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Ice creams made from cow’s and goat’s milks with different fat concentrations:
physical-chemical and sensory properties

Carolina Corréa de CARVALHO!, Renata Barbosa BODINI?, Paulo José do Amaral SOBRAL?, Alessandra Lopes de
OLIVEIRA*

Abstract

Goat’s milk ice cream made with different fat concentrations was compared with cow’s milk ice cream. DSC curves indicated
typical behavior of the high water content system. The thermal properties, the enthalpy of fusion (AH ) and the amount of water
(w,,) did not vary with the formulations. For goat’s milk ice cream, the viscosity was higher for smaller fat content. Independent
of the milk, high fat content promoted greater air incorporation and melting point, indicating a softer and more stable product.
Goat’s milk ice cream was highly accepted by the consumer with the term “liked it a lot” on the hedonic scale.
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Practical Application: Goat’s milk represents an important alternative to people allergic to cow’s milk; however, it is a food
little consumed or marketed. Goat’s milk could also be used in the production of dairy desserts such as ice cream to enhance

its hypoallergenic and nutritional properties.

1 Introduction

Goat’s and cow’s milks have similar compositions; however,
goat’s milk presents characteristics that make it more digestive,
such as a high percentage of short and medium chain fatty acids
(Park et al., 2007; Ceballos et al., 2009; Ribeiro & Ribeiro, 2010;
Haenlein 2004; Alférez et al., 2003), fat globules smaller than 5
pm (Silanikove et al., 2010; Attaie & Richter, 2000), as well as a
distinct alkalinity and larger buffering capacity (Fisberg et al.,
1999). Calcium, phosphorus and potassium levels are higher
in goat’s milk compared to cow’s milk (Silanikove et al., 2010),
and vitamins A, B1, B12, Cand D are present in slightly higher
levels in goat’s milk (Ribeiro, 1998).

The hypoallergenic property of goat’s milk is associated with
a-S1 casein. It is a fraction considered to be the main cause of
allergy from cow’s milk, and it occurs in smaller amounts in
goat’s milk. Its molecular and antigenic structures are different
in the milk of both species (Ceballos et al., 2009; Ribeiro,
1998). Hodgkinson et al. (2018) found that goat’s milk caseins
presented higher digestibility than cow’s milk caseins in an in
vitro digestion system that simulated the gastric conditions
of children and young adults. Tagliazucchi et al. (2018) also
observed higher digestibility in vitro of goat’s milk compared to
cow’s milk. Almaas et al. (2006) found that human proteolytic
enzymes degraded goat milk proteins more rapidly than that
of cow’s milk. Medeiros et al. (2018) verified the antioxidant,
antibacterial and antitumor activities in vitro of the whey of goat’s
milk, indicating the possibility of its use as a functional food.

Given the unique properties of goat’s milk, different studies
have shown the possibilities of its use in products such as

cheeses (Martins et al., 2018; Ramon et al., 2018; Kondyli &
Katisiari, 2001; Pitso & Bester 2000), yogurt (Hadjimbei et al.,
20205 Silva et al., 2017; Medeiros et al., 2014; Bezerra et al.,
2012), dairy drinks (Buriti et al., 2014) and bioactive drinks
(Mituniewicz—Matek et al., 2019; Komes et al., 2017). The use
of goat’s milk to produce ice cream, one of the most popular
desserts produced mainly from cow’s milk, has also been the
subject of some studies. According to Correia et al. (2008), ice
creams produced with either cow’s or goat’s milk presented
similar chemical compositions of protein content, lipids, ash
and total reducing sugars. There are however some differences
between the two. In tests for melting, which are affected by
lipid interactions, fat crystallization and fat globule diameter
(Granger et al., 2005; Koxholt et al., 2001; Olson et al., 2003),
ice cream prepared with goat’s milk preserved its structure and
shape for longer compared to cow’s milk ice cream (Correia et al.,
2008). Ice cream from goat’s milk maintained texture and sensory
quality for eight weeks during storage at -18 °C (McGhee et al.,
2015). Agu et al. (2017) produced ice cream with probiotic and
functional properties based on goat’s milk. Silva et al. (2015) also
concluded that goat milk presented technological potential for
the production of probiotic ice cream with satisfactory physical-
chemical, sensorial and cellular viability.

Considering the properties of goat’s milk, the present work
aimed at the elaboration of different formulations of ice creams
based on goat’s or cow’s milk in order to compare the nutritional
and functional properties as well as sensorial acceptance of
final product.
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2 Materials and methods

2.1 Production of the ice creams

For each of the raw materials employed (goat’s or cow’s
milks), three chocolate flavored ice cream formulations were
made with a different total fat (animal and vegetable) content
of 8%, 10% and 12%. All the formulations were in agreement
with the norms defined by Brazilian Legislation (Agéncia
Nacional de Vigilancia Sanitaria, 2003). The mass balance for
the correct use of ingredients was done according to Marshall
& Arbuckle (1996). The amounts of all the components were:
sucrose (13%) (Caravela, Brazil), whole powdered cow’s milk
(1.23%) (Nestlé), whole powdered goat’s milk (1.23%) (Scabra),
dehydrated corn glucose (5%) (MOR REX 1940, Corn Products
Brasil), guar gum stabiliser (0.2%) (IRX 23337, Colloides
Naturels Internacional), emulsifier (0.2%) (MONO-DI HO
52 F-B, Danisco Ltda.), chocolate flavouring (85-238-03-5
Duas Rodas Industrial), caramel dye (Ingredion, Brazil) and
chocolate powder (Nestlé).

The components were weighed, mixed and homogenised
with whole goat’s or cow’s milk milk (75.97% for ice cream
with 8% of fat; 75.76% for 10% of fat and 74.82% for 12%
of fat) in an industrial blender (Metalurgica Visa Ltda.
L015-NR944). A pasteurisation process followed at 70 °C
for 30 min, which are conditions equivalent to the time/
temperature required to destroy pathogenic microorganisms
(Agéncia Nacional de Vigildncia Sanitdria, 2003). This
mix was placed in a stainless-steel recipient and kept to
mature for 16 hours in a cold chamber at 5 °C to promote
hydration of the hydrocolloids in the mixture (stabiliser and
emulsifier). After maturation, the mixture was beaten for
5 min in a scraped surface heat exchanger (Brasfrio PHB
80/100 SP, Brazil). The processing temperature was -6 °C,
and the beat time was 5 min. The finished ice cream was
stored in 5 L packages in plastic-lined paper especially made
for holding ice cream was held at a temperature of — 25 °C
in a horizontal freezer.

The experiments were carried out in duplicate, and the
order of preparation was randomised. Samples for the analysis
of the mix properties were removed after maturation, and
samples for the analysis of the ice cream properties were
removed after 24h of storage at —25°C. All the physical-
chemical analyses were carried out in triplicate, including
the overruns.

2.2 Characterizations of ice cream mixes

Rheological behaviour of the ice cream mixes

The rheological properties of the ice cream mixes were studied
by determining their flow curves using a Brookfield, model
DVIII+ rheometer with a concentric cylinder geometry. These
tests used a small sample adaptor (Spindle SC4-18) connected to
a thermal bath for different temperatures (2, 3,4 and 5 °C) with
a variation in rotational speed increasing from 150 to 250 rpm
and decreasing from 250 to 150 rpm.

Thermal properties of ice cream mixes

The mix samples were analysed using a DSC-TA2010
differential scanning calorimeter controlled by a TA5000
module. The samples (~10mg) were weighed using a precision
balance (+0.01mg) and placed in hermetic aluminium TA pan
and heated between -100 and 100 °C at 10 °C/min in an inert
atmosphere (45 mL/min N,). The reference was an empty pan.
The DSC cells were frozen by quenching with liquid nitrogen
before the analyses.

The glass transition temperature of the maximally freeze-
concentrated fraction (Tg’) was determined as the point of
inflexion on the baseline of the DSC curves, and the melting
enthalpy (AH_) was calculated as the area of the endothermal
peak (Sobral etal., 2001). These determinations were carried out
with the Universal Analysis software V1.7F (TA Instruments).

The amount of unfrozen water (w ) in the samples was
calculated from Equation 1 (Oliveira et al., 2005):

AH
Wuf = Xwb - Tm M

Where AH_ is the ice melting enthalpy, A is the latent heat of
melting of pure water (333.55 Jg'), and x , is the humidity of
the sample (wet basis), determined as in 2.2.

2.3 Characterizations of ice creams

Protein, total solids and moisture of ice creams

Considering that there are no reasons for changing the
composition from a mix to its ice cream, these characterizations
were carried out only for ice creams. Proteins in the ice cream
were ascertained using the Kjeldahl method, which determined
total organic nitrogen using a 6.38 as conversion factor specifically
for milk (Association of Official Analytical Chemists, 1995).

Total solids and moisture contents were determined after
drying in an oven at 100 °C. A 5 g aliquot of each ice cream
sample was weighed into a pre-weighed flat-bottomed dish and
heated in a water bath at 100 °C for 30 minutes, followed by
drying in an oven to a constant weight. After establishing the ice
cream’s dry weight, the moisture content was calculated as the
difference between the dry (final) and wet (initial) weights of the
sample (Association of Official Analytical Chemists, 1995). All
measurements were done in triplicates (mixture and ice cream).

Measurement of overrun

The “overrun” measures the incorporation of air during
the beating stage of ice cream processing. This incorporation
influences product characteristics such as texture, softness, body
and size of the ice crystals formed. Overrun was measured from
the ratio between the weight of a known volume of the mixture
(mix) and the weight of the same volume of ice cream, Equation 2:

mass of ice cream - mass of mix 0
Overrun = - 2
mass of mix

Food Sci. Technol, Campinas, 42, €79721, 2022



Original Article

Carvalho et al.

Melting behaviour of ice creams

The analysis of melting was carried out using approximately
70 mL of ice cream stored at -25 °C on a stainless steel screen
with a 0.1x0.1mm mesh. Melting occurred at a controlled
temperature of 24 °C. The melted ice cream (liquid) that drained
off was collected in a 100 mL glass cylinder and measured every
30 min for 2 h. The melting behaviour was obtained graphically
from the dripped volume of melted ice cream (mL) as a function
of time (min).

Microbiological analyses

Total aerobic and coliform counts were carried out using
specific analyses for ice creams according to Marshall & Arbuckle
(1996). The most probable number method (MPN) of the total
coliform, fecal coliform and E. coli counts, and the total aerobic
mesophilic and psychrotrophic counts were determined according
to Silva et al. (1997).

Sensory analysis

A sensory panel, which was composed of 102 children of
ages 12 to 15 from the city of Pirassununga, Brazil, was used for
the sensory analysis of the ice cream samples. This age range was
chosen as representing potential consumers, since the product
was being developed for children and elderly people allergic
to cow’s milk. A verbal nine-point hedonic scale was used for
the analysis of overall acceptance. Hedonic scales are used to
identify greater acceptance of one product in comparison to
the others, and this difference is evaluated from the means for
acceptance; products presenting means significantly higher than
the others (p < 0.05) are considered as preferred. The tests were
carried out in the Laboratory of Sensory Analysis of FZEA/USP,
which controlled the test conditions as follows: individuality
of judgments, silence, temperature, illumination and control
in sample preparation, as well as processing the results quickly.

The panelists received samples coded (with 3 digit numbers) at
random and presented on trays together with a glass of water and
a score sheet in accordance with the complete block design where
the same positioning was repeated the same number of times to
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avoid any negative effect related to the sample’s presentation. The
results were statistically analysed using the analysis of variance
(ANOVA) and the Tukey means test (SAS v. 8.0).

3 Results and discussion

3.1 Production of the ice creams

Allice creams were produced in the same way and stored at
-25°C for 24 h. The characteristics of the ice creams made with
different raw materials and fat percentage are presented below.

3.2 Characterizations of ice cream mixes

Rheological behaviour of the ice cream mixes

The results of rheological analysis of the mixes were
influenced by the raw material for mixes with 8%, 10%, and
12% of fat, respectively (supplementary material). In general, a
linear dependence typical of Newtonian behavior was observed
between shear stress and the shear rate with little hysteresis.
The rheological properties are relevant to the process (Bakshi
& Smith, 1984), since in the temperature intervals studied (2, 3,
4 and 5 °C) the mix is pumped from the pasteurisation stage to
the maturation stage and then sent to the beating stage.

From the linear regression of the experimental data of shear
rate versus shear stress (Figures 1, 2 and 3), the viscosity values
(angular coefficient of the line fitted to experimental data) of
the ice cream mixtures were calculated as a function of milk
type (cow or goat), fat concentration and process temperatures
(Table 1). For all the ice cream mixes of different formulations
and temperatures studied, the viscosities of the mixes prepared
with goat’s milk were higher than the viscosities of the same ice
cream mixes created with cow’s milk (supplementary material
and Table 1).

Considering the goat’s milk mixtures, the highest viscosity
was obtained in the formulation with 10% fat at all temperatures
analysed; however, the sample with 8 and 12% fat did not present
a significant difference for the different temperatures, except at
4°C (Table 1).
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Figure 1. Comparison of the melting behaviors of cow’s and goat’s milk ice creams with variable fat compositions of 8%, 10% and 12%.
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Figure 2. Melting rate of the ice creams with 8% fat.

Table 1. Viscosity (Poise, D.s/cm?) of the ice cream mixture for different
temperatures and fat content.

Goat’s milk
Temperature Fat
(°0) 8% 10% 12%
2 2.27 +0.05* 2.69 +0.02*4 2.17 £ 0.02:®
3 2.12 +0.03% 2.43 +£0.03% 2.08 +0.03%
4 1.97 +£0.03<¢ 2.38 +0.02% 2.13 +£0.03%8
5 2.05 + 0.06"F 2.37 +£0.03% 2.02 +0.02<
Cow’s milk
Temperature Fat
(°0) 8% 10% 12%
2 1.99 + 0.02:¢ 1.52 + 0.03%P 1.38 £ 0.01%P
3 1.92 + 0.05* 1.45 + 0.03*P 1.06 + 0.04%¢
4 1.79 + 0.02'? 1.42 + 0.03% 0.99 + 0.02<F
5 1.76 £ 0.01%¢ 1.28 +£0.02P 0.85 + 0.02¢

For lower case letters in the same column: variation of viscosity in goat or cow ice cream
as a function of temperature for each fat concentration. For capital letters in the same
row: viscosity variation between goat and cow ice cream as a function of fat content for
each temperature.

For the cow’s milk mixtures, the highest viscosity was
found in the formulation containing 8% fat. The viscosity of
these mixtures, at the same temperature value, decreased as the
amount of fat was increased (Table 1). It can also be concluded
that for all the formulations made with cow’s or goat’s milks,
the values for viscosity decreased with increase in temperature.

Thermal properties of ice cream mixes

The DSC curves of ice cream mixes were typical for a very
moist system, and two phenomena were observed: a glass transition
appeared as an inflexion in the baseline, and ice melting in the form
of an endothermal peak appeared just after the first phenomenon
(supplementary material). The glass transition is less visible than
the endothermic peak because of the greater energy variation
involved in the second phenomenon (Sobral et al., 2001); it can be

better visualised in an amplified scale (supplementary material).
This behaviour is common in high water systems such as those
typical of ice cream mixes (Goff et al., 1993; Oliveira et al., 2005).
Indeed, the ice creams produced in this study presented humidity
between 61 and 67% (wb) (Table 2).

According to Goff et al. (1993) and Goff (1994), the glass
transition in very moist systems corresponds to T ) which is the
glass transition temperature of the maximally freeze-concentrated
fraction that tends to be insensible to variation in the moisture
content of the sample. For this reason, the Tg values obtained
for the ice cream mixes produced in the present study remained
practically constant at around —47 °C irrespective of milk origin.
Similarly, the melting temperature of mixes remained almost
constant (-1 to 0 °C) (Table 2). These values are higher than the
values for Tg (~ -56 °C) as determined by Oliveira et al. (2005) in
a study on Mangaba pulp sherbet. This difference can be explained
in terms of differences in composition of the dry matter, principally
in terms of the soluble solids. It must be remembered that a greater
Tg value could imply greater stability of the ice cream during
storage, since the product will be stored under conditions closer
to its glass transition (Goff, 1994; Pintor-Jardines et al., 2018).

Conversely, the ice melting enthalpy usually increases
with an increase in product humidity (Telis & Sobral, 2002;
Oliveira et al., 2005). Although a difference in moisture content
(p £0.05) was observed between the mixes produced with cow’s
and goat’s milks, no difference (p > 0.05) between the values for
ice melting enthalpy (AH ) was observed, which varied between
138 and 154 J g'. This same behaviour was observed for the
amount of unfrozen water (p > 0.05).

The values for w  calculated in the present study (0.20-0.23 gg™)
were higher than the values (< 0.14 gg*) determined by Oliveira et al.
(2005) for Mangaba pulp sherbet. These results indicate that the
amount of energy required to freeze the product (AH, ) and the
ratio between the product humidity and the amount of unfrozen
water (w /x_ ) were independent of the amount of fat added or
raw material used; these parameters could not have an influence
on processing when these two raw materials were used. Although
different raw materials were used, the general results showed
no alterations in the behavior of the thermal properties despite
the differences in protein content determined between the ice
creams (Table 2) and the variations in their fat concentrations.
In another study, however, the enthalpy of ice creams made
with a low fat concentration presented enthalpy with values
lower than presented in this study (Pintor-Jardines et al., 2018).

3.3 Characterizations of ice creams

Protein, total solids and moisture of ice creams

As could be expected, there was no difference in protein
content (p > 0.05) among ice cream samples created from the
same raw material because the only variable in composition was
the amount of fatadded. A comparison of the samples elaborated
with different types of milk showed a greater protein content
in the goat’s milk ice cream (p < 0.05) (Table 3). The difference
in protein content observed in ice cream (Table 3) is related to
the variation in protein composition in goat’s and cow’s milk
(Verruck et al., 2019).

Food Sci. Technol, Campinas, 42, €79721, 2022
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Table 2. Humidity (x_ ), melting enthalpy (AH, ), unfrozen water content (w,), melting temperature (T ) and glass transition temperature of
the maximally freeze-concentrated material (Tg,) of the ice cream mixes with different fat contents.

Ice cream x (gg" AH_(Jg" W, (ggh) W /x (%) T (°C) Tg, (°C)
Goat 8% 0.622¢ 137.5° 0.2102 33.722 -1.0* -47.6%
Goat 10% 0.645° 137.7* 0.2322 36.01° -0.4* -46.72
Goat 12% 0.623¢ 143.1* 0.1942 31.142 -1.32 -46.92
Cow 8% 0.646° 140.3° 0.2232 34.62° -0.4* -46.82
Cow 10% 0.614¢ 138.7* 0.1982 32.312 -0.5* -46.02
Cow 12% 0.667* 153.6* 0.206* 30.922 -0.0* -47.6%
Means in the same column with different letters differed according to the Tukey test (p < 0.05).
Table 3. Protein, total solids content and overrun in the ice creams with different fat concentrations.
Fat (%) Protein (g 100 g*) Total solids (g 100g™) Overrun (%)
Cow’s Milk Goat’s Milk Cow’s Milk Goat’s Milk Cow’s Milk Goat’s Milk

8 3.39° 3.83%® 35.66° 37.78* 28.29* 28.39*

10 3.48° 4.49* 38.59° 35.49¢ 29.40* 29.09*

12 3.35> 4.29* 33.34¢ 37.72° 30.47° 30.61°

Means in the same column with different letters differed according to the Tukey test (p < 0.05).

The ice creams produced with goat’s and cow’s milk showed
significant variations (p < 0.05) between the formulations
regarding the total solids content. This result, however, did not
show a correlation with the different fat contents used in the
formulations, since samples with lower fat concentrations and a
consequently higher proportion of milk powder in the formulation
should have presented higher dry matter concentrations (Table 3).

Overrun

The physical structure of ice cream is composed of three
phases: liquid, solid and gaseous. In the manufacture of ice cream,
incorporating air produces “overrun” or an increased volume of
ice cream over the volume of the mixture. The incorporation of air
is important because it influences the texture and melting point
and consequently the product’s quality. The air incorporation
or overrun of the ice creams also varies with the concentration
of added fat (Silva & Lannes, 2011). The overrun was greater
for higher fat concentrations (Table 3), although the variation
was not statistically different (p < 0.05).

The viscosity of the ice cream mix is also considered a factor
that could affect air retention and contribute to the final ice cream
texture (Yazdi et al., 2020). However, the mixture of ice cream
containing goat’s milk had higher viscosity compared to the mixture
based on cow’s milk (Table 1), but no significant difference was
observed regarding the overrun of the ice creams (Table 3). In
ice cream produced with buffalo milk, Sert et al. (2021) obtained
values for the overrun between 19.93 to 45.15%, whose results
were mainly affected by the mixing pressure of the mixture.

Melting behaviour of ice creams

The curve of ice cream’s melting behaviour illustrates the
volume of “time-dripping ice cream” under controlled temperature
conditions, and it demonstrates the different behaviours of the
different fat concentrations (8, 10 and 12%) used. Overall, an
increase in fat concentration resulted in a decrease in melting

Food Sci. Technol, Campinas, 42, €79721, 2022

point for both cow’s and goat’s milk ice creams (Figure 1), and
it showed that greater fat concentrations contribute to greater
product stability. In cow’s milk-based ice creams containing 3%
fat, Al et al. (2020) observed a melting rate of 36.53 g/60 min,
which value is close to the value observed in this work (Figure 2)
for the 8% fat concentration. The comparison between these
results suggests that factors other than fat content, such as
differences in formulation and freezing method, may also affect
the ice cream melting rate.

Notably, the ice cream made with goat’s milk had the same
fat content but demonstrated a lower melting rate than that made
with cow’s milk (Figure 2). Probably, the difference observed in
the melting rate is associated with the fact that the fat in goat’s
milk is found in the form of small globules that do not aggregate
on cooling, as observed in cow’s milk (Amigo & Fontecha, 2011).

Differences in melting rate were not observed in the first
30 min or among ice creams made with different raw materials
nor those made with different fat contents. This behavior was
expected since he melting temperature (T ) of the different
mixture formulations did not differ considerably (Table 2). Over
time, melting becomes a function of the chemical composition
and physical structure that this composition provides.

Microbiological analyses

All ice creams studied, regardless the type of milk used,
presented counts of microorganisms (Table 4) below the limits
defined by the legislation (International Federation of Dairy
Products), which fixes a standard limit of 10° CFU/g for the total
count, 10> MPN/g for coliforms and the absence of pathogenic
microorganisms (Varnam & Sutherland, 1994). These analyses
were carried out on the finished products, mainly due to concern
about possible contamination and/or proliferation that could
occur during the process. Goat’s milk is less acid than cow’s
milk, and considering the long maturation period of 16 h, it was
thought that greater microbial proliferation would be observed
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Table 4. Microbiological analyses of the different formulations of goat and cow’s ice creams.

Fat Mesophilic (CFU/g) Psychrotrophs (CFU/g) Coliforms (MPN/g)
Cow’s milk Goat’s milk Cow’s milk Goat’s milk Cow’s milk Goat’s milk

8% 1382.5 105 155 0 0

10% 125 2550 0 0 0

12% 350 1875 0 0 0

Table 5. Mean acceptance scores for the different formulations of goat’s
and cow’s milk ice creams.

Ice cream
Fat Goat’s milk Cow’s milk
8 8.32" 8.41%
10 8.34® 8.85*
12 8.44® 8.39®

Means with different letters differed according to the Tukey test (p < 0.05).

in the goat’s milk ice creams, but this did not occur (Table 4).
Thus, there was no need to reduce the maturation time in the
goat’s milk ice creams, which might have prejudiced product
characteristics.

Sensory analysis

In general, all the samples were well accepted since the mean
scores were above 8 on the verbal hedonic scale, which signifies
consumer appreciation above “liked a lot”. Thus the use of the
different primary raw materials - goat’s and cow’s milks - in
the formulations of the chocolate ice creams did not influence
consumer product acceptance.

The ice cream made with cow’s milk containing 10% fat
had the best consumer acceptance and was statistically different
(p > 0.05) from the sample made with goat’s milk containing
8% fat (Table 5). The other samples did not present significant
variation with respect to consumer preference.

Considering goat’s milk ice cream, the 10% and 12% fat
formulations had the highest consumer acceptance scores, but
did not differ significantly from the 8% fat formulation (Table 5).
For cow’s milk ice cream, the highest consumer acceptance
was obtained in the formulation containing 10% fat, although
the difference between grades for different fat contents is not
significant. Lucatto et al. (2020) found greater acceptability of
yoghurt made from cow’s milk (from 6.24 to 6.85) compared to
goat’s milk yoghurt (from 5.46 to 5.64) and this result was related
to consumers’ lack of familiarity with goat milk. Hadjimbei et al.
(2020) observed greater acceptance of tasters for goat milk
yoghurt containing Pistacia atlantica resin extracts (85%), when
compared to unflavored yoghurt (15%). These results suggest
that the chocolate flavor incorporated into goat milk ice cream
contributed to the acceptance of tasters (Table 5), possibly
masking characteristic goat milk flavors, since both types of ice
cream had similar acceptance.

4 Conclusions

The different formulations of chocolate flavoured ice creams
made with different fat contents and raw materials indicated

that, independent of the type of milk used, an increase in fat
concentration resulted in greater air incorporation and an increase
in product melting point and that larger fat concentrations would
make the ice cream softer and simultaneously more stable in
respect to its melting qualities. With respect to mix viscosity, it
was shown that when the measurements were made at higher
temperatures, the mix was less viscous independent of the
type of milk used. The viscosity was higher for lower added fat
contents in the formulations of chocolate flavoured ice creams
made with goat’s milk, but for those made with cow’s milk the
samples with 10% fat were more viscous than those containing
8 and 12% fat, the latter two showing very similar behaviour.
It was also determined that although the goat’s milk was less
acid than he cow’s milk, the same process could be used for
both raw materials, including the 16h maturation time, since
no microbiological proliferation was observed in the goat’s
milk mixes.

Acknowledgements

We would like to acknowledge the Brazilian agency Fundagio
de Amparo a Pesquisa do Estado de Séo Paulo (FAPESP - Process
n°2021/01579-9 and 2020/02325-8), the Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq - Process
n° 304573/2019-1) for its financial support.

References

Agu, M., Kinik, O., & Yerlikaya, O. (2017). Functional properties of
probiotic ice cream produced from goat’s milk. Carpathian Journal
of Food Science and Technology, 9(4), 86-100.

Agéncia Nacional de Vigilancia Sanitaria - ANVISA. (2003). Resolu¢io
da Diretoria Colegiada - RDCn n° 267 de 25/09/2003. Retrieved
from http://portal.anvisa.gov.br/documents/33880/ 2568070/
RDC_267_2003.pdf/b799480-fd34-44aa-af59-612811b028ff.

AL M., Ersoz, E, Ozaktas, T., Tiirkanoglu-Ozgelik, A., & Kiigiikgetin, A.
(2020). Comparison of the effects of adding microbial transglutaminase
to milk and ice cream mixture on the properties of ice cream.
International Journal of Dairy Technology, 73(3), 578-584. http://
dx.doi.org/10.1111/1471-0307.12707.

Alférez, M. ]. M., Aliaga, I. L., Barrionuevo, M., & Campos, M. S. (2003).
Effect of dietary inclusion of goat milk on the bioavailability of zinc
and selenium in rats. Journal of Dairy Research Milk, 70(2), 181-187.
http://dx.doi.org/10.1017/S0022029903006058. PMid:12800872.

Almaas, H., Cases, A.-L., Devold, T. G., Holm, H., Langsrud, T.,
Aabakken, L., Aadnoey, T., & Vegarud, G. E. (2006). In vitro
digestion of bovine and caprine milk by human gastric and duodenal
enzymes. International Dairy Journal, 16(9), 961-968. http://dx.doi.
org/10.1016/j.idairy}.2005.10.029.

Food Sci. Technol, Campinas, 42, €79721, 2022


https://doi.org/10.1111/1471-0307.12707
https://doi.org/10.1111/1471-0307.12707
https://doi.org/10.1017/S0022029903006058
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12800872&dopt=Abstract
https://doi.org/10.1016/j.idairyj.2005.10.029
https://doi.org/10.1016/j.idairyj.2005.10.029

Original Article

Carvalho et al.

Amigo, L., & Fontecha, J. (2011). Goat milk. In J. W. Fuquay, P. F. Fox
& P. L. H. Mcsweeney (Eds.), Encyclopedia of dairy sciences (2nd
ed., pp. 484-493). London: Elsevier.

Association of Official Analytical Chemists - AOAC. (1995). Official
methods of analysis of AOAC International. Arligton: AOAC
International.

Attaie, R., & Richter, R. L. (2000). Size distribution of fat globules in
goat milk. Journal of Dairy Science, 83(5), 940-944. http://dx.doi.
org/10.3168/jds.S0022-0302(00)74957-5. PMid:10821568.

Bakshi, A. S., & Smith, D. E. (1984). Effect of fat content and temperature
on viscosity in relation to pumping requirements of fluid milk
products. Journal of Dairy Science, 67, 1157-1160. http://dx.doi.
org/10.3168/jds.50022-0302(84)81417-4.

Bezerra, M., Souza, D., & Correia, R. (2012). Acidification kinetics,
physicochemical properties and sensory attributes of yoghurts prepared
from mixtures of goat and buffalo milks. International Journal of
Dairy Technology, 65(3), 437-443. http://dx.doi.org/10.1111/j.1471-
0307.2012.00845.x.

Buriti, E C. A,, Freitas, S. C,, Egito, A. S., & Santos, K. M. O. (2014).
Effects of tropical fruit pulps and partially hydrolysed galactomannan
fromCaesalpinia pulcherrimaseeds on the dietaryfibre content,
probiotic viability, texture and sensory features of goat dairy
beverages. Lebensmittel-Wissenschaft + Technologie, 59(1), 196-203.
http://dx.doi.org/10.1016/j.1wt.2014.04.022.

Ceballos, L. S., Morales, E. R., Adarve, G. T., Castro, J. D., Martinez,
L. P, & Sampelayo, M. R. S. (2009). Composition of goat and cow
milk produced under similar conditions and analyzed by identical
methodology. Journal of Food Composition and Analysis, 22(4),
322-329. http://dx.doi.org/10.1016/j.jfca.2008.10.020.

Correia, R. T. P, Magalhdes, M. M. A,, Pedrini, M. R. S., Cruz, A. V.
E, & Clementino, I. (2008). Ice cream made from cow and goat
milk: chemical composition and melting characteristics. Ciéncia
Agrondémica, 39(2), 251-256.

Fisberg, M., Nogueira, M., Ferreira, A. M. A., & Fisberg, R. M. (1999).
Aceitagao e tolerancia de leite de cabra em pré-escolares. Pediatricia
Moderna, 35(7), 526-537.

Goff, H. D. (1994). Measurinng and interpreting the glass transition
in frozen foods and model systems. Food Research International,
27(2), 187-189. http://dx.doi.org/lO.1016/0963-9969(94)90160-0.

Goff, H. D., Caldwell, K. B., Stanley, D. W., & Maurice, T. J. (1993).
The influence of polysaccharides on the glass transition in frozen
sucrose solution and Ice Cream. Journal of Dairy Science, 76(5),
1268-1277. http://dx.doi.org/10.3168/jds.S0022-0302(93)77456-1.

Granger, C., Leger, A., Barey, P, Langendorff, V., & Cansell, M. (2005).
Influence of formulation on the structural networks in ice cream.
International Dairy Journal, 15(3), 255-262. http://dx.doi.org/10.1016/j.
idairyj.2004.07.009.

Hadjimbei, E., Botsaris, G., Goulas, V., Alexandri, E., Gekas, V., &
Gerothanassis, I. P. (2020). Functional stability of goats’ milk yoghurt
supplemented with Pistacia atlantica resin extracts and Saccharomyces
boulardii. International Journal of Dairy Technology, 73(1), 134-143.
http://dx.doi.org/10.1111/1471-0307.12629.

Haenlein, G. F. W. (2004). Goat milk in human nutrition. Small
Ruminant Research, 51(2), 155-163. http://dx.doi.org/10.1016/j.
smallrumres.2003.08.010.

Hodgkinson, A. J., Wallace, O. A. M., Boggs, I., Broadhurst, M., & Prosser,
C. G. (2018). Gastric digestion of cow and goat milk: Impact of
infant and young child in vitrodigestion conditions. Food Chemistry,
245, 275-281. http://dx.doi.org/10.1016/j.foodchem.2017.10.028.
PMid:29287371.

Food Sci. Technol, Campinas, 42, €79721, 2022

Komes, D., Busi¢, A., Bel§¢ak-Cvitanovi¢, A., Brn¢i¢, M., Bosiljkov, T.,
Vojvodi¢, A., & Dujmi¢, E (2017). Novel approach to the development
of functional goat’s milk-based beverages using medicinal plant
extracts in combination with high intensity ultrasound treatment.
Food Technology and Biotechnology, 55(4), 484-495. http://dx.doi.
org/10.17113/ftb.55.04.17.5123. PMid:29540983.

Kondyli, E., & Katisiari, M. C. (2001). Differences in lipolysis of Greek
hard cheeses made from sheep’s, goat’s or cow’s milk. Milchwissenschaft.
Milk Science International, 8(56), 444-446.

Koxholt, M., Eisenmann, B., & Hinrichs, J. (2001). Effect of the fat
globule size on the meltdown of ice cream. Journal of Dairy Science,
84(1),31-37. http://dx.doi.org/10.3168/jds.S0022-0302(01)74448-7.
PMid:11210046.

Lucatto, J. N, Silva-Buzanello, R. A., Mendonga, S. N. T. G., Lazarotto,
T.C., Sanchez, J. L., Bona, E., & Drunkler, D. A. (2020). Performance
of different microbial cultures in potentially probiotic and prebiotic
yoghurts from cow and goat milks. International Journal of Dairy
Technology, 73(1), 144-156. http://dx.doi.org/10.1111/1471-0307.12655.

Marshall, R. T., Arbuckle, W. S. (1996). Ice Cream (5th ed.). New York:
Chapman & Hall. Martins, I. B. A., Deliza, R., Santos, K. M. O,
Walter, E. H. M., Martins, J. M., & Rosenthal, A. (2018). Viability
of probiotics in goat cheese during storage and under simulated
gastrointestinal conditions. Food and Bioprocess Technology, 11(4),
853-863. http://dx.doi.org/10.1007/s11947-018-2060-2.

McGhee, C. E., Jones, J. O., & Park, Y. W. (2015). Evaluation of textural
and sensory characteristics of three types of low-fat goat milk ice
cream. Small Ruminant Research, 123(2-3), 293-300. http://dx.doi.
org/10.1016/j.smallrumres.2014.12.002.

Medeiros, A. C. L., Thomazini, M., Urbano, A., Correia, R. T. P, &
Favaro-Trindade, C. S. (2014). Structural characterization and cell
viability of a spray dried probiotic yoghurt produced with goats’ milk
and Bifidobacterium animalis subsp. lactis BI-07. International Dairy
Journal, 39(1), 71-77. http://dx.doi.org/10.1016/j.idairy;j.2014.05.008.

Medeiros, G. K. V. V., Queiroga, R. C. R. E., Costa, W. K. A., Gadelha,
C. A. A, Lacerda, R. R, Lacerda, J. T. ]. G, Pinto, L. S., Braganhol,
E., Teixeira, F. C., Barbosa, P. P. S., Campos, M. I. E, Gongalves, G.
E, Pessoa, H. L. E, & Gadelha, T. S. (2018). Proteomic of goat milk
whey and its bacteriostatic and antitumour potential. International
Journal of Biological Macromolecules, 113, 116-123. http://dx.doi.
org/10.1016/j.ijbiomac.2018.01.200. PMid:29471095.

Mituniewicz-Malek, A., Zielinska, D., & Ziarno, M. (2019). Probiotic
monocultures in fermented goat milk beverages — sensory quality
of final product. International Journal of Dairy Technology, 72(2),
240-247. http://dx.doi.org/10.1111/1471-0307.12576.

Oliveira, A. L., Silva, M. G. F, Sobral, P. J. A, Oliveira, C. A. E, &
Habitante, A. M. Q. B. (2005). Propriedades fisicas de misturas
para sherbet de mangaba. Pesquisa Agropecudria Brasileira, 40(6),
581-586. http://dx.doi.org/10.1590/S0100-204X2005000600008.

Olson, D. W,, White, C. H., & Watson, C. E. (2003). Properties of frozen
dairy desserts processed by microfluidization of their mixes. Journal
of Dairy Science, 86(4), 1157-1162. http://dx.doi.org/10.3168/jds.
$0022-0302(03)73698-4. PMid:12741539.

Park, Y. W,, Juarez, M., Ramos, M., & Haenlein, G. E W. (2007).
Physico-chemical characteristics of goat and sheep milk. Small
Ruminant Research, 68(1-2), 88-113. http://dx.doi.org/10.1016/j.
smallrumres.2006.09.013.

Pintor-Jardines, A., Arjona-Roman, J. L., Totosaus-Sanchez, A., Severiano-
Pérez, P, Gonzalez-Gonzalez, L. R., & Escalona-Buendia, H. B.
(2018). The influence of agave fructans on thermal properties of
low-fat, and low-fat and sugar ice cream. Lebensmittel- Wissenschaft +
Technologie, 93, 679-685. http://dx.doi.org/10.1016/j.1wt.2018.03.060.


https://doi.org/10.3168/jds.S0022-0302(00)74957-5
https://doi.org/10.3168/jds.S0022-0302(00)74957-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10821568&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(84)81417-4
https://doi.org/10.3168/jds.S0022-0302(84)81417-4
https://doi.org/10.1111/j.1471-0307.2012.00845.x
https://doi.org/10.1111/j.1471-0307.2012.00845.x
https://doi.org/10.1016/j.lwt.2014.04.022
https://doi.org/10.1016/j.jfca.2008.10.020
https://doi.org/10.1016/0963-9969(94)90160-0
https://doi.org/10.3168/jds.S0022-0302(93)77456-1
https://doi.org/10.1016/j.idairyj.2004.07.009
https://doi.org/10.1016/j.idairyj.2004.07.009
https://doi.org/10.1111/1471-0307.12629
https://doi.org/10.1016/j.smallrumres.2003.08.010
https://doi.org/10.1016/j.smallrumres.2003.08.010
https://doi.org/10.1016/j.foodchem.2017.10.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29287371&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29287371&dopt=Abstract
https://doi.org/10.17113/ftb.55.04.17.5123
https://doi.org/10.17113/ftb.55.04.17.5123
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29540983&dopt=Abstract
https://doi.org/10.3168/jds.S0022-0302(01)74448-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11210046&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11210046&dopt=Abstract
https://doi.org/10.1111/1471-0307.12655
https://doi.org/10.1007/s11947-018-2060-2
https://doi.org/10.1016/j.smallrumres.2014.12.002
https://doi.org/10.1016/j.smallrumres.2014.12.002
https://doi.org/10.1016/j.idairyj.2014.05.008
https://doi.org/10.1016/j.ijbiomac.2018.01.200
https://doi.org/10.1016/j.ijbiomac.2018.01.200
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29471095&dopt=Abstract
https://doi.org/10.1111/1471-0307.12576
https://doi.org/10.1590/S0100-204X2005000600008
https://doi.org/10.3168/jds.S0022-0302(03)73698-4
https://doi.org/10.3168/jds.S0022-0302(03)73698-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12741539&dopt=Abstract
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.1016/j.lwt.2018.03.060

Original Article

Differences between properties of cow and goat s milk ice cream

Pitso, S., & Bester, B. H. (2000). Quality aspects of Feta cheese manufactured
from mixtures of cow’s and goat’s milk. Milchwissenschaf, 8(55),
454-458.

Ramon, A. N., Vega, S. M, Ferrer, E. C,, Bruneri, A. P. C., Millan, M.
P, Oliveira, E. G., Borelli, M. E, Villalva, E J., & Paz, N. F. (2018).
Training small producers in Good Manufacturing Practices for the
development of goat milk cheese. Food Science and Technology, 38(1),
134-141. http://dx.doi.org/10.1590/1678-457x.02017.

Ribeiro, A. C., & Ribeiro, S. D. A. (2010). Specialty products made
from goat milk. Small Ruminant Research, 89(2-3), 225-233. http://
dx.doi.org/10.1016/j.smallrumres.2009.12.048.

Ribeiro, S. D. A. (1998). Caprinocultura: criagdo racional de caprinos.
Sao Paulo: Livraria Nobel.

Sert, D., Mercan, E., & Kiling, M. (2021). Development of buffalo milk
ice-cream by high pressure-homogenisation of mix: Physicochemical,
textural and microstructural characterization. Lebensmittel-
Wissenschaft + Technologie, 150, 112013. http://dx.doi.org/10.1016/j.
lwt.2021.112013.

Silanikove, N., Leitner, G., Merin, U., & Prosser, C. G. (2010). Recent
advances in exploiting goat’s milk: quality, safety and production
aspects. Small Ruminant Research, 89(2-3), 110-124. http://dx.doi.
org/10.1016/j.smallrumres.2009.12.033.

Silva, E.Jr., & Lannes, S. C. S. (2011). Effect of different sweetener blends
and fat types on ice cream properties. Food Science and Technology,
31(1),217-220. http://dx.doi.org/10.1590/S0101-20612011000100033.

Silva, E A, Oliveira, M. E. G., Sampaio, K. B., Souza, E. L., Figueiredo,
R.E, Oliveira, C. E., & Queiroga, R. C. (2017). Effect of Isabel grape
addition on the physicochemical, microbiological and sensory
characteristics of probiotic goat milk yogurt. Food ¢ Function, 8(6),
2121-2132. http://dx.doi.org/10.1039/C6FO01795A. PMid:28451663.

Silva, N, Junqueira, V. C. A., & Silveira, N. E. A. (1997). Manual de
métodos de andlise microbioldgica de alimentos. Sdo Paulo: Livraria
Varela.

Silva, P. D. L., Bezerra, M. E, Santos, K. M. O., & Correia, R. T. P. (2015).
Potentially probiotic ice cream from goat’s milk: Characterization and
cell viability during processing, storage and simulated gastrointestinal
conditions. Lebensmittel-Wissenschaft + Technologie, 62(1), 452-457.
http://dx.doi.org/10.1016/j.1wt.2014.02.055.

Sobral, P.]. A, Telis, V. R. N., Habitante, A. M. Q. B., & Sereno, A. (2001).
Phase diagram for freeze-dried persimmon. Thermochimica Acta,
376(1), 83-89. http://dx.doi.org/10.1016/S0040-6031(01)00533-0.

Tagliazucchi, D., Martini, S., Shamsia, S., Helal, A., & Conte, A. (2018).
Biological activities and peptidomic profile of in vitro-digested cow,
camel, goat and sheep milk. International Dairy Journal, 81, 19-27.
http://dx.doi.org/10.1016/j.idairyj.2018.01.014.

Telis, V.R. N., & Sobral, P. J. A. (2002). Glass transitions for freeze-dried
and air-dried tomato. Food Research International, 35(5), 435-443.
http://dx.doi.org/10.1016/50963-9969(01)00138-7.

Varnam, A. H., & Sutherland, J. P. (1994). Milk and milk products. New
York: Chapman & Hall.

Verruck, S., Dantas, A., & Prudencio, E. S. (2019). Functionality of
the components from goat’s milk, recent advances for functional
dairy products development and its implications on human health.
Journal of Functional Foods, 52, 243-257. https://doi.org/10.1016/j.
jff.2018.11.017.

Yazdi, A. P. G., Barzegar, M., Gavlighi, H. A., Sahari, M. A,, &
Mohammadian, A. H. (2020). Physicochemical properties and
organoleptic aspects of ice cream enriched with microencapsulated

pistachio peel extract. International Journal of Dairy Technology,
73(3), 570-577. http://dx.doi.org/10.1111/1471-0307.12698.

Food Sci. Technol, Campinas, 42, €79721, 2022


https://doi.org/10.1016/j.lwt.2014.02.055
https://doi.org/10.1016/S0040-6031(01)00533-0
https://doi.org/10.1016/j.idairyj.2018.01.014
https://doi.org/10.1016/S0963-9969(01)00138-7
https://doi.org/10.1111/1471-0307.12698
https://doi.org/10.1590/1678-457x.02017
https://doi.org/10.1016/j.smallrumres.2009.12.048
https://doi.org/10.1016/j.smallrumres.2009.12.048
https://doi.org/10.1016/j.lwt.2021.112013
https://doi.org/10.1016/j.lwt.2021.112013
https://doi.org/10.1016/j.smallrumres.2009.12.033
https://doi.org/10.1016/j.smallrumres.2009.12.033
https://doi.org/10.1590/S0101-20612011000100033
https://doi.org/10.1039/C6FO01795A
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28451663&dopt=Abstract



