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Abstract The aim of the present study was to evaluate the

use of red propolis extract, as a natural additive, in yogurt.

For this, yogurt was produced with red propolis extract

(YRP), to replace the additive chemical potassium sorbate,

used in the commercial yogurt (CY). Analysis for apparent

viscosity, texture and sensorial acceptance were performed.

Apparent viscosity and texture measurements of the sam-

ples were similar to the control. Sensory evaluation showed

that the samples of YRP reached a mean score of 9 on the

hedonic scale, the same score found for CY. Regarding the

purchase intention, the samples of YRP showed a positive

intention by 64.45% of the consumers, and for CY,

68.89%. For the taste, texture, aroma and consistency, the

scores were in the range from 8 to 10, for both samples. It

can be concluded that the yogurt incorporated with red

propolis presents potential for its commercialization in the

Brazilian market.

Keywords Red propolis � Sensory characteristics �
Yogurt � Potassium sorbate

Introduction

Yogurt is the product resulting from the fermentation of

pasteurized or sterilized milk, incorporated with cultures of

Streptococcus salivarius subsp. thermophilus and Lacto-

bacillus delbrueckii subsp. bulgaricus, with or without

other lactic acid bacteria added. These bacteria, called

probiotics, bring many health benefits like gastrointestinal

regulation and stimulation of the immune system (Mathias

et al. 2011).

Some additives used as antioxidants and preservatives in

foods have proven to be unhealthy for consumers.

Although they are permitted by Brazilian legislation and

considered safe, studies have shown adverse reactions in

consumers, such as hyperactivity in children and metabolic

disorders, among others (Ribeiro et al. 2010). In the yogurt

production, the traditional formulation uses additives such

as thickeners, flavorings, acidulants, preservatives and

dyes. In this class of products, dyes and preservatives

represent the greatest risk, because when in excess, they

can cause allergies and digestive and metabolic dysfunc-

tions (Polônio and Peres 2009).

Chemical additives such as potassium sorbate, sodium

benzoate and their mixture are commonly used as preser-

vatives with broad-spectrum activity against yeasts and

moulds (Koc et al. 2007). Brazilian red propolis presents

antibacterial, antifungal, antioxidant and anti-inflammatory
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CEP: 5300-253, Bragançą, Portugal
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effects (Pontes et al. 2018). Regarding the antifungal

activity, the effect of red propolis appears to be associated

with the damage caused to the fungal membrane, affecting

the membrane ergosterol and altering its permeability

(Pontes et al. 2018).

In recent years, an increase in consumer concern about

the use of synthetic preservatives in foods was notified.

Then, the preference for natural products has led to an

increase in research for natural antioxidants for use in the

food industry (Chen 2014).

Natural compounds in bee products, such as wax, pollen,

propolis, royal jelly, apitoxin and honey have been sear-

ched for foods or therapeutic use.

Propolis is the generic name for the natural resinous

material collected by bees (Apis millifera L.) from various

parts of plants, such as branches, flowers, shoots and

exudates of trees, and modified in the hive by addition of

salivary secretions from bees and wax (Lotti et al. 2010;

Thamnopoulos et al. 2018).

Red propolis, classified as the 13th type, is found mainly

in the mangrove areas of northeast Brazil, in the states of

Sergipe, Alagoas, Bahia, Pernambuco and Paraiba (Pontes

et al. 2018). Its intense red coloration is due to the oxida-

tion of the exudates in Dalbergia ecastophyllum (L) col-

lected by bees (Daugsch et al. 2008; Cabral et al. 2009).

Chemical composition of red propolis is different from

other types of propolis already reported in literature, pre-

senting flavonoids never before described in other varieties

of propolis, such as vestitol and neovestitol, biochamine A,

liquiritigenin, formononetine and medicarpine (Pontes

et al. 2018). The red propolis from Brazil northeast contain

isoflavonoids, pterocarpanes, chalcones, flavones, preny-

lated benzophenones, terpenes and tannins as mainly con-

stituents (Alencar et al. 2007; Righ et al. 2011). Much of

these compounds were not present in the other 12 types of

Brazilian propolis (López et al. 2014; Freires et al. 2016).

Daugsch et al. (2008) also reported that the Brazilian

northeastern red propolis contains other compounds such

as: rutin, liquiritigenin, daidzein, pinobanksin, quercetin,

luteolin, dalbergin, isoliquiritigenin, formononetin,

pinocembrin, pinobanksin-3-acetate. The main volatile

compounds are trans-anetol, copaeno, methyl-cis-iso-

eugenol (Nunes et al. 2009). Mendonça et al. (2015)

detected the presence of caffeic acid, ferulic acid, umbelic

acid, genistein, naringenin and gutiferon C.

Studies have reported the effectiveness of propolis

extracts to reduce free radicals and to act as antimicrobials

(Chaillou and Nazareno 2009; Netı́ková et al. 2013; Var-

gas-Sánchez et al. 2014). Among these compounds, the

flavonoids, phenolic acids and their esters, phenolic alde-

hydes, alcohols and ketones, quinones, steroids and amino

acids stand out. These compounds are an important and

promising natural substitute for antimicrobial agents

commonly used in the food industry (Chaillou and

Nazareno 2009). Despite all the beneficial effects, propolis

consumption is hampered due to its bitter taste and strong

odor, and its low solubility in water (Jansen-Alves et al.

2019).

Due to propolis properties and growing consumer

demand for ‘‘green products’’, and because their main

constituents are considered GRAS (Burdock 1998; Luis-

Villaroya et al. 2015), propolis has gained popularity as a

natural preservative for new applications in food and

beverage production (Lacerda et al. 2011; Moreira et al.

2008). However, López et al. (2015) alert for its safe user.

The objective of this study was to evaluate the use of the

red propolis extract, as a natural additive in yogurt, to

replace the chemical additive potassium sorbate used in

commercial yogurt.

Materials and methods

Propolis sample

The samples used in this study (n = 5; 300 g each one)

consisted of crude extracts of red propolis produced by

Apis mellifera L. bees, collected from Canavieiras city (S

158 400 3000 and W 388 560 5000) (n = 4) and Ilhéus city (S

148 470 2000 and W 398 020 5800) (n = 1), Bahia state,

northeast Brazil, and provided by the INSECTA laboratory

of the Federal University of Bahia Recôncavo (UFRB).

The red propolis sample was initially macerated and,

after that, aliquot of 1 g was placed in a Falcon-tube with

12.5 mL of 70% ethyl alcohol; vortexed (Loccus, 3800)

and allowed to stand for about 12 h. The extraction was

carried out in an ultrasonic bath (Thorton, 345) for 60 s,

followed by centrifugation for 5 min at 3000 rpm (SP

Labor, 154). After 1 h, the sample was filtered in quanti-

tative filter paper (Watman, no. 1) directly into a Petri dish

and placed in an exhaust hood (temperature ranged from 19

to 21 �C) (Permution, CEO710) for 24 h, until total

evaporation of ethyl alcohol. The dried extract obtained

was packed in Eppendorf tubes (Park et al. 1998).

Minimal inhibitory concentration and minimal

biocide concentration

Inhibitory effect of red propolis was determined using

clinical isolates of bacteria and yeasts belonging to the

microorganism collection of Agricultural College of Bra-

gança, Portugal (ESA), and American Type Collection

(ATCC): Staphylococcus aureus (ESA 321), Salmonella

Enteritidis (ESA 87), Candida albicans (ESA 115), Sta-

phylococcus aureus (ATCC 43300), Salmonella enteritidis

(ATCC 13076) and Candida albicans (ATCC 10231).
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The inoculums were prepared in saline solution (0.85%,

w/v) and cell suspensions were standardized using the

McFarland scale adjusted to 0.3 for bacteria (absorbance at

540 nm, ca * 108 CFU/mL), and 0.5 for yeasts (ab-

sorbance at 640 nm, ca * 106 CFU/mL). Then, serial

dilutions were done (López et al. 2015).

The minimum inhibitory concentration (MIC) was

determined by using Brain Heart Infusion broth (BHI) and

in Yeast Extract-Peptone-Dextrose broth (YEPD), for

bacteria and yeast, respectively. In each well of 96-well

polystyrene microplates was placed 100 lL of the red

propolis solubilized in dimethyl sulfoxide (DMSO 2.5%,

v/v) (adapted from Morais et al. 2011) at different con-

centrations (25 lg/mL, 50 lg/mL, 100 lg/mL, 500 lg/
mL, 1000 lg/mL, 2500 lg/mL, 500 lg/mL, 10,000 lg/
mL, 12,500 lg/mL and 15,000 lg/mL) and added 100 lL
of the suspension of the microorganism test. 100 lL of

culture medium with 100 lL of microorganism test was

used as positive control and 200 lL of culture medium

without microorganism as negative control. Inoculated

culture medium with DMSO and amphotericin and gen-

tamicin antibiotics controls were performed too.

The microplates were incubated at 37 �C for 24 h for

bacteria and 48 h for yeasts. After that, 20 lL of triphenyl

tetrazolium chloride (TTC) solution were added in all wells

and a new incubation step was carried out for 2 and 3 h for

bacteria and yeasts, respectively (Tsukatani et al. 2008).

MIC were defined as the lowest concentration of inhi-

bitory microorganism with no turbidity of the culture

medium. From the wells where there was no change in

color, an aliquot of 20 lL was removed, inoculated in Petri

dishes and incubated at 37 �C for 24 h (bacteria) and 48 h

(yeasts). MBC was determined in plaques where growth

was less than or equal to 10 CFU. The results were

expressed as Minimum Inhibitory Concentration (MIC, lg/
mL) and Minimum Biocide Concentration (MBC, lg/mL).

The experiments were run in triplicate for each strain.

Preparation of the yogurt

Commercial yogurt flavored with strawberry, produced

with the chemical additive potassium sorbate, was pur-

chased from the retail market in the city of Cruz das Almas,

BA, Brazil.

The production of yogurt with red propolis extract and

strawberry pulp (YRP), without addition of potassium

sorbate, or another additive, and sensorial analysis, were

carried out in INSECTA laboratory (Federal University of

Bahia Recôncavo, Cruz das Almas, BA, Brazil). The pro-

duced yogurt was ‘‘stirred yogurt’’ type (adapted from

Robert 2008). For that, 1000 mL of UHT whole milk and

powdered milk (1%, w/v) were boiled and sugar (12.6%,

w/v) was added, following to rapid cooling (ice bath), until

reaching 42 ± 2 �C. Then, commercial lactic culture

(Lactobacillus acidophilus, 1 9 106 UFC/g; Bifidobac-

terium, 1 9 106 UFC/g and Streptococcus thermophilus)

was added following recommendations of the manufacturer

(BioRich�, Christian Hansen, Horsholm, Denmark)

(400 mg sachet—0.04%, w/v). The temperature control

during the whole process was carried out with a digital

thermometer (Mimipa MV-363, São Paulo, SP, Brazil).

The product was placed in hermetical glass containers

(240 g capacity) (Duran �Mainz, Germany) and kept in an

incubator (Q317M-32, Quimis, Diadema, SP, Brazil) at

42 ± 2 �C for 6 h. Afterwards, the product was transferred

to refrigeration (4 ± 2 �C) for 48 h, and then the curd was

broken. Red propolis extract (0.05%, w/v; 0.046%, w/w)

and the pasteurized strawberry pulp (10%, w/v) were

added, and the product was kept at 4 ± 2 �C, until the

analysis. The concentration of red propolis used in the

yogurt production was determined based on the results

found in the MIC and MBC tests. The pasteurized straw-

berry pulp was purchased frozen in the market. The

defrosting was made in a refrigerator for 5–6 h, before the

addition in the yogurt.

Shelf-life

To determine the shelf life of the yogurts, storage under

refrigeration for at least 28 days was performed (Fernandes

et al. 2011). The yogurts were evaluated for microbial

stability at 0, 7, 14, 21 and 28 days, and the results were

compared to the current Brazilian standards for fermented

milks (Brasil 2001). Counts of psychrotrophic microor-

ganisms (Cousin et al. 2001), lactic acid bacteria (Richter

and Vedamuthu 2001), yeasts and moulds (ISO 2008) and

coagulase-positive staphylococci (Lancette and Tanini

2001) were evaluated. Total coliforms and Escherichia coli

(AOAC 2012), and Salmonella spp. (AOAC 2003) were

investigated too.

Apparent viscosity and texture

The analysis for apparent viscosity and texture were carried

out in the laboratory of Pharmacy School from Federal

University of Bahia (Salvador, Bahia, Brazil). The apparent

viscosity was measured in a concentric cylinder rheometer

(Haake Rheotest mod 2.1, Medingen, Germany) coupled

with a wash water for temperature control and shear rate of

25–1000/s. The rheological data were adapted to the Ost-

wald-de-Waele model (Assis et al. 2014):

l ¼ Kcðn�1Þ; ð1Þ

where l is the apparent viscosity; K the consistency index;

c the shear rate and n the flow behavior index. The vis-

cosity results were expressed in mPa.
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The texture was determined using the Stable Micro

Systems Texturometer (TAX-XT Plus model) with the

following parameters: firmness, adhesiveness, gumminess,

cohesiveness and elasticity. Samples were evaluated in

triplicates in the yogurt recipient (height = 10 cm). For the

tests, the cylinder probe SMSP/1SP was used, with the

parameters: pre-test velocity, 2.0 mm/s; test speed,

2.0 mm/s; post-test velocity, 2.0 mm/s; distance of the

penetration tool in the sample, 5 mm; contact time, 5 s;

contact force, 5.1 g (Ramos et al. 2009).

Sensory acceptance and purchase intention

The sensory acceptance of yogurt with red propolis (YRP)

and commercial yogurt (CY) was performed with 90

untrained individuals living in the city of Cruz das Almas,

Bahia, northeastern Brazil, using the acceptance test. As a

criterion for research participation, the consumers were

asked about health problems, such as lactose intolerance

and/or allergy to apicultural products. Informed consent,

previously approved by the Ethics Committee of the

School of Nutrition of the Federal University of Bahia, was

provided by each participant (protocol number 2.627.116).

The consumers were instructed for completing the form

(Nassu et al. 2010) and encouraged to indicate how much

they liked or disliked each sample, using a structured

hedonic scale of 10 points, with extremes between ‘‘ex-

tremely liked’’ and ‘‘extremely disliked’’, where 0–4 rep-

resented ‘‘I did not like’’; 5, ‘‘Indifferent’’; and 6–10 ‘‘I

liked it’’.

Samples were randomly offered in disposable cups with

a capacity of 50 mL, coded with three-digit random num-

bers, corresponding to the yogurt with red propolis (YRP)

and the commercial yogurt (CY). Each participant was

allocated in an individual cabinet, and the refrigerated

samples (4 ± 2 �C) were distributed to a group of 5 con-

sumers at a time. In the same tasting sheet, scores were

given for the appearance, aroma, consistency and taste

attributes.

In order to verify the purchase intention, a tasting

sheet with the same coding, containing a structured

hedonic scale of 5 points, with extremes between ‘‘I

would certainly buy’’, and ‘‘I certainly would not buy’’,

was used.

The Acceptability Index (AI) was calculated by the

equation described by Castro et al. (2007):

%AI ¼ A� 100=B: ð2Þ

where: A = mean score of the product and B = maximum

score attributed to product.

Statistical analysis

For sensory evaluation, R software (R Core Team 2017)

was used and Tukey’s test was performed at 1 and 5%

probability.

Results and discussion

Inhibitory effect of red propolis in yogurt

Results of the Minimal Inhibitory Concentration (MIC) and

Minimal Biocide Concentration (MBC) indicated that all

the samples tested showed antimicrobial activity against

the microorganism evaluated. For Staphylococcus aureus

ATCC 43300, the MIC ranged from 50 to 500 lg/mL and

the MBC between 100 and 500 lg/mL. The growth of S.

aureus ESA 321 (clinical isolate) was inhibited for con-

centrations ranging from 100 to 500 lg/mL, and the MBC,

500–5000 lg/mL. The MIC for Salmonella Enteritidis

ATCC 13076 ranged from 50 to 500 lg/mL and MBC

from 500 to 5000 lg/mL. Salmonella Enteritidis ESA 87

showed MIC values ranging from 50 to 500 lg/mL and

MBC from 100 to 5000 lg/mL. Related to action against

Candida albicans ATCC 10231 and Candida albicans ESA

115, red propolis showed the same fungistatic activity

(MIC = 500 lg/mL) and fungicide activity (MBC = 500

lg/mL).

Shelf-life

The antimicrobial activity of propolis is mainly attributed

to the presence of flavonoids, acids, esters, phenolic alde-

hydes and ketones present in the resin (Luis-Villaroya

et al., 2015). The mechanism is considered complex and

can be attributed to the synergism between flavonoids,

hydroxyls and sesquiterpenes (Gonsales et al. 2006).

In this study, the antimicrobial activity in the YRP

samples was measured in the products under refrigeration

(4 �C ± 2 �C) at 0 (zero) 7, 14, 21 and 28 days. During the

entire storage time, all samples showed the absence of

Salmonella spp., total coliforms and Escherichia coli.

Psychrotrophic microorganisms, yeasts and moulds and

coagulase-positive staphylococci showed counts\ 10

CFU/mL (\ 1.0 log CFU/mL). These results demonstrated

that all the samples were within the Brazilian standards for

fermented milks (absence of Salmonella spp. in 25 mL;

coliforms at 45 �C, maximum of 10 MPN/mL; yeasts and

moulds, maximum of 2 9 102 CFU/mL; and lactic acid

bacteria, minimum of 107 CFU/mL) (Brasil 2001).
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Apparent viscosity and texture

The consistency and viscosity of yogurt are one of the main

attributes that influence the quality and acceptance. Fig-

ure 1 shows the yogurt fluidity produced with the red

propolis extract and strawberry pulp (YRP), without addi-

tion of potassium sorbate.

The results showed a non-Newtonian and pseudoplastic

fluid behavior, with a mean apparent viscosity of

307.27 mPa (Fig. 1). It was verified that the reduction in

the viscosity was proportional to the increase of the shear

rate applied, thus, with increasing speed the food became

more liquid and fluid.

Many factors can affect the rheological properties of

yogurt, such as solids, proteins and fat contents, tempera-

tures and fermentation used in the production, etc. (Mathias

et al. 2011).

Rheological studies, in generally, involve relationships

between shear rate and shear stress. In the linear relation-

ship, the fluid is considered Newtonian and its viscosity is

constant. However, in many situations, the relationship is

not linear, so the fluid is considered non-Newtonian, such

as pseudo-plastic fluids that present lower viscosity with

the increase of the applied shear rate (Mathias et al. 2011).

Mathias et al. (2011) evaluating rheological behavior of

different commercial yogurts, found a smaller value

(236.3 mPa) than that verified in the present study.

According to Lucey (2002), this behavior can occur due to

the weakening of the interactions among the molecules of

the product and the decrease in the interaction energy

among them. Work performed by Gomes and Penna (2009)

confirmed that the yogurt presents a characteristic of a

pseudoplastic fluid.

The cohesiveness is defined as the matter property in

resisting deformations (Alimoradi et al. 2013). This

parameter is also defined by Cruz et al. (2013) as the form/

quantity of product that remains cohesive during its com-

pression. The results of the measures of cohesiveness in

this study demonstrated similar behavior among the YRP

and control (Fig. 2). In general, the increased cohesiveness

is correlated to a higher protein content in the sample.

Sensory acceptance and purchase intention

Of the total participants in this study, 34.44% were female

and 65.56% were male. They were predominantly con-

sumers in the age from 20 to 40 (45.56%) years old, with a

level of education between incomplete undergraduate,

39.0%, complete undergraduate, 55.44% and graduate

(5.56%). Profile identification of the yogurt consumers

living in Belo Horizonte, MG, Brazil, was similar to the

results of the present work, indicating the predominance of

individuals with ages between 20 and 40 (55.6%), with

complete or incomplete undergraduate degree (93.33%)

(Ribeiro et al. 2010). Furthermore, Ferreira et al. (2015)

also related that 99% of the consumers yogurt had

incomplete undergraduate degree.

The results of the sensory evaluation showed that both

yogurts, with red propolis (YRP) and commercial (CY),

presented a high frequency for scores 8, 9 and 10,

demonstrating that yoghurt with propolis was well accep-

ted by the consumers.

In general, propolis has a very characteristic and strong

odor and its addition in food formulations can result in

color change and, especially, unpleasant odor to the food

(Jansen-Alves et al. 2019). However, in the present study,

these undesirable sensorial characteristics were not verified

in the samples.

A study performed by Kročko et al. (2014) using the

propolis extract associated with ascorbic acid in the sliced

baked ham demonstrated that the use of propolis did not

interfere in the product acceptance.

Bernardi et al. (2013) evaluated the acceptance of salami

with propolis with 50 habitual consumers of salami. Some

of the consumers identified the propolis odour in the

samples, although they did not know about the addition of

the additive in the product. However, the product was

generally accepted with responses varying from ‘‘liked’’ to

commercial salami (mean of 7.1) and ‘‘moderately liked’’

for salami with propolis (mean of 6.7).

Considering that the all attributes presented scores

higher than 7 points in hedonic scale, equivalent to the

terms ‘‘I liked moderately’’ to ‘‘I liked very much’’, in high

frequencies (Table 1), the YRP was considered as ‘‘ac-

cepted’’ (Castro et al. 2007). In the evaluation of appear-

ance, flavor, aroma and texture attributes for both yogurts,

it was verified that there were not significant differences

(p[ 0.05) among the samples (Fig. 3).

In the literature there were no data about sensorial

acceptance of yogurt produced with propolis, but other

foods have been searched. For example, the study of
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Fig. 1 Apparent viscosity measurements (mPa) in yogurt produced

with red propolis
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Gutiérrez-Cortés and Mahecha (2014) that evaluated the

acceptance of sausage with propolis and demonstrated that

the product achieved grades higher than 4.0 in the hedonic

scale of 9 points for aroma, texture and flavor attributes.

Table 2 shows the dispersion of the values found in both

yogurts, the correlation coefficient (r) between each pair of

variables, and the correlation among the samples. All

correlations (r) followed with asterisks were significant at 1

and 5% probability by the Tukey’ test. The data demon-

strated a high correlation between appearance and aroma

(r = 0.62) and small correlation between texture and aroma
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Fig. 2 Texture measurements

of yogurt with red propolis

(YRP) and commercial yogurt

(CY)

Table 1 Acceptability index for the yogurt samples, according to the

evaluated attributes

Attribute Attribute acceptance index

Commercial yogurt Yogurt with red propolis

Appearance 86.56 ± 1.36 80.28 ± 1.47

Aroma 87.50 ± 1.29 76.50 ± 1.70

Texture 85.94 ± 1.86 85.56 ± 1.32

Taste 89.33 ± 1.22 82.06 ± 1.47

Fig. 3 Sensory acceptance of yogurt with red propolis and commercial yogurt
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(r = 0.27), regardless of the sample. The aroma is a char-

acteristic highly related to the taste and this correlation can

be observed in highly significant correlation values

(r = 0.42, 0.53 and 0.60) presented between these two

attributes in the samples evaluated. According to Anzal-

dúa-Morales (1994), the aroma is an essential property to

compose the flavor food. In general, the texture presented a

smaller correlation.

In Fig. 4, the first two components (CP1 and CP2)

explain about 79.1% of the data variation. Also, can be

verified that the aroma, appearance and taste have positive

factorial loads in the component 1 (commercial yogurt) and

demonstrated a higher influence on the separation of the

control samples. Therefore, this component represents a

higher relationship among the three sensory attributes. In

contrast, the samples of yogurt with red propolis were more

influenced by the texture, presenting a negative factorial

load in the component 2. As a result, a low relation

between the texture and the other attributes was observed.

This result can be attributed to a preexisting memory of

Table 2 Correlation coefficient among sensorial attributes in the samples of yogurt with red propolis (YRP) and commercial yogurt (CY)

Attributes Appearance Aroma Texture Taste

Appearance 1 r (YRP ? CY) = 0.62** r (YRP ? CY) = 0.34* r (YRP ? CY) = 0.59**

r (YRP) = 0.59** r (YRP) = 0.43* r (YRP) = 0.46**

r (CY) = 0.60** r (CY) = 0.29* r (CY) = 0.70**

Aroma 1 r (YRP ? CY) = 0.27** r (YRP ? CY) = 0.53**

r (YRP) = 0.31** r (YRP) = 0.42**

r (CY) = 0.29** r (CY) = 0.60**

Texture 1 r (YRP ? CY) = 0.35**

r (YRP) = 0.35**

r (CY) = 0.38**

Taste 1

Correlation coefficient (r) with one (1) asterisks were significant at 5% probability and with two (2) asterisks, at 1% probability by the Tukey’

test

Fig. 4 Correlation between

texture and other sensory

attributes of yogurt with red

propolis and commercial yogurt
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consumers to commercial yogurt, considering that this kind

of yogurt is more liquefied and have a texture known by the

tasters (Galdino et al. 2010).

Regarding the results of the evaluation of the intention

to buy, 96.67% of the consumers showed interest in buying

the commercial product, and 64.45% showed interest in

buying yogurt with addition of red propolis, according to

responses: ‘‘I would definitely buy’’ and ‘‘I would probably

buy’’.

It is important to mention that the preference of con-

sumers for commercial yogurt was expected, considering

that the product had other ingredients in its formulation,

such as corn syrup, flavorings, among others, that con-

tributed to flavor and aroma.

Conclusion

The results of this study demonstrate that the yogurt with

red propolis shows apparent viscosity and texture mea-

surements similar to the control, and like other yogurts

presented a characteristic of a non-Newtonian pseudo-

plastic fluid. The product was well accepted and evaluated

by most consumers as a product with good purchase

intention. According to the acceptability index, the yoghurt

produced with the red propolis presented a good potential

of consumption and commercialization. From the charac-

teristics presented by the product and those inherent to

propolis, such as the presence of bioactive compounds,

antimicrobial and antioxidant activities, the yogurt pro-

posed in this work can be classified as a product that is

attractive to the public in general, and to the people who

seek healthier foods, without the addition of chemical

preservatives.
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López BGC, Lourenço CC, Alves DA, Machado D, Lancellotti M,

Sawaya ACHF (2015) Antimicrobial and cytotoxic activity of

red propolis: an alert for its safe use. J Appl Microbiol

119(3):677–687

Lotti C, Campo FM, Piccinelli AL, Cuesta-Rubio O, Márquez-

Hernández I, Rastrelli L (2010) Chemical constituents of red

Mexican propolis. J Agric Food Chem 58:2209–2213. https://

doi.org/10.1021/jf100070w

Lucey JA (2002) Formation and physical properties of milk protein

gels. J Dairy Sci 85:281–294. https://doi.org/10.3168/jds.S0022-

0302(02)74078-2

Luis-Villaroya A, Espina L, Garcı́a-Gonzalo D, Bayarri S, Pérez C,
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