

  processes-08-01294




processes-08-01294







Processes 2020, 8(10), 1294; doi:10.3390/pr8101294




Article



Evaluation of Color, Texture, Sensory and Antioxidant Properties of Gels Composed of Freeze-Dried Maqui Berries and Agave Sugar



Patryk Sobaszek 1, Renata Różyło 1,*[image: Orcid], Laura Dziki 2, Urszula Gawlik-Dziki 2[image: Orcid], Beata Biernacka 3[image: Orcid] and Marian Panasiewicz 1[image: Orcid]





1



Department of Food Engineering and Machines, University of Life Sciences in Lublin, 28 Głęboka Str., 20-612 Lublin, Poland






2



Department of Biochemistry and Food Chemistry, University of Life Sciences in Lublin,8 Skromna Str., 20-704 Lublin, Poland






3



Department of Thermal Technology and Food Process Engineering, University of Life Sciences in Lublin, 31 Głęboka Str., 20-704 Lublin, Poland









*



Correspondence: renata.rozylo@up.lublin.pl







Received: 18 September 2020 / Accepted: 12 October 2020 / Published: 16 October 2020



Abstract

:

The study aimed to determine the textural, sensory, and antioxidant properties of gels composed of maqui (Aristotelia chilensis) berries. These freeze-dried berries were tested in a powdered form as an additive (0–5%) to agave sugar (20%) gels. Freeze-dried maqui powdered berries were dark purple to almost black in color and were characterized by an L* value of 16.3, an a* value of 8.3, and a b* value of −9.6. The b* values decreased from 11.8 to 2.3 with the increase in the amount of berry powder. There were no significant changes in the color of gels composed of berries at 4% and 5% concentration. Gels lost (almost twice) their hardness as the amount of maqui increased. The lowest values of hardness and the highest values of elasticity, springiness, gumminess, and chewiness were observed at 4% concentration of dried berries. The type of sugar did not affect the lightness of the gels (L* parameter) and the a* value. The assessors evaluated the gels composed of agave sugar (20%) and 4% maqui and 0.5% citric acid to be the best. Phenolic content and antioxidant activity were significantly higher in these gels compared to the control gels. After obtaining this low sugar gels, consumers could enrich their diets with healthier products.
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1. Introduction


In recent years, the awareness of maintaining a healthy lifestyle has greatly increased. As a result, consumers are paying more attention to the products they reach for, as additives used in food production have a detrimental effect on human health. Food producers are required to meet the demands of consumers to enable them to follow a healthy lifestyle [1,2]. Natural additives are preferred over synthetic ones as they not only have a positive effect on the properties of the product but can also have health-promoting effects [3].



Over the past 10 years, there is a significant increase in interest in berries and their potential health benefits. In particular, their phenolic components and expected health benefits have been recently studied in detail [4]. Maqui berries (Aristotelia chilensis) grow on evergreen shrubs or tree blooms in temperate forests from central to southern Chile, as well as western Argentina, where it was considered a weed by the local population [5]. The plant produces small edible purple-black berries measuring about 5 mm in diameter with one to six seeds. These berries are highly rich in anthocyanins, which provide intense blackish color and a high antioxidant content [6]. The small edible maqui purple and black berries and their leaves were used in Chilean medicine as an anti-hemorrhagic, anti-inflammatory, and antipyretic substance, as well as in treating heart disease and migraine. Chemical analysis suggests that maqui exhibits an anti-atherosclerotic effects [7]. Consumption of maqui was shown to provide health benefits, including anti-diabetic and anti-inflammatory effects, and linked with the treatment of Alzheimer’s disease [6,8,9,10]. Consequently, the interest in maqui as a food dietary supplement to products has apparently increased. Although the A. chilensis berries are not still well known to people, owing to their very high concentration of antioxidants, these berries have hailed as a new superfruit [11]. Significant advantage of these berries is their high content of dolphinidine belonging to the group of anthocyanidins, which are known for their anti-inflammatory properties [12,13].



Anthocyanins that have been identified in maquiare delphinidin 3-O-sambubioside-5-O-glucoside; delphinidin 3,5-O-diglucoside; cyanidin 3-O-sambubioside-5-O-glucoside; cyaniding 3,5-O-diglucoside; delphinidin 3-O-sambubioside; delphinidin 3-O-glucoside; cyaniding 3-O-glucoside, and cyanidin 3-O-sambubioside [14]. In addition, the main phenolic compounds that have been identified in these fruits are gallicacid, hexahydroxydiphenic acid, granatine B, punicacortein C, flavonols (myricetin, quercetin, kaempferol, and its derivatives) [15].



Nowadays, maqui berry extracts are available in the form of powder, liquid, or tablets. Tablets are a convenient form for everyday consumption, while powdered extracts can be used to make juices. Maqui fruit is slightly sour and refreshing; therefore, it is increasingly used in the production of sweets, jams, and drinks. It is also used by Araucanian people in the production of alcoholic beverages, such as liqueur or chicha, which are known as Tecu [16]. Due to the presence of anthocyanin pigments, the natural coloring properties of maqui fruit are also an advantage. In the Asyén region in Chile, an anthocyanin-rich natural dye has been obtained from purified maqui fruit, which is used in juices and drinks as well as in food, contributing to large export of these berries [7].



Owing to the aforementioned advantages of maqui berries, gels with maqui berries have been proposed. No articles about maqui gels have been found in the literature. For this reason, the maqui gels can be considered as innovation and have been considered the object of study of this work. Instead of beet sugar, agave sugar was added to those gels. Agave syrup obtained from the core of the plant has been used as a sweetener and a replacement for sugar or honey [17]. Agave belongs to the Agavaceae family, which includes over 300 species. It can store a large amount of juice due to the rapid uptake of available water from the ground and low losses of water during drought [18,19,20]. It also contains simple sugars and complex mixtures of fructo-oligosaccharides. Agave syrup tastes like corn syrup, and because it is unrefined, it contains other beneficial nutrients [21]. Agave fructans are used as sugar and fat for ice cream with reduced content of milk fat [22].



Due to the lack of research on the properties of gels composed of maqui berries with the addition of agave sugar, this work aimed to determine the textural, sensory, and antioxidant properties of these innovative gels.




2. Materials and Methods


2.1. Chemicals


Ferrozine (3-(2-pyridyl)-5, 6–bis-(4–phenyl-sulfonic acid)-1,2,4-triazine), ABTS (2,2′–azino–bis (3–ethylbenzthiazoline–6-sulphonic acid)), DPPH (1,1–diphenyl–2-picrylhydrazyl), Folin–Ciocalteau reagent, gallic acid and ammonium thiocyanate were purchased from Sigma-Aldrich company (Poznan, Poland). All others chemicals were of analytical grade.




2.2. Materials


Freeze-dried maqui berries (A. chilensis) (KenayAG, Kalisz, Poland) were sourced from Chile. According to the manufacturer’s declaration, 100 g of the product contained 14.8 g of protein, 7.9 g of fat, and 70.3 g of carbohydrates, including 3.0 g of sugar and 36.4 g of fiber. The other ingredients were 9.1 mg of sodium, 24.2 mg of iron, 103.7 mg of calcium, 0.175 mg of vitamin A, and 8.6 mg of vitamin C. Agave sugar (Intenson, Karczew, Poland), according to the manufacturer, contained 95% of organic sugar from agave and 5% maltodextrin and was characterized by a low glycemic index. Beet sugar (Polish sugar, KSC, Toruń, Poland) contained 100% of white sugar. Agar agar–natural gelling agent was sourced from Spain (Tar-Groch, Filipowice, Poland).




2.3. Gel Formation


In the first step of gel production, the amount of agar (gelling agent) to be added was determined by testing different levels: 0.5%, 1%, 1.5%, and 2%. This testing was done on pure aqueous (80%) solutions with agave sugar (20%). So far, the addition of sugar in gels has been studied up to 60% [23], however, due to the tendency to reduce the sugar content to 20% (Sugar Reduction Program: Achieving the 20%, 2017 [24]), such an additive was proposed in these studies. After boiling (100 °C) the agave sugar solution, agar was added, and the mixture was boiled for another 10 s. Then, the solution was cooled to 50 °C, after which freeze-dried berries were added. Maqui berries in powder form were added in the amounts of 0%, 1%, 2%, 3%, 4%, and 5%.Gels composed of the optimal amount of berries (4%) and agave sugar (20%) were compared with gels composed of the same amount of berries (4%) and beet sugar (20%) and those composed of 0.5% citric acid. Citric acid is very often used in food recipes as acidity regulator. The optimal amount of citric acid to be added was determined in preliminary studies conducted in the range from 0% to 1.5%. Only 0.5% of citric acid yielded satisfactory results, whereas 1% citric acid caused gel disintegration. The mixtures thus prepared were poured into silicone molds (12 cm × 4 cm × 1.5 cm) to a height of 1 cm, where the samples were gelled at 21 °C. The gels were made in triplicate and tested 1 h after gelling.




2.4. Color Analysis of Freeze-Dried Maqui Berries and Gels Obtained


To examine the color of maqui fruit powder, a precise colorimeter WF30 (4Wave, Tychy, Poland) was used, which works in tandem with the CIE L* a* b* and CIE LCH systems to determine the color of the raw materials tested [25,26]. The colorimeter was accompanied by a glass jar with a level marked 20 mL into which the powder was added. Parameter L* on the colorimeter indicated the lightness of the color in the range from 0 to 100. Parameter a* displayed the negative (green) or positive (red) values in the range from −150 to +100. The value of b* was also shown as either negative (blue) or positive (yellow) in the range from −100 to +150.The parameter C* is defined as chroma and determines the color saturation which means the chromatic strength of an object color. The h° parameter determines the tone of the color. These measurements were carried out with a probe applied directly to the surface of the gels. L*, a*, b*, C*, and h° parameters were also determined for maqui berry powder. Based on three measurements, mean values and standard deviations were determined.




2.5. Examination of the Gel Texture


The texture assessment was based on the texture profile analysis (TPA) test [27], which involves compressing the gel samples to half their size (height 1 cm, diameter 1.5 cm). The TPA test was performed with a head equipped with a plug probe (diameter 30 mm) of the Zwick Z020/TN2 (Zwick Roell, Ulm, Germany) machine moving at a speed of 1 mm·s−1, with compression up to 25% of the sample height. Based on these measurements, charts displaying force values and displacement of the capital, were obtained, which were used for determining the gel hardness, elasticity, cohesiveness, springiness, and chewiness. Hardness (N) was expressed by the maximum force on the first peak. On the other hand, elasticity (mm) was expressed by the width of the second peak. Springiness was determined as the ratio of the width of the second and the first measurement. Cohesiveness was expressed by the quotient of the surface area under the first peak A1 and under the second peak A2. To calculate the gumminess (N), the values of hardness and cohesiveness were multiplied, and to obtain chewiness (N), the gumminess and springiness were multiplied. All the measurements were made ten times for each of the tests.




2.6. Evaluation of pH Value of Gels


The pH value was measured before the gelation process ended with the aid of a Testo 206-ph2 (Testo, Pruszków, Poland) pH meter, which includes a temperature sensor enabling the simultaneous measurement of pH and temperature. Before starting the measurements, the pH meter was calibrated at two measuring points using buffer solutions.




2.7. Organoleptic Gel Evaluation


The organoleptic examination of the gels (height 1 cm, diameter 1.5 cm) was carried out by 68 trained assessors on a 9-point hedonic scale, where 1 represented “dislike extremely,” 5 indicated neither like nor dislike, and 9 represented “like extremely” [28]. After testing each gel, the assessors rinsed their mouths with water and then recorded the points.




2.8. Total Phenolic Content


The total phenolic content (TPC) was determined by performing solvent extraction of the raw material (freeze-dried maqui powder) and fresh gel samples. One gram of sample was extracted twice with a 5 mL mixture of methanol and water (1:1, v/v, 30 min), and centrifuged at 10,000 rpm for 15 min. Extraction procedure was repeated twice, the supernatants were combined [29,30]. Following this, the extracts were stored in darkness at −20 °C. TPC was determined with the Folin–Ciocalteu method [31]. For this purpose, the extract sample (0.1 mL) was mixed with distilled water (0.1 mL) and Folin’s reagent (0.4 mL) (1:5 H2O), to which 10% Na2CO3 (2 mL) was added. TPC was expressed in milligrams as gallic acid equivalents (GAE) after measuring the absorbance of the mixtures on a spectrophotometer (720 nm). The solution was mixed thoroughly, and then held in darkness for 30 min at ambient temperature. After incubation, the absorbance at 725 nm was measured. Total phenolic content was calculated as mg of gallic acid equivalents/g dry weight (mg GAE/g DW), using a gallic acid calibration curve (range, 0–500 µg/mL, using curve equation y = 0.0034·x + 0.0038, R2 = 0.9947).




2.9. Antioxidant Activity


2.9.1. Ability to Quench ABTS Radicals


The ABTS radical scavenging activity was determined according to [32], with some modifications. The ability of samples to quench the ABTS free radical was assessed according to the following equation:


scavenging % = [(AC − AA)/AC)] × 100,



(1)




where AC is the absorbance of the control and AA is the absorbance of the sample.



The half-maximal inhibitory concentration EC50 value was determined by interpolation of the dose–response curves. The EC50 values were calculated at fitted models as the concentration of the tested compound gave 50% of the maximum inhibition based on a dose-dependent mode of action. A lower EC50 value indicated a higher antioxidant activity.




2.9.2. Ability to Quench DPPH Radicals


Antiradical activity against DPPH• was determined using the method proposed by Brand-Williams, Cuvelier, and Berset [33]. The ability of samples to quench the DPPH free radical was assessed according to the following equation:


scavenging % = [(AC − AA)/AC)] × 100,



(2)




where AC is the absorbance of the control and AA is the absorbance of the sample.



The half-maximal inhibitory concentration EC50 value was determined by interpolation of the dose–response curves. The EC50 values were calculated at fitted models as the concentration of the tested compound gave 50% of the maximum inhibition based on a dose-dependent mode of action. A lower EC50 value indicated a higher antioxidant activity.




2.9.3. Ferric Reducing Power (FRAP)


Reducing power was determined according to [34]. A total of 500 μL of 200 mM phosphate buffered saline extract and 500 μL of a 1% solution of potassium ferri-cyanide were added to 500 µL of the extract. The prepared mixture was insulated at 50 °C for 20 min. Then, 500 μL of 10% trichloroacetic acid (TCA) was added and the mixture was rested for few minutes. Following this, 1 mL of that mixture was taken and mixed with1 mL of deionized water and 0.2 mLof1% iron (II) chloride. Absorbance was measured at 725 nm. Reducing power determined as EC50 was the effective concentration at which the absorbance was 0.5 for reducing power and was obtained by interpolation from linear regression analysis.




2.9.4. Metal Chelating Activity (CHEL)


Chelating power was determined by the method of [35]. The chelating potential was assessed according to the formula:


% inhibition = [1 − (As/Ac)] × 100,



(3)




where Ac is the absorbance of the control and As is the absorbance of the sample.



Antioxidant activity was determined as EC50—extract concentration providing 50% of activity was based on a dose-dependent mode of action. A lower EC50 value indicated a higher antioxidant activity.





2.10. Statistical Analysis


Statistical analysis was performed at a significance level of α = 0.05 using statistical software (Statistica 6 PL, Statsoft Polska, Cracow, Poland, 2001). The data were analyzed using the analysis of variance, and the means were compared using Tukey’s range test.





3. Results and Discussion


3.1. Color Values of Freeze-Dried Maqui Berries and Gels Obtained


Freeze-dried maqui berries were characterized by an L* value of 16.33, an a* value of 8.28, a b* value of −9.57, a C* value of 12.65, and a h° value of 49.14 (Table 1). Apparently, the berries had a dark purple-red color.



Freeze-dried powders of maqui berries obtained by Casati et al. [36] were also characterized by a dark color. In other studies [37,38], maqui powders obtained from extract with spray drying exhibited a vivid purple color and were therefore much lighter than those obtained from whole berries using freeze-drying.



The purple-red color is often attributable to the high anthocyanin content, which has been proven in many studies on maqui berries [38,39,40].



In the first stage of the study, pure gels were tested to determine the optimal amount of agar added. No significant differences were observed for the color parameters (Table 1). The brightness value, L *, shows the darkest black at L* = 0 and the brightest white at L* = 100. The a* and b* values represent true neutral gray values at a* = 0 and b* = 0. The a* parameter ranges from −150 to +100. Negative values of this parameter show the share of green, and positive values—red. Whereas the b* parameter ranges from −100 to +150, and negative values show the strength of blue and positive values of yellow. When a variable amount of freeze-dried maqui berries was added, significant changes were observed with 1% addition, as well as with subsequent addition of berries. Gels with 1% and 2% maqui powder had a low color saturation value (C*). With the 3% addition, the saturation was similar to that of the 4 and 5%. The color tone (h°) did not differ for the samples with 4% and 5% maqui powder. There were no significant changes in the color of gels composed of 4% and 5% concentrations of maqui berries. The value of the a* index was the lowest in the control gel, which gradually increased with the amount of freeze-dried berry powder and was nearly five times higher with 4% berry concentration. Each of the measured values was above 0, which indicated the red content. The main thing was to maximize the variable a* because this indicates how red the sample is and it usually relates to anhocyanins content. The red content in gels is due to the color of the fruit, which often changes from red to purple-red during ripening. As noted earlier, the freeze-dried powders exhibited a dark purple-red color [39]. In addition, maqui berries are a particularly rich source of anthocyanins, which are a group of red, purple, violet, and blue water-soluble polyphenolic pigments [41]. Another research showed that lemon juice enriched with maqui berries showed a red color [42]. Similarly, significant red staining was observed in isotonic beverages [43]. The values of the b* parameter decreased with the increased addition of the A. chilensis berry, showing an almost four fold difference between the control sample (11.8) and the sample with 4% content of maqui fruit (2.52). A decrease in the value of the b* index indicates a greater proportion of blue than yellow content. Anthocyanin pigments, in addition to the red group, are composed of blue and violet water-soluble polyphenolic components that are available in berries [44].



Gels composed of an optimal amount of maqui berries (4%) and agave sugar (20%) (Ag4M0C) were compared with those composed of maqui berries (4%) and beet sugar (20%) (B4M0C) as well as against those composed of citric acid (Ag4M0.5C) (Table 1). It was noticed that the type of sugar did not affect the lightness (L* parameter) (22.9 for Ag4M0C and 23.2 for B4M0C) and the a* value of the gels composed of citric acid (10.9 for Ag4M0C and 10.5 for Ag4M0.5C). On the contrary, the value of the b* parameter was more than twice the value measured for gels composed of maqui berries and citric acid (Ag4M0.5C) (6.1) when compared to acid-free maqui berry gels composed of beet sugar and agave sugar (B4M0C; Ag4M0C) (3.1; 2.5).The gels composed of citric acid were lighter in color and exhibited more yellow than blue content. This clearly shows that anthocyanin pigments change color due to acidity [42,45].



In our study, the highest pH value was found in the gels composed of beet sugar (B4M0C) (pH = 8.0); the replacement of this sugar with agave sugar (Ag4M0C) slightly reduced the pH parameter (pH = 7.8), while the addition of 0.5% citric acid significantly reduced the pH value to 7.5.




3.2. Texture of Gels with Maqui Berries


The texture of the clear gels changed significantly with the amount of agar used (Table 2). With an increase in the amount of agar in the range from 0.5% to 1.5%, the hardness, elasticity, and springiness of the gels significantly increased. With a 2% concentration of agar, the cohesiveness, chewiness, and gumminess of the gels decreased significantly; therefore, the 1.5% concentration was considered optimal. The cohesiveness of gels increased only with an additive amount of up to 1.5%, whereas further addition resulted in gel breaking. Similarly, in another study, the elasticity of gelatin gels was significantly affected by the concentration of gelatin. The authors obtained highly concentrated gels with a higher concentration of gelatin [46].



Based on above mentioned textural parameters, 1.5% was determined as the optimal amount of agar, which was used in further stages of the research. The gels lost their hardness as the amount of maqui increased. The difference between the control gel and the gels with different berry compositions was significant. The highest values of chewiness, cohesiveness, springiness, and elasticity were obtained at 4% concentration of dried berries. When comparing gels composed of the optimal amount of maqui (4%) and with agave sugar (20%) (Ag4M0C), beet sugar (20%) (B4M0C), and citric acid (0.5%) (Ag4M0.5C), the highest values of hardness, cohesiveness, chewiness, and gumminess were observed for gels composed of beet sugar, whereas gels composed of citric acid exhibited the lowest values of these parameters. Other authors showed that the rheological properties of gelatin gels were independent of pH in the range of 4.6–8.0. At lower pH, gelation of gelatin was significantly inhibited [46].




3.3. Sensory Evaluation of Gels with Maqui Berries


The variable addition of maqui berries resulted in favorable sensory changes. The gels with the highest concentration of berries were darker in color and had the best taste. The powder darkens the color of the gels making them more attractive and adds a sour aftertaste [47]. According to Freses and Paz [48], the colors of many berry varieties can be attributed to their anthocyanin content; the higher the anthocyanin content, the darker the fruit is.



The gels composed of citric acid (0.5%) and maqui powder (4%) attained the highest scores; the gels with dark purple color turned purple-red and tasted and smelled stronger than the other varieties. Citric acid gels exhibited a slightly sour taste, which had a positive effect on their assessment by the evaluators (Figure 1).




3.4. Total Phenolic Content and Antioxidant Activity of Gels with Maqui Berries


Maqui freeze-dried powder used for gel formation was characterized by a high TPC of 34.82 GAE mg/g. In previous research, crude extract from fresh berries was found to be an important source of polyphenolic compounds, with a TPC of 45.7 mg GAE/g [7]. Another research also confirmed the high polyphenol content as well as widely varying concentrations of anthocyanins and flavonols in maqui berries [48]. TheTPC and the antioxidant activity of the gels composed of maqui and agave sugar (Ag4M0C) were significantly higher compared to the gels composed of beet sugar (B4M0C). In addition, the control gels without maqui berries did not exhibit any antioxidant activity. The addition of citric acid had a positive impact on the antioxidant activity measured by ABTS and did not significantly change the DPPH parameter. However, it should be noted that the CHEL value do differ significantly in Table 3. The highest antioxidant activity measured by means of FRAP was found in agave sugar gels and those with a 4% concentration of maqui berries without citric acid. The addition of maqui berries increases the content of phenols, which contributes to the antioxidant capacity [47].





4. Conclusions


The freeze-dried maqui berries in the powdered form were characterized by a dark purple-red color; therefore, their addition at 1% concentration caused a significant change in the color of the gels. The 4% concentration of maqui berries was found to be the most optimal. The texture of the gels significantly changed with the amount of agar (geling agent) addition from 0.5% to 2.0%. Increasing the concentration of agar increased the hardness, springiness, and elasticity of the gels. With a 2%concentration of agar, the cohesiveness, chewiness, and gumminess of the gels decreased significantly; therefore, the 1.5% concentration was considered optimal. The addition of maqui berries at a concentration from 0% to 4% caused a slight but significant decrease in the hardness of gels, while their springiness, elasticity, and cohesiveness increased. Replacing beet sugar with agave sugar and the addition of citric acid at 0.5% concentration had a positive effect on the antioxidant activity (ABTS and DPPH) of gels. In these studies, innovative and healthy gels with a reduced (20%) sugar content from agave were developed. Gels were characterized by an increased content of antioxidants, thanks to the addition of freeze-dried maqui powder (4%). In addition, the gels were characterized by improved red color and whole acceptability thanks to the acidity regulation by 0.5% addition of citric acid.
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Figure 1. Organoleptic assessment of gels, (a) comparison of gels composed of varying contents of maqui berries; (b) comparison of gels composed of agave sugar, regular sugar, and citric acid. Ag4M0C—agave sugar gel with 4% maqui powder and 0% citric acid, Ag4M0.5C—agave sugar gel with 4% maqui powder and 0.5% citric acid, B4M0C—beet sugar gel with 4% maqui and 0% citric acid. 
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Table 1. Color parameters of maqui powder and analyzed gels.
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Type of Sample

	
Color Parameters




	
L*

	
a*

	
b*

	
C*

	
h°






	
Maqui Powder

	
16.33 ± 0.33 a

	
8.28 ± 0.10 d

	
9.57 ± 0.24 e

	
12.65 ± 0.24 d,e

	
49.14 ± 0.46 g




	
Amount of agar

	
0.5%

	
55.12 ± 0.81 g

	
2.0 ± 0.12 a

	
12.05 ± 0.70 f

	
13.15 ± 0.92 e

	
81.99 ± 1.21 j




	
1%

	
54.28 ± 0.57 f,g

	
2.11 ± 0.17 a,b

	
11.97 ± 0.69 f

	
12.94 ± 0.85 d,e

	
80.19 ± 0.81 i,j




	
1.5%

	
53.39 ± 0.88 f,g

	
2.33 ± 0.29 a,b

	
11.85 ± 0.56 f

	
12.07 ± 0.61 d

	
78.89 ± 0.91 i




	
2%

	
52.09 ± 0.73 f

	
2.41 ± 0.11 b

	
11.71 ± 0.62 f

	
11.13 ± 0.78 c,d

	
75.32 ± 1.11 h




	
Amount of maqui

	
0%

	
53.04 ± 0.58 f

	
2.33 ± 0.29 a,b

	
11.85 ± 0.56 f

	
12.07 ± 0.61 d

	
78.89 ± 0.91 i




	
1%

	
27.16 ± 0.31 d,e

	
4.13 ± 0.16 c

	
3.67 ± 0.89 b,c

	
5.56 ± 0.49 a

	
41.18 ± 1.91 f




	
2%

	
26 ± 0.68 d

	
7.87 ± 0.42 d

	
5.58 ± 0.35 d

	
9.66 ± 0.94 b

	
37.78 ± 1.3 e




	
3%

	
24.29 ± 0.22 c

	
10.43 ± 0.21 e

	
4.46 ± 0.39 c

	
11.35 ± 0.35 c,d

	
23.13 ± 1.43 c




	
4%

	
22.86 ± 0.39 b

	
10.91 ± 0.23 e,f

	
2.52 ± 0.22 a

	
11.19 ± 0.20 c,d

	
13.34 ± 0.87 a




	
5%

	
22.12 ± 0.48 b

	
10.99 ± 0.32 e,f

	
2.32 ± 0.24 a

	
11.02 ± 0.31 b,c

	
12.44 ± 0.99 a




	
Optimal gels

	
Ag4M0C

	
22.86 ± 0.39 b

	
10.91 ± 0.23 e,f

	
2.52 ± 0.22 a

	
11.19 ± 0.2 c

	
13.34 ± 0.87 a




	
Ag4M0.5C

	
28.91 ± 0.16 e

	
10.5 ± 0.59 e,f

	
6.09 ± 0.48 d

	
12.16 ± 0.67 d,e

	
30.24 ± 1.35 d




	
B4M0C

	
23.24 ± 0.33 b

	
11.03 ± 0.19 f

	
3.14 ± 0.15 b

	
11.46 ± 0.22 c,d

	
15.89 ± 0.46 b








a–j, Means with different letter in the same column are significantly different (α < 0.05). Ag4M0C—agave sugar gel with 4% maqui powder and 0% citric acid, Ag4M0.5C—agave sugar gel with 4% maqui powder and 0.5% citric acid, B4M0C—beet sugar gel with 4% maqui and 0% citric acid.
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Table 2. Textural parameters of analyzed gels.
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Type of Sample

	
Texture Parameters




	
Hardness

(N)

	
Elasticity (mm)

	
Springiness

	
Cohesiv.

	
Gummin. (N)

	
Chewiness

(N)






	
Amount of agar addition

	
0.5%

	
7.11 ± 0.31 a

	
1.33 ± 0.05 a

	
0.39 ± 0.01 a

	
0.18 ± 0.01 b

	
1.28 ± 0.05 a

	
0.50 ± 0.02 a




	
1.0%

	
14.52 ± 0.63 b

	
1.74 ± 0.07 b

	
0.48 ± 0.02 b

	
0.19 ± 0.01 b

	
2.76 ± 0.09 b

	
1.32 ± 0.081 b




	
1.5%

	
28.95 ± 0.99 h

	
2.02 ± 0.14 c

	
0.53 ± 0.04 b,c

	
0.20 ± 0.004 b

	
5.86 ± 0.22 e,f

	
3.14 ± 0.02 f




	
2%

	
37.82 ± 1.39 i

	
2.69 ± 0.11 f

	
0.62 ± 0.02 d

	
0.10 ± 0.007 a

	
3.78 ± 0.18 c

	
2.34 ± 0.08 c




	
Amount of maqui addition

	
0%

	
28.95 ± 0.62 h

	
2.02 ± 0.14 c

	
0.53 ± 0.04 b,c

	
0.20 ± 0.004 b

	
5.62 ± 0.22 e

	
3.14 ± 0.02 f




	
1%

	
26.7 ± 0.39 g

	
2.10 ± 0.12 c,d

	
0.54 ± 0.03 c,d

	
0.21 ± 0.008 b

	
6.12 ± 0.15 f

	
3.04 ± 0.005 e




	
2%

	
25.24 ± 0.47 f

	
2.12 ± 0.11 c,d

	
0.55 ± 0.03 c,d

	
0.24 ± 0.01 c

	
7.83 ± 0.13 h

	
3.37 ± 0.001 g




	
3%

	
23.63 ± 0.34 e

	
2.23 ± 0.08 d

	
0.57 ± 0.03 c,d

	
0.33 ± 0.01 e

	
7.29 ± 0.15 g

	
4.45 ± 0.003 h




	
4%

	
21.31 ± 0.40 d

	
2.24 ± 0.07 d,e

	
0.61 ± 0.04 d

	
0.34 ± 0.012 e

	
7.24 ± 0.17 g

	
4.45 ± 0.06 h




	
Optimal gels

	
Ag4M0C

	
21.31 ± 0.40 d

	
2.24 ± 0.07 d,e

	
0.61 ± 0.04 d

	
0.34 ± 0.012 e

	
7.24 ± 0.17 g

	
4.45 ± 0.06 h




	
B4M0C

	
24.13 ± 0.89 e,f

	
2.25 ± 0.06 d,e

	
0.63 ± 0.01 d

	
0.35 ± 0.01 e

	
8.44 ± 0.27 i

	
5.32 ± 0.06 i




	
Ag4M0.5C

	
18.2 ± 0.45 c

	
2.37 ± 0.09 e

	
0.59 ± 0.05 d

	
0.27 ± 0.012 d

	
4.91 ± 0.25 d

	
2.89 ± 0.03 d








a–i Means with different letter in the same column are significantly different (α < 0.05). Ag4M0C—agave sugar gel with 4% maqui powder and 0% citric acid, Ag4M0.5C—agave sugar gel with 4% maqui powder and 0.5% citric acid, B4M0C—beet sugar gel with 4% maqui and 0% citric acid.
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Table 3. Antioxidant properties of maqui powder and gels with the optimal amount* of maqui powder.
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	Kind of Sample
	TPC

(GAEmg/g)
	ABTS

(EC50 mg/mL)
	DPPH

(EC50 mg/mL)
	CHEL

(EC50 mg/mL)
	FRAP

(EC50 mg/mL)





	Maqui powder
	34.82 ± 2.18 d
	1.37 ± 0.03 a
	3.38 ± 0.23 a
	28.42 ± 1.67 a
	2.48 ± 0.02 a



	Ag4M0C
	1.92 ± 0.10 c
	27.60 ± 0.65 d
	60.93 ± 4.34 b
	196.60 ± 3.34 b
	31.59 ± 0.10 b



	Ag4M0.5C
	1.87 ± 0.10 b
	22.60 ± 0.10 b
	58.86 ± 3.93 b
	208.99 ± 4.78 c
	45.00 ± 1.42 c



	B4M0C
	1.62 ± 0.06 a
	25.14 ± 0.09 c
	65.61 ± 7.05 c
	189.00 ± 4.17 b
	50.48 ± 0.94 d







* Control gels without maqui berries did not exhibit any phenolic content and antioxidant activity; a–d Means with different letter in the same column are significantly different (α < 0.05). Ag4M0C—agave sugar gel with 4% maqui powder and 0% citric acid, Ag4M0.5C—agave sugar gel with 4% maqui powder and 0.5% citric acid, B4M0C—beet sugar gel with 4% maqui and 0% citric acid.
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