamin C was to validate the 
method used because it can inhibit free radicals and not compare it with the test solution as 
vitamin C is a natural antioxidant with a high IC50 value and is easy to obtain (Ramadhan, 
2015). 

An antioxidant activity test was carried out to determine the IC50 value of the sample. The 
IC50 value expressed the antioxidant activity. The IC50 is the concentration of the test solution 
that can soak at least 50% ABTS free radicals obtained through the regression equation. 

Based on the results, the IC50 of apple cider solution, vinegar, dodol, chip, apple fruit, and 
vitamin C is 3,691,278.89 ppm; 2,224,333.33 ppm; 123,939.94 ppm, 13,871.63 ppm; 
36,722.36 ppm, and 96.71 ppm, respectively. A smaller IC50 value means that the activity of 
the test solution is more effective as an antidote to free radicals (Ureta et al., 2018). 

 
Table 1 Regression Equations and IC50 Vitamin C, Apple Fruit, and Its Processed Products 

material Replication Regression 
Equation 

r IC50(ppm) Average 
IC50 

Vitamin C 1 y=0.3743X+10.627 1 105.19 96.71 

2 y=0.3836X+12.114 0.9994 98.76  

3 y=0.4163X+14.131 0.9989 86.16  

Apple 1 y=0.0009X+13.672 0.9998 40364.44 36722.36 

2 y=0.0008X+19.501 0.9933 38123.75  

3 y=0.0009X+21.489 0.9951 31678.89  

Apple cider 1 y=0.00001X+9.8423 0.9974 4015770.00 3691278.89 

2 y=0.000009X+16.343 0.9983 3739666.67  

3 y=0.00001X+16.816 0.9917 3318400.00  

Apple vinegar 1 y=0.00002X+15.141 0.9997 1742950.00 2224333.33 

2 y=0.00002X+17.037 0.9921 1648150.00  

3 y=0.00001X+17.181 0.9991 3281900.00  

Apple dodol 1 y=0.0003X+10.551 0.9923 131496.67 123939.94 

2 y=0.0004X+9.2718 0.9960 101820.50  

3 y=0.0003X+8.4492 0.9996 138502.67  

Apple chips 1 y=0.0031X+4.1964 0.9992 14775.35 13871.63 

2 y=0.0037X+3.4915 0.9979 12569.86  

3 y=0.003X+7.191 0.9998 14269.67  

 

The results of statistical tests using ANOVA SPSS 19 to compare the IC50 results from 
apple cider, apple vinegar, apple dodol, apple chips, and manalagi apple found that the value 
of P-value (0,000) ≤ 0.05, therefore there was a significant difference in IC50 value among the 
test solutions. Based on the LSD test results, it was found that manalagi apple, apple cider, 
and apple vinegar had P-value (0,000) ≤ 0.05, which means the IC50 value of manalagi apple, 
apple cider, and apple vinegar were significantly different. Meanwhile, manalagi apple and 
apple dodol had P-value (0.813) ≥ 0.05. The IC50 values of manalagi apple and apple dodol 
were insignificantly different. Manalagi apples and apple chips had P-value (0.950) ≥ 0.05. 
Thus the IC50 values of manalagi apples and apple chips were insignificantly different. 
Probability Value (P-Value) can be interpreted as the magnitude of the test statistic observed 
probability (probability). The researcher obtained from the error value of the statistical 
calculation results (Statistical Test Results). Here the researcher uses the value of = 5% or 
Ho. There is no significant difference if the P-value is not more than 0.05. 
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Several processing steps are carried out during the production process, cleaning, 
stripping, squeezing, drying, and heating. These are processing steps that require extended 
time to be conducted. It should be noted that the antioxidants in fresh fruit experience severe 
chemical alteration during processing. Processing has a positive effect, such as increasing the 
antioxidant activity, adverse effects, such as destroying phenolic compounds and triggering 
the formation of new compounds with antioxidant properties. The Maillard reaction product 
results from amino acids and saccharide condensation (Tarko et al., 2010). 

The results of the antioxidant activity of apple processed products, namely apple cider, 
vinegar, dodol, and chips, were shallow due to the long period required for the heating process. 
The food's manufacturing process significantly impacts its antioxidants in the final product 
(Koren et al., 2019). Processing can reduce antioxidants substantially due to high-temperature 
requirements and oxidation during processing (Techakanon & Sirimuangmoon, 2020). 

The antioxidant activity of apple cider was significantly different from fresh apples as 
apple cider processing was exposed to air for two or three days at the pressing time. Therefore 
strong oxidation was produced. Flavan-3-ols and oligomeric procyanidins were quite sensitive 
to oxidation, leading to the formation of larger polymers. In the advanced stages of oxidation, 
increased polymerization degree reduced the polyphenol scavenging activity due to steric 
hindrance (Laaksonen et al., 2017). 

From the results, it was found that the antioxidants content of apple vinegar decreased 
significantly compared to the antioxidant activity of fresh apples. This result follows (Tarko et 
al., 2020) that oxygenation that occurs during the fermentation process can reduce the 
concentration of volatile components. The electrochemical reduction current of oxygen 
increased due to the catalytic effect of the process. Phenolic compounds underwent enormous 
changes during the vinegar-making process, reducing the antioxidant activity (Bakir et al., 
2016). 

Dodol is a semi-wet food made from glutinous rice flour, coconut milk, and sugar with or 
without food additives. The result is in the solid elastic dough with light to dark brown color 
(Nuroso, 2013). The manufacturing process of dodol requires long heating period to ensure 
the dough produced is thick enough; therefore, this process could reduce the antioxidant 
activity of the apples used. 

Apple chips were packaged with vacuum frying to maintain the antioxidant content of 
apple chips. The vacuum frying process, as the process of material heating under low pressure 
in a closed system, can reduce the boiling point of cooking oil and remove moisture content in 
fried food when the oil temperature reaches the water boiling point. Because food is heated at 
a lower temperature, its natural color and taste can be preserved (Dueik et al., 2010). By using 
vacuum frying in apple chips processing, the antioxidant activity can be maintained perfectly 
adequately. 

 

CONCLUSION 

 Statistical analysis results of the IC50 values indicated that the antioxidant activity of 
manalagi apple was not significantly different from apple dodol and chips but was substantially 
different from apple cider and vinegar. The study results found that apple chips had the most 
significant antioxidant activity compared to other processed products. It may be possible to 
develop different antioxidant testing methods and other nutritional value tests for further 
research. 
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