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ABSTRACT

The conscious society has begun to be more selective about food and the interest in traditional
food has increased. Ready to eat foods are sold even on traditional food streets and food safety has
been questioned. In the scope of the study, food safety of the fried mussel consumed is investi-
gated. This study aims to evaluate food safety perceptions of fried mussel consumers through a
survey conducted in Sinop which is a province of Turkey. Data were collected through a face-to-
face survey and 234 respondents joined our research. Multiple correspondence analysis methods
were selected to find out the food safety perception of customers.

As a result of research, it was determined that of respondents under the age of 30 don’t have
knowledge about food safety, but respondents over the age of 30 have knowledge about food
safety. Also, the respondents in the 45+ age group think that fried mussel is healthy, while the 30-
44 age group clearly think that they are not healthy. Overall respondents have different views of
different sea products consumption, sales locations, hygienic conditions, and food safety.

Keywords: Food safety, Fried mussel, Ready to-eat food, MCA (multiple correspondence
analysis)
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Introduction

The consumption of processed food, which has food addi-
tives, has increased with the rapidly increasing world popula-
tion. However, technological developments have increased
consumer awareness, especially in food products that directly
related to our health. Every day people started to move away
from refined and fast food products, traditional foods became
important. Anxieties about people's healthy life increase tra-
ditional food consumption and demand. Food safety is gener-
ally a healthy and reliable way of delivering food to the con-
sumer by preserving the chemical, physical, sensory and mi-
crobiological qualities of the food, from the production to the
consumption (from farm to fork).

As the preference of traditional products increases, quantita-
tive studies (Ohiokpehai 2003; Bindu et al. 2004, 2007, 2014;
Turan et al. 2015; Kocatepe et al. 2016; Steyn et al. 2013;
Marras et al. 2014; Alfiero et al. 2017) on the safety of these
foods and particularly qualitative (Tasdan et al. 2014;
Kocatepe and Tir1l 2015; Sahin and Meral 2012; Giilse Bal et
al. 2006) studies that have overlooked consumer opinions
have increased.

Mussel meat consumed as raw, canned, smoked, marinated,
dried, frozen throughout the world. In Turkey, mussel stuffed
and fried mussel consumed especially in coastal areas are the
most preferred mussel products. The fried mussel is usually
prepared at homes and restaurants. It is offered to people's
consumption through street vendors and restaurants. How-
ever, cleaning and preparation steps are quite laborious and
time consuming. In addition, shelf life of mussel is very lim-
ited and the presence of mussels is seasonal. These problems
make it difficult for consumers to buy this food. The fried
mussel contains 42.62% moisture, 22.94% protein, 30.14%
fat and 4.6% ash (Bindu et al. 2004). Kocatepe et al. (2019)
had reported the fried mussel’s crude protein, crude lipid,
moisture, and crude ash as 13.94-16.72, 6.76-11.37, 72.19-
56.99, 5.12-9.76 % respectively. And they reported that the
frying methods were effect the proximate compositions of
mussels. The mussel water activity ranges from 0.85 to 0.92
(Bindu et al., 2004). The chemical and microbiological spoil-
age of the mussel which has high water activity, is very rapid.
For this reason, the mussels are kept alive in the water before
being processed, and then the shells of mussels removed, im-
mersed in carbonated water. Then mussels are covered with
mix (flour + salt + spice) and fried in hot deep oil. After this
process; fried mussels consumed immediately. For this rea-
son, fried mussels are a traditional food among street foods.
Street foods are ready-to-eating food items retailed by ven-
dors and can be snacks, main meals or beverages (Ohiokpehai
2003). Street foods come with many advantages, they are
usually cheap, are easily available at everytimes and places
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and are often the only business catering to the working poor
urban population. However, their doubtless positive charac-
ter, the dominant role that street foods play in the nutrition of
many urban dwellers comes with many challenges. Unsani-
tary conditions, bad food quality and pollution are just some
of the negative aspects of street foods that emerged during
this discussion. However, these big challenges, there seems
to be little doubt among the participants to this discussion
however, that street foods are part of urban life and that this
thriving sector and those active in it are well worth being pro-
tected and supported. As one of the major means foraccessing
food for the urban population, street food should get more at-
tention by governmentsand development agents in order to
improve their status and their impact on food security, food
safety and nutrition (FAO, 2011).

In recent years, it has been observed that in the public opinion
surveys, it is preferred to use data analysis methods which
enable people's demographics as well as perceptual charac-
teristics to be represented with points in the multi-dimen-
sional space. It is highly relevant to determine the geometric
positions of observations and features through the use of sim-
ilarity or difference information based on distance measures
in terms of certain characteristics of observations. When the
studies done for this purpose are examined, in the analysis of
the categorical data, the most frequently used multiple corre-
spondence analysis (MCA) method is encountered. MCA is a
generalization of the simple correspondence analysis (CA)
method of multivariate categorical data called Burt matrix.
Greenacre and Blasius (1994) described in detail the compu-
tations involved in CA. A multiple correspondence map
makes it easier to interpret the relationships in the corre-
spondence table (Greenacre and Blasius, 2006).

This study aims to evaluate food safety perceptions of fried
mussel consumers through a survey conducted in Sinop
which is a province of Turkey. Data was collected through a
face-to-face survey and 234 respondents participated in this
research. Multiple correspondence analysis methods were se-
lected for find out the food safety perception of customers.

Materials and Methods

Data Collection

The data have been collected using face to face survey
method in Sinop which is a small city on the most northern
edge of the Turkish side of the Black Sea coast in the period
between June and August 2017. Survey were applied to con-
sumers, where fried mussels were sold. The surveys consist
of twenty-one questions. The survey questions (Table 1) de-
veloped by us were below:
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Table 1. Survey questions

Demographic profile questions(Q)
Q1  Gender
Q2 Age
Q3  Marital Status
Q4 Occupation
Q5 Income
Q6  Educational Level
Q7  Nationality

Yes / No questions
Q8 Do you have information about food safety?

Q10 Do you have seafood that you consumed other than
fish?

Q11 Do you have information about mussel?

Q13 Have you ever eat fried mussel before?

Q18 Do you have any fear about consuming mussel?

Q20 Have you ever been gastro —intestinal diseases af-
ter you consumed fried mussel?

Q21 Is the fired mussel healthy?

Multiple choice questions
Q9  What is the food safety? (you can mark more than
one answer)

Q12  Which mussel product do you prefer to eat?

Q14 How often do you consume fried mussel?

Q15 Which hour intervals do you eat fried mussel?

Q16 Where do you buy a fried? Or Where do you eat a
fried mus-
sel?

Q17 What is the most important thing for you in terms
of food safety when buying fried mussel?

Q19 What is your information resource about the fried

mussel security?

Data from 234 consumers who responded to the question-
naires were evaluated.

Multiple Correspondence Analysis (MCA)

Correspondence analysis is an exploratory technique used to
analyze categorical data tables.

If there are more than two categorical variables in the corre-
spondence table, multiple correspondence analysis which is
the generalization of simple correspondence analysis, is used.
The simplest way of the generalization of simple (two cate-
gorical variable) correspondence analysis to the multivariate
case is to apply the correspondence analysis to a matrix, often
denoted G, called the indicator matrix (Greenacre, 1988). In-
dicator variables are constructed for each category of varia-
bles.
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In the case of X variables, x the category number of the vari-
able is py while the total category number is denoted by P in
all the variables.

P=Y%1px (1

The G indicator matrix, in which n responses are defined in
binary code, is a matrix of indicator variables. G matrix is a
matrix consisting of '0' and '1' values. If an observation falls
into the category of p, Gip = 1, otherwise Gj, = 0 (Greenacre,
1988). In another form, the G matrix is formed by writing the
X submatrices side by side.

G = (Glﬁ Gz, ey Gx, ey Gx) (2)

The matrix obtained by multiplying the transpose of the indi-
cator matrix by itself is called the Burt Matrix. Burt Matrix
is indicated by 'B'.

B=G'G@3)

Burt Matrix is a symmetric and square matrix. Multiple cor-
respondence analysis can be defined as simple correspond-

ence analysis of the Burt Matrix (Greenacre and Blasius,
1994).

To obtain MCA from matrix B, the following steps are per-
formed.

Step 1. Correspondence matrix P is obtained as

P ={p;} =by/n 4

where n = ;. j b; j» also, row totals ( ;) equal to column to-
tals (1j).

Step 2. Standardized residuals matrix S is abtained and per-
formed an eigenvalue-eigenvector decomposition on

S.
S = {syj} = (pyj — riry)/|friry (5)
The eigenvectors, v;; and the eigenvalues, A are obtained by

an eigenvalue-eigenvector decomposition of S.A values are
principal inertias of G. If we want to find the principal inertias
of B, these values are squared.

Step 3. The standard coordinate for i-th row (or column) in
the s-th dimension is obtained as

tis = vis/\[1i (6)
Step 4. The principal coordinates are foundby
fis = tisds (7)

In this study, SPSS statistical package program was used for
data analysis. More information about MCA can be found in
Benze’'cri 1969,1992; Hill 1974; Nishisato 1980,; Nishisato

11


https://doi.org/10.3153/FH20002

12

Food and Health 6(1), 9-19 (2020) e https://doi.org/10.3153/FH20002

and Sheu 1980; Young 1981; Greenacre and Blasius 1994;
Weller and Romney 1990; Clausen 1998; Greenacre and
Blasius 2006; Abdi and Valentin 2007; Le Roux and Rouanet
2010; Husson and Josse 2014; Greenacre 2017; Husson et al.
2018.

Results and Discussion

A total of 234 respondents are interviewed. Approximately
59% of them is male and 41.5% is female. Large number of
respondents were aged between 19 and 44 (83.3%). 68.8%of
the respondents works full-time, 31.2% of the respondents is
not working any job and student. Occupations of the respond-
entswork official (22.2%), engineer or doctor (16.2%), la-
bourer (13.7%), student (26.5%) and other (16.7%). Table 2
summarized the demographic data of respondents. This study
examined the validity of MCA method. The output of MCA
includes plots of the category quantifications and the object
scores.

According to income group (under TL (Turkish liras) 1000,
TL 1001-2500, TL 2501-4000, above TL 4000) and occupa-
tion (not working, official, engineer or doctor, labourer, stu-
dent, other) the relationship between “What is the most im-
portant thing for you in terms of food safety when buying
fried mussel?” (Hygienic preparation, sales and service; Per-
sonal hygiene; Selling area; Taste; Experiences; Freshness;
Price), and “Have you ever been gastro-intestinal diseases
you consumed fried mussel?” (Discomfort; No Discomfort)
variables were analysed by multiple correspondence analysis.
Figure 1 shows the symmetric map of these categories.

If we examine the amounts of inertia and their percentages
which each axis have, the first horizontalaxisis of, accounting
for 35.9% of the inertia, and the second is of accounting for
34.4% of the total inertia, so the essential information is cap-
tured by the horizontal and vertical spread of the points in two
dimensions.
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Table 2. Demographic profile of respondents in the con-
ducted survey

Parameters Number of  Percent (%)
respondents
Gender
female 97 41.5
male 137 58.5
total 234 100
Age
13-18 years 17 7.3
19-29 years 93 39.7
30-44 years 102 43.6
>45 years 22 9.4
total 234 100
Marital Status
Married 127 54.3
Single 107 45.7
Total 234 100
Occupation
Not working 11 4.7
Official 52 222
Engineer or Doctor 38 16.2
Labourer 32 13.7
Student 62 26.5
Other 39 16.7
Total 234 100
Income
Under TL 1000 20 8.5
TL 1001-2500 62 26.5
TL 2501-4000 83 355
Above TL 4000 69 29.5
Total 234 100
Education Level
Literate 4 1.7
Primary school 2 0.9
Primary education 4 1.7
secondary school 13 5.6
High school 36 154
University 175 74.8
Total 234 100
Nationality
T.C. (Turkish citizen) 209 89.4
Other 25 10.6
Total 234 100
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Figure 1. Two dimensional multiple correspondence analysis map for five categorical variables (income, occupation, Q17,
Q19, Q20), *Alo 174: Republic of Turkey Ministry of Agriculture and Forestry: Food line, safer food healty life.

Table 3 presents the results of discrimination measures for
dimensions and variables. As a result of analysis, the inertia
values are obtained by 0.3598 for Dimension 1 and 0.344for
Dimension 2. According to these values, the graphical repre-
sentation given in Figue 1 can be said to have a good fit be-
tween the categories with a total variance ratio of 70.3%.
When discreteness measures which are called as squared cor-
relation in Table 2 are examined, it is seen that occupation
and income variables contribute a great deal to explain the
first dimension, also, in the explanation of the second dimen-
sion, it is seen that all variables provide contributions at sim-
ilar rates.

Table 3. Discrimination measures for dimensions and varia-
bles (Occupation, Income, Q17, Q19, Q20)

Variables Dimension 1 Dimension 2
Occupation 0.780 0.378
Income 0.750 0.347
Q17.What is the most im- 0.148 0.325
portant thing for you in

terms of food safety when

buying fried mussel?

Q19. What is your infor- 0.110 0.267
mation resource about the
fried mussel safety?

020.Have you ever 0.001 0.404

beengastro-intestinal dis-
eases you consumed fried
mussel?
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When Figure 1 is examined, it is seen that the respondents
participating in the study were influenced by kith and kin as
fried mussel safety source of not working and students with
income between TL 1000 and TL 1001-2500, and it is gener-
ally seen that the hygienic preparation. Also, the respondents
who have TL 2501-4000 and above TL 4000 have seen Ex-
perts and ALO174 (Republic of Turkey Ministry of Agricul-
ture and Forestry-complaint line) as an information source for
fried mussel safety by Engineer or Doctor, Official and Oth-
ers and personnel hygiene is the most important issue in terms
of food safety.Another comment from Figure 1 is that while

engineer or doctor,labourer and notworking which is partici-
pated in the survey are "Discomfort" after they have con-
sumed fried mussel, students and official are not "Discom-
fort".

According to age group (13-18 years; 19-29 years; 30-44
years;> 45 years). the relationship between “Is the fried mus-
sel healthy?” (YES; NO) and “Do you have information
about food safety?” (I have; I don’t have) variables were an-
alysed by multiple correspondence analysis. Figure 2 shows
the symmetric map of these categories.

IO Age
I 15 the fried mussel healthy?
Do you have information
1,59 about food safety?
age 45+
1,04 2
' YES
o™ -
e 05
i) age 13-18
w
e o age 19-29 I have
@ o
E
o 00
age 30-44
0.5 | don't have o
MNO
-1,0-
T T T T
-20 15 10 -05 0,0 05 1.0

Dimension 1

Figure 2. Two dimensional multiple correspondence analysis map for 3 categorical variables (Age, Q8, Q21)

Table 4 presents the results of discrimination measures for
dimensions and variables. As a result of analysis, the inertia
values are obtained by 0.389 for Dimension 1 and 0.351 for
Dimension 2. According to these values, the graphical repre-
sentation given in Figue 2 can be said to have a good fit be-
tween the categories with a total variance ratio of 74 %. When
discreteness measures which are called as squared correlation
in Table 4 are examined, it is seen that age and QS variables
contribute a great deal to explain the first dimension, also, in

the explanation of the second dimension, Q21 is very im-
portant variable. It has a great contribution for Dimension 2.

When the graph in Figure 2 is analyzed. it is seen that re-
spondents in the 13-18 age group and 19-29 age group have
no information about food safety, but respondents in the 30-
44 and 45+ age groups have knowledge about food safety.
Also, the respondents in the 45+ age group think that fried
mussel is healthy, while the 30-44 age group clearly think that
they are not healthy.
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Table 4. Discrimination measures for dimensions and varia-
bles (Age, Q8, Q21)

Variables Dimension  Dimension
1 2

Age 0.593 0.210

08. Do you have informa- 0.572 0.084

tionabout food safety?

Q21. Is the fried mussel 0.001 0.759

healthy?

According to nationality (T.C.; Other) the relationship be-
tween “Do you have seafood that you consume other than
fish?” (YES; NO) and “What is the most important thing for
you in terms of food safety when buying fried mussel?” (Hy-
gienic preparation, sales and service; Personal hygiene; Sell-
ing area; Taste; Experiences; Freshness; Price) variables were
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analysed by multiple correspondence analysis. Figure 3
shows the symmetric map of these categories.

Table 5 presents the results of discrimination measures for
dimensions and variables. As a result of analysis, the inertia
values are obtained by 0.454 for Dimension 1 and 0.380 for
Dimension 2. According to these values, the graphical repre-
sentation given in Figue3 can be said to have a good fit be-
tween the categories with a total variance ratio of 83.3%.
When discreteness measures which are called as squared cor-
relation in Table 5 are examined, it is seen that Q10 and Q17
variables contribute a great deal to explain the first dimen-
sion, also, in the explanation of the second dimension. Na-
tionality and Q17 are very important variables. They have a
good contribution for Dimension 2.

D MATIONALITY

__ Do you have seafood that
L }{OU consume other than
ish?

What is the most important
thing for you in terms of
food safety when buying
fried mussel?

E: Personal hygiene
2;_
: MO
1 Experiences o
T
o
o
c 09 Fcian ot
=} ygienic preparation
o YES  Seling area [BEe
=
L]
E
D -1
OTHER
_D=4 o
-3
Freshness
-4 T T T T
-1 0 1 2 3

Dimension 1

Figure 3. Two dimensional multiple correspondence analysis map for 3 categorical variables (Nationality, Q10, Q17)
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Table 5. Discrimination measures for dimensions and varia-
bles (Nationality, Q10, Q17)
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hygiene and freshness categories seem to be far from the
origin. This indicates that the marginal frequencies of these

Variables Dimension 1 Dimension 2 categories are less than the others.

Nationality 0.257 0.325 According to occupation (not working, official, engineer or
Q10. Do you have seafood 0.506 0.125 doctor, labourer, student, other). income group (under TL
that you consume other 1000, TL 1001-2500, TL 2501-4000, above TL 4000) and ed-
than fish? ucation (literate; primary school; primary education; second-
Q17. What is the most im- 0.598 0.689 ary school; high school; University), the relationship between

portant thing for you in
terms of food safety when
buying fried mussel?

“Where do you buy a fried mussel? or Where do you eat a
fried mussel? “(Home made; Otel; Market; Restaurant; Fast-
Food; Street saler), “What is the most important thing for you
in terms of food safety when buying fried mussel?” (Hygienic
preparation. sales and service; Personal hygiene; Selling area;
Taste; Experiences; Freshness; Price) and “Have you ever
been gastro-intestinal diseases you consumed fried mussel?”
(Discomfort; No Discomfort) variables were analysed by
multiple correspondence analysis. Figure 4 shows the sym-
metric map of these categories.

When the graph in Figure 3 is examined. Turkish national re-
spondents who say that they have not consumed seafoods that
they consumed other than fish before, have paid attention to
hygienic preparation, experiences and freshness in terms of
food safety. For other (non-Turkish) respondents who say
that they do not consume seafoods other than fish, it is seen
that personal hygiene, taste and selling area variables are im-
portant in terms of food safety. Also, in Figure 3, the personal

5 (O EDUCATION
) INCOME
OCCUPATION
Where do you buy a fried
PRIMARY ED (O mussel? or Where do you
o eat a fried mussel?

4 What is the most important
thing for you in terms of
food safety when buying
fried mussel?

__ Have you ever beengastro-
intestinal diseases you

3 consumed fried mussel?
o~
§ Discomfort
m o)
c 27
@ Labourer
§ LITERATE SECONDARY S Otel Market
o o ) o o

Taste |Selling area

1 l:DIGH S HomemadeO Engineer or Doctor
Personal hygiene Al‘;(’)ve TL 4000
Experiences Fast-Food
0 TL 1001-25000 g4\ gent o)
Freshness CStreet saler UNIVERSITY
) o o O TL 2501-4000
Not Working No Discomfort o Official
PRIgIARY S Restaurantother
1 Under TL 1000 Hygienic prep;Tation
T T T . L
4 3 2 1 0 1 2

Dimension 1
Figure 4. Two dimensional multiple correspondence analysis map for 3 categorical variables (Education, Income, Occupation,

Q16, Q17, Q20)
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Table 6 presents the results of discrimination measures for
dimensions and variables. As a result of analysis, the inertia
values are obtained by 0.351 for Dimension 1 and 0.332 for
Dimension 2. According to these values, the graphical repre-
sentation given in Figue 1 can be said to have a good fit be-
tween the categories with a total variance ratio of 68.3%.
When discreteness measures which are called as squared cor-
relation in Table 6 are examined, it is seen that income, occu-
pation and Q16 variables contribute a great deal to explain
the first dimension, also, in the explanation of the second di-
mension, education, Q17 and Q20 are very important varia-
bles. They have a good contribution for Dimension 2.

Table 6. Discrimination measures for dimensions and varia-
bles (Education, Income, Occupation, Q16, Q17,

Q20)
Variables Dimension 1 Dimension 2
Education 0.291 0.366
Income 0.692 0.128
Occupation 0.664 0.376
Q16.Where do you buy a 0.357 0.294
fried mussel? or Where
do you eat a fried mus-
sel?
Q17.What is the most im- 0.078 0.341
portant thing for you in
terms of food safety when
buying fried mussel?
020.Have you ever 0.025 0.487

beengastro-intestinal
diseases you consumed
fried mussel?

When Figure 4 is examined, it is clearly seen that the engi-
neers or doctors from the respondents participating in the sur-
vey whose incomes are above TL 4000 have reached fried
mussel through hotel, market or home made and discomfort.
Under TL 1000 and TL 1001-2500 students and not-working
responders usually buy fried mussel from street vendors and
are usually Non-Discomfort. It is seen that the university ed-
ucated official and others with a TL 2501-4000 income prefer
to buy fried mussel generally from the resteurants and hy-
gienic preparation, also, they are important for them in terms
of food safety. Also, in Figure 4, the primary school and pri-
mary education categories seem to be far from the origin.
This indicates that the marginal frequencies of these catego-
ries are less than the others.

MCA analysis was also performed for different combinations
of other questions. However, these findings were not included
in the study as graphical approaches with low explanatory
rates were obtained.
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Conclusion

We have used multiple correspondence analysis (MCA)
method in determining food safety perception of customers
in a food safety survey. Graphical interpretations which are
obtainded by MCA of the food safety survey data provides
vital information. As we discussed above that MCA was a
method for exploring relations between categorical variables
in dataset.

As aresult of research, it was determined that of respondents
under the age of 30 do not have knowledge about food safety,
but respondents over the age of 30 has knowledge about food
safety. Also, the respondents in the 45+ age group think that
fried mussel is healthy, while the 30-44 age group clearly
think that they are not healthy. Overall respondents have dif-
ferent views of different sea products consumption, sales lo-
cations, hygienic conditions and food safety.
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