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Abstract

:

In recent years, the consumption of pastry and bakery products has grown considerably, and consumers are increasingly tempted to choose products from an organoleptic point of view. At the same time, consumers are also interested in having a healthy diet, respectively, products with special sensory properties, but with a low sucrose content. Substituting the sucrose in these products with apple puree represents an alternative to obtaining cakes with a lower sugar content and, in addition, in obtaining products with high nutritional value, with the bioactive compounds from apples having special properties on health. The purpose of this work was to analyze both the physicochemical properties, the total content of polyphenols and the antioxidant activity of the apple puree samples, as well as their variation during the storage period. The physicochemical properties analyzed were: moisture content, titratable acidity, ash content, pH, water activity, total soluble solids content and color. Regarding the content of the bioactive compounds, the total content of polyphenols and the antioxidant capacity were determined by the Folin–Ciocalteu method, respectively, the DPPH method. The results showed that apple puree is an important source of polyphenols, and these are the main factors influencing antioxidant activity. The analysis of the properties of the three products obtained from the apple will allow you to choose one of them or a combination of them in order to obtain the highest degree of sugar substitution and the highest nutritional value of the products. The degree of substitution will be correlated with technological parameters, baking temperature and time.
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1. Introduction


In recent years, a very large number of cases of obesity (over 1 billion) have been registered. Also, the number of type II diabetes cases is increasing (over 300 million). The main cause of obesity is the energy imbalance, more precisely the imbalance between the calories consumed and those burned, and the main causes of type II diabetes are: obesity and excessive consumption of sucrose [1,2,3]. Lately, the consumption of sugar has experienced a significant increase. While our ancestors relied mainly on natural sugars from fruit and honey, today sugar is an added ingredient in most processed foods [4]. In addition to the natural sugar present in foods such as grains, fruits, vegetables and milk, manufacturers add sugar to baked goods, both to enhance the sweet taste and for the multiple roles it plays (in terms of texture, flavor, color and preservation) [5]. Considering the current food trends, it is necessary to implement some preventive measures that involve both educating the population in order to choose a healthy diet, as well as constraining producers in order to reduce and substitute the amount of sugar in food products [2,6,7,8,9]. These measures represent a real challenge, both in educating the consumer who, most of the time, chooses food products according to their organoleptic properties, as well as in the production of foods with low sugar content, but which present sensory characteristics accepted by the consumer [2,6,7,8,9]. Pastry products are foods that contain large amounts of sucrose, which makes them calorie dense and prone to overconsumption. An alternative in reducing the sugar in these products could be replacing sugar with substitutes, such as: apple puree or other fruits, Stevia, inulin, date syrup or powder, oligofructose, apple pomace, Nypa fructicans syrup, grape syrup or polyols [10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25]. The apple (Malus domestica) is a widely consumed fruit throughout the world, being one of the most cultivated fruit species and being in the top five most consumed fruits [26,27]. They are preferred by consumers due to their flavor and high nutritional value, being rich in vitamins, minerals and phenolic compounds [28,29,30]. Properly stored, these can be available throughout the year both in its biological form and in the form of juices, purees, cider, frozen or dried slices [28,31,32]. The processing of apples implies the loss of 25% of their mass; thus, parts such as pulp, peel and seeds are thrown away [31,33]. Thus, the use of apple purees in the production of food products represents an alternative both to avoid waste and to improve the nutritional value of the finished products [24,25,31,34,35,36]. Apples attract the attention of the scientific community through their content in bioactive compounds, such as phenolic compounds (phenolic acids, flavonoids) [26]. The presence and concentration of phenolic compounds depends on the anatomical part of the apple, species, storage, environment, and degree of ripening. The main phenolic acids in apples are the caffeic acid and the p-coumaric acid, and the most important flavonoids are: quercetin, catechin, epicatechin [32,37]. Due to their high content of hydroxyl groups and high antioxidant capacity, phenolic compounds play a very important role in the human body, disrupting oxidation processes. By providing electrons separated from the phenol group or hydrogen atoms, polyphenols prevent the production of free radicals [29]. The high content of antioxidants in apples can prevent the occurrence of diseases caused by oxidative stress (cardiovascular diseases, asthma, diabetes, cancer) [26,27,29,38,39]. Also, apples are an important source of mineral elements, in the composition of which there are both macroelements (Na, Mg, Ca, K) and microelements (Cu, Mn, Zn, Fe) [40,41]. During the storage of apples, numerous physical, chemical and biochemical changes take place. Considering the variation in the concentration of bioactive compounds and the physicochemical properties of apples, the authors proposed to study the differences that appear between the anatomical parts of apples and those that appear in different stages of ripening/storage. In this study, three products were analyzed (raw puree, cooked puree and apple peel extract) in two stages of maturity/storage.



The three forms in which the apple can be used as a substitute were analyzed, and we will choose which is the most suitable version for industrial use. The compositions of the three variants and their stability were analyzed so that the apple puree can be used for a longer time without changing its composition, while preserving its nutritional value.




2. Materials and Methods


2.1. Chemicals and Reagents


The reagents used for the experimental determinations were: methanol (Honeywell, Steinheim, Germany), gallic acid (Sigma Aldrich, St. Louis, MO, USA), 2,2-di(4-tetr-octylphenyl)-1-picrylhydrazyl (Sigma Aldrich, Steinheim, Germany), Folin reagent–Ciocâlteu (Sigma Aldreich, Steinheim, Germany), sodium carbonate (Merck Milipore, Darmstadt, Germany), sodium hydroxide (Honeywell, Germany), glacial acetic acid (Chimreactiv, Bucharest, Romania), Trolox (6-hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid).



The equipment used was: Zhicheng ZRD-A5055 oven (Zhicheng Instrument, Shanghai, China) Shimadzu 300 UV—VIS—NIR spectrometer (Tokyo, Japan), Konica Minolta CR—400 colorimeter (Konica Minolta, Tokyo, Japan), Nabertherm L9 C6 calcination furnace (Nabertherm, Lilienthal, Germany), analytical balance Partner AS 220.RS (Radwag, Torunska, Poland), Hermle Z 216 MK centrifuge (Hermle Labortechnik, Wemingen, Germany), Hirschmann burette (Solarus, Eberstadt, Germany), Mettler Toledo pH meter (Seven Compact, Heusenstamm, Germany), tabletop Abbe refractometer, AquaLab 4TE water activity meter (Meter Group, Pullman WA, USA), the Mark 10 texturometer (Mark 10 ESM301 Corporation, Copiague, NY, USA)).




2.2. Raw Materials


The Champion apple cultivars were used to obtain the purees and peel extract. The apples were purchased from a local producer in Fălticeni, Suceava, Romania. Three types of products were analyzed: raw mash, cooked mash and peel extract. The samples were analyzed in different stages of apple ripening: stage I (January), stage II (February).




2.3. Sample Preparation


To obtain the raw apple puree, the apples were washed, peeled and then blended for 5 min at maximum speed. To obtain the cooked puree, proceed as in the case of the raw puree, followed by the evaporation of the water. The sample was boiled at 100 degrees Celsius until the mass was reduced by half.



The peel extract was obtained by boiling the peels in 100 mL of water and evaporating it to 50 mL. Figure 1 shows the scheme for obtaining the raw, cooked mash and the peel extract.




2.4. Determination Methods of Physicochemical Characteristics


2.4.1. Moisture Content


Moisture content determination was performed according to AOAC Official Method 934.06. This procedure involves drying 5 g of sample at 103 ± 2 °C until a constant mass is obtained [28,42,43,44,45]. Three determinations were performed for each sample.




2.4.2. Ash Content


The ash content was determined by calcining the sample at 550–600 °C in the calcination furnace until a constant mass was obtained [28,42,43,44,45].




2.4.3. Titratable Acidity


The titratable acidity was determined by titrating with NaOH 0.1 N the sample obtained from 5 g of sample and 50 mL of water. The titration was carried out until pH = 8.1, and ml NaOH 0.1 N were converted into g malic acid equivalent (MAE)/kg [27,41,43,46,47,48,49,50,51,52].




2.4.4. pH


The pH was determined at room temperature using a Mettler Toledo pH meter (Seven Compact, Heusenstamm, Germany) [41]. Three measurements were performed for each of the three products in triplicate.




2.4.5. Total Soluble Solids Content


To determine the content of total soluble substances in the samples, measurements were carried out by placing a few drops of the sample on a tabletop Abbe refractometer. Three measurements were performed for each sample, and the results were expressed in °Brix/g/100 g [27,39].




2.4.6. Water Activity


The water activity measurements for the samples were obtained using an Aqua Lab 4TE water activity meter from Meter Group, located in Pullman, Washington, DC, USA. These measurements were performed in triplicate.




2.4.7. Total Polyphenol Content (TPC)


The total content of polyphenols was determined by the Folin–Ciocalteu method [53]. The extract for determining the total content of polyphenols was obtained by mixing 1 g of the sample with 10 mL of acidified methanol in a volumetric flask. After one hour, the extract was filtered, and 0.2 mL of the extract was introduced into a volumetric flask, over which 1.8 mL of deionized water, Folin–Ciocalteu reagents (10 mL of 1:10 reagent) and sodium carbonate were added (8 mL of 7.5% concentration). The color formation time was 2 h. The analyses were performed in triplicate for each product, at λ = 765 nm, using the Shimadzu 300 UV—VIS—NIR spectrophotometer (Tokyo, Japan), and the results were expressed in mg gallic acid equivalent (GAE)/kg fresh mass (FM), using its calibration curve [28,30,43].




2.4.8. Antioxidant Activity


The determination of the antioxidant activity was carried out according to the method described by Mateescu et al. (2022) and Thaipong et al. (2006) [43,54]. The sample was left to extract in methanol for 24 h at −20 °C. Then, the mixture obtained from 150 μL of extract and 2850 μL of 2,2-di(4-tetr-octylphenyl)-1-picrylhydrazyl (DPPH) solution was left for one hour in the dark. Each sample was analyzed in triplicate at λ = 515 nm using the Shimadzu 300 UV—VIS—NIR spectrophotometer (Tokyo, Japan), and the results were expressed in μM Trolox/g fresh mass, using its calibration curve [43,54]. One of the most used methods for evaluating the antioxidant capacity is represented by the capture of free radicals [42]. Percent radical scavenging activity of methanolic extracts was determined according to the method described by Sethi (2020) [30,55]. Thus, for the mixture consisting of 0.1 mL of extract and DPPH (3.9 mL), the absorbance was measured at λ = 515 nm using the Shimadzu 300 UV—VIS—NIR spectrophotometer (Tokyo, Japan). The radical scavenging percentage was calculated by the formula [30,51,55,56,57]:


   P e r c e n t   i n h i b i t i o n   =   A   c o n t r o l − A   s a m p l e   A   c o n t r o l   × 100   



(1)








2.4.9. Color


The color of the samples was determined with a Konica Minolta CM 700 Chromameter (Konica Minolta, Tokyo, Japan) by the CIEL lab method. Three measurements were taken for each sample of the following parameters: L*, a*, b*: L* (brightness) represents how dark the sample is, ranging from 0 (black) to 100 (white); a* represents the color variation from green (−) to red (+); b* represents the color variation from blue (−) to yellow (+).




2.4.10. Antimicrobial Analysis


Compact dry-type plates with lyophilized culture media were used for the microbiological analysis of the three samples. The samples were prepared by dilutions of 1:10 with saline solution, and 1 g of the prepared samples was added to the culture medium. The purees and peel extract were tested for Salmonella, Clostridium botulinum, Enterococcus, yeasts, molds, total germ count, Bacillus cereus, Escherichia coli and coliforms. The plates were kept for different times at different temperatures depending on the species, as follows: Salmonella—24 h at 42 °C [58], Clostridium botulinum—48 h at 37 °C, Enterococcus, Escherichia coli and coliforms, Bacillus cereus and the total number of germs—48 h at 35 °C [59], yeasts and molds—3 days at 30 °C [60].




2.4.11. Mineral Content


The mineral content of apple purees and apple peel extract was determined according to the method described by Laura Agripina Scripcă (2021), using ICP-MS [41,61,62].




2.4.12. Statistical Analysis


The experiments were performed in triplicate. Mean values and standard deviations for all investigated parameters were calculated using statistical software SPSS 25.0 (trial version) from IBM, New York, NY, USA. Data differences were assessed through analysis of variance (ANOVA) followed by Tukey’s HSD test. Additionally, Origin Pro 2019b 9.6.5.169 (Student Version) Copyright© 1991–2019 Origin Lab Corporation, Northampton, MA, USA, was employed for analysis. Values followed by different superscript letters (a, b, c) are statistically different at 95% confidence level.






3. Results


3.1. Moisture Content


The high water absorption capacity of starch in apple varieties is responsible for their increased moisture content, this being associated with weak molecular attraction forces between starch granules [43,63]. The sample with the highest moisture content is represented by the peel extract (89.76% ± 0.049%), this being obtained by boiling the peels in water. The raw mash had a higher moisture content (86.73% ± 1.10%) than the boiled one (77.09% ± 2.48%) because, by boiling the mash, the water in its composition evaporates (Figure 2). Also, a decrease in moisture content was observed with the increase in the degree of ripening of the apples.




3.2. Ash Content


The percentage of ash in apples varies depending on the degree of ripening and the anatomical part of the apple. Thus, with the increase in the degree of ripening of the apples, they lost part of their water content, which led to an increase in the percentage of ash. In addition, the ash content also varied depending on the anatomical part of the apple; thus, a significantly (p < 0.05) higher content was determined in the apple peel compared to the apple purees, approximately double compared to the raw puree: 2.18% ± 0.01% and 1.05% ± 0.01% (Figure 3). A higher percentage of ash (1.05% ± 0.01%) was determined in the boiled apple puree because, by boiling, part of the contained water was evaporated (Figure 3).




3.3. Titrable Acidity


Previous studies have shown that, during fruit storage, the content of organic acids increases. In this study, we obtained similar results, so that, during the storage period, the content of organic acids increased for each of the three samples as follows: in the case of the raw mash, it increased from 2.98 g MAE/kg to 5.49 g MAE/kg; for the cooked puree, it increased from 2.49 g MAE/kg to 5.3 g MAE/kg; and in the case of the bark extract, it varied from 0.92 g MAE/kg to 2.57 g MAE/kg (Figure 4).




3.4. Total Soluble Solids Content


In the case of raw and cooked mash, the total content of soluble solids did not show significant differences during the storage period and varied from 12.06 °Brix to 12.8 °Brix in the case of raw mash, respectively from 18.56 °Brix to 18.66 °Brix for cooked mash (p < 0.05). In the case of the apple peel extract, the total content of soluble solids increased by a percentage of 64.35% (Table 1).




3.5. Water Activity and pH


Regarding the water activity, significant differences were not found (p > 0.05) (Table 1). Similar results were obtained by Balestra et al. (2011) [61]. The pH of the samples had an insignificant increase during the storage period of the apples. Increases in pH from 2.05% to 9.98% were obtained (Table 1); similar results were obtained by Yu et al. (2019), Rinaldi et al. (2021), Nistor et al. (2015) and Balestra et al. (2011) [32,41,61,64].




3.6. Total Phenolic Content


The variations in the total content of polyphenols during the storage period of the samples are presented in Figure 5. The total content of polyphenols of the analyzed samples varied from 600.66 mg GAE/kg to 972.33 mg GAE/kg (Figure 5). The highest content of polyphenols was determined in the peel extract (972.33 mg GAE/kg); similar results were also obtained by Loncaric et al. (2014) [27]. Also, in the case of the peel extract, there was determined an increase in the total polyphenol content during the storage period. In the case of the raw mash, respectively the cooked mash, a decrease in the content of polyphenols was determined during the storage period. In the cooked mash, a higher content of polyphenols was obtained by up to 51% compared to the raw mash, this fact being due to the change in the concentration of the sample during the heat treatment, with similar results being obtained by Park et al. (2015) and Kampuse et al. (2019) [43,48,62]. The significant decrease in the total content of polyphenols in the cooked puree, compared to that of the raw puree, is due to the catalysis of the oxidation of phenolic compounds by polyphenoloxidase.




3.7. Antioxidant Capacity


The antioxidant activity was determined by the DPPH method and varied between 0.77 μM of TE/g FM for the raw mash and 1.24 μM of TE/g FM for the cooked mash (Figure 6). This difference may be due to the thermal process to which the boiled puree was subjected, a process that led to a change in the concentration of the sample. During the storage period, a decrease in the antioxidant activity was recorded for all 3 samples (Figure 6). The main factors influencing antioxidant activity are phenolic compounds [29]. Based on the results obtained, it can be concluded that there is a correlation between the total content of polyphenols and the antioxidant activity, a conclusion also reached by Loncaric (2014), Park et al. (2015) and Kampuse et al. (2019) [27,48,62]. In the case of purees, with the decrease in the total content of polyphenols, the antioxidant activity also decreased; similar results were obtained by Loncaric et al. (2014) [27].



The peel extract had the highest antioxidant capacity of 94.01% inhibited DPPH, compared to the raw puree, which had the lowest antioxidant capacity of 63.93% inhibited DPPH. Based on the results obtained, a positive influence of the thermal treatment on the antioxidant activity of the samples can be observed, in the case of the puree not thermally treated, but a very large decrease in the antioxidant activity and percent radical scavenging activity can be observed (Figure 7). Mateescu (2022) also obtained increases in the antioxidant activity after heat treatment of the samples [43].




3.8. Color


The higher L* value of the raw mash compared to the cooked mash indicates that it is more susceptible to enzymatic browning than the thermally treated mash (Table 2) [63]. It can also be stated that thermal treatment leads to a decrease in the L* value, with similar results being obtained by Rinaldi (2021) [32].



The obtained results agree with Rinaldi et al. [32], the decrease in the value of L* in the case of cooked puree due to caramelization, Maillard condensation, and the destruction of pigments due to the high temperatures used.



Obtaining negative values for a* and positive values for b* indicates that the samples have the color represented by shades of green and yellow. The lowest value of a* was obtained for the peel extract, respectively 0.78, and the tendency towards a positive value may be due to the red color of the peel.




3.9. Antimicrobial Analysis


Microbial contamination is indeed a major concern in the food industry and can significantly contribute to food spoilage and unacceptability. Microorganisms such as bacteria, molds and yeasts can affect food quality, taste, texture and pose health risks to consumers.



According to the obtained results, the samples presented a high microbiological stability. Regarding the apple peel extract, it showed the highest microbiological stability (Table 3); no species of microorganisms developed on the culture media due to the antimicrobial character of the antioxidants in the apple peel [49,50,51,52]. Regarding the microbiological stability of the cooked mash, it falls within the limit set by the Food Safety and Standard Regulations (FSSAI), European regulations and the Food and Drug Administration (FDA). The obtained results showed that the raw puree can be used 24 h after obtaining it.




3.10. Mineral Content


Regarding the content of Ca and Mg in the cooked puree, similar data were obtained as those by Nistor et al. (2015), as well as in the case of the copper content in the raw apple puree [41]. The content of sodium, iron, zinc and manganese was lower than those obtained by Nistor et al. (2015) [41].



The highest mineral content was determined in apple peel extract, with the concentrations of microelements being significantly higher than the concentrations of macroelements in apple purees (p < 0.05) (Table 4).



The element with the highest concentration in apple peel extract was sodium, followed by Mg, Ca, K. In raw and cooked puree, sodium was found in significantly lower concentrations than apple peel extract (p < 0.05).



In the case of raw puree, the highest concentration was in Mg, followed by Ca, K, and in the case of cooked puree, the concentration in Ca was highest, followed by K, and the concentration in Mg was significantly higher than in raw puree (p < 0.05).



In all samples, concentrations of microelements (Fe, Cu, Mn, Zn) were significantly lower (p < 0.05).





4. Conclusions


The results of this research confirmed the variation over time in the physicochemical properties of apple puree and apple peel extract. Thus, the total content of soluble solids, the ash content, the pH and the titratable acidity increased during the storage period. Instead, the total content of polyphenols and the antioxidant activity of the samples decreased during the storage period, with the exception of the polyphenol content of the peel extract. This fact leads to the confirmation of the existence of the link between the total content of polyphenols and the antioxidant activity, polyphenols being a factor influencing the antioxidant activity. Also, the results confirmed the variation in the physicochemical properties, polyphenol content and antioxidant activity depending on the anatomical part of the apple from which the samples were obtained. In addition, the results demonstrated an increase in polyphenol content and antioxidant activity in the case of thermally treated samples.



Knowing the physicochemical properties of apple purees allows the appropriate choice of technological parameters for obtaining pastry products in which they will totally or partially replace sugar. The three products obtained from apples can be used separately or in combination depending on the textural and organoleptic characteristics of the finished products. The microbiological analyses carried out allow for establishing the time interval within which the three products can be used safely. The use of puree and apple peel extract to replace sucrose in pastry and bakery products represents an alternative in obtaining healthier products both by reducing the energy value of the products obtained and by increasing the nutritional value due to the high content of polyphenols and mineral elements.



The proportions in which sugar can be replaced with apple puree will be followed, to what extent the liquid phase can be partially or totally formed from the apple peel extract, technological parameters (temperature and baking time), so that the resulting product is comparable to the samples of control in terms of texture, color, aroma and taste, and more valuable from a nutritional point of view.
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Figure 1. Scheme for obtaining raw, cooked puree and peel extract. 
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Figure 2. Moisture content. Values followed by different superscript letters (a,b) are statistically different at 95% confidence level. 
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Figure 3. Ash content. Values followed by different superscript letters (a,b,c) are statistically different at 95% confidence level. 
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Figure 4. Titratable acidity. Values followed by different superscript letters (a,b,c) are statistically different at 95% confidence level. 
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Figure 5. Total polyphenol content. Values followed by different superscript letters (a,b,c) are statistically different at 95% confidence level. 
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Figure 6. Antioxidant capacity. Values followed by different superscript letters (a,b,c) are statistically different at 95% confidence level. 
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Figure 7. Percent radical scavenging activity. Values followed by different superscript letters (a,b,c) are statistically different at 95% confidence level. 
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Table 1. Total soluble solids, water activity and pH.






Table 1. Total soluble solids, water activity and pH.





	
Sample

	
Total Soluble Solids Content (°Brix)

	
Water Activity

	
pH




	
0 Month

	
1 Month

	
0 Month

	
1 Month

	
0 Month

	
1 Month






	
Raw puree

	
12.06 ± 0.04 b

	
12.8 ± 0.08 c

	
0.99 ± 0.0 b

	
0.99 ± 0.0 a

	
3.89 ± 0.02 b

	
3.97 ± 0.0 a




	
Cooked puree

	
18.56 ± 0.09 a

	
18.66 ± 0.04 a

	
0.98 ± 0.0 c

	
0.98 ± 0.0 b

	
3.72 ± 0.0 c

	
3.85 ± 0.01 a




	
Apple peel extract

	
9.46 ± 0.09 c

	
14.7 ± 0.0 b

	
0.99 ± 0.0 a

	
0.99 ± 0.0 a

	
5.01 ± 0.1 a

	
5.51 ± 0.01 a








Values followed by different superscript letters (a, b, c) are statistically different at 95% confidence level.













 





Table 2. Color parameters.
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Sample

	
L*

	
a*

	
b*




	
0 Month

	
1 Month

	
0 Month

	
1 Month

	
0 Month

	
1 Month






	
Raw puree

	
46.96 ± 0.01 a

	
44.11 ± 1.1 b

	
−6.01 ± 0.04 b

	
−5.05 ± 0.05 b

	
20.33 ± 0.1 a

	
20.69 ± 0.01 b




	
Cooked puree

	
44.16 ± 0.2 b

	
46.47 ± 0.9 a

	
−6.55 ± 0.02 a

	
−7.34 ± 0.03 c

	
14.89 ± 0.02 b

	
21.41 ± 0.01 a




	
Apple peel extract

	
32.05 ± 0.02 c

	
37.61 ± 0.1 c

	
−0.78 ± 0.0 a

	
3.28 ± 0.0 a

	
4.86 ± 0.0 c

	
9.65 ± 0.01 c








L* (brightness) represents how dark the sample is, ranging from 0 (black) to 100 (white); a* represents the color variation from green (−) to red (+); b* represents the color variation from blue (−) to yellow (+); Values followed by different superscript letters (a, b, c) are statistically different at 95% confidence level.













 





Table 3. Microbial analysis of apple purees and apple peel extract.
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	Microorganism
	Raw Puree

cfu
	Cooked Puree

cfu
	Apple Peel Extract

cfu
	Limits

cfu





	Salmonella
	Absent
	Absent
	Absent
	Absent 1



	Costridium botulinum
	1
	Absent
	Absent
	Absent 1



	Enterococcus
	60
	8
	Absent
	<150 cfu 3



	Yeast and mold
	18
	Absent
	Absent
	<100 cfu 1,2



	Total count
	Absent
	Absent
	Absent
	<50 cfu 1



	Bacillus cereus
	53
	19
	Absent
	102–103 cfu 4



	Escherichia coli
	Absent
	Absent
	Absent
	Absent 1



	Coliforms
	Absent
	Absent
	Absent
	<10 cfu 1

<50 cfu 2







1 microbiological limit for fruit according to food safety and standard regulations (FSSAI); 2 microbiological limits for fruit according to FDA circular No. 2013-010 (revised guidelines for the assessment of microbiological quality of processed food); 3 microbiological limits for vegetables found by Julien et al. (2017) [65]; 4 microbiological limits found by Yu et al. (2019) [64].













 





Table 4. Concentration values of mineral elements in apples puree and apple peel extract samples (mg/kg).
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	Sample
	Na
	Mg
	Ca
	K
	Cu
	Mn
	Zn
	Fe





	Raw puree
	0.18 ± 0.00 b
	63.00 ± 0.8 b
	62.67 ± 1.62 b
	48.00 ± 2.12 b
	0.19 ± 0.00 ab
	0.11 ± 0.00 ab
	0.06 ± 0.00 a
	0.03 ± 0.00 a



	Cooked puree
	0.61 ± 0.00 b
	0.17 ± 0.00 c
	48.67 ± 0.40 c
	41.67 ± 0.41 c
	0.02 ± 0.00 b
	0.07 ± 0.00 b
	0.02 ± 0.00 b
	0.01 ± 0.00 b



	Apple peel

extract
	563.33 ± 20.5 a
	273.33 ± 9.4 a
	72.67 ± 0.16 a
	64.33 ± 1.6 a
	0.42 ± 0.11 a
	0.15 ± 0.00 a
	0.07 ± 0.00 a
	0.03 ± 0.00 a







Values followed by different superscript letters (a, b, c) are statistically different at 95% confidence level.
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