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ABSTRACT

Background: In industries that produce ice cream, NFMS required in the mixture are obtained by 
addition of skim milk powder and whole milk, condensed milk, caseinate and others. However, due 
to factors such as national lack of these (caseinates) and the seasonal climate of regions which produce 
milk, these raw materials are relatively expensive, so it has increased the interest of using different 
substituents of non-fat milk solids (NFMS) without affecting the nutritional and sensory quality of ice 
cream, which comply with national legislation and represent a lower price to make them. Objectives:
This study aimed to implement and evaluate a NFMS formulation for applying in ice cream mixes. 
Methods: the formulation (F1 substitute), was applied at different rates (20, 40, 60%) in mixtures of ice 
cream and was compared to a control without replacement. The physicochemical properties that were 
investigated included the mix viscosity, acidity, ph, mineral content (calcium and phosphorus), protein, 
ash, fat and total solids. In the ice cream was determined freezing, melting, overrun, whipping ability 
and sensory evaluation. For the study of the data was used Statgraphics 5.0 and the experimental design 
was a randomized complete block model with multiple range test of Duncan. Results: The results show 
that the viscosity value of the treatment, varies in a range of 398.7 to 1108.6 cp at a temperature of 4 ° 
C, being higher for T4 (higher percentage of substitution). The titratable acidity values   of the ice cream 
mixture ranged from 0.17% to 0.12% with a higher (P <0.05) for T1. The protein content ranged from 
3.2% to 2.5%. Conclusions: As the percentage of non-fat milk solids replacement increases, the protein 
percentage and melting decrease, reaching values   established by Colombian law. With this study it is 
concluded that, the 40% substitution of non fat milk solids over ice cream mixture, is the one with the 
best physicochemical and sensory characteristics.
Keywords: Replacements, Non-fat milk solids, melting, freezing point, ice cream. 

RESUMEN

Antecedentes: En las industrias que elaboran helados, los SNGL requeridos en la mezcla, son obtenidos 
por adición de leche en polvo descremada y entera, leche condensada, caseinato, entre otros. Sin embargo, 
debido a factores como la inexistencia nacional de los mismos (caseinatos) y la estacionalidad climática 
de las regiones del país productor de leche, estas materias prima tienen un costo relativamente alto, por 
lo cual se ha incrementado el interés de usar diferentes sustituyentes de Sólidos No Grasos Lácteos 
(SNGL), que no afecten la calidad nutricional y sensorial del helado, que cumplan con la legislación 
nacional y que representen un menor precio en su fa bricación. Objetivos: Este estudio tuvo como 
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objetivo implementar y evaluar una formulación de SNGL para ser aplicados en mezclas de helado. 
Métodos: La formulación (sustituto F1), fue aplicada en diferentes porcentajes (20, 40, 60%) sobre 
mezclas de helado y fue comparada con un testigo sin sustitución. Las propiedades fisicoquímicas que 
fueron investigadas para la mezcla incluyeron viscosidad, acidez, ph, contenido de minerales (calcio y 
fósforo), proteínas, cenizas, grasa y sólidos totales. En el helado se determinó punto de congelamiento, 
derretimiento, sobreaumento, habilidad de batido y evaluación sensorial. Para el estudio de los datos se 
empleó el programa Statgraphics 5.0 y el diseño experimental fue un modelo por bloques completamente 
aleatorizado con prueba de rangos múltiples de Duncan. Resultados: Los resultados demostraron que 
el valor de viscosidad de los tratamientos, varía en un rango de 398,7 cp a 1108,6 cp a una temperatura 
de 4°C, siendo el mayor para T4 (mayor porcentaje de sustitución). Los valores de acidez titulable de la 
mezcla de helado variaron de 0,17% a 0,12% con un valor más alto (P < 0,05) para T1. El contenido de 
proteína varió entre 3,2% a 2,5%. Conclusión: Se concluye que a medida que aumenta el porcentaje de 
sustitución de SNGL, el porcentaje de proteína y derretimiento, disminuye alcanzando valores establecidos 
por la Legislación Colombiana. Con este estudio se concluye que el 40 % de sustitución de SNGL sobre 
la mezcla de helado es el que presenta mejores características fisicoquímicas y sensoriales.
Palabras clave: Sustitutos, sólidos no grasos lácteos, derretimiento, punto de congelamiento, helado.

INTRODUCTION

In Colombia, production of milk in 2008 was 
6.55 billion liters. A large part of it was devoted to 
the production of ice cream, which for this year 
was 35102 tons. The per capita consumption in 
recent years is 2.3 kg of mixture, which proves to 
be a high-impact product within the dairy industry 
(1). Some of the ingredients that provide non-fat 
solids (NFS), used for making ice cream by small, 
medium and big companies, are integrated pro-
ducts imported in its entirety (2). The application 
of NFS is important for its nutritional value and 
functional properties. With this project, it is shown 
an alternative implementation of this variable using 
raw materials, mostly obtained at national level, 
maintaining the functional properties in the final 
product. The main objective of this study was to 
apply and evaluate a Non Fat Solids replacement 
(NFS) in an ice cream mixture.

MATERIALS AND METHODS

Raw Materials

In the preparation of ice cream mixes the fo-
llowing materials were used:

Liquid whole milk 3.0% fat and 8.5% non fat 
milk solids (NFMS), whole milk powder 26% fat 
and 70% non fat milk solids, hydrogenated fat at 
99.9%, Sucrose, Stabilizer / Emulsifier.

Composition of substitute F1: Maltodextrin 
19% D.E: it was replaced in 15% of total solids, **
Whey Protein at 12%: it was replaced 30% of NFMS 
variable**, Dipotassium Phosphate: maximum 10 
g / kg **, Sodium tripolyphosphate: maximum 10 
g / kg **, soy protein concentrated: it was replaced 
in 5% of the NFMS **, Sodium caseinate: it was 
replaced in 10% of the NFMS **, yolk powder: 0.5% 
**, precooked rice f lour: 2% **, Cassava starch: 1% 
**, potato starch: 1% **, Salt: 0.02% ** hydroge-
nated fat at 99.9%: 5% **, Palm oil: 5 % **, WPC 
80: 30% **, soy lecithin: it was replaced 3000 mg / 
kg **, Mono and diglycerides of fatty acids: it was 
replaced 1500 mg / kg ** Glucose: it was replaced 
30% of the total sweetness * *.

** Maximum amounts added to the formulation 
(3-6).

The restrictions in the formulation were made 
by trial and error. Data not shown.

Analysis of the substitute

The composition analysis of the substitute was 
made (5), resulting in the following percentages:
6.89% protein, 38.69% fat, 48.01% carbohydrate, 
3% humidity.

With this formulation, different percentages of 
NFMS were replaced in mixtures; these results 
were compared with a sample without substitution 
which was used as control. It can be seen in Table 1.
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Table 1. Ice cream formulation.

Ingredient % Fat % NFMS Kg % Fat % NFMS

Whole milk 3.0 8.5 60 1.8 5.1

Whole milk powder 26 70 7.4 1.9 5.2

Hydrogenated fat 99 -- 8.3 8.2 --
Sugar -- -- 15 -- --

E/E -- -- 0.35 -- --

Water -- -- 8.8 -- --

Total 100 12 10.3*

* This value was replaced in 20%, 40% y 60% of NFMS % (7).

Ice cream making (8)

Formulation of mixtures was made with 12% 
fat, 10.3% of NFMS, 15% sugar and 0.35% stabi-
lizer / emulsifier. NFMS source was replaced by 
20%, 40% and 60% with the substitute F1. Three 
replicates were made of each treatment. Liquid 
ingredients were placed in a pasteurizer in which 
was added the dry ingredients of each one of the 
mixtures using a solids mixer. The mixes were 
pasteurized at 73°C for 30 min and homogenized 
in two stages at a pressure of 2000 psi (APV Gaulin 
homogenizer). Each mixture was cooled down to 
4°C. Then, they were matured for 24 hours at a 
temperature of 4°C (9). After this stage, it was added 
to each treatment 0.1% of vanilla extract per liter of 
mixture. The emulsions were subjected to mixing 
process at -4.0°C in a blender (Taylor) and they 
were made with an overrun of 90-100% by method 
weight – volume (10, 11). Ice creams were packed in 
presentations of 1 L and they were stored at -30°C.

Physico-chemical analysis

Physicochemical tests of each replicas of the 
different treatments (20%, 40%, 60% and control), 
both in the mix as in ice cream, were performed 
in triplicate (5).

Viscosity

It was held in a cylinder cone, 1mm Gap (Broo-
kfield Rheometer DV III Ultra usillo SC421), 
15cm3 of mixture were taken at 4°C, after 24 hours 
of maturation (8). Flow determinations were found 
exposing the samples to a deformation cycle, with 
a shear rate sweep upward from 0.5 to 250 s-1 at 
intervals of five seconds and one descending at the 
same shear. The apparent viscosity values were ob-
tained at a shear rate of 10 s-1. It has been estimated 

that the deformation rate of the oral cavity on fatty 
foods like ice cream is 11.5 s-1 or less (12). The as-
cending curve data for all treatments were adjusted 
to power law model (13, 14), as it is shown in equa-
tion 1, using the software R / S Plus Rheometer.

τ = KDn(1) Equation 1.

where: τ= Shear stress; K = Consistency Coefficient; 
D = Velocity gradient; n = Flow behavior index.

Titratable Acidity

Was expressed as lactic acid percentage. The pH 
value was measured with a potentiometer (Corning, 
model 350 pH analyzer) (15).

Content of minerals

Calcium and phosphorus were obtained by 
atomic absorption, spectrophotometry. The protein 
content was measured by Kjeldahl method. The 
protein was determined by multiplying the total 
nitrogen by a factor of 6.25. Ash value was obtained 
by direct incineration, total solids by Gravimetric 
method (15) and fat by Pennsylvania method (7).

Methods of analysis in the ice cream

Freezing Point was determined on the tempera-
ture of the ice cream mix after being whipped (10). 
Melting rate was evaluated on ice cream samples 
stored at -18°C. Melting rate was determined by 
carefully cutting ice cream samples (weighed as 
100g), placing the ice cream onto 1 mm stainless 
steel mesh over a cup and weighing the amount of 
ice cream drained into the cup at temperature room 
(25ºC) for 1 hour.

Fall time of the first drop was determined by 
taking the time where the first drop has fallen (8). 
Whipping ability was evaluated by the time it took 
for the mixture to reach an overrun of 90% - 100% 
(11).

Sensory evaluation

The frozen ice cream at -14°C ± 1 (16-17), 
was subject to an acceptance test with 98 potential 
consumers of the product (18). Each sample was 
presented randomly to a particular evaluator. These 
were placed in identical containers and labeled with 
random numbers, using water to wash the mouth 
between samples.
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Statistical analysis

Statistical analysis of the data was performed 
using the Statgraphics 5.0 program, and the ex-
perimental design was a randomized complete 
block model with Duncan’s multiple range tests. It 
was used a confidence level of 95% and a level of 
power of 85%, to detect significant differences in 
the sensory test (19). One-way analysis of variance 
(ANOVA) (α = 95%) was performed; ice cream 
mixes or frozen ice creams were the treatments, 
and the means were compared using Duncan’s 
multiple range test.

RESULTS

Physicochemical analysis of the mixture

Table 2. Effect of treatments on different variables: 
viscosity, titrable acidity, pH, total solids.

Treatment

Viscosity 
(cP) at 10 
seg-1 4ºC 
*mean

% Titrable 
Acidity*mean

pH*mean
TS %*
mean

1 301 ± 25 0.17 ± 0.1 6.6 ± 0.1 37.0 ± 0.2

2 372 ± 22 1.1 ± 0.0 6.7 ± 0.2 39.2 ± 0.3

3 621 ± 62 0.14 ± 0.0 6.8 ± 0.2 39.6 ± 0.2

4 757 ± 95 1.1 ± 0.1 7.0 ± 0.3 40.2 ± 0.3

* Results are expressed as the mean of triplicate determinations.

Figure 1. Averages LDS intervals (95%) of viscosity.

Figure 2. Fluency curve of the treatments T1, T2, T3 
and T4 of ice cream mixes at 4ºC. Viscosity cP vs shear 
rate (sec-1).

Table 3. Power Law Model.

Power Law Model

Treatment
Consistency 

Coefficient cP 
Mean

Flow behavior 
index n Mean

Approach per-
centage Mean

1 553.8 0.71 98.8
2 863 0.63 99.1
3 1558 0.60 95.2
4 1927 0.58 93.0

Figure 3. Flow curve of the treatments T1, T2, T3 and 
T4 of ice cream mixes at 4ºC.

Figure 4. Averages LDS intervals (95%) of % acidity 
and pH.

Figure 5. Averages LDS intervals (95%) of % Total 
Solids.
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Figure 6. Averages LDS intervals (95%) of the 
concentration of calcium and phosphorus in mg / Kg.

Figure 7. Averages LDS intervals (95%) of the 
concentration of protein.

Figure 8. Averages LDS intervals (95%) of the 
concentration of fat.

Figure 9. Averages LDS intervals (95%) for freezing, 
the 1st drop fall, whipping ability and melting of the 
control and treatments.

Table 4. Effect of treatments on different variables: Calcium, phosphorus, protein, fat, ashes, freezing point, Fist 
drop and melting.

Treatment* mg/kg Ca* mg/kg P* % Protein* %Fat* %Ashes* FP °C* First drop (Min) % Melting*
1 967.8 ± 25 523.2 ± 18 3.2 ± 0.0 12.2 ± 0.3 0.8 ± 0.0 -3.5 ± 0.06 28.5 ± 0.7 15.3 ± 0.1
2 868 ± 19 525.8 ± 23 2.6 ± 0.0 14.5 ± 0.5 0.7 ± 0.0 -3.8 ± 0.1 27.8 ± 0.6 15.0 ± 0.2
3 717.2 ± 28 542.2 ± 42 2.5 ± 0.0 14.3 ± 0.4 0.7 ± 0.0 -4.1 ± 0.08 27.5 ± 0.7 9.4 ± 0.1
4 564.5 ± 33 562.3 ± 35 2.5 ± 0.0 15.8 ± 0.2 0.6 ± 0.0 -4.1 ± 0.12 30.7 ± 0.2 8.4 ± 0.1

* Results are expressed as the mean of triplicate determinations.
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Ice cream

Table 5. Averages of sensory evaluation (% of substi-
tution).

% substitution Mean

60 3.78 a

0 3.82 b

20 3.92 b

40 4.08 c

Different letters by row indicate significant di-
fferences (p < 0.05), according to Duncan’s multiple 
range test.

DISCUSSION

Physicochemical analysis of the mixture

Viscosity

Table 2 shows the apparent viscosity of the 
treatments at a rate of 10 s -1, which varied in the 
range of 301 cP to 757 cP at 4°C.

These results were consistent with studies (20-
21) where viscosities determined for ice cream 
mixes ranged from 270-810 cP at 10°C and 100 s-1 
with 10.5% fat, 10.5% of NFMS, 12% of sugar and 
4% of corn syrup solids. Research works showed 
that the real or basic viscosity at 20°C fluctuates bet-
ween 50 and 300 cP (14), (8), (22). The analysis of 
variance showed statistically significant difference 
on the viscosity of the treatments (p < 0.05). The 
multiple range test permitted to see that T4 (60% 
replacement) had the highest value (p < 0.05) of 
757 cP. Considering the significant differences 
(p < 0.05), multiple range test of Duncan was 
applied, which reports in Figure 1 that among the 
four treatments heterogeneity is presented.

Viscosity is temperature dependent, and with 
decreasing temperature in the storage the viscosity 
of the mixture will increase as this occurred in 
the different treatments (10). It was observed that 
increasing the percentage of NFMS replacement, 
the viscosity increased possibly by the presence of 
ingredients such as maltodextrin, mono and di-
glycerides of fatty acids. Maltodextrins are widely 
used in the food industry as stabilizers (modifying 
texture and volume) in emulsions (23-24). Malto-
dextrin used in the different treatments showed 
19% of DE, which means that a large percentage of 

starch is present with the addition of this ingredient 
and it is reflected in the viscosity increase. This 
variable was higher as increased the percentage of 
replacement, due to the presence of mono-and di-
glycerides of fatty acids, that act as emulsifiers and 
salts (calcium, sodium, citrates, phosphates) that 
can modify it, due to its effect on casein and serum 
proteins (25-26). These results are consistent with 
studies made before (27), where increasing the level 
of emulsifier in ice cream, a higher viscosity is ob-
tained. The viscosity is also affected by the addition 
of caseinate in the formulation. This is a mixture of 
four active casein (αs1-αs2-, β-and k-casein), which 
are widely used as food ingredients due to their 
significant nutritional value, its viscosity-modifying 
properties, water and fat-binding , foaming and 
emulsifying properties (23).

All treatments had thinning viscosity behavior 
because of the shear stress effect and by increasing 
the shear rate (28) as it is shown in figure 2.

The treatment T4 had higher apparent visco-
sity in the flow curve, followed by T3, T2 and 
T1. This higher loss of the structure of ice cream 
mixes, when are subjected to shear rates, can be 
related to the rapid breakdown of the networks 
of casein, leading to a reduction in viscosity (29). 
This apparent viscosity at rest or at low shear rate, 
is because of the phenomena such as aggregation of 
fat globules that cause thinning behavior as a result 
of the effort, particularly due to the thixotropic 
nature of the mixture (14). It is shown in Table 3 
that after making the adjustment to the power law 
model, it can be said that the treatments do not 
show the yield points because, although they have 
a degree of ordination, it is not enough to have a 
strong structure for developing an opposition to the 
flow, taking into account that relatively large values 
of effort in the rheometer are sensed.

As it is shown in Figure 3 the hysteresis area 
of the treatments 1, 2 and 3 is very low, so it could 
be concluded that the behavior of the treatments 
with these substitution percentages is not highly 
dependent on the time to recover its structure, while 
T4 has a higher thixotropy by the area of hysteresis 
seen in the two curves.

The thixotropic behavior reflects the destruc-
tion of the product structure during flow, and the 
subsequent recovery of viscosity when it stops. Ice 
creams with high consistency scores had higher 
resistance to flow (30). This information is useful 
for the analysis of this parameter in the piping de-
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sign and pumping of ice cream mixes (27). Table 3 
shows that all treatments have a f low index n <1, 
this result indicates a decrease in apparent viscosity 
when the shear rate increases, which is related to 
pseudoplastic behavior (14).

Acidity and pH

As it is shown in Table 2, acidity values of the 
ice cream mix ranged from 0.17% to 0.12% with a 
lower value (P < 0.05) for T4, compared with all 
other treatments. The analysis of variance for the 
data obtained in the acidity test showed statisti-
cally significant differences (p < 0.05) in each of 
the treatments with different NFMS replacement 
percentage. Considering the significant differences 
(p <0.05), the multiple range test of Duncan was 
applied, which reports in Figure 4 that among the 
four treatments it is presented heterogeneity.

Apparent or natural acidity of the ice cream 
mixture is caused by milk proteins, such as 
β-lactoglobulin (β-lg), serum albumin and immu-
noglobulin G (IgG), which contain disulfide bonds, 
free sulfhydryl groups, the α s2 casein and k-casein 
which also contain disulfide bonds (31), and also 
caused by mineral salts (especially phosphates and 
citrates) and dissolved carbon dioxide (10), (20). 
Therefore, when it is replaced milk protein by 
mixes of milk and vegetable protein in different 
treatments, the acidity was decreased. It should be 
mentioned that the acidity will be increased when 
the not fat solids content is higher (8). A blend with 
10% of NFMS has an acidity of 0.18% (7). The pH 
values of mixtures of ice cream are presented in Ta-
ble 2, these showed inversely proportional behavior 
to the acidity and were between 6.63 and 7.0 with a 
higher value (P < 0.05) for T4, compared with all 
other treatments. These values are very similar to 
those found by other authors (32, 33), which are in 
the range of 6.7 to 6.9. Considering the significant 
differences (p < 0.05), the multiple range test of 
Duncan was applied, which reported that among 
the four treatments is presented heterogeneity, as 
it is shown in Figure 4.

Total solids

The content of solids in the different treatments 
was in a range between 37.05% and 40.26%. It can 
be seen in Table 2 that with increasing the NFMS 
substitution percentage, the content of TS was 
higher.

The variance analysis showed statistically 
significant difference on the content of TS from 
the different treatments (p < 0.05). The multiple 
comparison test (Figure 5) showed that T1 had a 
lower percentage of TS (p < 0.05) compared with 
other treatments, total solids of T2, T3 and T4, 
were growing steadily. Theoretically it is expected 
that for classifying a product as hard ice cream, its 
mix should contain total solids levels higher than 
33% (21).

The moisture content for an ice cream with 
11.25% NFMS, 10% fat, 36.7% total solids is bet-
ween 63% - 64% (32, 34).

Minerals

The calcium average content of the treatments 
is presented in Table 4. It was observed that with 
increasing the NFMS percentage substitution, the 
calcium content in the treatments decreased.

The analysis of variance showed significant di-
fference on the calcium and phosphorus percentage 
of different treatments (p < 0.05). The multiple 
comparison test in Figure 6 indicates that T1 with 
967.8 mg / kg of calcium had the highest value (p 
< 0.05). It was found that the calcium content of 
T2 and T3 was 868 and 717.2 mg / kg, respecti-
vely. For T4 was obtained 564.5 mg / kg, being the 
lowest of all treatments. Given that to be a good 
source of calcium, ice cream must contain 10% 
-19% Daily Value (DV) of this mineral, or 100-190 
mg of calcium per serving (10), (35) the reported 
values for each of the treatments differ slightly to 
these percentages.

Ice cream by its calcium content can contribute 
significantly to the diet (36), therefore T1, T2 and 
T3 in particular, are the treatments that are closer 
to these requirements. By consuming 70 g, with 
a 40% replacement of NFMS, would be contri-
buting approximately 7% (50.20 mg of Ca) of the 
recommended daily intake. The average content of 
phosphorus in the treatments is presented in Table 
4. It was noted that from 40% NFMS substitution, 
the phosphorus content of the treatments increased. 
This result may be due to the presence of acidity 
regulators as dipotassium phosphate and sodium 
tripolyphosphate (37). The study found that repla-
cing 40% of the NFMS, 70 g of ice cream provide 
values of 37.95 mg, representing 5% of the adult 
daily requirement.
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Protein

This content in the mixtures of ice cream varied 
between 2.5% and 3.2% and it is presented in Table 
4. A trend in the decrease in protein content was 
seen, as different NFMS percentages were substitu-
ted in the mixtures. The variance analysis showed 
significant difference (p < 0.05) in the protein va-
lue in the different treatments. Protein levels were 
similar between the T4 and T3. This content in T1 
and T2 was higher (P < 0.05) compared with all 
other treatments, due to their low substitution as it 
is shown in Figure 7. These results are acceptable 
when compared to the NTC 1239, which specifies 
that the milk ice cream with vegetable fat must have 
at least 2.5% protein (11).

Proteins contribute to the ice cream structure 
development, including emulsification, mixing (38), 
and water holding capacity (39). The emulsifying 
properties of proteins in the mixture arise from its 
adsorption to the fat globules at the homogenization 
time (40). The amounts of protein in a single serving 
of regular ice cream are approximately 2.2%. Addi-
tionally when whey solids are added to replace 25% 
of the NFSM in the mixture, the protein decreases 
(10). It was noted that the greater the amount of 
protein, the greater the rate of melting, in T1 the 
protein content was 3.2% and the melting was 15.3%, 
while for T4 with 2.5% protein the melting was 
8.4%, this value is the lowest of all treatments. This 
phenomenon may be due to protein concentrates and 
soy isolates, which contain relatively large amounts 
of ionized polar amino acids such as glutamic and 
aspartic acid, they can link almost three times more 
water than non-ionizable polar groups (41).

Fat

The fat average content of ice cream mixes is 
presented in Table 4. The NTC 1239 establishes 
that the total fat percentage for milk ice cream with 
vegetable fat is at least 8% (11). It was noted that 
when the percentage of NFMS replacement was 
higher, the fat content increased proportionally. The 
variance analysis showed significant difference in 
the fat value of the different treatments (p < 0.05). 
The multiple comparison test shown in Figure 8, 
indicates that between T1 (control) and T2, there 
were significant differences, as well as between T3 
and T4 (p < 0.05). At T2 (20% substitution) and 
T3 (40% substitution) the behavior of this variable 
was very similar.

This increase in fat values for each of the 
treatments is due to the fat concentration in the 
substitute (38.69%), which is greater than the 
powdered milk (26%). The use of correct percen-
tages is necessary not only to balance the mix, but 
also to meet legal standards. Studies show that 
fat globules are concentrated on the surface of air 
bubbles during freezing, giving flavor and smooth 
in texture (3).

Ice cream

Freezing Point

The freezing point of most ice cream mixes 
varies between -2.2 and -2.8°C. This is a colligative 
property, influenced by the number of molecules in 
solution, that for this product are mainly sugar (42). 
Table 4 shows the freezing point of the 4 treatments. 
It can be seen that it is lower for samples that have 
a higher percentage of NFMS replacement. The 
variance analysis showed significant difference in 
the freezing point value of the different treatments 
(p < 0.05). The freezing point of T3 and T4 were 
not different, being the lowest of all treatments. The 
T1 FP was the highest (P < 0.05) as it is shown 
in Figure 9. The freezing point of mixtures with 
high sugar content and non-fat solids decreases and 
may be less than -3ºC, while the mixtures with 
high-fat content, low NFS or low sugar content 
may be greater than -1.4ºC (10),(16). As the substi-
tution percentage was increased, the freezing point 
was decreased. This result is related to the use of 
sweeteners such as dextrose, known as D-glucose, 
which decreases the freezing temperature due to 
its lower molecular weight compared with sucrose, 
improving the consistency of ice cream (10, 43).

Melting

It was determined that the first drop fall of the 
4 treatments was in a range between 28 to 30.7 
minutes for T1 and T4, respectively as it is shown 
in Table 4, according to the analysis of variance 
significant difference between treatments was not 
shown (p > 0.05). These results agree with those 
obtained for a formulation with 10% milk fat, 11% 
non-fat milk solids, 10% sugar, 5% glucose syrup, 
where the decay time of the first drop took about 
30 minutes for all samples (40), (44). As regards the 
melting rate, there were significant differences bet-
ween treatments (p < 0.05). This was 15.3%, 15.0%, 
9.4% and 8.4% for T1, T2, T3 and T4, respectively. 
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According to the results obtained in this work, is 
stated that all samples had first drop downtime 
and melting percentage that are within permitted 
parameters (14, 21). The amount of protein decrea-
ses without affecting markedly the structure of ice 
cream, due to the presence of starch, maltodextrin, 
soy concentrates, mono and diglycerides, which 
have emulsifying properties, gelling agents, capable 
of foaming and to retain water, resulting in a slower 
melting (45-48).

Sensory evaluation

The analysis of variance for the data obtained in 
the sensory test, showed significant differences (p 
< 0.05) in the acceptance of the product, between 
replacement percentages evaluated for acceptance. 
Considering the significant differences, Duncan 
multiple range test was used to determine the per-
centage of different substitute in relation to product 
acceptance. Ice creams made with 40% NFMS 
substitution have better sensory acceptance, the 
opposite occur with ice creams made with a per-
centage of 60% as it is shown Table 5, because with 
this percentage, there are ingredients such as whey 
protein concentrates, maltodextrins, soy protein 
that have emulsifying effect, giving body, volume 
and stability to this type of food (49). At higher 
levels of substitution, the percentage of lactose is 
increased, resulting in a coarser texture. Mineral 
content decreases, thus affecting the appearance 
and consistency of ice cream and the fat emulsion 
stability (50); some marked flavors can appear with 
increasing content of soybean (51-53).

CONCLUSIONS

It is possible to produce ice cream successfully 
replaced up to 40% of F1 with the NFMS substitute. 
Physicochemical characteristics, viscosity, acidity, 
pH, phosphorus, ash, protein and fat are found to be 
within acceptable parameters for the production of 
mixtures. The behavior of the freezing, melting and 
mixing skills are normal. The sensory evaluation of 
96 panelists of the 4 treatments resulted in greater 
acceptance for the treatment with 40% substitution.
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