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Abstract

:

Yogurt is known as a healthy food, but some synthetic additives that are commonly added to it can be one of the factors that restricts yogurt’s consumption. The aims of this study were to prepare and evaluate yogurts with the addition of spray-dried, anthocyanin-rich colorant extracted from jabuticaba (Myrciaria cauliflora Mart.) skin. The concentrated extract was spray-dried using maltodextrin (20 g/100 g w/w) as a carrier and added to yogurts in the concentrations of 0.5, 1.0, 1.5, and 2.0 g/100 g w/w. The yogurts were stored for up to 28 days under refrigeration and periodically evaluated. Except for the yogurts to which 1.5 g of extract was added, all samples had a slight pH reduction in the first 7 days of storage. Throughout the yogurts’ storage period, the anthocyanin and a* values were slightly reduced (p < 0.05), indicating some anthocyanin instability. The rheological behavior was typical for yogurts, but the casein gel network was probably disrupted by the jabuticaba extract incorporation, reducing the yogurt’s apparent viscosity. Panelists showed good acceptance for the attributes of taste, color, aroma, appearance, texture, and overall impression, indicating that this natural pigment has the potential to be a substitute synthetic color additive for the production of mixed berry yogurts, contributing to the reduction of waste.
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1. Introduction


The global yogurt market is predicted to register a Compound Annual Growth Rate (CAGR) of 4.5% during the period of 2019–2024 and is projected to reach USD 106.6 billion by 2024 [1]. The main drivers for this are the association of yogurt with a healthy lifestyle and the increasing consumer awareness of health and diet. However, some synthetic compounds, usually found in yogurts, are one of the few factors expected to limit these products’ consumption [2], therefore limiting market growth. This increases the demand for natural food additives and ongoing research for new sources.



Many food processing industrial by-products are rich sources of additives and bioactive compounds, including some substances that possess both functions (additive and bioactive), such as anthocyanins, that can be employed as colorants, antioxidants, and antimicrobials and have many biological properties [3]. Jabuticaba is a Brazilian fruit with white pulp and black, anthocyanin-rich skin [4]. Jabuticaba skin is a processing by-product whose disposal can cause environmental impact. Employment of this by-product could reduce environmental impact, aggregate value to this fruit processing chain, satisfy consumer demands for natural additives, and provide lower-cost additive alternatives for food industries [5].



Ingredients based on anthocyanins present several desirable characteristics since they act as antioxidants and have numerous health benefits. Anthocyanins can interrupt or reverse carcinogenesis, operating on intracellular signaling molecules associated with cancer initiation and/or propagation [6].



Synthetic color additives approved by Brazilian legislation include tartrazine, sunset yellow, ponceau 4R, red 40, Bordeaux S, erythrosine, and indigotine. However, there are concerns related to their toxicity and other health risks and the number of approved pigments is decreasing as they are gradually substituted by natural pigments. The main natural color additives employed by the food industry are annatto extracts, cochineal extract, curcumin, anthocyanins, and betalains [7]. Anthocyanins can be used as pigments in foods that do not undergo thermal treatment, have a short shelf-life, and whose packaging presents low light, oxygen, and moisture transmission [8]. The anthocyanin-rich pigment extracted from jabuticaba skin could therefore be employed in yogurts [9].



Anthocyanins are water-soluble, which is desirable for pigment production. Recently, their applications as natural color additives have increased as their color and stability properties have improved [10,11,12,13,14,15]. There are some factors that can affect anthocyanin application, such as product exposure to oxygen, high temperatures, light, extreme pH, and the presence of enzymes and metals [16].



Previous works have studied how to prepare the powdered pigment extracted from jabuticaba skins encapsulated by spray-drying [12,17]. The powdered pigment presented intense pink coloration and antioxidant and antimicrobial activity, and the anthocyanins were stable during 120 days of storage. These results indicated that this material could be applied as a natural food additive. The powder was then employed as a color additive in fresh sausage with satisfactory results since the samples with 2% of this pigment presented analogous sensory acceptance to the carmine and control treatments in all attributes but color [17], confirming its potential as a color additive for foods and the necessity for more evaluations of the functionality of this material.



Within this context, the aim of this study was to analyze the effect of the addition of this powdered extract in plain sweetened whole-fat yogurt on pH, total solids content, anthocyanin content, instrumental color throughout the product shelf-life, as well as rheological properties and sensory acceptance to evaluate the possibility of replacement of the color additives currently employed by the dairy industry with a natural pigment obtained from jabuticaba skin by-product.




2. Material and Methods


2.1. Materials


Jabuticabas from the “Sabará” variety were obtained from the local commerce. Maltodextrin MOR-REX® 1910 DE10 (Ingredion, Mogi-Guaçu, SP, Brazil) was employed as carrier for extract spray-drying. For the preliminary assays and sensory analysis, plain whole-fat sweetened yogurt was donated by the company Letti SA (Descalvado, SP, Brazil). For the other analyses, plain whole-fat sweetened yogurt was bought from the local commerce (Danone Ltd.a., Poços de Caldas/MG, Brazil). The flavor additive used for sensory analysis was also donated by the company Letti SA (Descalvado, SP, Brazil). Analytical-grade potassium sorbate (C6H7KO2, Dinâmica Química Contemporânea Ltd.a., Diadema, SP, Brazil) was used as preservative.




2.2. Production of the Jabuticaba Skin Extract


Approximately 5 kg of jabuticaba were washed and blanched in boiling water for 5 min. After blanching, the fruit was peeled, and the skins were separated from the pulp. The pigment was extracted according to Silva et al. [12]. Water was added at a ratio of 3 L of water to 1 kg of jabuticaba skins (3:1 w/v) and mechanically agitated for 8 h at room temperature, resulting in an aqueous extract. The extract was filtered in cotton cloth to remove solid residues and concentrated in a rotary evaporator at 60 °C and set to reach room temperature. Maltodextrin was added to the concentrated aqueous extract at a concentration of 20 g/100 g (w/w) and spray dried (Terroni, São Carlos, SP, Brazil) at 150 °C with a flow rate of 30 mL/min.




2.3. Yogurt Preparation


On the first day (day 0), the plain yogurt was mixed with the powdered extract at the concentration levels 0.5, 1.0, 1.5, and 2.0 g/100 g (w/w). A control sample without extract addition was also prepared for comparison. Potassium sorbate was added along with the extract at the following amounts: 2.5 mg for the sample with 0.5 g/100 g of extract; 5.0 mg for the sample with 1.0 g/100 g of extract; 7.5 mg for the sample with 1.5 g/100 g of extract; and 10.0 mg for the sample with 2.0 g/100 g of extract. According to Brazilian regulations (CNS/MS Resolution Nº 04), the maximum level for potassium sorbate (INS 202) addition to fruit products added to yogurts is 0.20 g/100 g [18]. A mixer (Philips Walita RI1364 400 W) was employed to blend the extract and potassium sorbate with the yogurt, causing disruption of the gel. The control sample was also beaten to avoid differences. The samples were stored in plastic bottles and kept refrigerated in the dark. Analyses were carried out periodically (on days 0, 7, 14, 21, and 28 of storage) at least in triplicate (except for sensory analysis).




2.4. pH and Total Solids


pH was measured using a potentiometer (model PG 2000, Gehaka, São Paulo, SP, Brazil) [19], and the total solids content was calculated by difference from moisture, determined using a moisture analyzer balance (model MB35, Ohaus, Greifensee, Switzerland) [12].




2.5. Anthocyanin Content


To determine anthocyanin content in yogurt, an extract was prepared by centrifuging yogurt in a centrifuge (model 5430 R, Eppendorf, Stevenage, UK) with ethanol and HCl 1.5 M at the ratio 1:5 (w/v), respectively, for 5 min, at 5000 rpm, according to a method adapted from Francis [20]. A 1.0 mL sample of the centrifuged extract was added to 4.0 mL of potassium chloride buffer (pH 1.0) in test tubes, homogenized, and stored for 15 min in the absence of light. Absorbance was measured at 535 nm using a spectrophotometer (model DR 2800, Hach, Düsseldorf, Germany), with potassium chloride buffer as blank. Total anthocyanin content was expressed as cyanidin-3-glucoside using the absorption coefficient (ε) 982 L mol−1 cm−1 [21] and Equation (1).


   a n t h o c y a n i n s     mg   kg     =   A × V ×   10  3    ε × L × m   ×   10  3    



(1)




where:



A = absorbance at 535 nm



V = extraction volume (L)



L = cuvette width (cm)



m= sample weight (g)




2.6. Instrumental Color Analysis


Color was measured with a Miniscan XE Plus colorimeter (HunterLab, Reston, VA, USA) in yogurt samples placed in Petri dishes. The CIEL*a*b* parameters were determined: L* (luminosity), a* (red/green color component), and b* (yellow/blue color component). Chroma (C*) was calculated from the L*, a*, and b* values. The observer angle was 10°, and a D65 standard illuminant was used.




2.7. Flow Curves


Flow curves were obtained for yogurt (control sample and samples containing the extract at the different concentration levels) with a rheometer (AR2000 Advanced Rheometer; TA Instruments, New Castle, DE, USA) after 14 days of refrigerated storage. A concentric cylinder geometry was employed (inner radius = 14.0 mm; outer radius = 15.0 mm; height = 42.0 mm, and gap 5920 μm). Yogurts were analyzed at 10 °C and were allowed to equilibrate for 2 min after loading before each assay. The shear rate was increased from 0.01 to 300 s−1 and decreased in the same manner. Rheology Advantage Data Analysis V.5.3.1 (TA Instruments) was the software used for data analysis.




2.8. Yogurt Sensory Acceptance


Sensory acceptance assay was evaluated for yogurts containing 0.5 g/100 g (w/w) of pigment and 0.4 mL/100 mL (v/v) of flavor additive according to the results of a preliminary assay. A mixer (Philips Walita RI1364 400 W, Largo do Arouche, SP, Brazil) was used to blend the yogurt and additives. The analysis was performed in the Laboratory of Sensory Analysis of the Food Engineering Department in individual cabins with fluorescent lights. A total of 131 untrained panelists were recruited based on their interest in collaborating with this research and selected according to their yogurt consumption frequency (at least once a week). The sample was served refrigerated (4 to 8 °C) in 50 mL coded plastic cups. A nine-point hedonic scale was applied to determine sensory acceptance [22]; the values 1 to 9 represented “dislike extremely” to “like extremely”. The attributes were taste, appearance, aroma, color, texture, and overall acceptance. The analysis with humans was previously approved by the Ethics in Research Committee of the Faculty of Animal Science and Food Engineering of the University of São Paulo, SP, Brazil (protocol number 08111219.3.0000.5422).




2.9. Statistical Analysis


The data were submitted to ANOVA, with the MIXED procedure, and when significant differences were perceived (p < 0.05), regression tests were applied. The observation means were compared using the GLIMMIX procedure, using Tukey’s multiple comparison test (α = 0.05). The program SAS v. 9.1.3 (SAS Institute, 2004) was employed.





3. Results and Discussion


The appearance of the yogurts after blending with the jabuticaba skin powdered extract at concentration levels 0.5, 1.0, 1.5, and 2.0 g/100 g (w/w) is shown in Figure 1. The extract was dispersed homogeneously within the product with no sediments or stains. As expected, the produced color became more intense with the increasing extract concentrations. The extract was therefore able to impart color to the yogurts.



3.1. Influence of Pigment Addition on pH and Total Solids and Variation during Storage


Table 1 contains the results for pH variation during storage. Comparing pH values on the first day, concentration level 2.0 g/100 g presented lower value than the control, but 0.5, 1.0 and 1.5 g/100 g were statistically similar to the control, so this effect is not necessarily related to the pigment addition. Analyzing pH variation during the storage period, the variation was small, and no post-acidification was observed. pH reduction during storage is usually attributed to lactose consumption by Lactobacillus delbrueckii subsp. bulgaricus, with the consequent production of lactic acid, altering the product’s sensory characteristics. The initial pH of the product was low, approximately 4.2, which might indicate that there was little lactose present to promote lactic culture metabolic activity. The pH values are consistent with those determined for yogurts (between 4.2 and 4.5) [23]. It was verified that shorter storage times were associated with increased acidity and lower pH values [24]. During the first 7 days, there was a pH reduction, which may be due to the proteolytic activity that occurs in the first hours of fermentation and releases amino acid in the mean [25]. After that period, pH values were greater than the initial values (except for the 1.5 g/100 g extract concentration), which can be associated with the consumption of the free amino acid released in the first period of storage [25]. The yogurts’ total solids content varied between 21 and 24 g/100 g, and there was no clear correlation to the increase in extract concentration. According to Tamime & Robinson [26], plain whole-fat yogurts have between 23 and 25 g/100 g of total solids.




3.2. Anthocyanin Content and Stability during Storage


The anthocyanin content of all samples (except for the control that had no extract addition) is presented in Table 2. Initially, the content varied from 1.26 to 4.83 mg cyanidin-3-glucoside equivalent, according to the increase of extract concentration added. The addition of 0.5, 1.0, and 1.5 g/100 g of the extract showed a similar behavior during storage, with a statistically significant decrease in anthocyanin content with time. This result indicates that this pigment may have undergone some degradation, which could lead to loss of its biological activity, and change of product color. The yogurt with a concentration of 2.0 g/100 g, however, adjusted to a line with a positive slope, while the others presented a negative slope. Despite the positive slope, there was no significant difference in the anthocyanin values of the yogurt containing 2.0 g/100 g of extract after 14, 21, and 28 days of refrigerated storage.




3.3. Instrumental Color Analysis and Stability during Storage


The color parameters L*, a*, b*, and C* are shown in Table 3. Analyzing color parameter L* of the samples, it can be noticed that extract addition significantly (p < 0.05) decreased yogurt luminosity with progressively lower values with increasing extract concentration. This agrees with the sample appearance shown in Figure 1 since the color became visually darker with increasing extract addition and the anthocyanin content shown in Table 2 since the anthocyanins impart color to the samples. When looking at the storage period, L* varied for all concentration levels, but although these variations were considered statistically significant (p < 0.05), the behavior was similar for all samples and slight, so from a technological point of view, it should not affect visual perception.



The a* color component was very sensitive to extract addition and changed during the storage; even at the lowest concentration (0.5 g/100 g), the value changed from negative to positive, indicating the predominance of a red color. Increasing the extract concentration produced yogurts with significantly greater a* values, and these differences were observed throughout the storage period. In general, a* was reduced during storage, especially for the higher concentration levels, which could indicate anthocyanin degradation. These results correlate with anthocyanin content presented in Table 2, for the 0.5 g/100 g concentration level, there was no significant decrease in content during storage despite the significant variation in a* values up to 28 days of storage.



The b* color component tended to decrease with extract addition and concentration. For concentrations above 1.0 g/100 g, the values changed from positive to negative, indicating a predominantly blue color. The powdered jabuticaba skin extract has a pink color but according to Terci & Rossi [27], anthocyanins present a light purple color at acidic pH values (pH~4,0). The b* values changed significantly during storage but with no clear tendency.



Chroma (C*) indicates color intensity so the samples with greater extract concentrations also presented higher C* values. These results are related to sample appearance (Figure 1) and to anthocyanin determination. The C* values are calculated from a* and b* values and so a direct relation is expected. Regarding its variation during storage, it presented a tendency to decrease with storage time as observed with a* values, probably due to anthocyanin degradation.



In order to evaluate yogurt color with jabuticaba extract addition, and since the objective is to replace artificial color additives, the comparison with color parameters of fruit flavor yogurts can verify the substitution potential. Jaros & Rohm [28] studied the color parameters of commercial strawberry-flavored yogurts and obtained average values of 67.84 ± 1.66 for L*, 7.41 ± 4.81 for a*, and 3.29 ± 1.92 for b*. For blueberry yogurt with an artificial color additive, the values were 65.4 ± 0.6 for L*, 10.0 ± 0.2 for a*, and −3.47 ± 0.1 for b* [29]. Based on these values, the jabuticaba skin extract could be used as a color additive in mixed berry yogurt since the L*, a*, and b* color parameters for the samples with 0.5 g/100 g of extract at the start of the storage period (day 0) were between those determined for the strawberry and blueberry yogurts (62.98 ± 0.01, 4.00 ± 0.08 and 0.03 ± 0.03, respectively).




3.4. Flow Curves


The rheological behavior observed in Figure 2 was typical for yogurts, as reported by other authors [30,31,32,33,34]. The yogurts presented an increase in apparent viscosity at low shear rates due to viscoelasticity (solid gel-like structure), but once the yield stress was reached, a non-Newtonian time-dependent shear thinning behavior was observed. The down curves did not present this increase in apparent viscosity at low shear rates because the structure had already been disrupted by the up curve [31,34]. The extract addition at different concentration levels did not alter the observed rheological behavior since the viscosity curves almost overlapped.



Yogurt is a gel network of casein micelles containing entrapped water [35] whose apparent viscosity depends on the casein micelle structure, its spatial distribution, and the strength and number of bonds between the micelles [36]. The jabuticaba extract addition probably disrupted the casein gel network, therefore decreasing the yogurts’ apparent viscosity, as shown in Figure 2. Izadi et al. [35] observed a similar decrease in apparent viscosity when comparing a phytosterol-enriched yogurt to the control.



There have been many attempts to correlate viscosity data to sensory perception (thickness and creaminess). In-mouth movements have been correlated to viscosity at a shear rate of 100 s−1. The results presented in Figure 2 show that the viscosities at 100 s−1 were significantly lower (p < 0.05) for samples containing jabuticaba extract when compared to the control. Laiho et al. [31] reported a viscosity of 0.40 Pa.s at a shear rate of 100 s−1 for fat-free stirred yogurt with 50% of whey protein isolate, while Ng et al. [32] obtained values between 0.1 Pa.s to 0.5 Pa.s for stirred yogurts with different functional ingredients, so the results in Figure 2 are close to the typical range for stirred yogurts.




3.5. Yogurt Sensory Acceptance


To evaluate sensory acceptance, yogurt samples containing 0.5 g/100 g of jabuticaba skin powdered extract were produced. This concentration was chosen because its color would be similar to a mixed berry commercial product; it presented greater stability during storage (lower anthocyanin degradation), as well as a lower production cost due to the reduced extract concentration.



The sensory evaluation results presented in Table 4 show that panelists attributed scores between 7 and 8, (“like moderately” and “like very much”) for all attributes, indicating that the product was well accepted. Although the extract addition lowered yogurt viscosity at a shear rate of 100 s−1, the average score for texture was 7.7, indicating that consumers perceived viscosity as expected for a stirred yogurt. Therefore, jabuticaba skin extract could be used as a mixed berry yogurt color additive since the panelists did not perceive negative effects on the attributes of appearance, color, aroma, texture, taste, and overall impression. This result was similar to that obtained by Pereira et al. [37] when evaluating sensory acceptance of Petit Suisse cheese with jabuticaba skin extract and the ones reported by Rubio et al. [38] when these authors colored yogurts using colorants extracted from grape pomace and jabuticaba by-products and encapsulated by spray-drying using brewer’s spent yeast as carrier.





4. Conclusions


The results indicate that jabuticaba skin powdered extract did not significantly affect the pH and total solids content of sweetened plain whole-fat yogurts. The anthocyanin content increased with extract addition and the extract imparted color to the yogurts as verified by the instrumental color analysis. Since the anthocyanin content was slightly affected throughout the refrigerated storage period (28 days), there was little variation in the color parameters. The color parameters were like those of commercial mixed berry yogurts. The yogurts’ apparent viscosity was lowered with the extract addition, but the rheological behavior was the same as for the control. The sensory acceptance test showed that the product attributes of appearance, color, aroma, texture, taste, and overall impression were positively evaluated by the panelists. Therefore, this extract can potentially be used as a substitute for the color additives currently employed for mixed berry yogurts with the advantage of reducing waste, increasing antioxidant content, and constituting a natural vegetable-based alternative to existing color additives.
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Figure 1. Appearance of the sweetened plain whole-fat yogurt control sample (0%, without pigment) and samples with jabuticaba skin powdered extract addition at different concentration levels immediately after blending (w/w). 
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Figure 2. Apparent viscosity of sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at different concentration levels (control-0.0, 0.5, 1.0, 1.5, and 2.0 g/100 g) after 14 days of refrigerated storage with increasing shear rate (up flow curve). Apparent viscosity at a shear rate of 100 s−1 (η100). Means ± standard deviation. Means in the same column followed by same lower-case letter do not differ significantly (p > 0.05) according to Tukey’s multiple comparison test. 
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Table 1. pH values of sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at different concentration levels during refrigerated storage.






Table 1. pH values of sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at different concentration levels during refrigerated storage.





	
Concentration (g/100 g)

	
Time (days)




	
0

	
7

	
14

	
21

	
28






	
0.0

	
4.27 ± 0.01 ab,C

	
4.26 ± 0.05 a,C

	
4.30 ± 0.04 a,BC

	
4.36 ± 0.05 a,B

	
4.54 ± 0.06 a,A




	
0.5

	
4.27 ± 0.01 ab,C

	
4.20 ± 0.02 ab,D

	
4.28 ± 0.02 ab,C

	
4.36 ± 0.03 a,B

	
4.45 ± 0.02 b,A




	
1.0

	
4.23 ± 0.01 bc,B

	
4.20 ± 0.03 ab,B

	
4.23 ± 0.02 bc,BC

	
4.28 ± 0.03 b,B

	
4.36 ± 0.02 c,A




	
1.5

	
4.30 ± 0.03 a,A

	
4.16 ± 0.02 b,B

	
4.21 ± 0.03 c,B

	
4.25 ± 0.01 b,A

	
4.34 ± 0.01 c,A




	
2.0

	
4.17 ± 0.01 c,C

	
4.16 ± 0.02 b,C

	
4.19 ± 0.02 c,BC

	
4.24 ± 0.01 b,B

	
4.33 ± 0.01 c,A








Means ± standard deviation. Means in the same column followed by same lowercase letter and means in the same row followed by the same upper case letter do not differ significantly (p > 0.05) according to Tukey’s multiple comparison test.













 





Table 2. Anthocyanin (mg cyanidine-3-glucoside/kg sample) extracted from sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at different concentration levels during refrigerated storage.
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Concentration (g/100 g)

	
Time (days)




	
0

	
7

	
14

	
21

	
28






	
0.5

	
1.26 ± 0.26 c,A

	
1.54 ± 0.16 d,A

	
1.37 ± 0.13 c,A

	
1.32 ± 0.03 d,A

	
1.03 ± 0.12 c,A




	
1.0

	
3.21 ± 0.17 b,A

	
2.50 ± 0.14 c,AB

	
2.32 ± 0.10 b,B

	
2.22 ± 0.19 c,B

	
2.09 ± 0.27 b,B




	
1.5

	
4.68 ± 0.17 a,A

	
3.65 ± 0.52 b,BC

	
3.87 ± 0.60 a,BC

	
3.12 ± 0.41 b,C

	
3.98 ± 0.30 a,AB




	
2.0

	
4.83 ± 0.47 a,B

	
5.87 ± 0.05 a,A

	
4.55 ± 0.35 a,B

	
4.80 ± 0.19 a,B

	
4.54 ± 0.71 a,B








Means ± standard deviation. Means in the same column followed by same lowercase letter and means in the same row followed by the same upper case letter do not differ significantly (p > 0.05) according to Tukey’s multiple comparison test.













 





Table 3. Color parameters L*, a*, b*, and C* of sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at different concentration levels during refrigerated storage.
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L* (Luminosity)




	
Concentration (g/100 g)

	
Time (Days)




	
0

	
7

	
14

	
21

	
28






	
0.0

	
70.40 ± 0.01 a,C

	
72.15 ± 0.21 a,A

	
70.67 ± 0.04 a,B

	
70.73 ± 0.02 a,B

	
69.84 ± 0.06 a,D




	
0.5

	
62.98 ± 0.01 b,D

	
65.41 ± 0.03 b,A

	
63.44 ± 0.05 b,C

	
63.97 ± 0.04 b,B

	
62.67 ± 0.04 b,E




	
1.0

	
58.90 ± 0.05 c,D

	
61.21 ± 0.06 c,A

	
59.23 ± 0.04 c,C

	
59.90 ± 0.01 c,B

	
58.58 ± 0.30 c,E




	
1.5

	
55.96 ± 0.06 d,D

	
58.37 ± 0.01 d,A

	
56.19 ± 0.04 d,C

	
56.93 ± 0.03 d,B

	
55.32 ± 0.04 d,E




	
2.0

	
53.10 ± 0.03 e,D

	
55.49 ± 0.02 e,A

	
53.30 ± 0.02 e,C

	
54.48 ± 0.03 e,B

	
52.63 ± 0.02 e,E




	

	
a* (red/green color component)




	
Concentration (g/100 g)

	
Time (days)




	
0

	
7

	
14

	
21

	
28




	
0.0

	
−1.69 ± 0.01 e,B

	
−1.58 ± 0.01 e,A

	
−1.67 ± 0.04 e,B

	
−1.65 ± 0.02 e,AB

	
−1.67 ± 0.01 e,B




	
0.5

	
4.00 ± 0.08 d,A

	
3.74 ± 0.03 d,B

	
3.63 ± 0.04 d,C

	
3.45 ± 0.04 d,E

	
3.54 ± 0.02 d,D




	
1.0

	
6.61 ± 0.03 c,A

	
6.35 ± 0.02 c,B

	
6.27 ± 0.04 c,C

	
6.15 ± 0.03 c,D

	
6.06 ± 0.02 c,E




	
1.5

	
8.31 ± 0.04 b,A

	
8.07 ± 0.04 b,B

	
7.97 ± 0.01 b,C

	
8.00 ± 0.01 b,BC

	
7.74 ± 0.03 b,D




	
2.0

	
9.80 ± 0.01 a,A

	
9.52 ± 0.03 a,B

	
9.39 ± 0.03 a,C

	
9.42 ± 0.06 a,C

	
9.14 ± 0.03 a,D




	

	
b* (yellow/blue color component)




	
Concentration (g/100 g)

	
Time (days)




	
0

	
7

	
14

	
21

	
28




	
0.0

	
3.57 ± 0.01 a,AB

	
3.42 ± 0.02 a,C

	
3.51 ± 0.01 a,B

	
3.62 ± 0.02 a,A

	
3.55 ± 0.03 a,AB




	
0.5

	
0.03 ± 0.03 b,D

	
0.18 ± 0.01 b,C

	
0.30 ± 0.03 b,B

	
0.33 ± 0.03 b,B

	
0.45 ± 0.03 b,A




	
1.0

	
−1.03 ± 0.05 c,D

	
−0.93 ± 0.07 c,C

	
−0.71 ± 0.01 c,C

	
−0.87 ± 0.04 c,B

	
−0.51 ± 0.05 c,A




	
1.5

	
−1.59 ± 0.01 d,B

	
−1.57 ± 0.07 d,B

	
−1.26 ± 0.04 d,A

	
−1.56 ± 0.05 d,B

	
−1.23 ± 0.04 d,A




	
2.0

	
−2.05 ± 0.06 e,BC

	
−2.01 ± 0.01 e,B

	
−1.75 ± 0.05 e,A

	
−2.13 ± 0.05 e,C

	
−1.76 ± 0.03 e,A




	

	
C* (Chroma)




	
Concentration (g/100 g)

	
Time (days)




	
0

	
7

	
14

	
21

	
28




	
0.0

	
3.95 ± 0.01 d,A

	
3.77 ± 0.01 d,C

	
3.89 ± 0.01 d,B

	
3.97 ± 0.01 d,A

	
3.93 ± 0.03 d,AB




	
0.5

	
4.01 ± 0.08 d,A

	
3.74 ± 0.02 d,B

	
3.64 ± 0.03 e,C

	
3.47 ± 0.03 e,D

	
3.57 ± 0.01 e,C




	
1.0

	
6.71 ± 0.04 c,A

	
6.42 ± 0.03 c,B

	
6.31 ± 0.04 c,C

	
6.21 ± 0.03 c,D

	
6.09 ± 0.03 c,E




	
1.5

	
8.47 ± 0.03 b,A

	
8.22 ± 0.05 b,B

	
8.07 ± 0.01 b,C

	
8.15 ± 0.01 b,B

	
7.84 ± 0.04 b,D




	
2.0

	
10.01 ± 0.03 a,A

	
9.73 ± 0.03 a,B

	
9.55 ± 0.03 a,C

	
9.66 ± 0.05 a,B

	
9.30 ± 0.03 a,D








Means ± standard deviation. Means in the same column followed by same lower case letter and means in the same row followed by the same upper case letter do not differ significantly (p > 0.05) according to Tukey’s multiple comparison test.













 





Table 4. Sensory acceptance of sweetened plain whole-fat yogurts with addition of jabuticaba skin powdered extract at 0.5 g/100 g concentration level.
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Attributes

	
Appearance

	
Color

	
Aroma

	
Texture

	
Taste

	
Overall Impression




	
Means ± SD

	
7.4 ± 1.3

	
7.1 ± 1.3

	
7.8 ± 1.1

	
7.7 ± 1.2

	
7.6 ± 1.3

	
7.5 ± 1.0




	
Score

	
Frequency






	
1

	
0

	
0

	
0

	
0

	
0

	
0




	
2

	
0

	
0

	
0

	
0

	
0

	
0




	
3

	
1

	
1

	
0

	
0

	
1

	
0




	
4

	
3

	
5

	
1

	
6

	
1

	
0




	
5

	
6

	
11

	
5

	
1

	
7

	
6




	
6

	
19

	
16

	
13

	
10

	
16

	
11




	
7

	
34

	
42

	
14

	
26

	
24

	
38




	
8

	
44

	
36

	
64

	
56

	
47

	
53




	
9

	
24

	
20

	
34

	
32

	
35

	
22








Means ± SD = Means ± standard deviation. Frequency considered how many times each score occurred according to the panelists’ impressions.
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