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ABSTRACT

This study aimed to evaluate the perceptions and at-
titudes of artisanal cheese producers (n = 40) in Brazil 
regarding the implementation of traceability. A ques-
tionnaire consisting of 16 statements using a 5-point 
Likert scale was applied, and descriptive statistics and 
factor analysis were used for data analysis. The imple-
mentation of a traceability system can reduce the num-
ber of consumer complaints and the loss of products, 
in addition to increasing supplier control and process 
safety, thus protecting health and increasing consumer 
confidence. However, we did not find consensus on the 
relationship between implementation of a traceability 
system and rapid recalls in crisis episodes, or on the 
reduction in recalls and their negative impact on con-
sumers. Because of the costs that drive implementation 
of this technology, some artisanal cheese producers do 
not consider a traceability system as a current reality 
to monitor their production. We concluded that Brazil-
ian artisanal cheese producers have limited awareness 
of the impact of traceability implementation, which 
restricts investments in the system.
Key words: food production, food safety, quality 
control, questionnaire survey, artisanal cheese

INTRODUCTION

Artisanal cheeses are typically characterized by 
small-scale production using farm-produced raw milk 
and traditional manufacturing techniques (Ramírez-
Rivera et al., 2018). Artisanal cheese in Brazil has great 
social importance due to its contribution to the income 
of small family farmers (Kamimura et al., 2019a; Ro-

drigues et al., 2020). Minas Gerais is considered the 
largest cheese-producing state in Brazil, with approxi-
mately 25% of the country’s production originating 
there and 27,000 small and medium-sized producers liv-
ing in 519,823 municipalities of Minas Gerais (Correia 
and Assis, 2017; Abras Brasil, 2019). Brazilian artisanal 
cheeses differ from industrialized cheeses in their pro-
cessing, type of milk used, ripening time (if ripened), 
characteristics (texture, size, shape, color, and flavor), 
moisture content, and use of starter cultures or not, 
among others (Kamimura et al., 2019a). In addition, 
the hygienic-sanitary factor can affect product quality 
(Kamimura et al., 2019b) and a recurring problem for 
small and medium-scale producers of artisanal cheeses 
is a deficiency in good manufacturing and handling 
practices and application of food safety tools, which 
usually leads to product contamination (Andretta et 
al., 2019; Aragão et al., 2019).

The increased consumer demand for reliable foods, 
changes in eating habits and lifestyle, as well as in-
creased consumer incomes and health awareness have 
motivated producers and industries to implement 
traceability systems (Bosona and Gebresenbet, 2013). 
According to Charlebois and Haratifar (2015), trace-
ability is “the ability to trace products back and forth 
throughout the supply chain, from farm or point of 
production to the end user.” Traceability systems also 
aim to remove foods that may pose a public health 
risk from the production chain as quickly as possible 
(Maldonado-Siman et al., 2013). According to the 
Codex Alimentarius (WHO/FAO, 2009), food safety 
is defined as “the assurance that food will not cause 
harm to the consumer when it is prepared and/or eaten 
according to its intended use.” Therefore, traceability 
can be a food safety tool, reducing the chance of people 
consuming deteriorated or contaminated foods, because 
they can be withdrawn from circulation by food recall 
actions. In addition, traceability implementation can 
improve supply management, enable product certifica-
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tion and accreditation, protect brands, reduce distri-
bution costs, and increase consumer confidence in the 
product (Dandage et al., 2017; Crovato et al., 2019). 
However, traceability systems must offer benefits that 
outweigh implementation and operation costs. Often, 
the associated costs and benefits are not considered by 
producers and industries, making it difficult to imple-
ment these systems (Maldonado-Siman et al., 2013). 
Briefly, perception is how people understand presented 
information, whereas attitude is the willingness to act 
or react in a particular way; therefore, perceptions and 
attitudes about traceability may be different among 
different types of food producers.

Traceability plays a key role in food chain manage-
ment, especially in the case of highly perishable and 
rapidly deteriorating foods such as milk and dairy 
products (Mania et al., 2018). Few studies have been 
published on the traceability of food products and are 
generally related to meat (fish and red meat; Forås et 
al., 2015) and fruits and vegetables (Dandage et al., 
2017); studies related to milk and dairy products re-
main scarce (Maldonado-Siman et al., 2013; Fåras et al., 
2015). Despite the existence of a few studies evaluating 
consumer perceptions about traceability (Charlebois 
and Haratifar, 2015; Matzembacher et al., 2018), only 
one study has focused on the dairy producers’ point 
of view (Lopes et al., 2020) but it did not evaluate 
artisanal cheese producers. In this sense, we aimed to 
evaluate the perception and attitudes of Brazilian pro-
ducers of artisanal cheese about the implementation of 
traceability systems.

MATERIALS AND METHODS

Forty artisanal cheese producers (n = 40) in Minas 
Gerais State, Brazil, participated in this study from 
April to October 2019. Face-to-face interviews were 
conducted on different artisanal cheese–producing 
farms.

To assess the perception and attitudes of artisanal 
cheese producers of the traceability system, a question-
naire (Table 1) consisting of 16 statements (Maldona-
do-Siman et al., 2013; Mattevi and Jones, 2016) was 
developed using a 5-point Likert scale (1 = strongly 
disagree, 3 = neither agree nor disagree, 5 = strongly 
agree; Pacheco et al., 2018). The statements were 
prepared according to the reality of artisanal cheese 
production in Brazil and considered the importance of 
traceability systems and their effects on the dairy pro-
duction chain as well as the issue involving food safety.

Descriptive statistics (mean and standard deviation) 
and factor analysis were used to analyze the results. 
Principal component analysis was used as the Varimax 
extraction and rotation method for greater separation 
of items. Factors with eigenvalues >1 were considered 
relevant. Factor analysis data were examined for nor-
mality, collinearity, and outlier distribution, by Kaiser-
Meyer-Olkin (KMO) test, Cronbach’s α coefficient, 
and Bartlett’s test for sphericity, and used to determine 
the confidence level and the suitability of using the fac-
tor analysis (Pacheco et al., 2018). All analyses were 
performed using XLSTAT 2019.2 software (Addinsoft, 
Paris, France).
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Table 1. Mean (SD) scores of the statements concerning the perceptions and attitudes of Brazilian artisanal cheese producers toward traceability1

Traceability requirement list Mean SD

Factor loading2

D1 D2

1. A traceability system contributes to reduce product processing costs 3.25 1.193 0.709* −0.223
2. A traceability system reduces product recall 3.4 0.841 0.796* 0.137
3. A traceability system enables quick recall of products in crisis episodes 3.65 0.834 0.594* 0.370
4. A traceability system reduces the negative impact of recalling products 3.45 0.846 0.811* 0.050
5. A traceability system reduces product losses 3.375 1.234 0.837* −0.017
6. A traceability system increases product safety 4.025 0.947 0.746* 0.294
7. A traceability system increases production 2.925 1.421 0.750* 0.114
8. A traceability system increases process control 3.7 0.992 0.777* 0.202
9. A traceability system increases the price of products 4.325 0.797 −0.156 0.714*
10. A traceability system allows access to new markets 4.125 0.939 0.316 0.801*
11. A traceability system reduces consumer complaints 3.275 1.198 0.787* −0.027
12. A traceability system protects consumer health 4.1 0.871 0.686* 0.413
13. A traceability system increases consumer confidence 4.125 0.822 0.615* 0.410
14. A traceability system improves supplier’s control 3.75 0.981 0.743* 0.364
15. A traceability system is highly relevant to my business 3 1.320 0.697* 0.274
16. My company intends to invest in the implementation of a traceability system 2.7 1.539 0.813* 0.301
1Results are expressed as mean (SD) in accordance with the Likert scale: 1 = strongly disagree; 2 = slightly disagree; 3 = neither agree nor 
disagree; 4 = slightly agree; 5 = strongly agree.
2D1, D2 = first and second dimensions of the factorial analysis.
*Factor loadings are significant in the axis after Varimax rotation. 
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RESULTS AND DISCUSSION

Figure 1 shows the percentage of responses of arti-
sanal cheese producers for each item of the question-
naire concerning the Likert scale, and Table 1 presents 
the mean scores, standard deviations, and factor load-
ings of the statements evaluated in the first 2 dimen-
sions of factor analysis.

Factor analysis explained 62.50%, corresponding to 
49.14 and 13.36% in the first (D1) and second (D2) 
dimensions, respectively. The moderate percentage of 
explanation suggests a moderate knowledge about the 
traceability systems. Cronbach’s α was used to deter-
mine the reliability of the scale, and the value (0.934) 
indicated that the scale can be considered of high con-
sistency; values >0.6 are considered good (Maciel et al., 
2013). Two tests can be applied to the factor analysis 
to assess the adequacy of the scale: the KMO measure 
of sample adequacy and Bartlett’s sphericity test. The 
KMO indicates the correlation between the variables, 
and the closer the correlation is to +1, the stronger the 
correlation (Santos et al., 2019). Pacheco et al. (2018) 
reported that KMO values >0.5 are considered ade-
quate. In the present study, KMO was 0.799, indicating 
good correlation between the variables.

Bartlett’s sphericity test was significant (P < 0.01), 
confirming the relationship between the variables. A 

statistically significant Bartlett test (P < 0.05) indi-
cates that sufficient correlations exist between variables 
to perform the analysis (Sobhanifard, 2018; Santos et 
al., 2019). In the commonality analysis, a value <0.3 
suggests a weak relationship between variables (Rahn-
ama et al., 2017; Sobhanifard, 2018). All 16 items on 
the Likert scale were important for the attitudes of 
artisanal cheese producers toward a traceability system 
(commonalities from 0.55 to 0.8), indicating moderate 
to strong correlations between the variables.

The first dimension (D1) positively correlated with 
the statements 1 to 8 and 11 to 16 (Table 1) corre-
sponding to cost reduction, the occurrence of a recall, 
the negative impact of a recall, product losses, and 
consumer complaints. In addition, D1 was related to 
increased production, supplier control, product safety, 
consumer health protection, and consumer confidence. 
Finally, a positive correlation was observed between the 
relevance of the traceability system and investment for 
implementation. The second dimension (D2) correlated 
positively with statements 9 and 10, related to the in-
crease in product prices and access to new markets.

Artisanal cheese producers agreed that implemen-
tation of a traceability system enables rapid recall of 
products, thereby reducing the number of consumer 
complaints and product losses; 47.5, 40, and 45% of pro-
ducers responded that they agree slightly or extremely 
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Figure 1. Perceptions and attitudes of Brazilian artisanal cheese producers regarding traceability.
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(scores 4 and 5 on the Likert scale, Figure 1) with state-
ments 3, 11, and 5, respectively. However, 67.5, 50, and 
70% of respondents neither agreed nor disagreed with 
statements 2, 3, and 4 (Figure 1), indicating that they 
are not sure if traceability systems allow a quick recall 
in crisis episodes and the negative impact of recalls on 
consumer behavior. Thus, the results indicate that arti-
sanal cheese producers do not have sufficient technical 
knowledge about the objectives of traceability systems 
and their advantages, which is to quickly remove from 
circulation foods that may pose a risk to public health. 
The more accurate a traceability system is, the faster 
that product safety and quality problems can be iden-
tified (Golan et al., 2004). Product recall, as well as 
other types of negative publicity, can severely damage 
a company’s image, with a resulting impact on con-
sumer confidence (Zhao et al., 2013). This result may 
be associated with the profile of cheese producers in 
the country because artisanal cheeses are produced on 
a small scale by farmers, who often have low education 
levels.

For artisanal cheese producers, implementing a 
traceability system can result in increased process and 
supplier control and greater process safety, protecting 
consumer health and increasing consumer confidence. 
Overall, 50, 45, 67.5, 72.5, and 77.5% of respondents 
reported that they agree slightly or extremely (scores 4 
and 5, Figure 1) with the statements 8, 14, 6, 12, and 
13 (Table 1), respectively. Traceability can guarantee 
the quality of production and products, which increases 
food safety and protection and maintains consumer 
confidence (Maldonado-Siman et al., 2013; Dandage et 
al., 2017). From a consumer perspective, traceability 
strengthens consumer confidence and its relationship 
with the producer, whereas for the producer, it is part 
of an economic involvement that can assist in improv-
ing and reducing impacts on food safety, as well as 
the effective recovery of improper products through 
recall events (Aung and Chang, 2014). Traceability 
also contributes to food fraud prevention and tam-
pering (Dandage et al., 2017). According to Li et al. 
(2019), consumers of dairy products prefer to purchase 
products from companies with traceability systems 
because they have greater confidence in the products. 
Therefore, for artisanal cheese producers, traceability 
is strongly associated with process and product safety 
and consumer protection. Some experts have argued 
that safety is the most important component of quality 
because poor safety can result in serious injury and 
even consumer death (Aung and Chang, 2014).

Artisanal cheese producers agreed that the imple-
mentation of a traceability system can reduce process 
costs, but it increases the price of the product; 50 and 
80% of respondents reported that they agree slightly or 

extremely (scores 4 and 5, Figure 1) with statements 
1 and 9, respectively. This result demonstrates an im-
portant knowledge of cheese producers about the costs 
involved with implementation of a traceability system, 
because these systems can decrease product recall 
and product operation, storage, and distribution costs 
(Dandage et al., 2017). However, it is worth noting that 
there is an implementation cost, including equipment 
purchases, labor, system management, and traceability 
efficiency testing (Golan et al., 2004), which can result 
in products in the market with less competitive prices 
(Maldonado-Siman et al., 2013).

There was no consensus among artisanal cheese pro-
ducers about the relationship between the implementa-
tion of traceability systems and increased production; 
37.5% of respondents reported that they agree slightly 
or extremely (scores 4 and 5) with statement 7, whereas 
45% disagreed slightly or extremely (scores 1 and 2). 
Although implementation of a traceability system re-
sults in qualitative and quantitative improvements in 
the food supply, storage, inventory, and production 
(Aung and Chang, 2014), this information is still to be 
fully understood by the artisanal cheese producers.

The relationship between traceability and access to 
new markets was considered important by 67.5% of the 
artisanal cheese producers, who slightly or extremely 
agreed with statement 10 (scores 4 and 5, Table 1). 
According to Brazilian legislation, traceability must be 
assured at all stages of the production chain to ensure 
effective collection (Brazil Ministério da Saúde, 2015). 
In addition, several countries have passed mandatory 
traceability regulations in recent years, and products 
can only be imported from companies that have trace-
ability systems in place (Dandage et al., 2017). There-
fore, Brazilian artisanal cheese producers are aware that 
implementation of traceability systems is important for 
the global marketing of their products.

There was no consensus among the artisanal cheese 
producers about the relevance and intention of invest-
ing in traceability systems; 33 and 32.5% of respondents 
answered that they agree slightly or extremely (scores 
4 and 5) with statements 15 and 16, whereas 40.5 and 
45% disagreed slightly or extremely (scores 1 and 2). 
This result suggests that small producers do not have 
sufficient technical knowledge to meet the challenge of 
implementing a traceability system, thus they have no 
intention of investing in the system at this time. One 
of the factors that may have contributed to this result 
is the current economic situation in Brazil, and trace-
ability is not considered a priority for the producers 
under study. Moreover, our results correlate with the 
fact that producers understand that implementation 
of traceability systems increases the price of products. 
Some researchers have reported that the cost associated 
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with implementing traceability systems is seen as a bar-
rier to supply chain actors, especially small producers 
in less developed countries (Aung and Chang, 2014).

Disinterest and lack of technological knowledge ham-
per the implementation of traceability in the sector of 
artisanal cheese production in Brazil. Wu et al. (2015) 
observed, in their study of Chinese consumers of pork 
products, that education, age, and income were impor-
tant factors affecting knowledge of traceability and in-
fluencing the willingness to pay for these products. For 
example, younger consumers (<35 yr old) had a greater 
ability to accept and understand traceability informa-
tion, and they understood how traceability processes 
can effectively prevent safety risks. In the same study, 
quality certification was the most important charac-
teristic influencing the consumer preferences, followed 
by appearance and traceability information. Another 
study evaluating the preference and the willingness 
to pay for food traceability using a choice experiment 
with Fuji apples in China (Liu et al., 2019) indicated 
that people’s valuations for traceable food can differ 
depending on the degree of trust in their government’s 
supervision of food safety and food labels.

Overall, traceability is not yet a well-known system 
among producers and consumers, depending on several 
factors, which must be evaluated to achieve efficient 
traceability implementations, increase consumer satis-
faction, reduce implementation costs, and improve the 
financial return (Stranieri et al., 2017; Haleem et al., 
2019). Some strategies to improve the rate of trace-
ability system implementation among artisanal cheese 
producers might include creating “trust seals” that add 
value to a product and increase its sales, creating prod-
ucts with a target audience interested in traceability 
information, improving technology transfer to small 
and medium-scale producers, and investing in adver-
tisements explaining the importance of traceability to 
consumers.

CONCLUSIONS

Brazilian artisanal cheese producers have heteroge-
neous perceptions of traceability; however, what they 
have in common is limited knowledge about the impor-
tance of traceability systems and associations of this 
quality tool with food safety, which may result in the 
protection of consumer health and an increase in con-
sumer confidence. However, we did not find consensus 
on the relationship between implementation of a trace-
ability system and rapid recalls in crisis episodes, or on 
the reduction in recalls and their negative impact on 
consumers. The observed attitude of many producers, 
characterized by small and medium-sized farmers, was 
not to invest in implementation of traceability, because 

they consider that it would increase the price of the 
product. Further studies focused on the implementa-
tion of traceability systems for these products should be 
conducted to encourage the use of this tool to monitor 
and control products and processes, because it ensures 
food safety and consumers’ confidence.
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