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Abstract

The search for nutritious and practical foods during consumption is one of the challenges of the food industry
and Greek yogurt with added fruit meets these needs. Therefore, the aim was to prepare Greek yogurt with the
addition of different concentrations of carambola jam, as well as to analyze its microbiological quality and its
sensory acceptance. Three formulations of Greek type yoghurts were prepared with the addition of different
concentrations of star fruit jam F1 (10), F2 (15) and F3 (20)%, respectively, where they were subjected to
microbiological analysis (coliforms at 45 °C, Estaf. coag.positiva (UFC/g) and Salmonella sp.) and sensory
analysis, being analyzed the index of sensory acceptance and the intention to buy. The three formulations
produced showed excellent microbiological results, that is, all the results obtained are within the standards
established by current legislation. With regard to sensory analysis, the formulation F1 (10%) presented the
highest acceptance rate in all sensory attributes, with higher values of Al above 85% and with purchase intention
close to “certainly would buy the product”. Therefore, the yogurts elaborated in this research have the ideal
microbiological safety for consumption, without compromising the consumer’s health and with excellent sensory
acceptance
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1. Introduction

Bovine milk in its composition has components that are of great industrial importance, the most valued being
protein and fat. Knowledge of the composition of milk is essential for determining quality, as it defines several
sensory and industrial properties (Urashima et al., 2012). Fermented milk has technological and commercial
prominence, mainly yogurt in its different forms.

Greek yogurt, as well as most yoghurts produced by the industry, is considered as a possible alternative for the
consumption of dairy products for people with dietary restrictions, especially lactose intolerance, since during
the fermentation process it promotes a 30 to 40% reduction of lactose present in milk. The final product has a
high digestibility rate, besides having several nutrients (Queiroga et al., 2011).

In the food industry, with the purpose of sensorially valuing the product and promoting technological
innovations, different ingredients are added, such as fruit pulp, fruits in syrups and/or jams, thereby adding new
flavors to the final product and also improving the nutritional value of yogurt (Gongalves et al., 2018).
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Carambola (Averrhoa carambola) is a culture of Indian origin, but has little technological use, as it contains a
high concentration of water content, that is, the referred fruit is considered highly perishable. When ripe, the fruit
tastes sweet and slightly acidic, with a golden-yellow color, and has low caloric value, excellent source of
potassium and rich in vitamins (A, C and B complex) and is still mentioned as a possible appetite booster. When
cut longitudinally, the star fruit has a star shape, which makes it quite appreciated (Vicente et al., 2014).

Given that the way of feeding the population has undergone frequent changes, the food industry is developing
foods that are practical during consumption, but that have excellent nutritional quality and that are free from
pathogenic and/or deteriorating microorganisms. Therefore, the present work had as objective, to elaborate
Greek type yogurt with addition of different concentrations of the star fruit jam, as well as to analyze its
microbiological quality and its sensorial acceptance.

2. Method
2.1 Raw Material and Research Site

The research was conducted at the Food Chemistry and Biochemistry Laboratory of the Agri-Food Science and
Technology Center, Federal University of Campina Grande, Campus Pombal, Paraiba, Brazil. All the ingredients
and inputs used in the development of this research were purchased from local businesses in the city of
Pombal/PB.

2.2 Elaboration of the Star Fruit Compote

The fruits were purchased from local businesses in the city of Pombal, Paraiba, all of them in perfect maturation
stage. Initially the fruits went through a selection, in order to eliminate those with any physical changes,
afterwards they were subjected to a washing and sanitization process with a sodium hypochlorite solution at 50
ppm for each 1L of water. Then, the fruits were cut, presenting a star shape, making the product more attractive,
in addition to facilitating the cooking process.

The compote syrup was prepared using 240 g of sucrose for each 1L of water. Afterwards the mixture was heated
to a temperature of 80 °C, until a completely homogeneous mixture was obtained. Finally, the cut fruits were
added to the sucrose solution at a temperature of 40 °C and packed in glass jars and hermetically closed.

2.3 Yogurt Elaboration With Addition of Star Fruit Jam

The different formulations were made using four liters of whole milk. Initially, the milk was heated to a
temperature of 45 °C, after reaching the temperature, refined sugar was added in a pre-established fixed amount
as shown in Table 1.

Table 1. List of inputs and formulations of Greek type yogurts with the addition of different concentrations of
star fruit jam

i Formulations
Ingredients
F1 (10%) F2 (15%) F3 (20%)
Whole milk (L) 93.95 93.95 93.95
Refined sugar (g) 6.00 6.00 6.00
Milky Culture (g) 0.05 0.05 0.05
Carambola jam (g) 10.00 15.00 20.00

Then, the mixture of the milk and the refined sugar was cooled to 42 °C, and this temperature is considered ideal
to start the process of inoculation of the dairy culture. The fermentation process took place over a period of 9
hours, until the fermented product had an acidity in lactic acid ranging from 0.6 to 2.0%. The entire fermentation
process was carried out in a Biochemical Oxygen Demand (BOD) oven at 42 °C. After fermentation, the product
was cooled in order to stop fermentation, followed by partial removal of the serum present in the yogurt.

Finally, different concentrations of star fruit jam were added to Greek yogurt, filled in glass jars and stored under
refrigeration, at a temperature of 4 °C, for further microbiological and sensory evaluation.

2.4 Microbiological Analysis

The samples were submitted to microbiological analyzes of coliform count at 45 °C (NMP), Estaf.coag.positiva
(UFC/g) and Salmonella sp., these being the parameters established by the current legislation (Brasil, 2001). The
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analyzes were carried out according to the methodology described in the Manual of Methods for Microbiological
Analysis of Food (Silva et al., 2007) and based on Normative Instruction 62 (Brasil, 2003).

2.5 Sensory Analysis

The sensory study of Greek type yoghurt with the addition of different concentrations of star fruit compote, were
analyzed by 80 untrained tasters, evaluating the appearance, color, aroma, texture, flavor and overall impression
attributes, following the methodology described by Dutcosky (2013).

This research was analyzed and approved by the Research Ethics Committee of the Hospital Alcides Carneiro of
the Federal University of Campina Grande—HUAC-UFCG, being registered under the number
33932820.3.0000.5182.

The acceptance test was performed using a hedonic scale with nine points: “9-I liked it extremely”, “8-1 liked it
very much”, “7-1 liked it moderately”, “6-1 liked it slightly”, “5-indifferent”, “4-disliked slightly”, “3-disliked
moderately”, “2-disliked a lot” and “l-disliked extremely”. In this research, the acceptance index for each
attribute analyzed sensorially was also investigated, according to Equation 1, according to Gularte (2009).

IA=M/N x 100 M
Where, M = average of the sum of the results of the tasters; N = number of points used in the evaluation scale.

To verify the real intention to purchase the product, a five-point structured scale was used: “5-I would certainly
buy the product”, “4-possibly buy the product”, “3-I have doubts whether or not to buy the product”, “2-possibly
would not buy the product” and “1-certainly would not buy the product”.

2.5 Statistical Analysis

The results were expressed with the average values of the tests and the minimum significant difference. The
results were submitted to analysis of variance (ANOVA) and the means compared by the Tukey test at 5%
probability. The statistical data were processed using the Assistat 7.7 software (Silva & Azevedo, 2016).

3. Results and Discussion
3.1 Microbiological Analysis

The results obtained for the different microbiological analyzes analyzed in the formulations of Greek type yogurt
with the addition of star fruit jam are shown in Table 2.

Table 2. Microbiological quality of Greek yogurt with the addition of different concentrations of star fruit jam

Parameters
Formulations
Coliforms at 45 °C (MPN/g) Coagulase positive Staphylacocci (UFC/g) Salmonella sp.
F1 (10%) <0.3 <100 Absent
F2 (15%) <0.3 2.3 x10? Absent
F3 (20%) <0.3 <100 Absent
Reference Values (Brazil, 2001) 10 5.0 x 107 Absent

Note. MPN/g: Most Likely Number/gram; UFC: Colony Forming Unit.

For thermotolerant coliforms (coli at 45 °C), the results were expressed in Most Probable Number (NMP), in
which all samples analyzed are in full compliance established by the current Brazilian legislation (Brasil, 2001).
In other words, these results prove that the use of good manufacturing practices contributes in an integral and
positive way to this result, since the presence of this group of microorganisms comes from the absence of quality
control tools or even cross contamination.

Similar behavior was observed for coagulase positive Staphylococci, with results ranging from < 100 to 2.3 x
102 (UFC/g), and this variation is within the food safety standards established by current legislation, where the
maximum allowed for this microorganism is 5.0 x 10*> (BRASIL, 2001). Even presenting a higher value in
sample F2 for, the result is in full compliance with current legislation, that is, it does not present a risk to the
health of consumers.

For Welker et al. (2010) studying microbiological analysis of food, observed that most of the outbreaks of DTAs
(Foodborne Diseases) are caused by Coagulase Positive Staphylococci, as it is the second group of

51



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 2; 2021

microorganisms that cause food poisoning. Thus, it is noted the importance of obtaining satisfactory results for
this microorganism.

For Salmonella sp., the rules of Resolution RDC n° 12, of January 2, 2001/ANVISA establish that for this
bacterium the result is absent in 25 g of food. All formulations developed in this research fully comply with
current Brazilian legislation. Therefore, the products do not present possible risks to the consumer’s health,
considering the absence of this bacterium.

Like the thermotolerant coliforms (coli at 45 °C), salmonella sp. is a fecal microorganism. Thus, the absence of
quality control tools, throughout the entire production chain, from the handler to all surfaces and equipment used
in production, may be the main sources of contamination by this bacterium.

3.2 Sensory Analysis

The results obtained from the sensory analysis of Greek type yogurts with the addition of different
concentrations of star fruit jam are shown in Table 3. Figure 1 shows the Acceptance Index (AI) for each
attribute analyzed in the present study.

Table 3. Sensory acceptance of Greek type yogurts with addition of star fruit jam

. Formulations
Attributes DMS
F1 (10%) F2 (15%) F3 (20%)
Appearance 7.80a 6.71b 6.68b 0.28
Color 7.96 a 6.74 b 6.80b 0.29
Flavor 8.06a 6.940b 6.97b 0.31
Aroma 8.06 a 7.00b 6.94Db 0.30
Texture 8.05a 7.01b 7.02b 0.27
Global Impression 8.07a 6.98 b 7.07b 0.28

Note. Means followed by the same letter on the line do not differ by Tukey’s test, at the 5% level of significance.
DMS: minimum significant difference.

For all the sensory attributes analyzed, it is noted that the formulations developed with the addition of 15 and
20% of the star fruit compote, did not show statistical difference at the level of 5% of significance. However,
yogurt made with 10% of the star fruit compote obtained the best averages of the sensory attributes analyzed,
differing statistically from the other formulations at the level of 5% probability. Thus, the different
concentrations of carambola jam interfere with the sensory acceptance of Greek yogurt.

For Dutcosky (2013) and Gularte (2009), products that present percentages above 70% in the Al (Acceptance
Index), are classified with an excellent view of acceptance in the consumer market.
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Figure 1. Acceptance index of the sensory attributes of Greek type yogurts with the addition of different
concentrations of star fruit jam

Regarding the appearance of the yogurts elaborated in this research, the grades attributed suffered a gradual
reduction due to the increase in the concentration of the star fruit compote, that is, the formula F1 (10%)
presented a better result and the averages showed variation in hedonic terms “I liked it moderately” and “I liked
it slightly”. For the color attribute, it obtained a similar behavior, in which the yogurt made with 10% of the star
fruit compote presented the best result, when compared with the other formulations. Thus, both attributes
showed percentages above 80% in the formulation (F1-10%), while the other formulations presented percentages
ranging from 74.22 to 77.88%.

The flavor attribute obtained excellent percentages in relation to Al, with a value above 88% for the formulation
F1 (10%), this being the best result obtained for the flavor attribute. In relation to the other formulations, they
presented percentages above 76%, so it can be said that all formulations have excellent sensory acceptance due
to taste, this attribute being one of the most important within the sensory analysis, as it significantly reflects with
the intention to purchase any food products.
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For the aroma attribute, the formulation F1 (10%) showed better sensory acceptance and when compared to the
texture attribute, they have similar results for that formulation. The averages obtained for these sensory attributes
are classified in the hedonic term of “moderately liked” and “slightly liked”, with Al percentages above 85% for
the F1 formulation (10%), which shows excellent acceptance of the product and for the others formulations
presented Al ranging from 77.11 to 77.77%, respectively.

The grades assigned to texture prove that the higher the concentration of star fruit compote in yogurts, the lower
the averages for this attribute. The averages in hedonic terms “I liked it a lot” and “I liked it moderately”, with
percentages of 89.44% of Al for the formulation F1 (10%). For the other formulations, the percentages do not
present statistical difference between them, since they obtained percentages with a variation of 77.75 and
78.55%.

The texture of food is related to a chemical and physical system that represents a colloidal shape system
composed of two non-miscible phases (Oroian et al., 2011). With regard to dairy products, such as yogurt,
texture is one of the most important sensory attributes (Rani & Srividya, 2016). However, traditional yogurts
have consistency, creaminess and other texture-related characteristics that are inferior to Greek yogurt
(Uduwerella et al., 2018).

The global impression of the three formulations showed averages in hedonic terms “I liked it a lot” and “I liked
it moderately” and in relation to the study of Al, formulation F1 (1%) showed statistical difference when
compared to the other formulations elaborated in the present research, with Al above 85%. Oliveira et al. (2014),
analyzing yogurts control and yogurts with different concentrations of taipoca concludes that the gradual
increase in concentrations negatively influenced the acceptance of the product

This research also analyzed the product purchase intention, where the results obtained for this sensory parameter
of Greek type yogurts can be seen in Table 4.

Table 4. Purchase intention of Greek yogurt formulations with the addition of different concentrations of star
fruit jam

Formulations Purchase Intent
F1 (10%) 4.57a
F2 (15%) 3.10b
F3 (20%) 2.69 b
bo™Ms 02s

Note. Means followed by equal letters do not differ by the tukey test at 5% probability. DMS: minimum
significant difference.

The grades given by the evaluators showed an average variation between “possibly buy the product” to “possibly
not buy the product”. The highest average of grades was attributed to formulation F1 (10%) and the lowest
average was observed in the formulation developed with the highest concentration of star fruit compote,
differing aesthetically from the other formulations at the level of 5% probability.

4. Conclusions

Greek type yogurts with the addition of different concentrations of star fruit compote do not present a risk to
consumer health, considering that the results obtained for microbiological analyzes are within the standards
established by current legislation. The microbiological behavior achieved in the present research is the result of
the implementation of the quality control tools used during the preparation of the products.

With regard to sensory analysis, yogurt made with the lowest concentration of the addition of star fruit F1 (10%),
presented the best results in all the attributes analyzed in the research, as well as the best levels of sensory
acceptance, with results above 85% of Al, which allows us to conclude that this formulation has chances of
having an excellent sensory acceptance in the consumer market.

As the food industry changes in relation to the needs of the demands established by consumers, the present
research serves as a statistically viable alternative for the development of new food products, in the dairy sector,
in the preparation of Greek yoghurts with the addition of fruits in preserves, with functional properties and
excellent sensory acceptance.
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