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Abstract: Ice cream is not considered to be a serious source of bacterial infection since it is a frozen food product, the
greatest risk of contamination occurring during the processing stage. The aim of this study was to determine and evaluate
the microbiological characteristics of diet strawberry ice cream formulations with the addition of whey protein concentrate
(WPC), whole milk powder (MP) and sweeteners. The formulations were prepared in two stages: in the first stage ice
cream samples were prepared with WPC and either stevia (F1), sucralose/acesulfame-K (F2), saccharin/cyclamate (F3) or
fructose (F4) and with MP but without sweeteners (F5);and in the second stage ice cream with the addition of MP (F1-MP)
or WPC (F2-WPC) with sucralose/acesulfame-K were prepared. The pasteurized milk, cream and ice cream were submitted
to analysis to determine the counts for viable aerobic mesophylls, coliforms at 35 °C and45°C, psychrotrophic bacteria,
coagulase-positive Staphylococcus aureus and molds and yeasts. A study on the presence of Salmonella spp. was also
carried out. All of the analysis was carried out in triplicate. The pasteurized milk, cream and ice cream had good
microbiological quality, indicating strict control during all processing stages, leading to a high quality product.
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1. Introduction

Ensuring the safety and quality of food products is
essential to public health, making it necessary that these
issues constitute a reference for the food industry,
particularly for dairy products. A great variety of
microorganisms colonizes and grows in common food
products. Many products provide an environment suitable
for the growth of microorganisms, reducing the product
quality and the availability of these products to the
consumer. The deterioration of food products is defined as
any alteration in the appearance, odor or taste of a food
product which makes it unacceptable to the consumer.
Foods which have deteriorated do not necessarily pose a
risk to the consumer; however, in some cases, pathogenic
organisms may be responsible for the deterioration [1].

Food safety currently represents a challenge and needs to
be considered throughout the food chain [2]. The
microbiological examination of a food product can be
carried out, among other reasons, to verify its
microbiological quality or to ascertain that it satisfies
certain microbiological criteria. Indicator microorganisms
have been researched in order to verify the hygiene-sanitary
quality of food products and the results of microbiological
analysis indicate the quality of the raw materials employed,
the cleanliness of the food preparation conditions and the
efficiency of the preservation method [3].

Several microorganisms can cause problems when present
in food products, both financially and in terms of health.
These include the group of microorganisms called coliforms
(total or thermotolerant), Staphylococcus aureus, filamentous
fungi and yeasts and Salmonela spp. A characteristic of
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coliforms is that they can ferment lactose with the
subsequent formation of gas. The main microorganism which
represents this group is Escherichia coli, which lives in the
intestine of warm-blooded animals. Thus, the detection of
these bacteria can indicate fecal contamination. The species
Staphylococcus aureus is frequently related to cases and
outbreaks of food poisoning, due to the ability of most strains
to produce enterotoxins. Given the risk to public health and
the importance which the presence of enterotoxins in food
products represents, in several countries the research and
quantification of this species is obligatory and established as
part of the sanitary inspection policies of governmental
bodies [4]. Filamentous fungi and yeasts when present in
food can lead to the loss of the product. Although the
pathogenic action of these microorganisms is not common in
dairy products, they still represent a health risk to consumers
[5]. Salmonella spp. are widely distributed in nature and the
intestinal tract of humans and other animals is their main
natural reservoir. These are the main agents of diseases
originating from food in various parts of the world, including
Brazil. These bacteria reach the whole chain of food
production, and have been found in many industrialized
products [6].

Products based on milk, such as ice cream, are currently
considered functional ingredients in relation to health. They
contain proteins, sugars, vegetable and/or animal fat,
vitamins A, B1, B2, B6, C, D, and K, calcium, phosphorous
and other essential minerals in a balanced proportion. The
chemical composition of ice cream basically comprises the
following ingredients: 10 % to 17% fat, 8 % to 12% dry
defatted extract, 12 % to 17% sugars, 0.2 % to 0.5%
stabilizers and emulsifiers and 55 % to 65% water [7].

The Brazilian Resolution RDC n. 266 of 09/22/05 [8]
defines edible ices as “frozen products obtained from an
emulsion of fats and proteins; or from a mixture of water
and sugar(s) to which (an) other ingredient(s) can be added
so long as this does not change the nature of the product.”
This food product is one of the milk derivatives most
appreciated by the population in general [9].

The growing demand for food products which are ever
more nutritive, accessible and associated with a low
production cost makes whey an important source of essential
nutrients, which can be easily obtained and employed in the
preparation of a large number of food products [10].

Whey protein concentrate (WPC) is a product obtained
from the processing of milk whey and is commercialized in
the form of a powder [11].The protein content of WPCs can
vary between 35-80 %.When WPCs contain around 53 % of
protein there will be on average 35 % of lactose, 5 % of fat
and 7 % of ash content. However, on increasing the protein
concentration to 80 % the content of lactose decreases to
around 7 %, and the fat and ash contents to between 4 % and
7 %, respectively [12]. WPC confers functional and nutritive
properties of interest to yogurt, cream, butter, ice cream,
cream cheese and other products, which are of the ‘light’
version and differ in terms of cost [13, 14].

A variety of products has appeared on the market aimed at

replacing sucrose in dairy products, as a result of the growing
concern regarding the needs of people with metabolic
problems, such as diabetes, to reduce their sugar
consumption [15]. Sweeteners are used as sucrose substitutes
by the food industry, or even domestically by consumers, in
the preparation of diet or light food and drink products, since
some sweeteners are not metabolized by the organism and
thus do not provide calories, while others, even though they
provide energy, guarantee insignificant calorific value
because they are used in insignificant quantities [16].

The association of ice creams with the transmission of
disease has been frequently demonstrated in countries
where strict food control is in place. Ice cream can act as a
vehicle for several pathogens, due to poor pasteurization,
contamination during preparation, inadequate storage,
distribution, raw material contamination and a lack of
hygiene associated with the machines and utensils [17].

Ice creams are not considered to be a serious source of
bacterial infection since they are a frozen food product.
However, resistance to microorganisms on freezing is highly
variable, since freezing does not necessarily provoke the
death of all microorganisms present and many survive in
different physiological states [18, 19].Most cases of ice
cream contamination involve microorganisms which reach
the food product during processing, from the selection of raw
materials to the final operation when the product is ready for
consumption. The materials used in the preparation of ice
cream can contain a high number of bacteria which can
survive the pasteurization phase when this is not properly
carried out. The addition of fruit, nuts, chocolate, coloring
and flavoring, among other ingredients, is an important
factor in relation to the contamination of the product. If a
problem occurs in this phase and appropriate disinfection
(pasteurization) does not occur, bacteria may survive and
proliferate, leading to a serious health risk, even when the
product is maintained under refrigeration or freezing
conditions, since there will not be total inhibition of the
remaining microorganisms[20, 21, 22].Thus, it can be
concluded that a food product which requires extensive
manipulation has a higher chance of becoming contaminated,
if aseptic conditions are not observed during processing [23].

The aim of this study was to prepare diet strawberry ice
creams with whey protein concentrate, whole milk powder
and sweeteners (stevia, sucralose/acesulfame-K
saccharin/cyclamate or fructose) and to evaluate the
microbiological characteristics of the ice creams, in order to
obtain a low cost product with high nutritional and functional
value, low calorific value and high microbiological quality.

2. Materials and Methods

Ice cream samples were prepared at the Dairy Laboratory
and the microbiological analysis was performed at the
Microbiology Laboratory, both at the Federal Technological
University of Parana State - Medianeira Campus.

The ice cream samples were prepared using the
discontinuous process [24], and the processing stages are
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detailed in the flowchart shown in Figure 1.

STANDARIZED PASTEURIZED MILK
(8% FAT)
‘WHEY PROTEIN
CONCENTRATE 10 % ‘WHOLE MILK POWDER 10 %
NEUTRAL STABILIZER 4—‘

HOMOGENIZATION

(5 min)

PASTEURIZATION
(69 to 71 °C, 30 min)

COOLING
(5°0)

EMULSIFIER

HOMOGENIZATION
(5 min)

MATURATION
(5°C, 24 h)

‘WHOLE MILK POWDER 10 %
AROMA AND COLORING
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SWEETENER. AROMA AND COLORING

\A
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(-28°C, 2410 30 h)
¥
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‘ ANALYSIS ‘

Figure 1. Flowchart of the processing of ice cream samples with whole
milk powder (MP) and with whey protein concentrate (WPC).

The basic mixture of the formulation of each ice cream
sample comprised 2 liters of homogenized pasteurized milk,
cream (used to standardize the milk), whole milk powder
(Nestlé), whey protein concentrate (WPC) (CPSs®, Sooro,
Brazil), the stabilizer Super Liga Neutra® (Duas Rodas,
Brazil), the emulsifier Emustab® (Duas Rodas, Brazil),
sweeteners  (stevia, fructose, sucralose/acesulfame-K,
saccharin/cyclamate® (Gemacon, Brazil)), strawberry
flavoring (Algemix®, Duas Rodas, Brazil), cochineal
carmine coloring (carmin de colchonilha®, Gemacom,
Brazil) and strawberry aroma (Aroma de Morango®,
Givaudan, Brazil). Five different ice cream formulations

were prepared, all standardized to comprise 8% fat, and
codified as follows: with WPC and stevia (F1), with WPC
and sucralose/acesulfame-K (F2), with WPC and
saccharin/cyclamate (F3), with WPC and fructose (F4) and
with MP and without sweetener (F5).

In the next stage, the ice cream formulation with
sweetener which was closest to the ideal
(sucralose/acesulfame-K) was then identified and selected
for the preparation of two new formulations with whole
milk powder (F1-MP) and with whey protein concentrate
(F2-WPC), following the same procedures described for the
production of the previous formulations. Microbiological
analysis was carried out on the standardized pasteurized
milk and the cream. In the case of the homogenized
pasteurized milk analysis was performed to determine the
counts for aerobic mesophylls, coliforms at 35°C and 45°C
and psychrotrophic microorganisms. For the cream the
counts for aerobic mesophylls, coliforms at 35°C and 45°C,
coagulase-positive Staphylococcus, psychrotrophic
microorganisms and molds and yeasts were determined. All
ice cream formulations were analyzed for coliforms at 45°C,
Salmonela spp./25g, coagulase-positive Staphylococcus
aureus. All of the analysis of the homogenized pasteurized
milk, cream and ice cream formulations were carried out
according to the methodology described in the Brazilian
Norm n° 62 [25]. The results were analyzed according to
the Brazilian Resolution RDC 12 [26]. All of the analyses
were carried out in triplicate.

3. Results and Discussion

The results obtained from the microbiological analysis of
the homogenized pasteurized milk and cream are shown in
Table 1.

Table 1. Results for the microbiological analysis of the standardized pasteurized milk and cream.

Microbiological analysis Pasteurized Milk Cream
Count for viable aerobic mesophylls (CFU/mL) (CFU/g) <10 <10
Count for coliforms at 35°C (CFU/mL) (CFU/g) <10 <10
Count for coliforms at 45°C (CFU/mL) (CFU/g) <10 <10
Count for psychrotrophic microorganisms (CFU/mL) (CFU/g) <10 <10
Count for coagulase-positive Staphylococcus aureus(CFU/g) - <10
Count for molds and yeasts (CFU/g) - <10
Presence of Salmonella spp./25g(CFU/g) - Absent in 25g

All of the results for the analysis carried out on the
homogenized pasteurized milk and cream adhered to the
standards established by the current legislation [26]. The
counts for the aerobic mesophylls were also within the
standards required by law. A high count in milk may
indicate, in general, inadequate quality of the product. This

can be related to failures in the production practices and
handling at the farm, the health of the dairy herd or the
pasteurization process. The pasteurization of milk both to
drink or for the production of cream and processing of
products, reduces the risks of food toxinfections [27],
however, failures during the processing and
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commercialization can adversely affect the microbiological
quality of the product.

The absence of coliforms is a good indicator of the
appropriate sanitary conditions of the food, thus, the
pasteurized milk and cream were in satisfactory sanitary
condition, demonstrating that the pasteurization was
efficient and the handling adequate.

The absence of psychrotrophs in the products
demonstrates that the pasteurization was efficient and the
refrigeration process adequate, since these microorganisms
are not resistant to pasteurization, according to [28]. Of the
microorganisms which contaminate milk, the psychrotrophs
are of great importance in relation to the quality of milk
and its derivatives, due to the refrigeration of the product.
After 48 hours of refrigeration these bacteria predominate
and thus there is an intense production of proteases and
lipases which degrade protein (mainly casein, being more
sensitive to enzymatic action) and milk fat, respectively.

In relation to the molds and yeasts the results obtained
adhered to the standards established in the current
legislation [26]. [29]. Reported that filamentous fungi and
yeasts are very important indicators of contamination in the
milk production chain and can be considered to be a
contamination factor when isolated from residual water on
utensils and equipment. The presence of these
microorganisms in a food product can reduce its shelf life,
modifying its sensory characteristics and even its
deterioration.

In the study on the presence of Salmonella spp. the
cream did not show contamination, this result being
satisfactory and of great importance since Salmonella spp.
are responsible for many cases of gastroenteritis of food
origin. Salmonella spp. are bacteria of enteric origin
responsible for serious outbreaks of food infection,
products of animal origin being the main transmission
vehicles of these pathogens [30].

The results for the coagulase-positive Staphylococcus
demonstrated good practices throughout the cream
production process since, according to [31], milk and its
derivatives are susceptible to contamination by different
pathogenic microorganisms and their toxins, such as
coagulase-positive Staphylococcus aureus which is one of
the most common agents responsible for outbreaks of food
intoxication. The presence of these microbes in milk and its
derivatives may also originate from secondary
contamination, since they can be found in the nasal cavity,
mouth (saliva), digestive tract and skin of humans. Another
factor associated with the presence of these bacteria is the
fact that they produce thermostable toxins, which are not
eliminated during the thermal treatment process carried out
at the production plants (Ultra High Temperature (UHT)
pasteurization), thus posing a threat to human health in the
form of, for example, food intoxication [32].

The results obtained from the microbiological analysis of
the five ice cream formulations are shown in Table 2.

Table 2. Results for the microbiological analysis of five formulations of diet strawberry ice cream produced with whey protein concentrate (WPC) and

sweetener or with milk powder (MP) without sweetener.

Microbiological Analysis F1 F2 F3 F4 F5

Count for coliforms at 45°C (MPN/g) <2 <2 <2 <2 <2

Count forcoagulase-positiveStaphylococcus aureus (MPN/g) <10? <102 <102 <102 <102
Presence of Salmonella spp./25g (MPN/g) absentin 25g absentin 25g absent25g absentin 25g absentin 25g

All of the formulations complied with the standards
established in the current legislation which is set at 5 x 10
most probable number (MPN)/gfor the count for coliforms
at 45°C [26]. According to [33], high quantities of
coliforms in food products can indicate that they were
prepared with highly contaminated raw material, that the
processing was not carried out satisfactorily or that the food
products were stored under inadequate conditions in terms
of time or temperature. This was not demonstrated by the
results obtained for these ice cream formulations. However,
some studies carried out on ice creams can be cited where
the results did indicate high counts for total coliforms
above 10°MPN/g, for instance,[20,34, 35]. It is important to
note that the larger the population of coliform bacteria the
poorer the hygiene and processing conditions applied
during the ice cream preparation and, consequently, the
shelf life of the product will be reduced and the health risk
to the consumer will increase.

The absence of coagulase-positive Staphylococcus aureus

was verified for all of the ice cream formulations since good
production practices were employed during their preparation.
The presence of Staphylococcus aureus on ice cream
production lines has be Staphylococcus aureus en considered
as an indicator of precarious conditions of hygiene and the
inappropriate handling of the raw materials and the final
product [36]. Several studies have shown that personnel
involved in the preparation are the main sources of food
contamination [27, 37, 38, 39]. The nasal passages, hands
and other surfaces absent of lesions are the main reservoirs
of coagulase-positive Staphylococcus aureus.

In relation to the results obtained for the study on the
presence of Salmonella spp., all samples adhered to the
Brazilian legislation [26], that is, the results showed that this
bacteria was absent. The same result was obtained by [40],
who analyzed thirty-six samples of ice cream based on milk
produced by a small company in Piracicaba, Sdo Paulo State,
Brazil.[41]carried out the microbiological and physico-
chemical analysis of four different brands of ice cream based
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on milk in the city of Fortaleza, Ceara State, Brazil and
verified the presence of Salmonella spp. in 75% of the
samples and inl00% of samples the counts for
Staphylococcus aureus were above the standards. According
to [42], the application of Hazard Analysis and Critical

Control Points (HACCP) was of fundamental importance to
reduce the incidence of pathogenic microorganisms in the ice
cream industry.

The microbiological results for
formulations are shown in Table 3.

two ice cream

Table 3. Results for the microbiological analysis of two diet strawberry ice cream formulations with the addition of sucralose/acessulfame-K, produced

with whole milk powder (F1-MP) or whey protein concentrate (F2-WPC).

Microbiological Analysis F1-LP F2-CPSs
Counts for coliforms at 45°C (MPN/g) <2 <2
Counts for coagulase-positive Staphylococcus aureus/g (MPN/g) <102 <10?
Presence of Salmonella spp./25g (MPN/g) Absent in 25g Absent in 25g

During the production of these formulations all of the
good practices associated with the processing were applied
in the production of the ice cream and this is verified by the
results obtained for the coliform counts which adhered to
the standards required by Brazilian legislation [26].The
coliform bacteria are considered to be the main
contamination agents associated with the deterioration of
milk derivatives, causing abnormal fermentation of the
products. It should also be noted that the counts for these
microorganisms, mainly those of fecal origin, indicate the
hygiene conditions in which the products were processed
[43].The presence of high levels of coliforms is
unacceptable and indicates the poor hygiene-sanitary
conditions of food products and of the places where the
products are prepared and/or stored. This problem
frequently occurs during the handling of prepared food
products and influences their shelf life and consequently
their quality [41].

In the case of coagulase-positive Staphylococcus aureus,
the results for the two formulations indicated the absence of
this microorganism, demonstrating that the processing was
adequate and indicating strict control during the
preparation.[44],reported that during the processing of ice
cream, direct handling by people, the main source of
contamination by this microorganism, is not necessary. On
the other hand, other authors have isolated coagulase-
positive Staphylococcus aureus reporting high counts in ice
creams, highlighting the potential risk of the contamination
of this product. [17] observed the presence of
Staphylococcus aureus in 10% of ice cream samples
analyzed. The presence of staphylococcus enterotoxins in
milk products has been noted in several studies and,
according to [45], Staphylococcus aureus can produce toxins
regardless of whether they are coagulase-positive or not.

The absence of Salmonella spp. was verified for all of
the formulations demonstrating that good practices were
observed during their production, including the time-
temperature of pasteurization and the use of good quality
ingredients, appropriate cleaning of the equipment used in
the production of the samples, along with strict control
during the handling of the samples throughout the
processing procedure, aiming to obtain a product of high
quality. According to the current legislation [26] the

absence of Salmonella spp. indicates that the samples
analyzed are appropriate for consumption. According
to[46], even with the use of the pasteurization process to
destroy the Salmonella spp. cells in the ice cream, the
product can be re-contaminated by the utensils used in the
production process and by the hands of the personnel
carrying out the processing procedure. [47] also detected
Salmonella spp. in ice cream at population levels of 2.0 x
10%, 3.7 x 10°and 4.2 x 10* in three samples studied. This
demonstrates that the control of the ice cream processing
should be strictly monitored in order to avoid cross
contamination, which can lead to serious infection and
make the product inappropriate for consumption. [48],
studied the sources of the microbiological contamination of
ice cream during processing and noted that personal
hygiene, the prolonged use of equipment at inappropriate
freezing temperatures, training personnel in the Good
Production Practices (GPP) and HACCP are important
points in the sanitary control of ice cream production. It
should be noted that children are the greatest consumers of
ice cream and special care should be taken from the choice
of raw materials to the final stages of ice cream processing.

4. Conclusions

It can be concluded that the results of the
microbiological analysis of homogenized pasteurized milk,
cream and ice creams demonstrate the appropriate time-
temperature of pasteurization, use of good quality
ingredients and cleaning of equipment during the whole
process. The monitoring of the quality of the initial raw
material and control of the whole ice cream processing
procedure was strict, with the aim of offering the consumer
safety and confidence in relation to the buying of the
product, which represents an alternative for the
consumption of a food product of low calorific value and
low cost which is nutritional and functional and also has
good microbial quality.
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