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ABSTRACT 

 

In this article you can find the results of the comparative research of different varieties of apples grown on the territory of Samara 

region as a result of variation of the storage periods regarding the content of the total number of phenolic compounds using the Folin-

Ciocalteu method, antioxidant ability using the DPPH free radical (2.2-diphenyl-1-picrylhydrazyl), total amount of flavonoids, restoring 
force, antioxidant activity in the linolic acid system as well as physical and chemical indices (mass fraction of reducing sugars, soluble 

dry compounds, titratable acids; the pulp content, the sugar-acid index). Regarding these indices, the optimal storage periods were 

defined.This study was financially supported by the Ministry of Education and Science of the Russian Federation within the basic part of 

the government task number 2014/199 FSBEI HPE “Samara State Technical University” code 974. 

 

Keywords: Apples, variety, antioxidant activity, phenolics, flavonoids, physico-chemical parameters 

 

 

INTRODUCTION  

 

The basic product which is received from apples 

is apple juice. The physiological value of the apple 

juice is very high as it contains such healthy 

compounds as carbohydrates, particularly fructose, 

sugar alcohols (sorbite), organic acids (apple acid), 

vitamins, nitrogen compounds, minerals and 

microelements, flavoring substances [1]. 

The most important compounds of fruits also 

include polyphenols or, as they were called earlier, 

“tanning agents”. Polyphenols of fruits comprise 

mainly achromic phenolic acids (hydroxy-benzoic 

and especially hydroxy-cinnamic) and a large group 

of so-called flavonoids. The basic subgroups of 

flavonoids are catechines, anthocyanidins, flavonols, 

flavanons and proanthocyanidins [2]. 

The main terms of apple gathering for industrial 

processing in Samara region are August, September 

and October. Earlier [3] we have received results 

regarding the analysis of the chemical composition 

and antioxidant ability of apples right after their 

gathering. 

However, only small part of fruits is processed 

immediately after the gathering. Most apples are 

stored and processed gradually till next May. In 

literature there are no data concerning the change of 

antioxidant activity of apples during storage period. 

However, the change of volatile compounds is shown 

by the example of Granny Smith apples [4 and 5]. It 

was found out that [6] in apples of the Annurca 

variety there is a change of pectins. Analysis of 14 

varieties of Spanish apples [7], Granny Smith and 

Stark Delicious apples [8] proved the change of 

phenolic compounds. However, the degree of these 

changes is first of all defined by the selected variety 

of apples [9]. 

 

Materials And Methods 

 

2.1. Chemicals and reagents: 

Folin-Ciocalteu reagent in sodium carbonate, 
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gallic acid, catechin, were purchased from Fluka 

(Germany). DPPH (2,2-diphenyl- 1-picrylhydrazyl), 

Tween 40, hydrogen peroxide, sodium nitrite, 

aluminum chloride, thiobarbituric acid, 

trichloroacetic acid were purchased from Sigma-

Aldrich Chem. mp. (USA). 

 

2.2. Fruit collection: 

Apples of summer ripening time of the Zolotoye 

Letneye variety, autumn ripening time of the 

following varieties: Vozrozhdeniye, Pepin 

Bashkirsky, Antanis, Spartak, Aloe, Zhigulyovka, 

winter ripening time of the following varieties: Lobo, 

Rossoshanskoye Polosatoye, Berkutovskoye, 

Kuybishevskoye, Kutuzovets were chosen as the 

object of the research. 

 

2.3. Determination of total phenols: 

Total phenolic content of methanolic fruit 

extracts was assessed using a modified version of the 

Folin–Ciocalteu assay (Singelton, Orthofer, & 

Lamuela-Raventos, 1999). Gallic acid was used as a 

standard and the aqueous gallic acid solution (200 

mg l 
1
) was di-luted with distilled water to give 

appropriate concentrations for a standard curve. For 

the analysis, 100 ll of methanolic fruit extract or 

gallic acid standard, 100 ll of methanol, 100 ll of 

Folin–Ciocal-teu reagent and 700 ll of Na2CO3 were 

added into 1.5 ml micro-centrifuge tube. The samples 

were vortexed immediately and the tubes were 

incubated in the dark for 20 min at room 

temperature. After incubation all samples were 

centrifuged at 13,000 rpm for 3 min. The absorbance 

of the supernatant was then measured at 735 nm in 1 

ml plastic cuvettes using a spectrophotometer (UV-

1700 Pharma Spec, Shimadzu, Japan). The results 

were expressed in mg gallic acid equivalent/100 g 

dry weight (mg GAE 100 g 
1
 DW). 

 

2.4.  Determination of total flavonoids: 

The flavonoid content of the methanolic extracts 

were measured using a colorimetric assay (Zhishen, 

Mengcheng, & Jianming, 1999). A known volume 

(0.5 ml) of the extract or standard solution of 

quercetin was added to a 10 ml vol-umetric flask. 

Distilled water was added to make a volume of 5 ml. 

At zero time, 0.3 ml of 5% w/v NaNO2 was added to 

the flask. After 5 min, 0.6 ml of 10% w/v AlCl3 was 

added and after 6 min, 2 ml of 1 M NaOH was added 

to the mixture followed by the addition of 2.1 ml 

distilled water. Absorbance was read at 350 nm 

against the blank (water) and flavonoid content was 

expressed as mg querce-tin equivalents (QE) in 100 g 

of fresh material. 

 

2.5. DPPH radical scavenging activity: 

The scavenging activity of samples was 

measured in accordance with the method of Brand-

Williams (Brand-Williams, Cuvelier, & Berset, 

1995). The method was based on the reduction of 

methanolic DPPH in the presence of a hydrogen-

donating antioxidant. DPPH solution was an intense 

violet colour and showed an absorption band at 515 

nm. Adsorption and colour lowered when DPPH was 

reduced by an antioxidant compound. The remaining 

DPPH corresponded inversely to the radical-

scavenging activity of the antioxidant. DPPH (2 mg) 

was dissolved in 54 ml of MeOH. Aliquots of 

investigated extract (50, 100, 200, 300, 500 and 1000 

lg) were dissolved in 2 ml of MeOH. Then 1.0 ml of 

each solution was added to 1.0 ml of DPPH solution 

at room temperature. The absorbance at 515 nm was 

measured against a blank (2 ml MeOH in 2.0 ml of 

DPPH solution) using a UV-1601 Shimadzu 

spectrophotometer. The results were expressed as 

percent-age of reduction of the initial DPPH 

adsorption by test samples: 

% of reduction of the initial DPPH adsorption = 

ADPPH(t)_A sample (t)/ADPPH (t) _ 100, 

ADPPH(t) is absorbance of DPPH at time t and 

A sample (t) is absorbance of sample at t the same 

time. 

 

2.6.  Determination of Antioxidant Activity in a 

Linoleic Acid System: 

The total antioxidant activity of FEHP was 

carried out by use of a linoleic acid system (26). The 

linoleic acid emulsion was prepared by mixing 

0.2804 g of linoleic acid, 0.2804 g of Tween 20 as 

emulsifier, and 50 mL of phosphate buffer (0.2 M, 

pH 7.0), and then the mixture was homogenized. A 

0.5-mL ethanol solution of different concentration of 

FEHP (50-500 íg/mL) was mixed with linoleic acid 

emulsion (2.5 mL, 0.2 M, pH 7.0) and phosphate 

buffer (2 mL, 0.2 M, pH 7.0). The reaction mixture 

was incubated at 37 °C in the dark to accelerate the 

peroxidation process. The levels of peroxidation 

were determined according to the thiocyanate 

method by sequentially adding ethanol (5 mL, 75%), 

ammonium thiocyanate (0.1 mL, 30%), sample 

solution (0.1 mL), and ferrous chloride (0.1 mL, 20 

mM in 3.5% HCl). After the mixture was left for 3 

min, the peroxide value was determined by reading 

the absorbance at 500 nm on a spectrophotometer. 

 

2.7.  FRAP assay: 

The FRAP assay was carried out according to 

Stratil et al. (2006) with slight modifications. The 

FRAP solution was freshly prepared on the day of 

use, by mixing acetate buffer (pH 3.6), ferric chloride 

solution (20 mM) and TPTZ solution (10 mM TPTZ 

in 40 mM HCl) in a proportion of 10:1:1, 

respectively. Following this the FRAP solution was 

heated, while protected from light, until it had 

reached a temperature of 37 LC. Appropriate 

dilutions of methano-lic fruit extracts were prepared. 

One hundred microlitres of the di-luted sample 

extract (or for blank 100 ll methanol and for Trolox 

standard curves 100 ll Trolox of appropriate 

concentration) and 900 ll of FRAP solution were 
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added into a micro-centrifuge tubes. The tubes were 

vortexed and left at 37 LC for exactly 40 min, and 

the absorbance was measured at 593 nm. The Trolox 

standard curves were used to calculate the 

antioxidant activity of the sam-ples in relation to 

Trolox and were expressed as mg Trolox equiv-

alent/100 g dry weight sample (mg TE 100 g 
1
 DW). 

 

2.8.  Total sugar content: 

The Luff–Svhoorl technique was used as 

described in NP-1420 and samples were analyzed as 

quadruplicates. This method is based on the amount 

of cuprous oxide obtained after reduction of a 

cuprous sulphate solution (copper II) by sugars in an 

alkaline environment. An iodometric titration is used 

for the determination of cuprous oxide. 

 

2.9. Acidity: 

A potentiometric titration using a combined 

glass membrane electrode was used according to NP-

1421:1977. 

 

2.10. Mass concentration of soluble solids: 

This is an important indicator nowadays. It is the 

content of soluble solids that determines the status of 

the drink as nectar, restored juice or 100% directly 

squeezed juice. To study this indicator, indirect 

determination of the refractive index of the soluble 

non-volatile substances is performed. The 

determination is performed using a refractometer in 

accordance with the State Standard Specification 

28562-90.  

 

2.11.  The content of pulp: 

The determination of the content of pulp in apple 

juice was performed by separating the pulp from the 

liquid during centrifugation and subsequent 

gravimetric determination of the amount of pulp by 

the sediment in accordance with the State Standard 

Specification 51442-99. 

 

Results And Discussion 
 

Studying the data of table 1, we can make the 

following conclusions – during 30 days of storage 

compounds which are responsible for antioxidant 

activity are accumulated. 

  
Table 1: Results of research of antioxidant activity of apples after 30 days of storage 

Variety of apples 

Total amount of 

phenols, mg of 

gallic acid / 100 g 
of raw material 

Total amount of 

flavonoids, mg of 

catechine / 100 g 
of raw material 

Eс50, 

mg/cm3 

FRAP value 

mmol Fe2+/ 

1 kg of raw 
material 

Antioxidant activity in linolic 

acid system, % of inhibition of 

oxidation of linolic acid 

 Zero moment of storage time 

Zolotoye Letneye, juice 203  24 65 9.09 6.09 

Zolotoye Letneye, pulp 282 27 33 12.33 8.4 

Vozrozhdeniye, juice 416 29 27 10.89 3.9 

Vozrozhdeniye, pulp 512 31 10 12.87 6.8 

Pepin Bashkirsky, juice 384 26 75 11.07 11.2 

Pepin Bashkirsky, pulp 392 30 64 11.43 19.5 

After 30 days of storage 

Zolotoye Letneye, juice 330 28 56 9.81 3.3 

Zolotoye Letneye, pulp 342 32 19 12.06 7.3 

Vozrozhdeniye, juice 508 33 8 10.08 4.2 

Vozrozhdeniye, pulp 572 35 6 12.50 7.1 

Pepin Bashkirsky, juice 419 29 37 10.89 10.7 

Pepin Bashkirsky, pulp 448 34 26 12.90 15.6 

 

Practically all indices: total amount of phenols, 

antiradical activity, total amount of flavonoids, show 

an increase of data. The greatest change of 

antiradical activity can be seen in the case of 

Renaissance apples. Here the indices increase 3.5 

times (27 mg/ml against 8 mg/ml). The restoring 

force of apples either increases or stays practically 

the same. The results of the antioxidant activity in 

the linolic acid system are not so simple: apples of 

the Zolotoye and Pepin Bashkirsky varieties decrease 

their indices whenever apples of the Vozrozhdeniye 

variety increase. 

 
Table 2: Results of research of physical and chemical indices of apples after 30 days of storage  

Apple  

Varieties 

Indicators 

Mass 

concentration of 

soluble solids, % 

Mass concentration 

of reducing sugars, 

% 

Mass concentration 

of titratable acids (n 
malic acid 

equivalent), % 

Content of the 
pulp  

Sugar-acid index 

Zero moment of storage time  

Zolotoye Letneye 11,5 8,2 0,6 3,9 13,7 

Vozrozhdeniye 11,0 8,9 0,9 9,2 9,9 

Pepin Bashkirsky 10,5 9,7 0,8 4,9 12,1 

After 30 days of storage  

Zolotoye Letneye 10,0 11,6 0,3 1,7 38,7 

Vozrozhdeniye 11,0 9,1 0,9 2,8 10,1 

Pepin Bashkirsky 10,0 7,8 0,6 1,1 13,0 
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Studying the data of table 2, we can trace the 

following – the mass fraction of soluble dry 

compounds practically does not change during 30 

days of storage. In apples of the Zolotoye Letneye 

variety sugars are accumulated and the mass fraction 

of titratable acids decreases, the sugar-acid index 

increases accordingly. In apples of the Pepin 

Bashkirsky variety we can see a decrease of both the 

mass fraction of sugars and the mass fraction of 

titratable acids – the sugar-acid index changes 

insignificantly. During the storage time apples of the 

Vozrozhdeniye variety do not change their 

characteristics regarding the main indices. The 

storage period affects the pulp content in fruits – a 

sharp decrease of its volume takes place. 

 
Table 3: Results of research of antioxidant activity after 90 days of storage 

Variety of apples 

Total amount of 

phenols, mg of 

gallic acid / 100 g 
of raw material  

Total amount of 

flavonoids, mg of 

catechine / 100 g 
of raw material 

Eс50, 

mg/cm3 

FRAP value 

mmol Fe2+/ 

1 kg of raw 
material 

Antioxidant activity in linolic 

acid system, % of inhibition of 

oxidation of linolic acid 

 Zero moment of storage time 

Antanis, juice 282 9 96 7.02 9.1 

Antanis, pulp 288 11 45 7.92 11.2 

Lobo, juice 117 67 77 3.06 4.7 

Lobo, pulp 237 71 69 5.31 5.0 

Spartak, juice 125 53 39 3.96 not found 

Spartak, pulp 147 109 15 7.29 not found 

Aloe, juice 216 31 135 9.63 7.1 

Aloe, pulp 376 49 102 13.5 11.6 

Zhigulyovskoye, juice 82 104 91 5.04 not found 

Zhigulyovskoye, pulp 170 108 58 6.12 not found 

Rossoshanskoye 

Polosatoye, juice 

149 49 82 4.77 7.1 

Rossoshanskoye 
Polosatoye, pulp 

176 66 49 7.38 7.8 

Berkutovskoye, juice 115 15 139 3.87 19.2 

Berkutovskoye, pulp 152 26 93 4.32 20.7 

Kuybishevskoye, juice 275 136 28 11.43 19.7 

Kuybishevskoye, pulp 354 144 16 29.16 22.6 

 After 90 days of storage 

Antanis, juice 302 33 21 8.01 not found 

Antanis, pulp 314 39 18 10.44 not found 

Lobo, juice 216 89 62 8.37 not found 

Lobo, pulp 352 96 22 12.42 not found 

Spartak, juice 133 38 76 5.49 not found 

Spartak, pulp 144 54 54 6.30 not found 

Aloe, juice 238 56 86 7.56 not found 

Aloe, pulp 397 72 83 10.35 not found 

Zhigulyovskoye, juice 123 59 105 5.67 not found 

Zhigulyovskoye, pulp 221 71 78 11.79 not found 

Rossoshanskoye 
Polosatoye, juice 

206 64 39 8.01 
not found 

Rossoshanskoye 

Polosatoye, pulp 
214 82 31 9.54 

not found 

Berkutovskoye, juice 128 32 76 6.93 not found 

Berkutovskoye, pulp 168 48 69 7.92 not found 

Kuybishevskoye, juice 195 92 65 7.2 not found 

Kuybishevskoye, pulp 203 104 19 9.99 not found 

 

The characteristics of the chemical composition 

and antioxidant activity were also analyzed after 90 

days of storage. The received data can be seen in 

table 3. There we can see a change of some indices. 

Apples of the Kuybishevskoye variety show a 

decrease of data regarding all positions. E.g., the 

total amount of phenolic compounds decreases 1.5 

times (354 mg of gallic acid / 100 g of raw material 

against 203 mg of gallic acid / 100 g of raw 

material). The same can be seen for apples of the 

Spartak variety. All other varieties show mainly an 

increase of antioxidant activity. 

  
Table 4: Results of research of physical and chemical indices of apples after 90 days of storage 

Apple Varieties 

Indicators 

Mass 

concentration 
of soluble 

solids, % 

Mass concentration 

of reducing sugars, 

% 

Mass concentration 

of titratable acids (n 
malic acid 

equivalent), % 

Content of the 
pulp  

Sugar-acid index 

Zero moment of storage time 

Lobo 7,9 9,7 0,3 12,7 32,33 

Spartak 9,0 9,2 0,7 1,6 13,14 
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Aloe, pulp 9,6 7,9 0,5 10,2 15,80 

Zhigulyovskoye, juice 10,0 10,5 0,5 3,2 21,00 

Berkutovskoye 10,0 7,8 0,5 3,1 15,60 

Kuybishevskoye 9,0 10,2 0,5 6,5 20,40 

After 90 days of storage 

Lobo 12,0 12,8 0,5 6,4 25,60 

Spartak 12,0 11,1 0,4 27,1 27,75 

Aloe, pulp 12,0 10,6 0,5 25,9 21,20 

Zhigulyovskoye, juice 11,0 10,6 0,7 32,6 15,14 

Berkutovskoye 11,0 16,0 0,3 8,2 53,33 

Kuybishevskoye 12,0 10,5 0,3 12,6 35,00 

 

After 90 days of storage, technological indices 

were also analyzed. Studying the data presented in 

table 4, we can figure out the change of indices 

depending on the variety. Apples of the Lobo and 

Zhigulyovskoye varieties show an increase of all 

indices and a decrease of sugar-acid index. As for all 

other varieties, we can point out an increase of sugars 

and a decrease of the mass fraction of titratable acids 

which accordingly means a significant increase of the 

sugar-acid index. In general, we see an increase of 

the mass fraction of soluble compounds and the pulp 

content during storage. 

 
Table 5: Results of research of antioxidant activity after 180 days of storage 

Variety of apples 

Total amount of 
phenols, mg of 

gallic acid / 100 g 

of raw material  

Total amount of 
flavonoids, mg of 

catechine / 100 g 

of raw material 

Eс50, 

mg/cm3 

FRAP value 
mmol Fe2+/ 

1 kg of raw 

material 

Antioxidant activity in 
linolic acid system, % 

of inhibition of 

oxidation of linolic acid 

 Zero moment of storage time  

Lobo, juice 117 67 77 3,06 4,7 

Lobo, pulp 237 71 69 5,31 5,0 

Zhigulyovskoye, juice 82 104 91 5,04 Not found 

Zhigulyovskoye, pulp 170 108 58 6,12 Not found 

Kuybishevskoye, juice 275 136 28 11,43 19,7 

Kuybishevskoye, pulp 354 144 16 29,16 22,6 

Spartak, juice 125 53 39 3,96 Not found 

Spartak, pulp 147 109 15 7,29 Not found 

 After 180 days of storage 

Lobo, juice 196 63 88 5,67 6,1 

Lobo, pulp 298 84 63 8,28 12,9 

Zhigulyovskoye, juice 103 48 112 6,84 Not found 

Zhigulyovskoye, pulp 200 68 83 12,33 8,1 

Kuybishevskoye, juice 189 79 80 10,53 14,6 

Kuybishevskoye, pulp 198 98 53 18,90 25,4 

Spartak, juice 124 33 85 5,31 3,5 

Spartak, pulp 134 52 62 6,25 7,6 

 

After 180 days of storage (see table 5), apples of 

the Kuybishevskoye and Spartak varieties decrease 

their indices regarding all positions. The data 

concerning apples of the Lobo and Zhigulyovka 

varieties is not that simple. Regarding the total 

amount of phenolic compounds, restoring force and 

antioxidant activity in the linolic acid system, the 

data of the variety shows an increase of antioxidant 

activity whenever antiradical activity and the total 

amount of flavonoids decrease. 

 

 

Table 6: Results of research of physical and chemical indices of apples after 180 days of storage 

Apple  
Varieties 

Indicators 

Mass 

concentration 

of soluble 
solids, % 

Mass concentration 
of reducing sugars, 

% 

Mass concentration 

of titratable acids (n 

malic acid 
equivalent), % 

Content of the 

pulp  
Sugar-acid index 

Zero moment of storage time 

Lobo 7,9 9,7 0,3 12,7 32,33 

Zhigulyovskoye 10,0 10,5 0,5 3,2 21,0 

Kuybishevskoye 9,0 10,2 0,5 6,5 20,4 

Spartak 9,0 9,2 0,7 1,6 13,14 

After 180 days of storage 

Lobo 12,0 7,6 0,3 Not found 25,33 

Zhigulyovskoye 12,0 9,3 0,3 Not found 31,00 

Kuybishevskoye 12,0 9,0 0,4 Not found 22,50 

Spartak 14,0 9,0 0,3 Not found 30,00 

 

In general, technological indices go down during 

the period of 180 days of storage. (see table 6). 

Apples of the Lobo variety show a decrease of the 

sugar-acid index and other show an increase of the 
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same index. During a long storage period, up to 25% 

of sugars are used for the process of breathing. The 

constant decrease of sugars takes place during the 

last (spring) period of chill storage [10].  

The received data correlates with the data 

described in literature regarding the analysis of the 

quality of juices made from the apples of the 

Zimniye, Sakura, Bananoviye and Renet Simirenko 

varieties [8]. According to these results the content of 

polyphenolic compounds increases within 80 days of 

storage. On the contrary, in the article written by the 

Australian scientists [9] by the example of apples of 

the Granny Smith, Lady Williams and Grofton 

varieties it was discovered that 9 months of storage 

change the content of polyphenolic compounds in a 

more complex way depending on the variety of 

apples. E.g., this index decreases for apples of the 

Granny Smith variety beginning from the second 

month of storage, for apples of the Grofton variety 

beginning from the fourth month of storage, for 

apples of the Lady Williams variety beginning from 

the fifth month of storage. 

 

Conclusions: 

1) Storage of fruits during 30 days leads to the 

increase of phenols, flavonoids, the rise of 

antioxidant activity and besides this factor is 

beneficial for the producer of juices as during this 

period of time soluble dry compounds do not change 

and the sugar-acid index rises; 

2) During a longer period of storage (up to 90 

days), the general increase of health utility and the 

sugar-acid index was discovered. Alongside with 

this, the decrease of the pulp content in fruits was 

traced which allows us to recommend the producers 

this particular storage period as within it the 

maximum juice output is possible; 

3) Studying the data of the analysis of fruits 

after 180 days, we can see the general decrease of all 

indices practically for all varieties. But we must also 

admit that some of the varieties kept and even 

increased their positions. Thus, choosing one or 

another variety of apples we can perform a selection 

of qualitative indices of some kind. And accordingly 

we can conclude that some varieties are quite 

suitable for 180 days of storage without any 

significant changes.  
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