ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

() er |

Food Science and Technology

DO https://doi.org/10.1590/1678-457X.22017
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‘dulce de leche’ from goat milk
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Abstract

A factorial categorical design totalling six treatments was applied to investigate the influence of the substitution of corn
starch with whole and partially defatted chia flour under the technical characteristics (centesimal composition, instrumental
analyses, and sensory evaluation) and nutritional disorders (composition of fatty acids and index of the nutritional quality of
the lipid fraction) of ‘dulce de leche’ concentrated to 72 and 78 °B. The treatments with chia flour concentrated to 72 °B showed
higher moisture content and lower compression force, and when the concentration range increased to 78 °B, the levels of total
lipids amounted up to 1.40 times when compared to treatment with corn starch. The polyunsaturated fatty acids, particularly
omega-3 and omega-6 levels, were higher in treatments with chia flour on both tracks of concentration, allowing a reduction
in the atherogenic index and thrombogenic index effects and the n-6/n-3 ratio. The treatments of ‘dulce de leche’ with a lower
concentration of soluble solids obtained greater acceptance and consumer purchase intention. The application of whole chia
flour in small proportions and in the concentration of 72 °B was the most appropriate under the studied conditions, showing
improvement in the nutritional quality and with good technical aspects of candy made with goat milk.

Keywords: Salvia hispanica L.; polyunsaturated fatty acids; alpha-linolenic acids; thickening agent.

Practical Application: Evaluation of characteristics of ‘dulce de leche’” from goat’s milk with chia flour.

1 Introduction

According to Yangilar (2013), goat milk is an undeniable
source of food, because it has beneficial effects for health
maintenance, with physiological functions in the nutrition of
children and the elderly. The nutritional properties of milk have
motivated greater interest in its consumption as a functional
food, making it a current trend of healthy food in developed
countries (Bevilacqua et al., 2001; Olalla et al., 2009). It is
considered a source of protein of excellent quality, resulting from
the proportion of essential amino acids that compose the goat
milk, in addition to being highly digestible due to the higher
percentage of fat globules with a diameter of less than 1.5 pm
(Furtado, 1985; Olalla et al., 2009).

In recent years, the production and processing of goat
milk into products of added value has been shown to provide
an alternative food source for people with intolerance and
allergies to cow milk, as demonstrated by Ribeiro & Ribeiro
(2010). Several studies have reported on the development of
dairy products with goat milk, such as cheeses (Sant’ana et al.,
2013), fermented milk (Hanum et al, 2015; Paz et al., 2014;
Ranadheera et al., 2012), and butter (Idoui et al., 2013).

However, there are few information about ‘dulce de leche’
production waking up interest in its production using goat milk.

‘Dulce de leche’ is a popular product in Latin American countries
resulting from cooking milk with sugar until the desired concentration,
to which other ingredients may be added, such as starches, in a
proportion not exceeding 5 g/L of milk (Brasil, 1997; Ranalli et al.,
2012). According to Silva et al. (2014), the use of starch in ‘dulce
de leche’ may contribute to its consistency and efficiency by the
retention of water, helping to control the crystallisation of lactose,
which confers a sandy soil texture to the final product.

Due to the processing characteristics, there are many variations
of the ingredients used in processing ‘dulce de leche. Thus, the
application of other components, in addition to the technical
properties of this product, can provide nutritionally balanced food.
Studies conducted by Capitanni et al. (2013), Reyes-Caudillo et al.
(2008) and Salgado-Cruz et al. (2013) have demonstrated that
chia (Salvia hispanica L.) presents soluble fibres, with an analogue
behaviour to multiple hydrocolloids, presenting gelling properties
and a stabiliser, which is of great interest in the development of new
formulations of products. Another factor of great prominence in
this oleaginous seed is the high content of polyunsaturated fatty
acids (PUFA), particularly the alpha-linolenic acid precursor of the
omega-3series, in addition to the high amount of protein, minerals,
and polyphenols (Capitanni et al., 2013; Reyes-Caudillo et al,,
2008; Simopoulos, 2011).
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Noting the strong tendency to consume foods with
functional properties, the objective of this study was to develop
formulations of ‘dulce de leche’ from goat milk using whole
chia flour (FCI) and partially defatted chia flour (FCPD) in
place of corn starch (AM) in order to analyse the best point
of concentration of total solids (72 and 78 °B) in the technical
aspects (instrumental analyses, centesimal composition, and
sensory analysis) and nutritional disorders (composition of
fatty acids and index of the nutritional quality of the lipid
fraction) of this product.

2 Materials and methods

In natura goat milk (3.87 g/100 g of fat) from the Saanen
breed was obtained from a rural producer (Itaipulandia, Parana
State, Brazil) according to the norms of good farming practices.
Subsequently, the milk was subjected to heat treatment in
pasteurised plates (72-75 °C/15-20 s) and stored on a camera
at 5 °C £ 1 °C. The fully and partially defatted chia flour was
acquired from Giroil Agro Ltd (Santo Angelo, Rio Grande do
Sul State, Brazil). The other ingredients used in the preparation
of the ‘dulce de leche’ (sucrose, glucose syrup, AM and sodium
bicarbonate) were purchased at a local market (Medianeira,
Parana State, Brazil).

2.1 Randomised factorial design

A statistical design was used to investigate the influence of
the thickener agents, FCI and FCPD in place of AM, commonly
used in processing on the characteristics of the ‘dulce de leche’
from goat milk submitted to two tracks of concentration: 72 and
78 °B (Table 1). The value of each thickener was fixed at 1 g/L
of milk.

2.2 Product development

For the preparation of the product, homogenized sucrose
(450 g) and bicarbonate of soda (4.2 g) were added to the milk
(3L) until reaching the concentration of 60°B. Glucose syrup
(6 g) and thickening agent (FCI, FCPD, or AM) were added at
68 °B. The concentration process continued until the conditions
stipulated (Table 1) being the product packaged (75 °C + 1 °C)
in polypropylene packaging. The ‘dulce de leche’ was kept at a
temperature of 25 °C + 2 °C for 7 days until analysis, simulating
commercial storage.

Table 1. Randomized factorial design used for ‘dulce de leche” from
goat milk.

Level
Thickening agent Simbol Unit ) eve+1
Corn starch (g/L) AM °B 72 78
Chia whole flour (g/L) FCI °B 72 78
Chia flour partially defatted (g/L) FCPD °B 72 78

Tl1=1g/L AMand 72 °B; T2=1 g/L AM and 78 °B; T3=1 g/L FCI and 72 °B; T4=1 g/L
FCI and 78 °B; T5= 1 g/L FCPD and 72 °B; T6= 1 g/L FCPD and 78 °B.
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2.3 Concentration of soluble solids content and centesimal
composition

The concentration of soluble solids was determined by a
refractometer (model ITT-6313, mark Kiltler, Sao Paulo, Brazil).
The levels of moisture, ash, and protein (conversion factor of
total nitrogen 6.38) were determined in accordance with Cunniff
(1998). The total lipids were extracted by the technique of Bligh
& Dyer (1959), and the total carbohydrates (CT) were calculated
by Equation 1.

CT=100- (moisture + ash + protein + total lipids) (1)

2.4 Instrumental texture and energy value

The analysis was performed with texturometer equipment
(model Stable Micro Systems, mark TA.HD plus, Surrey, England).
The ‘dulce de leche’ was evaluated in its own package (capacity of
200 g), and the following parameters were adopted for the tests:
pre-test speed: 2.0 mm/s™; test speed: 1.0 mm/s™; post-test speed:
2.0 mm/s™; distance: 10.0 mm; time: 5.0 s; strength of contact:
5.0 g; probe: acrylic cylinder of 20.0 mm (P20). The result of
the parameter of compression force was expressed in grams (g).
For calculation of the energy value, a ‘dulce de leche’ mass of
approximately 0.5 g was conducted to the calorimetry bomb
(model C-200, mark Tka Works, Staufen, Germany) and the
found values were expressed in Kcal/100 g.

2.5 Colour parameters

The colour of the ‘dulce de leche’ was determined using
colourimeter equipment (model Chroma Metter CR-400s, mark
Konica Minolta, Osaka, Japan).The coordinates of the CIE/LAB
were L* (brightness), a* [shades of red (a+) to green (a-)], and b*
[shade of yellow (b+) the blue (b-)]. The numerical values of a*and
b*were used to calculate the hue angle (hue®), which indicates the
colour tone and chroma (C*), which indicates the colour saturation
of the sample, as shown in Equations 2 and 3, respectively.

ho=tg™! (b" /a*) ()

c=|@y +(b*)2 3)

The coordinates of L*, a*, and b* can calculate the AE*, which
indicates the difference in the ‘perception’ of colour, including
the brightness, tone, and saturation of the tests prepared with
chia flour compared to AM in the respective concentration band.
The value of AE* was calculated by Equation 4.

ape= (A} +(sa') +(a') @

Where AL*=L* (standard test with AM) - L (test with FCI and
FCPD); Aa*=a* (standard test with AM) —a* (test with FCI and
FCPD); Ab*=b* (standard test with AM) - b (test with FCI and
FCPD). According to Cecchini et al. (2011), the greatest value
of AE* is the biggest difference between two colours, according
to the following description: unnoticeable (AE*<1), minimal
(1< AE*<2), only noticeable (2< AE*<3), noticeable (3< AE*<5),
strong difference (5< AE*<12), different colour (AE*>12).
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2.6 Composition of fatty acids

The treatments of ‘dulce de leche’ suffered derivatization,
and the methyl esters of the fatty acids were separated in a gas
chromatograph (model 3380, mark Varian, USA) equipped with
a fused silica capillary column (FAME, CP 7420-Select). The flow
of gases was 1.4 mL/min"" for the carrier gas (H,), 30 mL/min"!
for the auxiliary gas (N,), and 30 and 300 mL/min" for the
gases of the flame, hydrogen and synthetic air, respectively.
The temperature of the injector and detector was kept at 235 °C.
The column temperature was maintained at 65 °C for 4 min,
reaching 4 °C min up to 185 °C and maintained for 5 min,
then elevated from 185 °C to 10 °C min up to 225 °C and
maintained for 10 min. The fatty acids were identified through
the use of a mixture of methyl esters, and the retention times
were compared (Sigma, USA). The normalized peak areas were
determined through the software Star 5.0 (Varian, USA), and
the concentrations were expressed in g of fatty acid per 100 g
of lipid (g/100 g).

2.7 Index of nutritional quality of the lipid fraction

The atherogenic index (IAT) and thrombogenic index (IT)
effects were calculated according to Equations 5 and 6, proposed
by Ulbricht & Southgate (1991).

IAT =[(12:0+(4x14:0)+16:0) |/ (AGMI+n—6+n-3) Q)
IT=[(14:0+16:0+18:0)/[(0.5x AGMI)+(0.5% n—6) +(3x n=3)+(n-3/n—6)] (6)

Where: AGMI = monounsaturated fatty acids; #n-3 = Omega 3
and n-6 = Omega 6

The reason for hypocholesterolemic and cholesterolemic
fatty acids was calculated according to Equation 7, proposed
by Santos-Silva et al. (2002).

HH =[(18:1n-9+18:2n—6+18:31-3)/(14:0+16:0)] (7)

2.8 Sensory analysis

The sensory evaluation was performed after ethical approval
(CAAE n°. 02186412.2.0000.0104) from the State University of
Maringa (Maringd, Parana State, Brazil). The treatments of ‘dulce
deleche were coded with a three-digit random number and served
monadically in an approximate amount of 25 g, accompanied with
salty crackers, a glass of water, and an evaluation sheet. A total of

80 non-trained judges were recruited to perform the acceptance
test, in which the attributes of flavour, odour, colour, texture,
appearance, and overall impression were evaluated through a
nine-point hedonic scale, where ‘9" corresponds to the option
T liked a lot’ and ‘1 to the option T really disliked, according
to Faria & Yotsuyanagi (2008). The intention to purchase was
determined using a five-point scale, where ‘1" was ‘certainly not
buying’ and ‘5’ was ‘certainly buying’ The acceptability index
(TA) was calculated according to Equation 8.

IA(%)=Ax100/B ®)

Where: A = average score obtained for the product and
B= maximum score given to the product. The IA with a good
effect is considered 270% (Lawless & Heymann, 1999).

2.9 Statistical analysis

The averages of the triplicate samples were subjected to
analysis of variance and when a significant difference at the
5% level of probability was detected, the Tukey test was applied
through the Statistic program, version 7.0 (Statsoft, 2007).

3 Results and Discussion

The analysis of variance showed a significant difference in
moisture content (p < 0.05), as shown in Table 2. The highest
averages occurred in treatments with added FCI with lower
concentrations of soluble solids (T3 and T5). Due to the
increase in the evaporation process (78 °B), the treatments with
FCI and FCPD differed from those submitted to 72 °B, with
slightly lower moisture content. However, these values in T4
and T6 still remained higher than those treatments with AM in
both concentrations. According to Muiioz et al. (2012), the fibres
present in chia seeds are able to retain 27 times more water than
their own weight, which explains the higher moisture content
in ‘dulce de leche’ with fully and partially defatted chia flour.
The results of moisture content also influenced the instrumental
texture, reducing the firmness in the treatments with chia flour.

The treatments of ‘dulce de leche’ with AM (T1 and T2)
differed among themselves and from the others (p<0.05) in the
parameter of compression force (Table 2). The lowest values found
in treatments T3, T4, T5, and T6 may be related to the intrinsic
composition of chia flour, which probably absorbed a greater
quantity of water due to the presence of fibres, leading to a less
consistent look in the ‘dulce de leche’ The range of concentration

Table 2. Centesimal composition, compression force and energy value of treatments of ‘dulce de leche’ from goat milk.

Treatments ?2/011 (s)toug (g /?Sg 0) (Ig’/r;) (t)gngl) Sugar total (g/100 g) Compression force (g) ]E:IEZ%/}; gglg
T1 19.51 +0.22¢ 2.19£0.17° 9.88 +0.34° 68.63 + 0.67° 374.22 +24.92¢ 364.00 + 2.05°
T2 19.15+0.13¢ 2.27 +0.14% 10.10 + 0.02° 68.71 £ 0.19° 742.41 + 27.47* 368.02 + 1.25°
T3 20.61 +£0.13¢ 2.48 £0.36® 10.66 + 0.34® 63.78 + 0.79° 178.73 + 14.24¢ 353.00 + 1.70%
T4 19.92 +0.03° 2.69 +0.32® 10.77 £ 0.32%® 63.60 + 1.78° 665.17 + 12.88" 357.00 + 1.60°
T5 20.68 + 0.08° 2.62 +0.02 10.64 + 0.46" 64.65 +0.27° 191.53 + 19.35¢ 350.01 + 2.16¢
T6 20.17 + 0.05° 291 +0.24° 11.09 + 0.43° 64.48 + 0.88" 684.24 + 14.08" 357.00 + 1.63"

Means followed by the same letter in the column do not differ by Tukey s test (p < 0.05).
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also influenced the instrumental texture of ‘dulce de leche, with
greater compression forces in the treatments concentrated to
78 °B. This factor recurred in the sensory analysis, in which the
largest concentration of ‘dulce de leche” had the lowest averages
for the attribute of texture.

Regarding the ash content, only the treatments T1 and
T6 were statistically different (p < 0.05), being observed the highest
average for the ‘dulce de leche’ added of FCPD, concentrated at
78 °B. Although not significant, with the reduction in moisture
content and increase of soluble solids, there was an increase in
ash content when compared with the same thickening agent.

The protein levels remained higher in T6, differing from the
treatments with the addition of AM (p < 0.05). The results of
the present study were higher than those found in the literature
(Gaze et al,, 2015; Madrona et al., 2009; Silva et al., 2014).
Because of the lower proportion of moisture and total lipids in
treatments with corn starch, it was observed increase in total
carbohydrates in T1 and T2, with the highest results and differing
statistically from the others (p < 0.05). However, when comparing
the same type of thickening, increase in the concentration of
soluble solids content from 72 to 78 °B did not influence the
carbohydrate content in the treatments with FCI and FCPD.

Regarding the content of total lipids (Table 3), the treatments
T3 and T6 showed no statistical differences between them (p < 0.05)
and remained higher in the two tracks of concentration studied.

The amount of lipids in ‘dulce de leche’ at 78 °B increased by
1.40 and 1.26 times in T4 and T6, respectively, when compared
to treatment with AM (T2). The increase in the lipid content
can be observed when analysing the concentrations of PUFA,
which were higher in treatments containing FCI, especially by
increasing fatty alpha-linolenic acids in the treatment with FCI
when compared to the others (FCPD and AM). This simultaneous
increase of 5.75 and 4.70 times the value of omega-3 in relation
to the ‘dulce de leche’ with AM provided reduction in the ratio
n-6/n-3 by almost six times in treatment T3.

According to Simopoulos (2011), the reason n-6/n-3 in
western feeding is around 15-20/1 and the addition of small
doses of FCI and FCPD could contribute to the reduction of
this index to values close to the recommended 1-2/1. Ratnayake
& Galli (2009) also reported that an imbalance in the intake
of n-6/n-3 is associated with conditions of myocardial infarction,
hypercholesterolaemia, increased LDL cholesterol and blood
pressure, formation of atheromatous plaque, dyslipidemia
among other diseases.

Table 3. Composition of fatty acids (g/100 g of fatty acids) and index of nutritional quality of the lipid fraction of treatments of ‘dulce de leche’

from goat.
Fattyacid T1 T2 T3 T4 T5 T6

4:0 0.37 £ 0.02 0.35+0.01 0.38 £ 0.04 0.41 +0.03 0.45 + 0.02 0.43 £ 0.03

6:0 1.02 £ 0.06 0.99 + 0.01 1.06 £ 0.06 1.13 £ 0.07 1.22 £0.02 1.20 £ 0.03

8:0 2.13+£0.09 2.06 + 0.01 2.13+£0.06 2.22 +0.08 2.35+0.06 2.32 +0.00

10:0 10.40 £ 0.34 10.16 + 0.04 10.31 £ 0.31 10.44 £ 0.14 10.84 + 0.28 10.74 + 0.09

11:0 0.27 £0.01 0.29 + 0.02 0.27 £0.01 0.29 £ 0.01 0.29 £ 0.01 0.28 £ 0.00

12:0 5.84 +0.10 5.77 £ 0.05 5.06 + 0.84 5.73 £0.00 5.79 £ 0.04 5.80 + 0.02

14:0 11.44 £0.11 11.53 £ 0.08 11.45+0.14 11.28 £ 0.06 11.15+ 0.08 11.21 £ 0.07

15:0 0.57 £ 0.01 0.59 + 0.02 0.56 £ 0.00 0.57 £ 0.01 0.57 £ 0.01 0.57 £0.01

15:1 0.84 + 0.05 0.81 +0.02 0.79 £ 0.02 0.79 £ 0.01 0.78 £ 0.02 0.79 £ 0.01

16:0 28.69 + 0.25 29.10 £0.13 28.73 £0.21 28.34 £0.18 27.93 £0.20 28.05 £ 0.02

16:1 1.23 £ 0.04 1.16 + 0.02 1.14 £ 0.03 1.14 £ 0.01 1.18 £ 0.01 1.15+£0.01

17:0 0.75+0.01 0.84 + 0.04 0.78 £ 0.02 0.77 £ 0.00 0.77 £ 0.01 0.76 £ 0.02

18:0 7.19 £0.15 7.20 £ 0.09 7.17 £ 0.04 7.22 £0.02 7.22 +£0.10 7.27 £0.05

18:1n-9t 1.88 £0.10 1.90 £ 0.13 1.82 £ 0.04 1.80 £ 0.03 1.85 + 0.06 1.83 £0.11

18:1n-9¢ 22.61 £0.14 22.84 +0.06 22.40 £ 0.07 22.36 £0.01 22.33 £0.06 22.57 £0.12

20:0 0.90 £ 0.01 0.89 £ 0.01 0.90 £ 0.01 0.92 +0.01 0.95 + 0.02 0.91 £0.02
Total lipids 4.84 +0.28¢ 4.94 +0.11% 6.57 + 0.37* 6.89 + 0.87* 6.02 £0.11%® 6.22 + 0.30°
SCFA 13.94 + 0.52% 13.56 + 0.04° 13.88 + 0.41% 14.19 + 0.32% 14.86 = 0.33* 14.69 + 0.04*
SFA 69.69 * 0.34° 69.56 £ 0.19* 68.79 + 0.16° 69.31 + 0.09® 69.51 £ 0.24° 69.55 £ 0.03*
MUFA 26.60 + 0.22° 26.71 £0.14* 26.15 £ 0.15° 26.09 £ 0.06" 26.15 + 0.09° 26.34 +0.01%®
PUFA 3.01 £0.03¢ 2.98 +0.07¢ 4.20 £ 0.03* 3.91 +0.04° 3.33 £ 0.07¢ 3.28 £ 0.02¢
18:2n-6 (n-6) 2.81 +£0.03" 2.78 +0.05° 3.05 +0.02° 2.97 £ 0.03* 2.83 +0.05° 2.83 +0.02°
18:3n-3 (n-3) 0.20 £ 0.01¢ 0.20 +0.03¢ 1.15 + 0.05* 0.94 + 0.00° 0.50 + 0.02¢ 0.45 + 0.00°
n-6/ n-3 14.02 £ 0.97* 14.36 + 2.00* 2.65+0.12¢ 3.15+£0.03° 5.64 +0.21% 6.24 +0.00°
IAT 2.72 £ 0.03* 2.72 +0.02° 2.62 +0.01° 2.64 £0.01° 2.66 +0.01° 2.66 +0.01°
1T 3.08 £0.01* 3.09 £ 0.03* 2.57 +0.03¢ 2.65 +0.01° 2.86 +0.02° 2.89 £ 0.01°
H/H 0.64 + 0.00° 0.64 + 0.00° 0.66 + 0.00* 0.66 + 0.00* 0.66 + 0.00* 0.66 £ 0.01*

SCFA= Short-Chain Fatty Acids; SFA= Saturated Fatty Acids; MUFA= Monounsaturated Fatty Acids; PUFA= Polyunsaturated Fatty Acids; 18:21n-6 (n6): Linoleic acid (omega-6); 18:3n-3
(n-3)=Linolenic acid (omega-3); n-6/n-3: Ratio omega-6/omega-3; IAT= Atherogenic Index; IT= Thrombogenic Index; HH=Ratio Hypocholesterolaemic FattyAcids/Hypercholesterolemic
Fatty Acids. Means followed by the same letter in the line do not differ by Tukey s test (p < 0.05).
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Regarding the IAT and IT (Table 3), the treatments with FCI
and FCPD presented lower values when compared to treatment
with AM. For the IT, it was also noted that the treatments with
ECI differed among themselves and the others (p < 0.05), and
the lowest average for this index occurred in T3. This result is
associated with a greater concentration of fatty acid alpha-linolenic
acid, which has an antithrombogenic effect superior to omega
6 fatty acids. According to Sousa Bentes et al. (2009), there are
no recommended values for the IAT and IT in dairy products;
therefore, it is considered that the lower the occurrence of
these values, the more favourable the profile of fatty acids on
human health.

The same is true for why hypocholesteromic and
hypercholesterolemic fatty acids are not prescribed as a reference
value for dairy products. The literature uses as a standard of
comparison the value 2.0, assigned to meat products; however, in
the present study the rates remained below 1.0 for all treatments,
but were slightly higher in ‘dulce de leche’ with FCI and FCPD.
This result with low H/H is influenced by the high content of
myristic (14:0) and palmitic acid (16:0), which represent more
than 55% of the total fatty acids in the treatment of ‘dulce de
leche. As for the other fatty acids, significant concentrations
(13.56 to 14.86 g/100 g lipids) of short-chain fatty acids (4:0 to 10:0)
are noted that are characteristic of goat milk, as demonstrated
by Molina et al. (2015).

In the same way, the treatments T3 to T6 showed the lowest
values of total energy, differing from T1 and T2 (Table 2).
As mentioned, chia flour has a high fibre content that is not
digested and absorbed by the gastrointestinal system, thus not
counting as an energy source for the body (Stauffer, 1997).
The substitution of corn starch with Partially defatted chia flour
reduced 14 kcal/100 g in T5, which represents a decrease of
84 Kcal/month for an individual who consumes a daily portion

0f 20 g of ‘dulce de leche’ It appears that the quantity of FCI and
FCPD (1 g/L) applied to the ‘dulce de leche’ was enough to promote
beneficial effects on the composition of the product, enabling
improvement in the nutritional quality even in foods with high
energy demand such as ‘dulce de leche. Regarding the colour
parameters (Table 4), the treatments did not differ (p < 0.05) in
L%, a* and b*, featuring a tint in the region between red (a* +)
and yellow (b*+) with values of the hue angle situated between
66.02 and 67.24 hue. Note that the ‘dulce de leche’ showed a
dark colour (L*<50) and values of C*between 25.97 and 31.01,
demonstrating a more intense colour. The treatments with chia
flour did not differ significantly among themselves (p < 0.05) for
the parameter AE*, and when compared to treatments with AM
the colour difference was noticeable; colour distinctions were
also identified during the sensory analysis. Evaluating the low
luminosity, the slope of the hue angle, and the chromaticity of
a* and b* positive, it can be assumed that the combination of
these parameters resulted in ‘dulce de leche’ with a brown colour,
characteristic of this product, due to reactions during cooking,
enhanced by the addition of sodium bicarbonate.

In the sensorial analysis (Table 5), the attributes of taste,
odour, and overall evaluation showed no significant differences
among treatments (p < 0.05). In the colour and appearance
attributes, the average achieved in treatments T3, T4, T5, and
T6 may have been influenced by the presence of dark spots due
to the low solubility of FCI during processing of ‘dulce de leche,
indicated by some judges as appearing burned. For the texture,
the treatments with different types of thickener subjected to the
same conditions of concentration showed no difference between
them (p<0.05). The same effect was observed in the evaluation
of instrumental texture, in which the compression force was
smaller at 72°B. This allows verification that the chia flour in
the used proportions did not influence the texture assigned to
the ‘dulce de leche’ by the judges.

Table 4. Color parameters of treatments of ‘dulce de leche’ from goat milk.

Color parameters

Treatments
L* a* hue® c* AE*
T1 43.18 £ 1.04* 12.78 £ 0.57¢ 2591 +0.19° 66.08 + 1.28° 25.97 + 1.05° -
T2 41.80 £ 0.95* 12.91 £ 0.91* 24.70 £ 0.81° 66.02 + 0.63° 31.01 £ 0.74° -
T3 43.06 +0.21* 13.33 £ 0.23* 25.07 £0.78* 67.24 £ 0.95* 27.86 + 1.85® 3.97£1.18
T4 42.17 £ 0.99° 13.97 £ 1.57¢ 24.46 + 1.70° 66.22 +0.38° 29.33 + 1.77%® 242 +2.03°
T5 43.28 + 0.84* 13.72 £ 0.20* 25.03 £0.23* 67.15 + 0.47° 28.24 +0.79 3.27 £0.68*
T6 42.78 +0.28* 13.89 + 0.59* 24.68 £ 0.81* 66.90 £ 1.07* 29.04 + 0.27% 2.48 £0.90*
Means followed by the same letter in the column do not differ by Tukey s test (p < 0.05).
Table 5. Sensory atributes of treatments of ‘dulce de leche’ from goat milk.
. IA (%)
Treatments Color Flavor Odor Texture Appearance Global evaluation .
Global evaluation
T1 7.81 £ 0.87* 7.60 £ 1.25° 7.40 £1.12° 7.33 £0.98* 7.78 £ 0.87% 7.61 £ 0.94° 84.58
T2 7.68 + 0.96 7.70 £1.33* 7.20 £1.22° 6.46 + 1.52° 7.45 + 1.16® 7.38 £1.12° 81.94
T3 7.34 +0.88" 7.63 £1.12° 6.88 +1.23° 7.38 +1.10° 7.00 £ 1.13¢ 7.43 +0.86° 82.50
T4 7.23 +1.34° 7.43 +£1.30° 7.01 £1.23* 6.39 + 1.60° 7.04 £1.21¢ 7.24 £1.22° 80.42
T5 7.31 £ 0.90° 7.44 + 1.46° 6.94 £ 1.25° 7.51 £0.95* 7.10 £ 1.06¢ 7.41 £0.98° 82.36
T6 7.31 + 1.06" 7.51 £ 1.40° 7.23 £ 1.24° 6.70 + 1.44° 7.23 £1.16¢ 7.33 £1.15° 81.39

TA= Acceptability index. Means followed by the same letter in the column do not differ by Tukey s test (p < 0.05).
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The TA remained above the recommended value for the
six treatments in all attributes analyzed, with emphasis on the
global assessment, exceeding 80% acceptance (Table 5).For the
purchase intention, the judges also attributed higher notes to
the treatments concentrated to 72 °B. When comparing the
different thickeners under the same conditions of concentration,
the sum of notes 4 (possibly buy) and 5 (certainly would buy)
remained higher in T1 (72.50%), T3 (58.72%), and T'5 (61.25%)
when compared to T2 (62.50%), T4 (51.25%), and T6 (53.75%).
These results demonstrate that the type of thickener used would
not be a determining factor in the acquisition of ‘dulce de leche;,
because, for the 6 treatments, only 1 g/L of thickening agent
was used. According to the judges, the most relevant aspect is
the concentration range, which probably led to an increase in
consistency by removal of water during the evaporation process
to 78 °B, with a decrease in consumer acceptance. Konkel et al.
(2004) indicated that high concentrations of starch in commercial
milk jam showed lower average acceptance when compared
to milk jams with quantities of starch within the legal limits
(maximum of 5 g/L).

4 Conclusion

The addition of 1 g/L of fully and partially defatted chia
enabled the development of ‘dulce de leche’ with an increment
of mono- and polyunsaturated fatty acids, with omega-3 and
omega-6, reducing the n-6/n-3 ratio, the IAT and IT effects, and
the energy value. The treatments with FCI and FCPD also showed
higher moisture content, reflecting in lower compression force
on instrumental analysis of texture. The treatments concentrated
at 72 °B were also considered of better sensorial acceptance by
consumers. The chia flour proved difficult to solubilise, which was
noticeable in the colour parameters and sensory analysis when
compared to treatment with AM. The IA was greater than 70%
in six treatments in all evaluated attributes. Therefore, the use of
chia is promising, mainly in the form of a thickening agent up
to the concentration of 72 °B in ‘dulce de leche’ from goat milk.
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