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Abstract: The development of a lactose-free beverage comes as a new feeding alternative to a
product with excellent nutritional and functional characteristics to individuals with food restrictions
related to milk. Thus, this study aimed to develop a cashew nut beverage with added mango juice
and prebiotic substances by means of evaluating its sensory characteristics and physicochemical
optimization. A 22 central composite rotatable design with five repetitions at the central point was
applied to evaluate the effect of sugar and juice contents on the analyzed parameters. Data were
evaluated by means of the response surface methodology, analysis of variance, and the means
comparison test. Formulations with greater combined concentrations of juice and sugar obtained
satisfactory acceptance. The means comparison test showed that the formulation that allows for the
beverage’s greatest acceptance must contain 40% mango juice and 8% sugar. Soluble solids content
was influenced only by the addition of sugar, where the formulations that presented greater solids
concentration were the ones which obtained greater sensory acceptance. The beverage’s acidity was
influenced only by the juice content, which, besides making formulations significantly more acid, did
not affect their acceptance.

Keywords: acceptance; inulin; oligofructose; response surface methodology; functional food;
lactose-free

1. Introduction

Global demand for products that do not have milk in their composition has been greatly increasing
due to health problems related to some of the nutrients that compose them [1]. The most common
problem related to this food are lactose intolerance [2] and allergy to the protein in milk, especially
cow’s milk, which, despite being less common, can cause food restrictions to consumers [3]. People
following a vegan diet or looking for food with low levels of cholesterol, lipids, and calories should
also be considered [4]. All these factors assembled make the continuous search for food that substitutes
the use of milk in different food products necessary, constituting a potential market.

Among the raw materials that can be used as substitutes for milk in making food products, cashew
nut kernel stands out as a good alternative due to its excellent nutritional characteristics. In this kernel,
all amino acids essential for adult and children can be found, in addition to a lipid fraction constituted
mainly of mono- and polyunsaturated fatty acids [5]. Moreover, there is also a variety of bioactive
substances (phenolic compounds, sterols, and tocopherols) with antioxidant capacity and the following
minerals: magnesium, calcium, selenium, manganese, and, especially, iron [6]. On the other hand,
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mango is a fruit much appreciated due to its sensory attributes such as color, aroma, and flavor [7].
It also has excellent nutritional properties and is a source of ascorbic acid, carotenoids, polyphenolic
compounds, and other antioxidant substances [8]. Thus, the association of these two raw materials for
the formulation of new products with desired sensory and nutritional characteristics is very promising.

The prebiotic substances of the inulin type are part of a group of carbohydrates named fructans
that comprehends oligo- and polysaccharides that are naturally found in plants [9]. It is the
consensus that these substances have bifidogenic effects in children and adults [10]. Predominance
of bifidobacteria in the large intestine is essential for preventing several illnesses and for the
maintenance of health [11]. Prebiotics can be added to food based on their technological characteristics
or on their nutritional properties, promoting a better sensory quality and a balanced nutritional
composition [12–14]. Thus, the development of a lactose-free beverage comes as a new feeding
alternative to a product with excellent nutritional and functional characteristics to individuals with
restrictions to milk. In this way, this study aimed to develop a cashew nut beverage with added
mango juice and prebiotic substances through the evaluation of its sensory characteristics and
physicochemical optimization.

2. Materials and Methods

2.1. Formulation of Beverages

For the elaboration of the formulations, the following ingredients were used: hydrosoluble extract
of cashew nut kernels (HEKs) (3.46 g carbohydrates, 6.22 g lipids, 3.41 g proteins, 0.35 g ashes, 3.6◦ Brix,
6.56 pH), mango juice, sugar, and a mixture of inulin (polymerization degree ≥ 10, Orafti GR) and
oligofructose (2 to 8 monomers, Orafti P95) at a 1:1 ratio. The HEKs were obtained following the
methodology described by Rebouças et al. [15], who used broken cashew nuts classified as butts and
have a low cost.

The beverages were formulated following a 2-factor rotatable central composite design with five
repetitions at the central point, using mango juice and sugar concentrations as independent variables
(Table 1) and using their effect over the acceptance of the sensory attributes and physicochemical
parameters (dependent variables). Based on the concentrations determined by the experimental design,
the formulations contained added HEKs and the prebiotic mixture (w/v), as can be seen in Table 1.

Table 1. Experimental design and ingredients used for the formulation of beverages.

Formulation
Real and Codified Values

Juice (%) Sugar (%) HEKs (%) Prebiotics (%)

F1 20(−1) 4(−1) 73 3
F2 20(−1) 8(+1) 69 3
F3 40(+1) 4(−1) 53 3
F4 40(+1) 8(+1) 49 3
F5 16(−1.41) 6(0) 75 3
F6 44(+1.41) 6(0) 47 3
F7 30(0) 3(−1.41) 64 3
F8 30(0) 9(+1.41) 58 3

F9 (CP) 30(0) 6(0) 61 3
F10 (CP) 30(0) 6(0) 61 3
F11(CP) 30(0) 6(0) 61 3
F12 (CP) 30(0) 6(0) 61 3
F13 (CP) 30(0) 6(0) 62 3

(CP): Central Point.

The ingredients were homogenized at a rotation of 900 rpm for one minute. After obtaining the
beverages, they were stored into 200-mL polystyrene bottles and subjected to thermal treatment at
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65 ◦C for 2 min. Then, the samples were cooled and kept under refrigeration (7 ◦C) until the analyses
were carried out.

2.2. Sensory Analysis

In order to evaluate the acceptance of the different formulations concerning the sensory attributes
of color, aroma, flavor, sweetness, thickness, and overall impression, a 9-point structured hedonic scale
test (9 = “extremely like”; 5 = “neither like nor dislike”; 1 = “extremely dislike”) was used.

The test was conducted in a sensory laboratory using individual booths under artificial daylight
illumination. The samples were served in a monadic sequential way in cups codified with three
random digits containing 25 mL of the beverage. The serving order followed an incomplete blocks
design in which each panelist tasted 4 out of the 13 formulations being tested [16].

The sensory evaluation was conducted with 130 panelists, mostly composed of females (77.69%),
aging between 18 and 25 years (78.46%) and undergraduate students (86.15%). The selection
criterion adopted was based on the regular consumption of cashew nut kernels and mango juice
by the participants.

2.3. Physicochemical Analysis

The methodology used in determining the pH, the total titratable acidity (TTA), and the soluble
solids (SS) was the one described by Instituto Adolfo Lutz [17]. The pH of the formulations was
measured using a pH meter model 3505 (Jenway, Staffordshire, UK). TTA was determined by the
reaction with a NaOH solution and expressed in citric acid percentage and the SS concentration was
verified via a refractometer model PAL-1 (Atago, Tokyo, Japan).

2.4. Data Analysis

Mathematical models adjusted to a quadratic equation were used to evaluate the effect of
sugar and mango juice concentrations over the acceptance of sensory attributes and physicochemical
determinations (Equation (1)).

Y = β0 + β1X1 + β2X2 + β11X2
1 + β22X2

2 + β12X1X2 + Error, (1)

where Y is the predicted response (sensory acceptance and physicochemical determination), β0 is the
constant, X1 and X2 are the independent variables (mango juice and sugar), and β1, β2, β11, β22, and
β12 are the coefficients of regression (linear, quadratic, and interaction).

The models were subjected to ANOVA in order to evaluate the quality of adjustment and the
significance of the effects (linear, quadratic, and interaction). Based on the coefficient of determination
(R2), the coefficient of determination adjusted (R2

adjusted), and the analysis of lack of fit, the quality of
the models obtained was evaluated so that the response surface graphs could be generated. The models
that presented a lack of significant adjustment were analyzed by the ANOVA and Tukey’s test to
compare means (α = 0.05). All analyses were performed using the statistical software Statistica
version 7.0.

3. Results

3.1. Sensory Evaluation

The tests of analysis of variance of the obtained models for the sensory evaluated attributes
showed a significant lack of fit (p < 0.05), so the response surfaces were not used to analyze the effect
of juice and sugar concentrations on the formulations’ acceptability due to the fact that the models
were not predictive.

The sensory evaluation results indicate that, in general, the formulations attained satisfactory
sensory acceptance, reaching hedonic scores around 6.0 (slightly like) and 7.0 (moderately like) (Table 2).
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Only Formulation 1 (20% juice; 4% sugar) and 6 (16% juice; 6% sugar) had means correspondent to
rejection in some attributes. Analyzing the results through the means comparison test, it is possible to
observe that the most accepted beverages in all the evaluated sensory attributes were Formulations 4
(40% mango juice and 8% sugar), 6 (44% mango juice and 6% sugar), and 8 (30% mango juice and 9%
sugar). In general, products within the combined range of sugar addition between 6% and 9% and
juice between 30% and 44% varied little in the acceptance of all attributes evaluated, while products
outside those ranges varied much more, usually producing lower scores for key characteristics.

Table 2. Average results of sensory evaluation (n = 130 consumers).

Formulation
Uncoded and Coded Values Sensory Attributes

Juice (%) Sugar (%) Color Aroma Flavor Sweetness Thickness Overall Impression

F1 20 4 3.7d 4.9d 4.7g 5.0f 5.9de 4.9g

F2 20 8 3.9d 5.6cd 5.4defg 6.0cd 6.2cde 5.5efg

F3 40 4 7.0a 6.6b 6.2bcd 6.0cd 6.0cde 6.3bcde

F4 40 8 7.8a 7.4a 7.3a 7.5a 7.4a 7.5a

F5 16 6 3.6d 5.3cd 5.3fg 5.6def 6.0cde 5.2fg

F6 44 6 7.3a 7.2ab 6.3bcd 6.3bcd 6.9ab 6.8abc

F7 30 3 6.3bc 6.6b 5.1efg 5.0ef 5.9de 5.5efg

F8 30 9 6.2bc 6.8ab 7.0ab 7.0ab 6.7abc 7.0ab

F9 30 6 6.1bc 6.7ab 6.6abc 6.7abc 6.5bcde 6.5bcd

F10 30 6 5.6c 6.0bc 5.8cde 6.3bcd 6.2bcde 6.1cde

F11 30 6 5.8bc 6.5b 5.8cde 6.0cd 6.1cde 5.9def

F12 30 6 5.7bc 6.5b 5.7cdefg 5.7def 5.8e 5.9def

F13 30 6 6.5b 6.7ab 6.1bcd 6.3bcd 6.8ab 6.5bcd

a–g Different letters in the same column represent a significant difference according to Tukey’s test (p < 0.05).

3.2. Physicochemical Analysis

The quantity of SS of the formulations varied between 13.7◦ (Formulation 7) and 17.2◦ Brix
(Formulation 8), the formulations with lowest and highest sugar concentrations, respectively (Table 3).

Table 3. Physicochemical analysis results for each formulation.

Formulations Juice (%) Sugar (%) SS (◦ Brix) pH TTA (% Citric Acid)

F1 20(−1) 4(−1) 13.8f 4.79c 0.26ef

F2 20(−1) 8(+1) 16.5b 4.82b 0.26ef

F3 40(+1) 4(−1) 14.5e 4.24g 0.37b

F4 40(+1) 8(+1) 17.1ab 4.17h 0.44b

F5 16(−1.41) 6(0) 15.6cd 4.89a 0.25f

F6 44(+1.41) 6(0) 15.6cd 4.12i 0.46a

F7 30(0) 3(−1.41) 13.7f 4.53d 0.29def

F8 30(0) 9(+1.41) 17.2a 4.47e 0.30cdef

F9 (PC) 30(0) 6(0) 15.8c 4.48e 0.34bc

F10 (PC) 30(0) 6(0) 15.5cd 4.47e 0.31cde

F11 (PC) 30(0) 6(0) 15.1de 4.49e 0.32cd

F12 (PC) 30(0) 6(0) 15.7c 4.47e 0.33bcd

F13 (PC) 30(0) 6(0) 15.7cd 4.44f 0.26cd

SS: Soluble Solids; TTA: total titratable acidity; a–i Different letters in the same column represent a significant
difference according to Tukey’s test (p < 0.05).

Regarding pH, the values varied between 4.12 (Formulation 6) and 4.89 (Formulation 5)—the
beverages with the highest and lowest juice concentrations, respectively. As expected, the same
behavior was observed with respect to TTA, which varied between 0.25% (Formulation 5) and 0.46%
(Formulation 6). The formulations with higher juice concentrations were the ones that obtained the
lowest pH values and highest TTA (Table 3).

Satisfactory mathematical models were obtained regarding pH and SS (p < 0.05) with a
non-significant lack of fit (p > 0.05), which means that the model’s error and its replicates were
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small and that these can be used for prediction. Regarding TTA, due to a significant lack of fit (p < 0.05),
the response surfaces were not evaluated.

The formulations’ SS were influenced only by the sugar concentration (Equation (2)). The positive
effect of adding this variable can be seen in the response surface (Figure 1), where the gradual increase
in the sugar content led to a higher concentration of solids in the beverage.

Soluble Solids = 11.44 + 0.751 Sugar − 0.010 Sugar2

(R2 = 0.94; R2
adjus = 0.93; p-value (lack of fit) = 0.62).

(2)
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Figure 1. Effect of the addition of sugar and mango juice on the concentration of soluble solids.

With respect to pH, only the variable juice in its linear effect was significant. In Equation (3), it can
be seen that this effect is negative, which means that a decrease in juice content leads to a pH increase
and vice versa, according to the response surface obtained (Figure 2).

pH = 5.47 − 0.037 Juice + 0.0001 Juice2

(R2 = 0.98; R2
adjus = 0.98; p-value (lack of fit) = 0.12).

(3)
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4. Discussion

It was not possible to adequate a mathematical model that would explain the effect of the studied
independent variables over the acceptance of the sensory attributes. According to Villegas et al. [18],
when one works with response surface methodology for the acceptance optimization of a product,
it is necessary to take into account that there is not always a cause–effect link between the controlled
independent variables (ingredients) and the dependent variable (acceptance). According to these
authors, generally, it is very hard to make predictions about possible perceptible differences between
products that are different in composition as a result of changes in their formulation, even more so to
predict consumers’ degree of acceptance. These authors describe two questions to be considered in
studies on food acceptability: how consumers perceive the sensory characteristics of products and
how the variation perceived in the sensory characteristics influences consumers’ responses.

In the means comparison test, the formulations that had more elevated combined concentrations
of juice and sugar obtained a higher amount of acceptance compared with all of the studied sensory
attributes. Studies carried out with vegetal hydrosoluble extract-based products with added fruit juices
have also obtained higher amounts of acceptance as to overall impression when higher concentrations
of juice were added [1,4,15,19–21].

Soluble solid contents in fruit juices correspond greatly to the concentrations of sugar, organic
acids, and minerals [22]. Nonetheless, because the evaluated beverage is a mixture of fruit juice and
cashew nut kernel hydrosoluble extract, these contents will also correspond to other solids in solution
such as proteins and the added prebiotic substances. Due to these factors, it was expected that the
higher the addition of sugar and juice, the higher the solid content in the beverage, as was observed.
The solid content can influence foods’ texture, sweetness [21], and flavor [22]. Regarding the last
attribute, changes of just one degree Brix can affect the perception of a beverage’s flavor [22]. Relating
the solid content to the acceptance of flavor and sweetness, it is possible to see that, in beverages
with fewer degrees Brix, the acceptance of these attributes was low; on the other hand, when the
concentration of solids is higher, the acceptance of these attributes also increases.

Even though a mathematical model that would explain the effect of the independent variables
concentration on the TTA was not obtained, it was possible to observe via the means comparison test
that only the juice content influenced the formulations’ acidity. As regards pH, a higher addition of
juice led to the acidification of samples. The influence of juice concentration on the product’s final pH
was also reported by Granato et al. [1] in soya-based desserts with added guava juice. The mango juice
used in the formulations contains considerable quantities of organic acids (pH 3.32 and 1.12% acidity
of citric acid), which contributes to their low pH and elevated acidity. Consequently, the gradual
increase in juice concentration will lead to an acidification of the formulated beverage. Because acidity
did not cause a sensory rejection of the formulations, this characteristic becomes a positive point, for
more acidic foods are less favorable to the growth of bacteria, which is desired by the food industry.

5. Conclusions

The use of response surface methodology in the sensory data interpretation was not possible;
however, the formulations with higher combined concentrations of juice and sugar added obtained
satisfactory acceptability. The content of soluble solids was influenced only by the addition of sugar,
where the formulations that presented higher concentrations of solids were the ones that obtained the
highest sensory acceptance. The beverage acidity was influenced only by the juice content, which, in
spite of making the formulations significantly more acidic, did not affect their acceptability. It should
be noted that the raw materials used in this study, despite a low cost in Brazil, have a high cost
worldwide, which limits the production of this kind of product in other countries.
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