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A potential commercial use of cajeta (a traditional milk product from Mexico) in the
development of whey beverages
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Abstract

Cajeta is a Mexican artisanal candy elaborated from goat milk. While it is popular among consumers, it is necessary to find
alternative uses to improve access to stable and fair trade for producers. Therefore, the objective of this study was to develop a
functional beverage using whey with different levels of inulin (4, 8 and 12%) as a prebiotic, guar gum (0.321, 0.625 and 1.25%)
as a thickener and cajeta (20% v/v) as flavoring. Nine formulations were prepared, stored at 4 °C and analyzed on days 0, 7 and
14. The pH values were constant (5.9) in all formulations, while acidity exhibited changes on days 0 and 14. Flow properties
of the beverages exhibited a non-Newtonian behavior and fitted best with the Power Law (PL). According to acceptance tests
and a Check-All-That-Apply (CATA) questionnaire, it was possible to obtain a cajeta-flavored whey-beverage using lower
concentrations of inulin and gum. The physicochemical characteristics provided by ingredients added in lower concentrations
did not affect the organoleptic properties of the product, showed lower viscosity, and were highly accepted by most participants.

Keywords: Cajeta; whey beverage; inulin; guar gum; physicochemical characteristics; sensory properties.

Practical Application: The combination of cajeta, whey, and hydrocolloids is a viable alternative since the commercialization

of cajeta as part of the whey beverage is potentialized.

1 Introduction

Nowadays, the demand for foods with functional properties
is increasing around the world. Flavored energy drinks, and/or
beverages with added fibers, oligosaccharides, or fermented
beverages with prebiotics and probiotics are some examples of
products that have been developed (Molero & Brifiez, 2018).
Dulce de leche (milk jam, milk caramel) is a form of sweetened
condensed milk that is very popular in countries such as Mexico,
Argentina, and Brazil, and may be produced from cow or
goat milk (Park & Haenlein, 2013). The changes in consumer
preferences associated with the low consumption of sugars has
led to a decrease in demand for these types of products, meaning
that alternatives are sought for consumption without negatively
effecting the consumer’s health.

Whey is a by-product of the cheese industry with a high
production worldwide. It is characterized as being an industrial
effluent, with a high biochemical oxygen demand due to its high
organic compound content, which in turn makes it one of the
most polluting by-products (Panghal et al., 2017). Whey contains
more than half the nutrients of milk, such as salts, vitamins,
lactose, enzymes, and proteins rich in essential amino acids.
Furthermore, a group of bioactive compounds derived from
whey were studied for their potential health benefits, such as
enhancing the immune function and modulating the adiposity
and antioxidant capacity (Ha & Zemel, 2003; Chavan et al., 2015a;
Arranzetal., 2019). Whey-based drinks have entered the market
because of their functional potential and the fact that they are
accepted by different consumer groups (Castro et al., 2009;

Guimardes et al., 2019). While recent data suggests that their
consumption is growing worldwide, this type of product is
mainly present in the sports nutrition market (Ha & Zemel, 2003;
Janiaski et al., 2016).

Some of the whey-cheese-based beverages incorporate
microorganisms which generate fermented beverages, however
some research has been conducted to analyze the effects of adding
fruit pulp such as banana (Dhamsaniya & Varshney, 2013), mango
(Ismail et al., 2011; Sakhale et al., 2012; Chavan et al., 2015b),
pineapple (Shukla, 2012; Baljeet et al., 2013) as well as other
artificial and natural flavorings.

On the other hand, high-intensity ultrasound technology
(HIUS) has been intensively studied in recent years and applied
in different food systems. Guimaraes et al. (2019), evaluated the
nutritional profile and volatile compounds present in a prebiotic
(inulin) soursop whey beverage in the presence of high-intensity
ultrasound as compared to conventional high-temperature short
time. Monteiro et al. (2020), analyzed the physicochemical,
microstructural, and sensory characteristics of a chocolate whey
beverage processed using HIUS technology. Both results highlight
the feasibility of using ultrasound in manufacturing functional
dairy products, with therapeutic properties, preservation of
nutritional compounds of the food.

The use of sensory evaluation techniques in the development
and optimization of food products can help to identify the
characteristics that lead to their greater acceptance by consumers
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(Ares & Jaeger, 2013; Li et al., 2015), while manufacturers are
increasingly interested in the final consumers” opinions and
expectations of their products (Parente et al., 2011). Furthermore,
the use of consumer tests and classification techniques are
useful for identifying niches of consumers according to
their preferences (Berget, 2018), which could in turn help
steer the food manufacturers’ efforts in the right direction
with regard to product development (Parente et al., 2011;
Bruzzone et al., 2015).

Therefore, the objective of this work was to develop and
characterize a whey-based beverage flavored with Mexican
caramel jam (“cajeta”) by determining the physicochemical,
flow behavior, and sensory properties with regard to time,
generating a novel product using whey as a potential functional
and sustainable ingredient.

2 Materials and methods

2.1 Raw materials

Whey was kindly provided by a small company that
makes fresh cheese. Dairy beverage formulations were
prepared by using skimmed milk powder (Svelty, Nestlé,
Mexico), Inulin (Tequilera Real de Penjamo, Guanajuato,
Mexico.), guar gum (HSN Foods) and cajeta (a type of
artisanal candy elaborated with goat milk) which was used in
this formulation as a flavoring agent (Arandas, Guanajuato,
Mexico). Physicochemical analyses were determined for cheese
whey to adjust the solids using a lactoscan (Milkanalyzer,
6527, Nova Zagora, Bulgaria).

2.2 Whey beverage preparation

Firstly, the whey is filtered using muslin cloth. For preparing
the beverages were formulated from pasteurized liquid whey
(65 °C/30 min). The milk powder (solids 15% w/v) was add
and dissolved in the whey before all ingredients, then inulin (4,
8 and 12% w/v), guar gum (0.321, 0.625 and 1.25% w/v), and
flavor (cajeta, 20% v/v), were adding to whey and mixed with
a manual mixer (model BL687CQO, Massachusetts, USA), each
batch of bottles was filled and pasteurized a 65 °C/30 min and
finally were stored (4 + 2 °C) for further analysis.

2.3 Physicochemical analysis

The pH was determined at 20 °C with a digital potentiometer
(model HI 98107; HANNA, Italy) which had been previously
calibrated. The acidity was measured by titration of a 10 mL
sample with NaOH (0.1N) and phenolphthalein as an indicator
(0.1%) using method 16.023 (Association of Official Analytical
Chemists, 1980). Total solids were determined using a digital
refractometer (A. Kriiss 0 - 90 °Brix, DR 201-95-OE, Hamburg),
while measurements were made in both whey and beverage
formulations after 0, 7, and 14 days of storage.

2.4 Flow properties

Flow properties for the whey-based beverages were
carried out in a Brookfield DV-II + Pro viscometer (Brookfield

Engineering Laboratories Inc., MA, USA) using a sample of
120 mL. Shear stress (t) was determined at the correspondent
shear rates (y) obtained from readings at 6, 12, 30, 50 y 100 rpm
at 20 °C, as well as applying the corresponding relationships
provided by the manufacturer (Brookfield, 2011) (Equations 1-3).
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where, y: shear rate (1/s); o: spindle angular velocity (rad/s); R :
container radius (m), R : spindle radius (m), N: spindle speed
(rpm), t: Shear stress (Pa), L: spindle height (m). M: torque for
this viscometer = 6.73 x 10°°(N-m).

The experimental flow responses or rheograms were fitted
to three mathematical relationships, which were the Power Law
(PL), Herschel-Bulkley (HB) and Bingham plastic (BP) models.

Two goodness of fit tests were applied to the obtained
experimental data, the percentage of the mean error (PEM,
Equation 4) and the root- mean-square error (RMSE, Equation 5),
to verify the fit of each model to the rheological behavior of
each dairy beverage:
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where: T = experimental shear stress (Pa); © , = predicted
shear stress (from the applied model, Pa); and n_ = the number
from the experimental data (from the flow curve, dimensionless).

2.5 Sensory acceptance and characterization

Firstly, a session was conducted to obtain the characteristics
for describing the beverages formulated. At this stage, 20
participants (11 females: 9 males, aged 20-49 years old)
received a 30 mL sample of the nine beverages with three-digit
randomized numbers. Subjects were asked to write on a white
sheet of paper all the perceived characteristics of appearance,
smell, texture, and taste that could help to discriminate
between samples. A list of attributes was obtained and the
most frequently mentioned were selected for inclusion in a
Check-All-That-Apply (CATA) questionnaire.

One hundred and twenty subjects participated in the study, each
receiving a 20 mL sample of each of the nine beverage formulas.
After tasting, subjects indicated the acceptance for the samples
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by a rank-rating procedure (O’Mahony & Wichchukit, 2017),
ordering the samples from the least to the most preferred
and by rating them from the least to the most accepted in
a 15-point scale. After the participants had completed the
acceptance test, they received a CATA questionnaire with the
attributes obtained from a previous stage and were asked to
check which characteristics they perceived from each sample.
To determine how much the beverages differed from their
ideal product, subjects were invited to check the attributes
that must and must not be present in their ideal beverages.
In all cases, the samples were presented to the participants in
a counterbalanced and randomized order and were evaluated
7 days after they were made.

The frequencies of mentions for the characteristics perceived
in the beverages by consumers were submitted to a Principal
Component Analysis in order to obtain the main sensory attributes
as well as their relationship with physicochemical characteristics
and to then associate them with preference.

2.6 Statistical analysis

All systems were analyzed after preparation on days 0, 7, and
14 of storage, were conducted in triplicate and expressed as means
£ SE of at least three independent experiments. The response
variables identified as physicochemical and flow properties were
statistically examined using the Minitab software (v.16, Minitab
Inc., Pennsylvania, USA). Statistical analysis was performed
using an analysis of variance (ANOVA) while a Tukey s test
was applied for carrying out multiple comparisons of the mean
values. Data obtained by the application of acceptance tests were
analyzed with Kruskal-Wallis and Duncan’s tests for a means
comparison. Furthermore, a principal component analysis was
performed to analyze the relationship between instrumental
and sensory measurements. In addition, correspondence
analysis was applied to determine the spatial configuration of
attributes, products and acceptance as perceived by consumers.
Finally, statistical analysis on the sensory data was carried out
using the XLSTAT system (Addinsoft, France) with a level
significance of p<0.05.

3 Results and discussion

3.1 Physicochemical analysis on cheese whey

The physicochemical characteristics of liquid whey were
assessed for quality attributes with the results indicating pH
(5.2), acidity (0.19%), total solids (6.41%), fat (0.21%), protein
(2.63%), ash (0.54%) and lactose (3.70%). The results of the liquid
whey characterization obtained by Yasmin et al. (2013) showed
similar values to those obtained in this study: pH (5.24), acidity
(0.29%), total acids (6.49%), fat (0.25%), ash (0.56%) and protein
(0.81%). In another study, Sakhale et al. (2012) characterized
the liquid whey in their study and observed 0.19% fat, 0.45%
protein, 5.73% SNF and 6.12% total solids.

3.2 Physicochemical analysis during refrigerated storage

The effect of adding inulin, guar gum, and cajeta on the
physicochemical parameters of the beverages and their changes
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during storage was studied and results are shown in Table 1.
The physicochemical properties of all formulations exhibited
a constant pH (5.9) throughout refrigerated storage (Table 1).
By contrast, the acidity values increased (p < 0.05) in all
formulations on day 14 of refrigerated storage. Although there
is a reported pH and acidity stabilization in dairy beverages
during storage (Silveira et al., 2015; Gomes et al., 2013), in this
study the acidity increased due to components of beverage
formulation. Reported acidity values for fermented beverages
range from 0.74 - 0.82%, which are strongly influenced by the
components used, the amount of milk solids added, and the
metabolic activity of microorganisms responsible for fermentation
(Thamer & Penna, 2006). As expected, the solid contents in the
formulations made with inulin and gum were higher than the
control (p<0.05) due to the incorporation of stabilizing agents.
These results differ from those reported by Chatterrjee et al. (2015)
who observed a decrease in pH values, an increase in titratable
acidity expressed as citric acid, and an increase in soluble solid
content determined after 11 days of storage.

Table 1. Physicochemical properties of formulations stored at 4 °C
for 14 days.

Formulation Days pH TA (%) °Brix
0 59+0.01®  0.20+0.124 12.9 £ 0.26*
C (10 + GO) 7 59+0.02®*  0.20+0.124 12.9 £ 0.6624
14 59+0.00%  0.19+0.1" 12.9 +£0.2524
F1 (14 5.9 40.01%* 0.32 £ 0.224 28.2 +£0.15*
Go (312_; 59+0.02®%4  0.22+0.124 22.8 +4.36™
' 14 5.9+0.00%*  0.43 +0.0* 23.2+0.70%
2 (L4 0 5.9+ 0.01%* 0.29 £ 0.224 23.6 +0.70°
G0(625_; 7 59+0.02®%4  0.23+0.124 22.8 +£0.5204
' 14 5.9+0.00%4  0.37+0.18 23.340.35%
F5 (14 59+0.01®%  0.13+0.124 28.2 £ 1.70%
Gl (25)+ 7 59+0.02®%4  0.22+0.14 22.6+0.20%
’ 14 5.9 +0.004 0.37 £0.128 25.1 +0.90**
Fa.(18 5940.01®%*  0.34+0.0* 28.50 +0.30°*
GO (312; 7 5.9+0.02®*  0.22+0.0% 25.40+ 0.20°*
’ 14 5.9 +0.004 0.44 £ 0.128 24.6 +0.80°
F5 (I8 0 5.9+0.014 0.27 £0.124 26.9 +0.34%
GSO(625-; 7 5.9 +0.02 0.26 £0.124 26.9 +2.50%
’ 14 6.0 £0.00*4 0.33£0.128 23.5+0.70
F6 (I8 0 59+0.01%*  0.15+0.124 27.2 +1.40
Gl (25)+ 7 5.9 +0.024 0.22 £0.124 24.9 +0.10**
' 14 5940.00%  0.43+0.1=F 23.6 +0.55
7 (112 0 59+0.01%*  0.35+0.14 22.9+0.37
GO (312)+ 7 5.9 +0.02%* 0.23£0.124 26.0 £ 0.20"*
' 14 59+0.00%*  0.34+0.1F 25.5 +1.00
£8 (112 59+0.01®*  0.28 +0.0* 25.5+0.80%*
GO (625)+ 5.940.02®  0.23+0.124 26.0 £ 0.20%
’ 14 59+0.00%*  0.35+0.1F 24.3 +£2.10%
£9 (112 5.9 40,014 0.17 £ 0.0%4 28.2 +4.70%
G91 (25) * 5.9 +0.02% 0.22 £0.124 25.7 £ 0.30
’ 14 5.9 £0.00* 0.26 +0.128 25.9 +1.60

Values are expressed as means * standard deviation (n=3). TA= titratable acidity, I =inulin
(4, 8, 12%); G= guar gum (0.312, 0.625, 1.25%). Different letters indicate a significant
difference (p<0.05). Different superscript letters in the same column indicate a significant
difference between formulations (p<0.05) by Tukey’s test. Lower case letters = differences
between treatments, upper case letters = differences during storage
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3.3 Flow properties

The analyzed systems showed different trends due to
the proportion of solids affecting particle interactions and
product consistency. All beverages exhibited a pseudo-plastic
behavior with or without yield stress depending on the model
fitting, a characteristic which was reported other studies
(Guimaraes et al., 2018).

The flow properties obtained by applying Power Law (PL),
Herschel-Bulkley (HB) and Bingham Plastic (BP) equations are
given in Table 2. All formulations presented a shear-thinning
non-Newtonian response (n < 1), where the difference between
both models is expressed by the presence or consideration of
the yield stress, which is part of the HB model. The values of
the consistency coeflicient (K) ranged from 1.80 (F2 on day 0)
to 30.64 Pa s™ (F6 on day 0) with PL which are notably different
to the data for the HB model. This was due to the presence of
yield stress which ranged from 0.41 (F1 on day 0) to 13.60 Pa
(F2 on day 14).

The increase of this rheological parameter is an indicator of
an increase in total solid content or a decrease in particle content,
as these samples are more viscous. From F4 to F9, the increase
in solids and interactions between the drink components can be

observed (Figure 1). Flow parameters on days 0, 7, and 14 for
goodness determinations indicate that all systems had a better
fit for the PL model. However, they also showed an excellent fit
for both the HB and BP models.

The interactions of inulin and guar gum influenced the
rheological parameters of the flavored beverage, which may be
related to structural changes, thereby generating gel formation.
These results were also observed by Guimaraes et al. 2015 in the
elaboration of a drink based on whey with added acacia gum
and gellan gum. The addition of inulin as a stabilizing agent
is beneficial, as some authors indicate that the consumption
of 4 - 5 g of fructans per day is enough for to be considered
a prebiotic (Rao, 2001; Roberfroid, 1999). According to this
study, the consumption of F1 (4% inulin and 0.312 gum guar)
is recommended. Grom et al. (2020), note that the whey-based
beverage showed a reduction in blood glucose levels compared
to consumption of bread alone, suggesting that this dairy matrix
can control blood glucose.

3.4 Sensory characteristics

Twenty subjects participated in the test aimed at obtaining
the sensory descriptors for the beverages. Eleven attributes,
chosen for their frequency of mentions, were considered as

Table 2. Flow parameters with Power Law (PL), Herschel-Bulkley (HB) and Bingham Plastic (BP) models for dairy beverages stored after 14 days.

) PL HB BP
Formulation Days K (Pas") RMSE T, (Pa) n K (Pa s") RMSE 7, (Pa) n, (Pas") RMSE

0.68 0.07 0.04 0.41 0.72 0.60 0.03 0.80 0.02 0.05

F1 (14 + G0.312) 0.61 0.08 0.06 0.68 0.73 0.26 0.08 0.10 0.10 0.08
14 0.68 0.08 0.09 6.8 0.67 2.46 0.06 0.11 0.20 0.01

0 0.39 1.80 0.01 1.17 0.65 0.76 0.03 1.93 0.26 0.04

F2 (14 + G0.625) 7 0.31 1.70 0.04 1.33 0.49 0.69 0.06 1.95 0.16 0.06
14 0.23 17.75 0.71 13.6 0.54 4.86 0.67 17.62 1.42 0.59

0 0.13 59.38 0.19 52.74 0.55 8.09 0.24 60.59 2.06 0.40

F3 (14 + G1.25) 7 0.13 56.89 1.06 49.76 0.55 8.18 1.01 57.39 2.27 0.95
14 0.13 50.83 1.74 44.02 0.47 7.71 1.76 50.44 2.17 1.58

0.5 6.62 0.20 3.34 0.58 3.34 0.47 8.35 1.45 0.47

F4 (I8 + G0.312) 7 0.54 6.82 1.87 4.76 0.86 2.45 2.21 11.5 1.01 2.07
14 0.59 6.77 0.31 3.43 0.78 3.74 0.64 8.82 1.53 0.63

0 0.4 26.00 0.45 18.89 0.70 8.80 1.43 32.06 2.71 1.62

F5 (I8 + G0.625) 0.41 21.33 2.31 16.97 0.81 5.57 3.45 30.27 1.95 3.06
14 0.45 19.56 0.25 12.58 0.70 8.36 0.79 23.77 2.73 1.04

0 0.44 14.22 0.38 9.64 0.72 5.52 1.00 18.00 1.82 1.08

F6 (I8 + G1.25) 7 0.18 45.88 0.50 41.93 0.71 5.16 1.42 51.43 1.42 1.28
14 0.19 45.37 0.44 40.91 0.68 6.06 1.22 51.26 1.59 1.22

0.29 30.64 0.30 25.35 0.68 6.88 1.10 36.24 191 1.19

F7 (112 + G0.312) 7 0.62 2.88 0.49 1.62 0.85 1.42 0.68 4.59 0.62 0.57
14 0.55 3.21 0.67 2.42 1.01 0.83 1.06 5.64 0.45 0.74

0.26 34.74 2.51 33.03 1.37 1.16 6.06 45.67 1.26 3.16

F8 (112 + G0.625) 7 0.42 22.50 0.25 15.53 0.7 8.51 1.01 27.62 2.67 1.23
14 0.42 22.05 0.22 15.05 0.69 8.52 0.95 26.98 2.68 1.20

0 0.35 23.88 0.38 18.29 0.69 7.07 1.35 29.03 2.08 1.49

F9 (112 + G1.25) 7 0.24 37.18 0.58 32.86 0.75 5.37 1.67 43.61 1.65 1.40
14 0.25 36.34 0.33 28.39 0.64 8.94 0.64 38.13 2.77 0.75

Values represent the mean of triplicate analysis. I =inulin (4, 8, 12%); G= guar gum (0.312, 0.625, 1.25%). K: consistency coefficient (Pa-s"); n: flow behavior index (dimensionless); 7:

yield stress (Pa) and r/p:plastic viscosity (Pa-s).
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Figure 1. Flow curves for dairy beverages on (a) day 0, (b) day 7, (c) and day 14, during refrigerated storage (4 °C).

the most important sensory descriptors that could contribute
to distinguishing the beverages made in this experiment.
The selected sensory characteristics corresponded to appearance
(yellow and fawn colorations), smell (fermented and vanilla),
taste (milk, sweet, and intense taste) and texture (liquid, sticky,
dense and thick).

The first two axes of the Principal Component Analysis
accounted for 71.2% of the variance (Figure 2). The results of
the principal component analysis showed a high correlation
between the viscosity determined instrumentally and the sensory
attributes of thick and fermented smell, which were related
to samples F3, F6 and F9, all of which contained the highest
concentration of gum. Acidity was higher in samples F2, F5 and
F8, which contained a medium concentration of gum and were
perceived as viscous by consumers. The pH and total soluble

Food Sci. Technol, Campinas, v42, e05221, 2022

solids show low contributions in terms of viscosity and acidity
and were therefore less associated with samples or sensory
characteristics. Since the instrumentally measured viscosity was
negatively correlated with the sensory attributes of liquid, sweet
taste, and vanilla smell as well as being highly correlated with
beverages made with lower and medium concentrations of gum
(F1 and F4), it is possible to conclude that these samples were
perceived contrarily to those made with higher gum content.

3.5 Sensory acceptance

Four clusters of consumers were identified when a K-means
Cluster Analysis was applied to analyze the responses of overall
liking for flavored whey beverages. There were different liking
patterns for products between the various groups of consumers.
Cluster 1 comprised 33 subjects who gave higher liking values
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Figure 2. Principal component analysis of physicochemical data
obtained instrumentally, and sensory data obtained by the frequency
of mentions of attributes in CATA questions. F1, F4, F7. Formulations
with low gum content. F2, F5, F8. Formulations with medium gum
content. F3, F6, F9. Formulations with high gum content.

to flavored beverages made from whey with lower gum and
inulin content, followed by beverages with low gum content
and medium to high inulin content, as well as beverages with
medium gum content and low to medium inulin content, meaning
that it was very important that the samples were perceived as
liquid by these consumers. The participants of cluster 2 (n=43)
considered the beverages with medium to high gum content
as unacceptable; their ratings decreased as the sweetness in
samples increased. Therefore, for participants in this cluster, the
sweetness in products was more important than the viscosity,
although they preferred the lowest quantity of inulin in samples.
On the other hand, participants from the fourth cluster (n=22)
considered samples with medium to low inulin content and any
level of gum content more acceptable but preferred the samples
with more gum and medium inulin content. Finally, the subjects
from the third cluster (n=22) did not show strong acceptance
for the beverages and only considered the sample with medium
gum content and higher inulin content as acceptable.

The sensory characteristics of taste and texture contribute
significantly to defining food preferences (Kourouniotis et al., 2016;
Rosenthal, 2010). According to the results observed for
acceptance, consumers from clusters 1 and 2 (63.3% of the
sample) considered the liquid samples with lower to medium
sweetness as the best. On the other hand, participants from
cluster 4 (18.3% of participants) considered the most viscous
samples with medium sweetness levels as the most acceptable,
while 18.7% of the participants preferred the sweetest beverages
with medium viscosity.

The results obtained from the acceptance tests are
interesting for the development of the product tested in this
experiment. Liking of sweet-tasting foods is innate, universal,
and expected (Drewnowski et al., 2012). An emphasis is placed on

incorporating sweetness into food products where this attribute
is an expected characteristic (Baharuddin & Sharifudin, 2015),
but there is a threshold or maximum acceptance after which a
higher concentration of sweetness is expected to be rejected
(Lawless & Heymann, 2010; Jayasinghe et al., 2017). This is true
for most consumers, but concentrations for maximum acceptance
will always vary between consumers with different points of
view (Johansen et al., 2010) and other several inter-individual
differences, including sweetness sensitivity (Drewnowski et al., 2012;
Jayasinghe et al., 2017). Determining the highest point in the
u-shaped curve obtained when concentration and liking degrees
are related is an important issue, as the maximum point could
vary between different customer segments. In this study, the
highest sweetness level for maximum liking was different for
each customer segment. However, most subjects agree that the
beverages should have alow to medium gum content in (clusters
2 and 4), while the inulin content should be low to medium
(clusters 2 and 1) to satisfy the highest proportion of consumers
based on the experimental data.

3.6 Sensory characteristics of flavored whey beverages

Figure 3 shows the spatial distribution of products and
their associated characteristics according to the participants’
feedback during the study. A high percentage of variance
(94.84%) can be attributed to the first two factors. According
to the responses provided by most participants, an ideal whey
protein beverage should be liquid, sweet, with an intense taste,
a vanilla smell, and milky taste. In contrast, the presence of a
fermented smell, yellow coloration, and increased thickness
in beverages was considered unacceptable and resulted in the
samples with a higher gum content being rejected. Subjects also
indicated that samples with higher fluid characteristics came
closer to the ideal product. It is possible that when the products
had higher liquid characteristics, it was easier to stimulate
the receptor proteins located in the taste buds, affecting the
intensity perception of compounds responsible for the sweet
and smell attributes in the beverages. The results obtained
in this experiment partially concur with those obtained by
Janiaski et al. 2016, who determined acceptability and drivers of
liking for yogurts as well as fermented and non-fermented whey
beverages. Their report states that these beverages were highly
accepted and their consumer s ideal strawberry-flavored whey
beverage should have a sweet taste and intermediate color and
viscosity values, as well as a low intensity acidic taste and aroma.
Unfortunately, their study does not show any instrumentally
measured texture values for beverages to compare the viscosity
in their samples with those obtained in this report. On the other
hand, it is worth mentioning that the viscosity expressed in their
experiment could be biased because of a contrast effect when
comparing yogurts and whey beverages as these samples were
tested in the same session.

Formulations with medium gum content with any
quantity of added inulin (F2, F5, and F8) were perceived as
more viscous and acidic than those made with a lower gum
content. The beverages made with the highest gum content
(F3, F6, and F9) were associated with a fermented smell and
perceived as the thickest among all the samples by consumers.
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Figure 3. Distribution of flavored whey beverages and attributes by
frequency of mentions by consumers answering CATA questions. F1, F4,
F7. Formulations with low gum content. F2, F5, F8. Formulations with
medium gum content. F3, F6, F9. Formulations with high gum content.

These last-mentioned attributes were highly correlated with
the instrumentally determined viscosity values (Figure 3).
According to the instrumentally determined values, the least
viscous beverages were samples 1 and 4, which is what was
perceived by consumers, who indicated that those samples had
the strongest liquid characteristics.

Despite the differences in total acidity and total soluble
solids determined instrumentally, there was no association
between these characteristics and the attributes perceived
and reported by the consumers who completed the CATA
questionnaire. In contrast, increased viscosity in samples was
associated with dense, thicker, and more viscous products.
Furthermore, while the samples were more viscous, they
were also associated with a fermented smell, as well as a less
intense vanilla smell and milky taste. These attributes were
perceived contrarily when the viscosity value decreased in
the samples.

4 Conclusions

The use of whey as a byproduct from the making process
of cheese is a feasible alternative ingredient in the production
of functional beverages. According to acceptance tests and a
CATA questionnaire, it is possible to obtain a cajeta-flavored
whey-beverage which is widely accepted by a large section of
consumers and with functional characteristics when added
with inulin.
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