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Abstract

The objective of this work was to take advantage of buttermilk and whey for the development of a pineapple and wine
flavored fermented dairy product and to characterize the product in physicochemical, microbiological and sensorial
terms. The experiment was carried out through four treatments with the following formulations: TO (70% UHT skim
milk and 30% whey), T1 (70% buttermilk and 30% whey), T2 (60% buttermilk and 40% whey), T3 (50% buttermilk
and 50% whey). The average treatment values did not differ among themselves, at a 5% level of significance, regarding
pH, acidity, viscosity and color. The protein and fat levels decreased with the increase of the amount of buttermilk in
the treatment formulations. There was no significant difference, at a 5% level of significance, in the average acceptance
values of the 57 judges for flavor, texture, aroma, color and overall impression, with values above 8.0 (9 point scale)
for all attributes. In the purchase intention test, there also were no differences, with averages superior to 5.4 (7 point
scale) for all formulations. All formulations had counts of total coliforms and E. Coli within the acceptable range, taking
into consideration the legislation for fermented dairy beverages. Regarding the lactic acid bacteria, the counts were
superior to 1.3 x 107 CFU g* and also in accordance with the legislation. It was concluded that the use of buttermilk in
the production of fermented dairy products is technologically feasible.

Keywords: Whey; Buttermilk; Sensorial analysis; Fermented dairy beverages; New dairy products.

Resumo

O objetivo deste trabalho foi aproveitar o leitelho e o soro de leite para o desenvolvimento de um produto lacteo
fermentado sabor abacaxi ao vinho e caracterizar o produto em termos fisico-quimicos, microbiol6gicos e sensoriais. O
experimento foi conduzido mediante quatro tratamentos com as seguintes formulag6es: TO (70% de leite UHT desnatado
e 30% de soro de leite), T1 (70% de leitelho e 30% de soro de leite), T2 (60% de leitelho e 40% de soro de leite) e T3
(50% de leitelho e 50% de soro de leite). Os valores médios dos tratamentos ndo diferenciam entre si, ao nivel de 5%
de significancia, com relagdo ao pH, acidez, viscosidade e cor. Os teores de proteina e gordura diminuiram com o
aumento da quantidade de leitelho na formulacdo dos tratamentos. Ndo houve diferenca significativa, ao nivel de 5%
de significancia, nos valores médios da aceitacdo de 57 julgadores para sabor, textura, aroma, cor e impressao global,
com valores acima de 8,0 (escala de 9 pontos) para todos os atributos. No teste de intencdo de compra, também nao
houve diferencas, com médias superiores a 5,4 (escala de 7 pontos) para todas as formulagdes. Todas as formulagGes
apresentaram contagens de coliformes totais e E. coli dentro do aceitavel, considerando a legislacéo para bebidas lacteas
fermentadas. Com relagdo as bactérias laticas, as contagens foram superiores a 1,3 x 107 UFC g, também em
conformidade com a legislacdo. Concluiu-se que o uso de leitelho na fabricacdo de produtos lacteos fermentados é
viavel tecnologicamente.

Palavras-chave: Soro de leite; Leitelho; Bebida lactea fermentada; Analise sensorial; Novos produtos lacteos.

Resumen

El objetivo de este trabajo fue utilizar suero de leche y suero para desarrollar un producto lacteo fermentado con sabor
a pifia y caracterizar el producto en términos fisico-quimicos, microbioldgicos y sensoriales. EI experimento se realizo
mediante cuatro tratamientos con las siguientes formulaciones: TO (70% de leche desnatada UHT y 30% de suero de
leche), T1 (70% de suero de mantequilla y 30% de suero de leche), T2 (60% de suero de mantequilla y 40% de suero
de leche) y T3 (50% de suero de mantequilla y 50% de suero de leche). Los valores promedio de los tratamientos no
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difirieron entre si, al nivel del 5% de significancia, en relacion al pH, acidez, viscosidad y color. Los niveles de proteinas
y grasas disminuyen con el aumento de la cantidad de leche en la cantidad de tratamientos. No hubo diferencia
significativa, al nivel de significancia del 5%, en los valores promedio de aceptacion de 57 jueces para sabor, textura,
aroma, color e impresion general, con valores por encima de 8.0 (escala de 9 puntos) para todos los atributos. En la
prueba de intencién de compra tampoco hubo diferencias, con promedios superiores a 5,4 (escala de 7 puntos) para
todas las formulaciones. Todas las formulaciones alternativas de coliformes totales y coli dentro del rango aceptable,
considerando la legislacién para bebidas lacteas fermentadas. En relacion a las bacterias del &cido lactico, los recuentos
fueron superiores a 1,3 x 107 UFC g, también de acuerdo con la legislacion. Se concluyé que el uso de suero de
mantequilla en la fabricacién de productos lacteos fermentados es tecnoldgicamente factible.

Palabras clave: Suero de leche; Suero de mantequilla; Bebida de leche fermentada; Analisis sensorial; Nuevos
productos lacteos.

1. Introduction

Dairy activity in Brazil has evolved in recent years This has resulted in the growth of milk production, making the
country one of the world’s main producers. In 2020 alone, more than 25 billion liters of raw milk were processed in inspected
establishments. This volume places the country in third place in worldwide milk production, behind the United States and India,
respectively (Brazilian Institute of Geography and Statistics - IBGE, 2021; United Nations Food and Agriculture Organization -
FAO, 2021).

In addition to being consumed in natura, milk can be transformed into derivatives such as cheese, butter, yogurt,
condensed milk, dulce de leche and powdered milk. Therefore, milk becomes one of the products most used by agribusinesses.
In regards to dairy products, the most produced in Brazil are cheeses (1,333,330 tons produced in 2018), condensed milk (709,750
tons produced in 2018) and powdered milk (532,957 tons produced in 2018). Butter is also highly relevant in terms of production,
with 116,647 tons produced in 2018 (Embrapa Gado de Leite, 2018; IBGE, 2021).

From the production of cheese and butter, unlike other derivatives, the by-products whey and buttermilk are generated.
Whey is the liquid generated after cutting the curd, stirring the curd grains and pressing the mass. Buttermilk is the liquid
generated after whipping the cream to form the butter.

Considering Brazilian cheese production in 2018, and that in the production of 1 kilo of cheese, an average of 9 liters
of whey is generated (Alves et al., 2014), 12 billion liters of whey were generated that year. Considering the production of butter
in the same year, and that from 1 kilo of butter an average of 0.5 liters of buttermilk is generated (Abreu & Gajo, 2012),
approximately 58 million liters of buttermilk were generated.

Even with this high amount of whey and buttermilk being generated, the use of these by-products is still low, mainly
by small and medium-sized dairy factories, which tend to use these by-products for animal feed or simply dispose of them into
the environment (Oliveira et al., 2012; Assumc¢do & Paula, 2013; Valente et al., 2015; Souza & Hemkemeier, 2020). As a result,
there is a need to use these by-products.

The use of buttermilk and whey for the development of new products provides increased profitability and greater
competitiveness in the market. Industries transform these by-products with no commercial value into products with greater added
value, thus providing a source of extra income (Alves et al., 2014; Souza & Hemkemeier, 2020).

More and more consumers are looking for products that generate health benefits. Whey and buttermilk, in addition to
being rich in nutrients, are by-products that have several functional properties, making them important raw materials in the
generation of products that generate benefits for consumer health (Vanderghem et al., 2010; Assum¢do & Paula, 2013; Alves et
al., 2014). Consumers are also looking for new products and new sensations. Thus, the development of new flavors in food
products is an attractive tool (Wille et al., 2004; Brazilian Service of Support to Micro and Small Companies - SEBRAE, 2018).
This fact leads to the choice of exotic flavors, such as the pineapple and wine flavor for dairy products.

The objectives of this work are to use buttermilk and whey for the development of a pineapple and wine flavored
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fermented dairy product, to verify the product’s acceptance and purchase intention and to characterize it in physicochemical and

microbiological terms.

2. Methodology
The study was of a quantitative and experimental nature. The physicochemical, microbiological and sensory results of

the dairy product formulations were obtained through laboratory analyses (Pereira et al., 2018).

2.1. Materials

The whey and buttermilk were supplied by the Unai Agricultural Cooperative (CAPUL) located in Unai, MG. The whey
came from the production of Mozzarella cheese and the buttermilk was obtained through the production of butter produced with
cream (standardized at 40% fat by adding water to the cream) and with biological maturation.

The whey and buttermilk were transferred to 10 liter High Density Polyethylene (HDPE) buckets with lids, previously
sanitized with 0.2% sodium hypochlorite solution (10% active chlorine content) and taken to a cold room to be cooled to a
maximum temperature of 4°C. They were then transported to the Agroindustry of the Juvéncio Martins Ferreira State School
(Agricultural School), in Unai, MG, where the fermented dairy product was manufactured. The buckets were kept in a cold

chamber until it was time for the whey and buttermilk to be used.

2.2. Formulation and production process of the fermented dairy product
The experiment was carried out using four treatments (T0, T1, T2 and T3). The formulations were established after the
pre-tests (Table 1).

Table 1. Formulations of fermented dairy product treatments with different proportions of whey and buttermilk.
Treatments TO T1 T2 T3

Base Mixture

UHT skim milk 70% - - -
Whey 30% 30% 40% 50%
Buttermilk - 70% 60% 50%
Ingredients!
Granulated sugar 10% 10% 10% 10%
UHT cream (Piracanjuba®)? Variable Variable Variable Variable
Skim milk powder (Itambé®)? Variable Variable Variable Variable
Pineapple and wine mix (Ricaeli®) 10% 10% 10% 10%
Stabilizer and thickener (Rica Nata®) 0.5% 0.5% 0.5% 0.5%
Lyophilized milk yeast (Rica Nata YR03®)* 0.4% 0.4% 0.4% 0.4%
Pineapple flavoring (Rica Nata®) 0.6% 0.6% 0.6% 0.6%
Artificial burgundy wine food coloring (Mix®) 0.04% 0.04% 0.04% 0.04%

Note: 1The percentage of each ingredient is based on the total volume of the base mixture. 2Amount calculated in order to standardize the base
mixture to 10% NFDE. 3Amount calculated in order to standardize the base mixture to 1% fat. “Composition: Streptococcus thermophilus and
Lactobacillus delbriieckii ssp. bulgaricus. Source: Authors (2021).

The production process of the treatments (Figure 1) was carried out by batch in a 50 liter fermenter (Solinox). First, the
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whey acidity analysis was performed and, when it was above 12°D (Dornic), it was corrected with powdered sodium bicarbonate
(Junco®) until it reached an acidity of 12°D. The whey was then added to the fermenter where it was heated to 70°C (to inactivate

the enzymes of the coagulant used to manufacture the cheese).

Figure 1. Flowchart for the production of the fermented dairy product treatments.

Addition of the Addition of UHT
. o sugar, cream, skim skim milk (TO) or
Whey Heating (70°C) milk powder and buttermilk (T1, T2,
stabilizer and T3)
|
\2
Heat treatment Addition of
o . —> Cooling (42°C) —> lyophilized milk —> | Incubation (5 hours)
(80°C/30 min.)
yeast
|
\2
Addition of the
Cooling (25°C) —> | Breaking the mass |—> pln‘eapple a‘nd wine 15 Bottling
mix, flavoring and
food coloring
|
\z
Storage
(2 to 4°C)

Source: Authors (2021).

Shortly afterwards, buttermilk with a maximum acidity of 12° D (for treatments T1, T2 and T3) or UHT skim milk (for
treatment TO) was added. The acidity was also corrected with sodium bicarbonate when necessary. Then, cream, granulated
sugar, skim milk powder, thickener and stabilizer were added to the base mixture.

The obtained mixture was heat treated at 80°C for 30 minutes and then cooled until it reached 42°C. Lyophilized milk
yeast was added and kept at the same temperature for 5 hours. When the time came, the product was cooled to 25°C and the
mass was broken with the aid of the fermenter’s agitator. Along with the breaking of the mass, the pineapple and wine mix, the
pineapple flavoring, and the food coloring were added. The stirring was maintained until a complete homogenization of the
product was achieved (obtaining a uniform appearance). The pineapple and wine mix was previously pasteurized at 90°C for 3
minutes before being added to the pasteurized mixture (Rio de Janeiro Technology Network — RETEC/RJ, 2006).

The product was put into 1-liter HDPE bottles with lids, previously sanitized with 0.2% sodium hypochlorite solution

(10% active chlorine content) and kept cool in a cold chamber (2 to 4° C).

2.3. Physicochemical and microbiological analyses

The pH, acidity, density, fat, TDE and NFDE analyses of the whey, buttermilk and UHT skim milk were carried out at
the CAPUL Dairy Laboratory. The pH, acidity and fat analyses of the cream were also carried out at the same place. However,
the analyses of whey protein, buttermilk and skimmed UHT milk and the analyses of the treatments (pH, acidity, viscosity, color,
protein, fat, lactic acid bacteria, total coliforms and E. coli) were carried out in the laboratories at the Federal Institute of

Tridngulo Mineiro’s (IFTM) Uberaba campus.
4
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In order to perform the analyses at IFTM, the treatment samples were transported in an isothermal box with ice. The
samples were kept in a refrigerator with a maximum temperature of 4°C until the time of the analyses.

For better characterization of the raw materials and treatments, physicochemical and microbiological analyses were
performed on the UHT skim milk, whey, buttermilk, cream and on the treatments (Table 2).

The physicochemical analyses were carried out in triplicate and the microbiological analyses were carried out in

duplicate.

Table 2. Physicochemical and microbiological analyses of the raw materials and the fermented dairy product treatments.
Analyses UHI\-; i?:im Whey Buttermilk Cream Treatments
pH X
Acidity
Density
Fat
TDE
NFDE

Protein

X X
X X

X X X X X X
X X X X X X X
X X X X X X X
X
X

Viscosity - - - -
Color - - - -

Lactic Acid Bacteria - - - -
Total Coliforms - - - -

X X X X X X

E. coli - - - -

Source: Authors (2021).

As the developed product is similar to a Fermented Dairy Beverage, the physicochemical and microbiological
requirements for Fermented Dairy Beverages with the addition of food substances were used as a reference. These requirements
are present in the Technical Regulation on Identity and Quality (RTIQ) for Dairy Beverages, Normative Instruction n° 16 (Brazil,
2005).

The protein, pH, titratable acidity, density, fat (cream, UHT milk, whey and buttermilk), total dry extract (TDE) and
non-fat dry extract (NFDE) analyses were performed according to official methods established by Normative Instruction n°® 68
(Brazil, 2006). The determination of fat from the fermented dairy product (treatments) was carried out as described by the Adolfo
Lutz Institute (2008) using a butyrometer. Viscosity was determined using a viscometer (Brookfield brand, model DV-I1+ Pro)
and followed the procedures in the equipment manual (Brookfield, 2015). The color determination was carried out by means of
a colorimeter (Konica Minolta brand, model Chroma Meter CR 400), using the CIELAB system, color space (L*a*b*) and the
Illuminant D65 (Konica Minolta, 2013).

For the microbiological analyses, 5 g of the sample were weighed and transferred to 225 mL of sterile peptone water,
thus obtaining a 10 dilution. From this first dilution, 1 mL was pipetted and added to a tube containing 9 mL of peptone water,
obtaining a 107 dilution. Thus, the remaining dilutions necessary for the analyzes were carried out. For total coliforms and E.
coli, 3M™ Petrifilm™ plates were used and the procedures followed the manufacturer's guidelines (3M from Brazil, 2009). The

plates were incubated for 24 hours at 35°C (for total coliforms) and for E. coli, the incubation time was 48 hours. After the
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incubation period, the colonies were counted (with E. coli as blue colonies with gas and total coliforms as red and blue colonies
with gas) and the results were expressed in Colony Forming Units (CFU g ).

From the dilutions performed for the total coliform and E. coli analyses, the lactic bacteria analysis was carried out by
pour plate with overlay, adding 1 mL of the dilution in a petri dish and then adding the MRS Agar (from Man Rogosa & Sharpe).
After solidification of the culture medium, another layer of the culture medium was added to ensure a more anaerobic
environment. Soon after, the plate was incubated at 35°C for 48 hours (Silva et al., 2007). After the incubation period, the colonies

were counted (red colonies with or without gas) and the results were expressed in Colony Forming Units (CFU g).

2.4. Sensory Analysis

The Sensory analysis was conducted at Unai College of Health Sciences (FACISA) with teachers, students and
technical-administrative staff from the same institution. The sensory analysis was submitted to and approved by the Federal
University of Tridngulo Mineiro’s Research Ethics Committee (CEP) under protocol CAAE 15577619.0.0000.5154 and
assessment number 3.461.652.

The sensory analysis was performed with the samples from the last repetition of the experiment and, after obtaining the
results of the microbiological analyses. The judges were adult students, teachers and technical-administrative employees from
FACISA, being selected only if they consumed dairy products in order to prevent the participation of those who are lactose
intolerant or allergic to milk.

The sensory analysis was performed by 57 untrained judges. They assessed the purchase intention using a seven-point
attitude scale and the degree of acceptance using the nine-point hedonic scale.

To perform the sensory analysis, the judges were in individual booths and about 30 mL of each formulation (with a
temperature of 2 to 4°C) was served in disposable 50 mL cups encoded with random three-digit numbers. Mineral water was
served to eliminate the residual taste of each sample (Bento, Andrade & Silva, 2013). All samples were presented in a monadic

manner.

2.5 Statistical Analysis

The experiment was carried out considering four treatments and four repetitions for each treatment.

A completely randomized design (CRD) was used for the physicochemical analyses and a randomized block design
(RBD) was used for the sensory analysis. The homogeneity and normality of the data were assessed by the Shapiro-Wilk and
Bartlett tests, respectively, at 5% significance. For the data from the microbiological analyses, geometric mean was applied.

The data from the physicochemical analyses were analyzed by the analysis of variance (ANOVA) and the averages
were analyzed by the Scott-Knott test at 5% significance. The Friedman test at 5% significance was used for the statistical
analysis of the judges’ acceptance regarding taste, texture, aroma, color and overall impression.

The statistical software R 3.4.0 was adopted for the statistical analysis.

3. Results and Discussion

3.1 Physicochemical Analyses

The average results of the physicochemical analyses carried out on the raw materials are shown in Table 3.
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Table 3. Average results of the physicochemical analyses of the raw materials used in the elaboration of the fermented dairy

product treatments.
Parameters UHT Skim Milk Whey Buttermilk UHT Cream
pH 6.69 6.41 6.72 6.74
Acidity (°D) 18 13 19 15
Density (g mL™) 1.034 1.026 1.023 -
Fat (%) 0.3 0.4 0.3 14
Protein (%) 3.1 1.3 1.7 -
TDE (%) 8.8 6.9 6.0 -
NFDE (%) 8.6 6.5 5.9 -

Source: Authors (2021).

According to the RTIQ for UHT Milk (Decree n° 146, 1996), UHT skim milk, in addition to other requirements,
must have an acidity, in g of lactic acid per 100 mL, from 0.14 to 0.18 (equivalent to 14 to 18°D), a maximum fat content
of 0.5% and a NFDE of at least 8.4%. Brazilian legislation does not establish density, protein and pH standards for UHT
milk. Therefore, the standards established for pasteurized skim milk were considered, under Normative Instruction No. 76
(Brazil, 2018), which establishes a density from 1.028 to 1.036 g mL* and protein of at least 2.9%. According to Tronco
(2013), the pH ranges from 6.60 to 6.80 for good quality milk. Thus, based on the average values obtained in the present
study (Table 4), the UHT skim milk used was within the established quality standards.

The UHT cream used in this research was classified as “light” in terms of fat content. This cream, in addition to
other requirements, must have acidity, in g of lactic acid per 100 g, of a maximum of 0.20 (equivalent to 20°D) and a fat
content from 10.0 to 19.9%, as per Decree no. 146 (Brazil, 1996). Brazilian legislation also does not establish a pH standard
for UHT cream. Thus, the result was compared with the pH values from research carried out by Stephani et al. (2011) on
UHT cream sold in Brazil, which ranged from 6.42 to 6.73. Therefore, considering the average results obtained in this
research (Table 4), the UHT cream used was within the established quality standards.

For whey and buttermilk, there is still no legislation in Brazil that defines the parameters of identity and quality.
The composition of whey can vary according to the type of cheese being manufactured, the heat treatment applied to the
milk and the treatment given to the curd, such as cutting and stirring (Abreu & Gajo, 2012).

Teixeira & Fonseca (2008) analyzed whey derived from the production of Mussarela and Minas Padrdo cheeses
from four macroregions in the state of Minas Gerais. The researchers found for the Mozzarella whey the following values:
pH from 5.93 to 6.45, acidity from 10 to 16 ° D, TDE from 5.90 to 6.76%, fat from 0.5 to 1.0 %, protein from 0.80 to 0.88%
and density from 1.0257 to 1.0259 g mL™.

The whey used in this research came from the production of Mozzarella cheese and the average pH and acidity
values were in accordance with those found by the researchers. Fat, on the other hand, was lower, and density, protein and
TDE values were higher than those found by the authors (Table 3).

The higher density of whey used in this research is explained by the lower amount of fat, as this component is the
one with the lowest density (0.930 g mL™*) among the milk constituents. The lower its amount, either in the whey or in the
milk, the greater the density of the product tends to be (Tronco, 2013). The TDE was higher due to the greater amount of
protein found in the whey used in this study (Table 3).

Buttermilk has, on average, 0.4 to 0.5% fat, 3.5% protein, 4.6 to 14.5% TDE, a pH of 4.60, titratable acidity of

17 ° D and density of 1.034 g mL! (Walstra et al., 2006; Assump¢io & Paula, 2013; Baruk¢i¢ et al., 2019). Only the TDE
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found in this research is in agreement with the authors. The difference in values can be explained by the butter production
technique, which can greatly vary the buttermilk composition. According to Abreu & Gajo (2012), many factors can affect
the buttermilk composition, such as the percentage of fat in the cream, the physical maturation of the cream, the beating
time, the temperature of the cream during the beating, the anticipation of the final beating point and the volume of cream
in the mixer.

Another factor that explains the difference in composition found in this research in relation to the aforementioned
research is the fact that the cream has been standardized with water, instead of skim milk, modifying the buttermilk
composition. As can be seen in Table 4, the buttermilk composition approached the whey composition, and because of this,
the protein, TDE, NFDE and density values were lower.

The average results of the physicochemical analyses of the treatments are shown in Table 4.

Table 4. Average results of the physicochemical analyses of the fermented dairy product treatments.

Parameters TO T1 T2 T3
pH 4.262 4.302 4.292 4.28%
Acidity (% of lactic acid) 0.672 0.55° 0.55° 0.60°
Fat (g 100 g2 0.5% 0.4 0.3 0.3
Protein (g 100 g1) 2.922 2.48P 2.42P 2.35P
Viscosity (cP) 352.822 216.95% 224.022 131.522
L* 67.432 63.018 63.212 63.018
a* 19.222 18.282 19.612 17.832
b* 8.492 6.222 6.08? 6.50%

The averages followed by the same letter in the lines do not differ from each other by the Scott-Knott test (p > 0.05). Note: TO (70%
UHT skim milk and 30% whey); T1 (70% buttermilk and 30% whey); T2 (60% buttermilk and 40% whey); T3 (50% buttermilk and
50% whey). Source: Authors (2021).

According to the results presented (Table 4), the average values of the pH, acidity, viscosity and color variables
(L*, a*, b*) did not differ at the 5% level of significance. As for the fat content, there was no significant difference between
the average values of TO and T1, nor between T2 and T3, but there was a significant difference in the average values of the
first two treatments compared to the last two, with the fat levels being higher for TO and T1. For protein, there was no
significant difference between the average values of treatments T1, T2 and T3. T0O, however, had a higher protein content
in relation to the other treatments.

The ideal pH in Fermented Dairy Beverage production ranges from 4.4 to 4.6 and acidity between 60 to 72°D
(Bahia Technology Network - RETEC / BA, 2007; Minas Gerais Agricultural Research Company - EPAMIG, 2010; Milk
Science, 2013). The average pH values obtained in this research were lower and the acidity of the treatments ranged from
0.55 to 0.67% lactic acid (equivalent to 55 and 67°D).

The lowest pH found in this research can be explained by the use of the pineapple and wine mix that has a pH
ranging from 3.0 to 4.0. Acidity is influenced, among other factors, by the time and temperature of fermentation. In this
research, the treatments were incubated at 42°C for five hours, with no pH monitoring, to standardize the processing with

minimal variations.
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Pfrimer (2018), when developing a Fermented Dairy Beverage with buttermilk and cagaita pulp, obtained pH
values from 3.9 to 4.4, an interval equivalent to the present study (Table 4). Thus, as observed in this research, it was argued
that the low pH value was due to the pulp used.

With regard to acidity, Pfrimer (2018) obtained lactic acid values from 0.36 to 0.58% while those of this research
were from 0.55 to 0.67% (Table 4). The higher values found in this study can be explained by the incubation time of the
base mixture, which was longer than that used by the author, in which she applied a temperature of 43°C for about three
hours.

The viscosity of the product can be influenced by several factors, such as the heat treatment applied, the pH, the
amount of NFDE and TDE, the type of milk yeast used, the use of stabilizers and thickeners, the degree of agitation and
the temperature during the breaking of the gel (Abreu & Gajo, 2012). Pfrimer (2018) obtained a reduction in viscosity as
the proportion of milk decreased and the proportion of whey and buttermilk in the formulation increased. In this research,
as there was a standardization of the NFDE and fat, there was no change in the viscosity of the product (Table 4).

The average L* values (brightness) ranged from 63.01 to 67.43, the average a* values (hue) ranged from 17.83 to
19.61 and the average b* values (saturation) ranged from 6.08 to 8.49 (Table 4). According to Ramos and Gomide (2017),
the parameter L* varies from 0 (pure black) to 100 (pure white), the a* values can vary from -120 to +120, being red (when
positive) and green (when negative), and the b* values can also vary in the same range, being yellow (when positive) and
blue (when negative). Thus, through the average results obtained in this research and with the aid of the CIELAB system’s

chromaticity diagram, the product arrived at the pink hue region (Figure 2).

Figure 2. Color of treatments T0, T1, T2 and T3. Note: TO (70% UHT skim milk and 30% whey); T1 (70% buttermilk and
30% whey); T2 (60% buttermilk and 40% whey); T3 (50% buttermilk and 50% whey).

Source: Authors (2021).

Even with the standardization of the base mixture’s fat content in this present study, there was a difference in the
average fat values between treatments (Table 4). This can be explained due to the fact that after the standardization of the
base mixture’s fat content, skim milk powder was added for the standardization of the NFDE. The amount of skim milk
powder necessary for the standardization of treatments was greater as the proportion of whey increased, and consequently,

the fat content of the treatments decreased.
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Pfrimer (2018) obtained higher fat values (1.15 to 2.76%) when compared to the present study (Table 4). This
higher fat proportion was due to the use of whole milk in the formulations. In addition, the proportion of fat used by the
author in the mixture (whey and buttermilk) was also higher (ranging from 0.98 to 1.07%) than that used in this research
(Table 4).

With regard to protein, the average results obtained (Table 4) were compared to the standard established in the
RTIQ for Dairy Beverages (Brazil, 2005), which establishes, for Fermented Dairy Beverages with the addition of food
substances, a minimum of 1 g 100 g of protein. All treatments in this research had a protein content above the
recommended value (Table 4), showing that it is possible to obtain a drink with considerable protein levels without using
milk as a raw material.

Treatments that used buttermilk and whey (T1, T2 and T3) had lower average protein contents compared to TO,
which used milk and whey. As the protein levels of whey and buttermilk are lower than that of milk, the difference between
treatments was to be expected (Table 4). Pfrimer (2018) also obtained a reduction in protein content as the proportion of

whey and buttermilk in the product composition increased.
3.2 Microbiological analyses
The average results of the microbiological analyses of the treatments were expressed by Colony Forming Units (CFU

g™h), as shown in Table 5.

Table 5. Geometric averages of the microbiological analyses of the fermented dairy product treatments.

Parameters TO T1 T2 T3

Lactic Acid Bacteria (CFU g1) 9.9 x 107 1.4 x 107 1.5 x 107 1.3 x 107
Total Coliforms (CFU g*) <10 <10 2.7 x 10? <10
E. coli (CFU g <10 <10 <10 <10

Note: TO (70% UHT skim milk and 30% whey); T1 (70% buttermilk and 30% whey); T2 (60% buttermilk and 40% whey); T3 (50%
buttermilk and 50% whey). Source: The authors, 2021.

According to the results presented (Table 5), all formulations presented average total coliform counts within the range
established by the RTIQ for Fermented Dairy Beverages with addition of food substances (Brazil, 2005), which is a maximum
of 100 CFU g™ for indicative samples (considering the upper limit “M”).

The same legislation also establishes that the thermotolerant coliform count must be less than 10 CFU g* (Brazil, 2005),
also considering the upper limit “M” for indicative samples. In this research, analyses were made for E. Coli, which is a bacterium
in the thermotolerant coliform group. In no treatment did E. coli colonies grow (Table 5).

With regard to lactic acid bacteria, the same legislation defines the minimum value as 108 CFU g* (Brazil, 2005). All
treatments in this research showed average counts above this value (Table 5).

Pfrimer (2018), when developing a Fermented Dairy Beverage with buttermilk and cagaita pulp, also obtained values
for lactic acid bacteria and total thermotolerant coliforms within the ranges established by the legislation. Furtado et al. (2020),
when counting lactic acid bacteria in fermented strawberry-flavored dairy beverages sold in supermarkets in Vitéria da Conquista

- Bahia, found only one sample (out of a total of 32) within the standard established by the legislation.
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3.3 Sensory Analysis
The average results of the judges' scores regarding flavor, texture, aroma, color, overall impression and purchase

intention are shown in Table 6.

Table 6. Average results of the judges 'acceptance in terms of taste, texture, aroma, color, overall impression and purchase

intention of the fermented dairy product treatments.

Overall Purchase

Treatments Flavor Texture Aroma Color ) )
Impression Intention

TO 8.32 8.32 8.32 8.62 8.22 5.8?

T1 8.12 8.3? 8.2° 8.5? 8.22 5.52

T2 8.22 8.12 8.28 8.6? 8.12 5.78

T3 8.42 8.12 8.3? 8.5? 8.22 5.52

The averages followed by the same letter in the columns do not differ from each other by the Friedman test (p > 0.05). Note: TO (70% skimmed
UHT milk and 30% whey); T1 (70% buttermilk and 30% whey); T2 (60% buttermilk and 40% whey); T3 (50% buttermilk and 50% whey).
Source: Authors (2021).

The results showed that there was no significant difference between the average treatment values for flavor, texture,
aroma, color and overall impression (at the 5% level of significance) (Table 6). Thus, the substitution of milk for buttermilk did
not affect the acceptance of the judges regarding the aforementioned attributes.

Pfrimer (2018), when developing a Fermented Dairy Beverage with buttermilk and cagaita pulp, did not obtain a
significant difference at the 5% level of significance in the average scores for color and aroma, but obtained a difference in the
average scores for flavor, consistency and overall impression, showing a trend in the reduction of the scores with the decrease in
the product’s proportion of milk. Pfrimer (2018) scored lower than this study: flavor, from 3.3 to 7.5; consistency (texture), from
3.5t0 7.7; aroma, from 6.1 to 7.6; color, from 4.5 to 7.3 and overall impression, from 4.3 to 7.8.

The average values obtained for flavor, texture, aroma and global impression (Table 6) fit the option “I somewhat liked
it”. And for the color, the averages meant “I liked it extremely”. According to these acceptance results, the product has the
potential to be marketed.

Cruz et al. (2020), when preparing fermented milk beverages with different types of fruit pulps (guava, passion fruit,
seriguela (Spondias purpurea) and coquinho-azedo (Butia capitata var capitata), obtained greater acceptance in the coquinho-
azedo flavored dairy beverage (43.5%), followed by the passion fruit flavored fermented dairy beverage (38.5%). There was less
acceptance for the guava (32.5%) and seriguela (12.5%) flavors. These data show that exotic / different flavors can be rejected
by consumers, unlike the pineapple and wine flavor used in this research, as there was great acceptance by the tasters (average
score above 8.0 in all analyzed parameters).

As evidenced, there was no significant difference between the average purchase intention values of the treatments at the
5% level of significance (Table 6). It is also noted that the average purchase intention values obtained in this research are located
in the option “I would buy very often”. These data suggest that the use of buttermilk is feasible due to purchase potential by
consumers. This also holds true for a Fermented Dairy Beverage produced with traditional ingredients (milk and whey).

Pfrimer (2018) obtained a significant difference at the 5% level of significance in the average scores for purchase
intention. As the proportion of milk decreased and the whey and buttermilk in the product increased, there was a tendency for
the scores to reduce, which was not evidenced in this research (Table 6). The author obtained scores ranging from 2.0 to 4.2 for

the purchase intention, being lower than those obtained in this research.
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The overall data obtained in this research, in relation to physicochemical, microbiological and sensory analyses,
demonstrated that it is possible to transform a by-product usually destined for disposal, as is the case of buttermilk, into a product
with greater added value. The pineapple and wine flavor was well accepted by the judges, showing it to be an alternative flavor
for the production of fermented dairy products.

Based on the results presented in this research, on April 1, 2021, a patent application for the invention of a product and
process entitled “Fermented Dairy Product Based on Whey and Buttermilk and Obtaining Process” was filed with the National
Institute of Industrial Property (INPI) under protocol No. 870210030619, with the processing number n° BR 10 2021 006391 2.

4. Conclusion

The developed product presented satisfactory physicochemical and microbiological results and was in accordance with
the legislation requirements. With regard to sensory analysis, the addition of buttermilk as a substitute for milk did not affect the
acceptance of the judges with respect to taste, texture, aroma, color, overall impression and purchase intention.

This research has shown that it is possible to produce a fermented dairy product based on whey and buttermilk with
potential for insertion in the market as a new product.

Further studies are suggested on the production of fermented dairy products based on whey and buttermilk as there are

few published studies on the subject.
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