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Abstract

:

The paper presents the comparison of quality of six different commercial apple juices produced in Poland. The apple juices came from two different Polish companies. From each manufacturer three various juices were selected: two cloudy and clarified one produced as a mixture of different apple varieties. The following properties were evaluated: density, soluble solid content, viscosity, total phenolic contents, phenolic acid, and antiradical activity. The obtained results showed that three from fourth cloudy juices (M1Sz, M1A and M2A) differed from clarified juices. The highest differences were noticed for total phenolic contents, phenolic acids, antiradical activity and viscosity. The values of these properties ranged between 60.72–103.6 mg GAE·100−1 mL−1 for phenolic contents, 78.3–90.9% for antiradical activity and 2.68–5.79 mPa·s for viscosity. The remaining cloudy juice (M2Sz) was more similar to the clarified ones. The strong correlation between total phenolic content and antiradical activity of apple juices was found. The high correlation coefficient obtained between these features indicates that both producers do not apply excessive amounts of vitamin C during the production of cloudy apple juices. There was also a strong interrelation between the density of juice and solid soluble content. However, no correlation was found between the solid soluble content and the viscosity of the tested juices.
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1. Introduction


Poland is the largest producer and exporter of apples in the European Union. In 2017, production reached 3.08 million tons [1]. Due to overproduction of dessert apple almost 50% of them are processed, mostly into concentrated juice [2].



The main constituent of apple juice is water which accounts for 70-97% of juice [3]. The second largest components are carbohydrates such as glucose, fructose, and sucrose [4]. The content of sugars ranges from 3 to 25%. In 100 mL apple juice contains also fiber (0.77 g), organic fruit acids (0.74 g), protein (0.07 g), potassium (116 mg), phosphorus (7.0 mg), magnesium (6.9 mg), calcium (4.2 mg) and vitamin C (1.4 mg) [5]. Among the most important constituents of apple juice are phenolic compounds, such as: hydroxycinnamic acids, dihydrochalcones, flavonols (quercetin glycosides), catechins and oligomeric procyanidins [6]. Polyphenols increase antioxidant potential of juice, affect lipid metabolism [7] and absorb the cholesterol [8].



The polyphenols content in apples can range widely from 10 mg to 500 mg 100−1·g−1 of raw material [9,10]. The amount of polyphenols in juices is much smaller. This is mainly due to clarification processes or thermal juice preservation (pasteurization) [11].



One of the quite popular commercial juices found on the Polish market are juices produced from the Antonówka and Szampion varieties. The content of polyphenols in these apples varies from 126.45–190 mg 100−1·g−1 [12,13] for the Szampion variety to 312.5 mg 100−1·g−1 [11] for the Antonówka variety. The content of polyphenols in juices obtained from the Szampion variety ranges from 69.8 to 104.4 mg GAE·100−1 mL−1 [9], while in the case of the Antonówka lies within the range of 36.34 to 172.2 mg GAE·100−1 mL−1 [9,11].



The levels of juice compounds are highly influenced by the production process [14,15]. Apple juice is commonly consumed as a clear juice, but there is a growing market for natural cloudy apple juice [16]. Cloudy juices, as opposed to clear juices have particles of solids distributed in a liquid phase. Such juices are characterized by a large amount of components with health promoting properties (polyphenols, vitamins, and fiber) [17,18].



The nutritional and bioactive quality of juice depends strongly on the apple cultivar used for processing [19,20], method of extraction and further process of juice treatment [21].



The exploration of the physicochemical properties of juices is crucial in analyzing juice nutritional and bioactive quality and can even be used for the authenticity of apple juice. The estimation of juice quality is based on such analysis as: solid soluble content, titratable acidity, ash, pH, proline, density, formal index values, sugars, non-volatile organic acids, minerals, amino acids, phenols, and isotopic carbon ratios [22]. The research results suggest that some physicochemical properties of fruit juices may be strongly related to each other. For example Vieira et al. [23] studied the antioxidant activity with the use of the DPPH reagent, and noted a close correlation with the content of polyphenols. Tsen and King [24] examined physical properties of banana puree, and noticed that density is related to soluble solids concentration and temperature.



The presence or absence of correlations between the individual properties of apple juice may also indicate the addition of enriching substances. Teleszko et al. [13] examined the content of polyphenols in apple juices and found that the addition of ascorbic acid in the amount of 500 mg·kg−1 for apples affects the final content of polyphenols in juice. The ascorbic acid also changed the correlation between the content of polyphenols and DPPH (2,2-Diphenyl-1-picrylhydrazyl)-scavenging activity. In juices produced without the addition of vitamin C, the content of polyphenols significantly correlated with anti-radical activity (correlation coefficient r = 0.51), while in the case of juices enriched with vitamin C there was no such correlation. In the available literature, data on the correlation between the individual physicochemical properties of apple juices are limited.



The aim of the study was to compare selected the physicochemical properties of six different commercial apple juices produced in Poland and to extract additional information regarding the differences between individual juices based on correlation analysis.




2. Materials and Methods


2.1. Materials


The apple juices came from two different Polish companies. From each manufacturer three juices were selected: two cloudy ones produced from varieties Antonówka (Malus domestica ‘Antonówka Zwykła’) and Szampion (Malus domestica ‘Szampion’) and clarified one, produced as a mixture of several different varieties. The juices were stored in a refrigerator at a temperature of 4 °C before the experimental stage. The samples were taken for analysis over one week. The following properties were evaluated: density, soluble solid content, viscosity, pH, total phenolic content and antiradical activity. The following abbreviations were used for the different samples of juice:




	
M1M-manufacturer 1, mixture of varieties, clear juice,



	
M2M-manufacturer 2, mixture of varieties, clear juice,



	
M1Sz-manufacturer 1, Szampion variety, cloudy juice,



	
M2Sz-manufacturer 2, Szampion variety, cloudy juice,



	
M1A-manufacturer 1, Antonówka variety, cloudy juice,



	
M2A-manufacturer 2, Antonówka variety, cloudy juice.








Chemical composition of juices according to the producers’ declaration is shown in Table 1.




2.2. Experimental Model


The experimental chart is presented in Figure 1.




2.3. Physical Properties


2.3.1. Soluble Solid Content


Soluble solid content (SSC) of apple juice was determined as °Brix at an ambient temperature (20 ± 1 °C). The content of soluble substances in fruit juices was measured by a PAL-1 refractometer (Atago, Tokyo, Japan).




2.3.2. Density


The juice density was determined was calculated as a substance’s mass per the volume it occupies using a calibrated density bottle of ISOLAB (Germany) with a volume of 25.657 mL at 20 °C.




2.3.3. Viscosity


Viscosity measurements were made using a Brookfield LVDV-II + PRO viscometer together with the Rheocalc V3.1-1 program. The tests were carried out at a constant temperature of 20 °C using the Brookfield TC-502 water bath. Measurements were made in the ultra low viscosity adapter (ULA) for samples with a volume of 16 mL.





2.4. Chemical Properties


2.4.1. Total Phenolic Content


Total phenolic content (TPC) of apple juice was determined according to the Folin-Ciocalteu (FC) method [25] with slight modification. Gallic acid was used as a standard and methanol gallic acid solution was diluted with methanol to give appropriate concentrations for a standard curve. Sample extract (0.2 mL) was mixed with 2 mL of methanol in a 25 mL volumetric flask. Then Folin-Ciocalteu reagent (2 mL, diluted 1:10) was added and allowed to react for 3 min. Next 2 mL of sodium carbonate (Na2CO3) solution was added and the mixture was made up to 25 mL with distilled water. After 30 min at room temperature in dark place the absorbance at 760 nm was measured using a spectrophotometer (UV-1800 Shimadzu, Japan). The results were expressed as mg gallic acid equivalent for 100 mL fresh juice (mg GAE·100−1 mL−1).




2.4.2. Antiradical Activity (AA)


The antiradical activity of apple juices was evaluated using DPPH assay. For the analysis, 0.2 mL of apple juice was mixed with an aliquot of 5.8 mL of freshly prepared 6·10−5 M DPPH radical in methanol. After 30 min standing at room temperature absorbance at 516 nm was measured using methanol as a blank. Antioxidant activity was expressed as percentage inhibition of the DPPH radical from following equation [26]:


  AA  ( % )  =    Absorbance   of   control  −  Absorbance   of   sample     Absorbance   of   control     



(1)








2.4.3. Determination of phenolic acids by HPLC


The individual phenolic acids in the apple juices were quantified using a modified version of the HPLC (High Performance Liquid Chromatography) method by Alberti et al. [27] the analysis was conducted using HPLC System S 600 Series equipment (Sykam GmbH, Eresing, Germany) coupled to a photodiode arrangement detector (PDA S 3345, Sykam). Before HPLC analysis, samples of cloudy apple juices were diluted 1:1 (v/v) with methanol and then centrifuged for 15 min at 3130 RCF. This treatment was omitted for samples of clear apple juice. All juices were filtered in a 0.20 μm syringe filter (Nylon, Macherey-Nagel, Düren, Germany), and 20 μL of sample was injected in the system, in triplicate. The separation was carried out using a Bionacom Velocity STR (3.0 mm × 250 mm, 5.0 μm) column at 25 °C. The mobile phases consisted of 25 mL·L−1 acetic acid (solvent A) and acetonitrile (solvent B). The system was run with at a flow rate of 1.0 mL·min−1 and following gradient program: 3–9% B (0–5 min); 9–11% B (5–15 min) and 11–3% B (15–17 min). The peaks of the compounds were identified and quantified by comparing the retention times and spectra of the samples with calibration curves that had been previously prepared with standards. The runs were monitored at 260 nm.




2.4.4. pH


The pH measurement was carried out at an ambient temperature (20 ± 1 °C) using digital a CP-411 pH-meter (Elmetron, Zabrze, Poland). The meter was calibrated with commercial buffer solutions at pH 6.8 and 4.0. Ten mL apple juice was inserted with a pH electrode and pH was recorded after stabilization.




2.4.5. Repeatability and Reproducibility of TPC and Antiradical Activity


The repeatability was calculated from six repetitions of the analysis of the same sample on the same day and conditions and express as the relative standard deviation (RSD). The reproducibility was calculated from six repetitions of the analysis in different days and daily prepared reagents and also express as the RSD. The repeatability was ranged between 2.4–4.2 for TPC and 2.8–4.0 for antiradical activity. The reproducibility was ranged between 3.9–5.2 for TPC and 3.2–5.8 for antiradical activity.





2.5. Statistical Analysis


Statistical analysis of the data was performed with Statistica software (Statistica 13.1, StatSoft Inc., Tulsa, OK, USA) using one-way and two-way analysis of variance (ANOVA). The significance of differences was tested using Tukey LSD test (p = 0.05). The normality of the distribution was verified by means of the Shapiro–Wilk test. Correlation coefficients (r) were determined by Pearson correlation matrix method. The graphs show mean values and whiskers representing standard deviations. All measurements were made in triplicate.





3. Results


3.1. Soluble Solid Content


The effect of juice kind on the soluble solids content was presented in Figure 2. The soluble solids content in studied juices varied from 10.77 to 12.07 °Brix. The highest content of soluble substances was found in the cloudy juices obtained from the Szampion variety and it amounted to 12.07 °Brix for manufacturer 1 and to 11.2 °Brix for manufacturer 2. Between the other juices there were no statistically significant differences and they were characterized by soluble substances in the range of 10.8–10.9 °Brix. The two-way analysis of variance showed a statistically significant effect of both the apple variety and the producer on soluble solid content in apple juices. The differences in the content of soluble substances result from varietal characteristics and the production method. The Szampion variety is characterized by a sweet taste and contains more soluble substances than the Antonówka variety. As a rule, cloudy juices are also characterized by higher extract content than clear juices. It is worth noting that all tested juices contained the minimum amount of sugars declared by producers on the packaging. In the case of producer 1, the actual values were always higher than those indicated on the packaging. In the case of producer 2, the actual values were almost identical with the values given on the labels.



According to a study by Kowalczyk [28] the soluble solids content in apple juice extracted in Polish industry is at the level of 11.0 to 12.4 °Brix. For comparison, Eisele and Drake [20] found that the soluble solids content in juices varies from 10.26 to 21.62 °Brix depending on apple variety. Soluble solid content above 10 °Brix is the minimum level for apple juices in accordance with the Polish Standard. According to the European Union standards, minimum extract levels for reconstituted fruit juice and reconstituted fruit purée is 11.2 °Brix [29]. This means that some of the tested juices did not meet these requirements.




3.2. Density


The influence of provenance on density of apple juice was presented in Figure 3. The largest density (1.078 g·cm−3) was found for the juice produced by manufacturer 1 from the Szampion variety. Lower densities were found in the case of clear juices (M1M and M2M) obtained on the basis of different apple varieties, for which the values were 1.046 and 1.045 g·cm−3, respectively. The lowest densities were obtained for cloudy juices from the Antonówka variety for both manufacturers. There were no statistically significant differences in density values between these juices. The two-way analysis of variance showed a statistically significant only the apple variety density of apple juices. The obtained data correlate well with the results obtained by other authors. Żywica et al. [30] marked the density of apple juices in the range of 1.034–1.051 g·cm−3, Kobus et al. [31] 1.034 to 1.041 g·cm−3, and Nadulski et al. [32] 1.028 to 1.052 g·cm−3. All these data fulfilled the minimum requirements for authentic apple juices given in the Code of Practice of European Fruit Juice Association, which are 1.045 g·cm−3 for juice from concentrate and 1.040 g·cm−3 for direct juices [33].




3.3. Viscosity


The influence of provenance on viscosity of juices was presented in Figure 4. The viscosity of the tested juices was strongly dependent on the producer and variety of apples. The highest viscosity value was found in the case of the Antonówka variety (5.79 mP·s) for manufacturer 2. The second largest viscosity value was marked for juice from variety Antonówka, but produced by manufacturer 2 (3.89 mPa·s). The lowest viscosity was obtained for clear juices of both manufacturers produced on the basis of a mixture of several apple varieties and juice produced by manufacturer 2 from apples of Szampion variety (1.56–1.60 mPa·s). The juice produced by manufacturer 1 from Szampion variety had a significantly higher viscosity of 2.68 mPa·s. The two-way analysis of variance showed a statistically significant effect of both the apple variety and the producer on viscosity of apple juices. According to Will et al. [34] the viscosities of the cloudy apple juices were between 1.74 mPa·s and 2.15 mPa·s. Dynamic viscosity of juices tested by Nadulski et al. [32] ranged from 4.3 mPa·s to 15.1 mPa·s. The main substances responsible for creating the viscosity are pectins that mainly contain esterified 1,4-link α-D-galactosyluronic residues [35].




3.4. pH


Figure 5 presents the influence of provenance on acidity of apple juices. Despite statistically significant differences in acidity, the extent of difference between all juices was minor and ranged from 3.38 to 3.47. The lowest pH value was obtained for clarified juice produced by manufacturer 1, and the highest was recorded in the case of the juice from Szampion variety produced by the same company. The two-way analysis of variance showed a statistically significant effect of both the apple variety and the producer on pH of apple juices. Similar results were also reported by much previous research. The pH values were determined to range from 3.34 to 3.68 [36] and from 3.39 to 3.77 [18]. The pH value of juices is influenced by the variety, date of apple harvest, the method of obtaining and further processing of juices. Giryn et al. [37] showed that the pH value of raw juices ranged from 3.39–3.77, and that of juices reconstructed from concentrate 2.91–3.29.




3.5. Total Phenolic Content


The influence of provenance on total phenolic content of apple juice was presented in Figure 6. The highest content of polyphenols was marked for the juice of the Szampion variety produced by manufacturer 1, where the presence of tested compounds was found at 103.55 mg GAE·100−1·mL−1. The lowest content of polyphenols (40.75 mg GAE·100−1·mL−1) was obtained for clear juice produced by manufacturer 2. Generally, cloudy juices (except for M2Sz juice) contained much more polyphenols than clear juices, which is consistent with the literature data [38]. The two-way analysis of variance showed a statistically significant effect of both the apple variety and the producer on TPC in apple juices.



The big differences in the concentration of polyphenols can be attributed to raw material variety, cultivation conditions, climate, as well as the methods of juice extraction and processing [18]. The total phenolic content in juices produced in Europe varies within a broad range, from 10 to 500 mg GAE·100−1·mL−1 [9,38,39].



An interesting fact is the higher content of polyphenols in all juices produced by the manufacturer M1. This may be due to differences in the juice production process. Czerwonka et al. [11] showed that losses of polyphenols caused by pasteurization ranged from 30 to 35% depending on the variety. An important stage is also the process of grinding apples into a mush. Teleszko et al. [13] showed that in the case of the Szampion variety, the addition of vitamin C during the apple grinding caused an increase in the polyphenol content from 190 to 389.66 mg GAE·100−1·mL−1. The rise in polyphenol content in juices can be explained by the protective effects of vitamin C on these compounds. It is worth noting that the amount of vitamin C in juices produced by the manufacturer M1 is much higher than at the M2 producer.




3.6. Concentration of Phenolic Acids


The concentration of phenolic acids in commercial apple juices under study is presented in Table 2. Differences in the phenolic acids content between cloudy and clear apple juices are obvious. Total phenolic acids amounts in cloudy apple juices varied between 33.07 and 49.69 mg 100−1·mL−1 whereas in clear apple juices changed from 9.79 to 16.00 mg 100−1·mL−1. This finding is in good agreement with previously published data [38,40]. The highest content of phenolic acids was marked for the juice of the Szampion variety produced by manufacturer 1, and the lowest for clear juice produced by manufacturer 2. The main phenolic constituent among the tested acids was chlorogenic acid. The content of this acid varied from 30.28 to 48.32 mg 100−1·mL−1 in cloudy apple juices, whereas in clear juices ranged from 6.71 to 12.68 mg 100−1·mL−1. The results are in good agreement with literature data where chlorogenic acid is the main polyphenolic substance in apple [41,42]. The cloudy juices also contained more caffeic acid than the clear juices. On the other hand, the content of gallic acid was about three times higher in clear juices as compared to cloudy juices. This is probably due to the fact that clear juices were made from different apple varieties, while cloudy juices were obtained from one specific variety (Szampion or Antonówka). There was only trace amounts of vanillic acid in the analyzed juices.




3.7. Antiradical Activity


The antiradical activity is a very important quality characteristic of juices. The most popular method for measurement of antiradical activity of juice is application of stable radicals such as 2,2-diphenyl-1-picrylhydrazyl (DPPH). The influence of variety and manufacturer on the scavenging activity of apple juice was presented in Figure 7.



The highest DPPH-scavenging activity was obtained for juices from the Szampion variety produced by manufacturer 1. The lowest levels of scavenging activity were marked for clear juices. In general, as in the case of polyphenols, cloudy juices were characterized by a much higher ability to scavenge free radicals than clear juices, which is consistent with the literature data [38]. The two-way analysis of variance showed a statistically significant effect of both the apple variety and the producer on scavenging activity of apple juices. The differences in antioxidant activity may result from the different content of phenolic compounds in the tested juices. The chemical composition of the juice and the molecular structure of the main antioxidants affect the ability to convert free radicals. Teleszko et al. [13] showed that the addition of vitamin C significantly influences the antioxidant capacity of apple juices. In juices produced without the addition of an antioxidant, they found significantly lower antioxidant activity compared to samples containing ascorbic acid. It is worth noting that both cloudy apple juices from producer 1 were characterized by significantly higher antioxidant capacity compared to juices from producer 2. This is probably due to the addition of higher doses of ascorbic acid by producer 1 during the juice production process (Table 1).




3.8. Correlation Analysis between Selected Properties of Apple Juice


Some of the physical properties such as density and viscosity can be affected by other properties. Figure 8 presents the analysis of the correlation between density and solid soluble content.



A strong correlation was found between the two studied features. In the case of the whole examination (all juices), the correlation coefficient was 0.85 and in the case of cloudy juices 0.91, respectively. The correlation between the studied features is easy to explain. In the case of juices, the basic ingredients are sugars, which constitute about 90% of the dry matter content. The increase in the refractive index, which in the case of juices expresses the general sugar content (°Brix) also causes a significant increase in the density of apple juice. By calculating the coefficient of determination (R2), the variability of density in apple juices can be explained. Based on the determination coefficient, it can be concluded that the density variation is 72% and 83%, respectively, explained by the content of soluble substances, mainly sugars.



The correlations between the analyzed variables were also investigated by other authors [24,43,44,45,46]. They obtained significantly higher coefficients of determination between the studied features, but with regard to the same juice. The lower correlation coefficients obtained in this work indicate the existence of components other than sugars such as fiber (mainly pectins), organic acid and fats that affect the density, and also the greater variation in the chemical composition of the tested juices.



The content of soluble substances is an important factor that affects the rheological properties of juice, including viscosity. Figure 9 and Figure 10 present an analysis of the correlation between viscosity and solid soluble content as well between viscosity and density of apple juices tested. In both cases, low negative values of correlation coefficients were obtained. However, these values were statistically insignificant at the level of probability (p = 0.05).



The correlation between the content of soluble substances and the viscosity of juices is a well-known issue. There are equations in the literature describing the exponential effect of concentration on the apparent viscosity of fruit juices [47,48,49,50]. However, these works are based on the same juice that together with the change in concentration increases its viscosity. The increase in viscosity of juices with increasing concentration is related to the presence of simple sugars and disaccharides, which at higher concentration have much higher viscosity values.



The lack of significant correlation between total soluble content and juice viscosity indicates the presence of components other than simple sugars, which significantly affect the viscosity of the juice. The substances that significantly affect the viscosity of fruit juices include polysaccharides (pectin, cellulose, hemicelluloses, starch) and proteins. Clarification and enzymatic treatment allows reducing juice viscosity by up to 60% [51]. The cloudy juices that are not clarified are characterized by a significantly higher level of viscosity. Thus, probably the higher presence of pectin compounds, especially in juices from the Antonówka variety, contributed to the lack of correlation between the content of soluble substances and viscosity.



Figure 11 presents the correlation analysis between antiradical activity and polyphenol content in apple juices tested.



A strong positive correlation coefficient was obtained for the examined features, amounting to 0.88 for the whole sample (all juices) and 0.94 for cloudy juices, respectively. It can therefore be concluded that the antiradical activity of tested apple juices can be explained appropriately for all juices in 77% and for cloudy juices in 88% presence of polyphenols. Generally higher content of polyphenols should also result in higher antiradical activity of juices. Strong correlations between the studied features at the level of 0.939 for the skin and 0.716 for the flesh of apple, respectively, were noted by Vieira et al. [23] and by Chinnici et al. [52] during examining of peels and pulps from cv. Golden Delicious apple. On the other hand, Wolfe et al. [53] did not find any correlation between the total phenolic content and the antioxidant activity of apple tissues.



The reason for the weak correlation between antioxidant activity and total phenolic can be explained by several factors, including the presence of different active compounds in the juice, the synergistic effects of different compounds, the methods used for antioxidant reactions and experimental conditions [54].



Lu and Foo [55] showed that the DPPH-scavenging activity of polyphenols contained in apples decreased in the following order: quercetin glycosides > procyanidins >> chlorogenic acid >> phloridzin. All the polyphenols with the exception of phloridzin, demonstrated 2–3 times better DPPH-scavenging activities then vitamin C and E.



The study found a strong correlation between the phenolic acid content and the antiradical activity of apple juices. The best correlation was found for the chlorogenic acid content (r = 0.95). Total phenolic acid by HPLC correlated with antioxidant activity with similar level r = 0.94. This is in a good agreement with research of Miller and Rice-Evans [56], who stated that chlorogenic acid is important antioxidant in apple juices. In turn, in studies conducted by Schempp et al. [57] with using the ABTS test (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) revealed a secondary role in the effect of chlorogenic acid on the antioxidant activity of apple juices. The authors showed that the substance most strongly contributed to the antioxidant potential of the tested apple juices was flavan-3-ols. Thus, the system used to assess the antioxidant activity significantly influences the obtained results.



A common practice in the production of cloudy apple juice is the addition of ascorbic acid. Teleszko et al. [13] showed that a large addition of ascorbic acid resulted in the lack of the correlation between the DPPH-scavenging activities and the content of polyphenols in apple juice. The high coefficient of correlation between free radical scavenging activity and polyphenol content indicates that both manufacturers do not apply excessive amounts of vitamin C during the production of cloudy apple juice.





4. Conclusions


This study shows that the cloudy juices were of better nutritional and bioactive quality than clarified ones for both producers. The highest differences were marked in total phenolic content, antiradical activity and viscosity. The values of these properties ranged between 60.72–103.6 mg GAE 100−1·mL−1 for phenolic contents, 78.3–90.9% for antiradical activity and 2.68–5.79 mPa·s for viscosity.



Statistical analysis of the tests results showed the strong correlation between total phenolic content and antiradical activity of apple juices. The high correlation coefficient (0.88 for all tested juices and 0.94 for cloudy juices) obtained between these features indicates that both producers do not apply excessive amounts of vitamin C during the production of cloudy apple juices. There was also a high interrelation between the density of juice and solid soluble content. However, no correlation was found between the solid soluble content and the viscosity of the tested juices. This finding suggests that tested juices contained different amounts of polysaccharides (pectin, cellulose, hemicelluloses, starch) and proteins. Thus, probably, the higher presence of pectin compounds are in Antonówka variety apples, resulting in a higher viscosity of the juices produced from it.



In general, juices from producer 1 were characterized by a higher content of polyphenols and antiradical activity. The probable reason was that the manufacturer 1 used higher doses of vitamin C during the grinding of apples, which correlates well with the higher content of vitamin C given on the juice packaging.



The exploration of the physicochemical properties of juices is crucial in analyzing juice nutritional and bioactive quality which is of great importance for the sustainability of food processing processes. The study indicates that analysis of correlation coefficients between the selected physicochemical properties can be an important element in extracting additional information about apple juices. High correlation coefficients explain the variability of one feature relative to another. Lower correlation coefficients indicate the presence of additional factors (for example, chemical substances) that influence the variability of the examined feature. Therefore, lower correlation coefficients are a premise for undertaking in-depth analyses of the studied variables.
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Figure 1. Experimental chart. 
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Figure 2. The effect of juice kind on soluble solids content. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 3. The effect of juice kind on density. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 4. The effect of juice provenance on viscosity. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 5. The effect of juice provenance on pH. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 6. The effect of juice provenance on the total phenolic content. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 7. The effect of juice provenance on the antiradical activity. The bars marked with the same letter are not statistically significantly different (p < 0.05). 
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Figure 8. Correlation analysis between solid soluble content and density for: (a) all juices and (b) cloudy juices. 
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Figure 9. Correlation analysis between solid soluble content and density for: (a) all juices and (b) cloudy juices. 
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Figure 10. Correlation analysis between viscosity and density for: (a) all juices and (b) cloudy juices. 
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Figure 11. Correlation analysis between total phenolic content and antiradical activity for: (a) all juices and (b) cloudy juices. 
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Table 1. Chemical composition of juices according to the producers’ specification.
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Chemical Composition

	
Juice Type




	
M1M

	
M2M

	
M1Sz

	
M2Sz

	
M1A

	
M2A






	
Protein

	
0.0

	
<0.5

	
0.1

	
<0.5

	
0.2

	
0.1




	
Fat

	
0.0

	
<0.5

	
0.1

	
<0.5

	
0.2

	
0.1




	
Carbohydrates

(including sugars)

	
11.0

11.0

	
11.0

11.0

	
10.2

10.2

	
11.0

11.0

	
10.5

10.4

	
11.0

11.0




	
Vitamin C

	
6.5 mg

	
no data

	
40 mg

	
12 mg

	
40 mg

	
no data
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Table 2. Concentration of phenolic acid in commercial apple juices (mg 100−1·mL−1).
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Chemical Composition

	
Juice Type




	
M1M

	
M2M

	
M1Sz

	
M2Sz

	
M1A

	
M2A






	
Gallic acid

	
1.45 ± 0.21a

	
1.62 ± 0.18a

	
0.57 ± 0.05b

	
0.42 ± 0.04c

	
0.48 ± 0.04c

	
0.33 ± 0.03d




	
Chlorogenic acid

	
12.68 ± 0.54a

	
6.71 ± 0.41b

	
46.41 ± 0.83c

	
32.11 ± 0.76d

	
48.32 ± 0.91c

	
30.28 ± 0.61d




	
Caffeic acid

	
1.88 ± 0.22a

	
1.46 ± 0.19b

	
2.72 ± 0.20c

	
2.17 ± 0.22d

	
2.72 ± 0.21c

	
2.47 ± 0.21e




	
Vanillic acid

	
TA

	
TA

	
TA

	
TA

	
TA

	
TA




	
Total acids

	
16.00 ± 0.97a

	
9.79 ± 0.78b

	
49.69 ± 1.08c

	
34.69 ± 1.02d

	
51.52 ± 1.15c

	
33.07 ± 0.84d








Average values in the raw marked with the same letter are not statistically significantly different (p < 0.05). TA-trace amounts.
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