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Abstract

In tropical areas of Mexico and the world mycotoxin-producing fungi grow in some cereals such as corn. These
fungi can contaminate corn with Aflatoxin B1 and subsequently be consumed by dairy cows, which metabolize it into
Aflatoxin M. This toxin is potentially carcinogenic for humans and it can be excreted by dairy cows into milk. Much
of this milk is converted into cheese. It is therefore essential to assess the exposure of the population to this toxin
through the consumption of cheese. Food intake data is the first step to assess exposure of contaminants through
food consumption. Therefore, the objective of this study was to design and implement questionnaires to determine
the most consumed cheeses among Veracruz City population, consumption rates of these cheeses, as well as to
determine the main factors influencing consumption patterns. The two methods used for data collection of the intake
of cheeses were a Purchase Frequency Questionnaire and a 7-day food diary. The city of Veracruz is a good
representation of the urban population of Mexico (552,156 inhabitants; 232.3 km?2 of surface area). The
questionnaires show that the average consumption rate was 50.9 g/person/day and 47.8 g/person/day for fresh and
Oaxaca cheeses, respectively. The results of the Purchase Frequency Questionnaire and food diary were confirmed.
The methodology used can be applied in other countries requiring not only the assessment risk of exposure to
aflatoxin M4 but also other pollutants through cheese consumption.
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Introduction

The Mexican consumers prefer to buy cheese from local stores. The
quality of the milk used to produce fresh and Oaxaca cheeses are not
monitored by any local authority because they are handmade by
producers [1]. Oaxaca type cheese is produced in the same way all over
the country; the acidification of milk is more accentuated. The
obtained curd is subjected to mixing with hot water (65°C a 70°C), and
then it is stretched until the formation of strands [2]; fresh cheese is an
unripen cheese and its production varies according to the state of
Mexico in which it is made [3,4], in this process milk first coagulates
by the addition of rennet, the curd is cut, the whey is drained, salt is
added to the curd and finally the curd is moulded [5].

Veracruz State is the sixth largest producer of milk in Mexico [6].
The 53% of the total milk production is used to produce handmade
cheeses [7] and a large share of this raw milk is sent to big cities such as
Veracruz City (the largest city in Veracruz state) [8]. It has been shown
that raw milk products can have high concentrations of pathogenic
bacteria, dioxins, heavy metals, hormones, antibiotics and mycotoxins
[9-14]. Mycotoxins, such as aflatoxins have carcinogenic properties
[15,16]. Aflatoxins can be transferred from milk to cheese [17]. The
aflatoxin M; (AFM,) is frequently found in cheese when dairy cattle
have been fed with aflatoxin B;-contaminated feeds [18]; however,

there exist few studies that measure the consumption of this
contaminated cheese by the population.

The exposure assessment is defined [19] as the qualitative and/or
quantitative evaluation of the likely intake of biological, chemical or
physical agents via food. The method used depends on the available
information, the level of accuracy required, the funding and the
available time [20]. In the case of cheese intake this assessment
requires accurate knowledge of patterns and rates of cheese
consumption among the population. The collection of valid data on the
food consumption habits of a population is the most difficult problem
to overcome before any assessment can be made of dietary exposure to
a contaminant because the pattern of food consumption vary widely
between persons and groups of persons. The causes of pattern of food
consumption variability may be ethnic, age, cultural, economic,
dietetic and social aspects, age and health status [21].

There are two methods for obtaining information on dietary
patterns: (i) indirect measurement based on surveys of collective
consumption in a region or home, (i) direct measurement which
involves the survey of individual consumption that incorporates the
collection of personal data on the effective quantities of food
consumed by a person or a family [22]. Direct measurements serve to
collect data when there is no previously available data, which is the
case of Mexico and in particular, Veracruz City. Direct measurements
can be divided into two categories: recall and record methods. The
record method evaluates the intake through a food diary in which food
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consumption can be recorded by weighing or estimating the quantity
of food consumed over one or several days. Recall methods are based
on the intake over the previous day (24-hour recall) or on the usual
food intake (food frequency) [20,21]. Consumption data obtained by
these methods can be combined to improve accuracy and validate the
survey. The aim of this study is to obtain data for subsequently
assessing the risk to which the population of Veracruz City is exposed
for aflatoxin M;. Consumption data may also be used in other areas
such as Health Care and Nutrition.

Materials and Methods

Survey design

The population of interest was the population of Veracruz City. This
city covers 232.3 km? and is located on the Gulf of Mexico. In order to
study the frequency of purchase of both cheeses as well as the
variability of the consumption patterns of Oaxaca and fresh cheeses
(social class, age and gender), the map of Veracruz City was used. The
map dimensions of Veracruz City were fed into the MATLAB software
to generate 150 and 400 random geographical coordinates for the
Frequency Purchase Questionnaire and the food diary, respectively.
These coordinates were located on the map. In the case of the Purchase
Frequency Questionnaire, one hundred points were enough to cover all
kinds of people in the city in proportions similar to the total
population. In the case of the food diary, 309 from the 400 random
sample points allowed to cover all kinds of people in the city.

Once the geographic coordinates were located, the interviewer went
to the located place and invited to one member of the household to fill
the survey. If the member of the household did not agreed to
participate, the interviewer would select another house in the area
until he found a member of a household that accepted to fill the survey.
The same methodology for the Purchase Food Frequency and the food
diary was followed.

In Mexico, some health and nutrition surveys had been already
conducted [23,24]. However, most of these surveys were conducted in
Mexico City and few studies have characterized the food consumption
of populations in other urban communities. Thus, preliminary surveys
were carried out to evaluate the clarity of the instructions and the
format of the questionnaires to assess consumption.

Data collection

Purchase frequency questionnaire: The food frequency
questionnaire was applied through face-to-face interviews at the
sampling points obtained previously (100 sample points). Surveys were
conducted from September 2014 to November 2015. The interviews
were carried out in 5-10 minutes with the inhabitant who usually made
purchases in the home. Surveyed people were asked to indicate their
educational background, profession, economic situation, the meal and
time of year at which they consumed cheese and the place of storage of
consumed cheese.

The survey included eight photos with common cheeses consumed
in Mexico (Manchego, American, Parmesan, Mozzarella, Cottage,
fresh, Oaxaca and curd). Below each photo, respondents indicated the
amount, frequency of purchase and the place of purchase of the cheese
or cheeses they usually consume. In this investigation the Food
Frequency Questionnaire is called a Purchase Frequency
Questionnaire because the questionnaire was used to assess the

frequency of purchase of cheeses instead of the frequency of
consumption.

Food diary

The Food Diary questionnaire was applied for the two types of
cheese that were the most purchased according to the results obtained
from the Purchase Frequency Questionnaire (Oaxaca and fresh
cheeses). Similarly to the Purchase Frequency Questionnaire, random
sampling points (309) were obtained in order to define the locations of
the inhabitants selected to answer the food diary questionnaire.

The questionnaire was applied by face-to-face interviews at the
sampling points. First, a 5-10 minute explanation was given to the
inhabitant who usually prepared the meals within the home. Then, the
questionnaire was left for seven days in order to be filled in by the
interviewee, who was also asked to indicate the age, gender, weight and
social class of each member of his/her household as well as their
consumption at each meal (breakfast, lunch and dinner). In order to
help participants to estimate their own consumption and that of their
family the questionnaire included five photos showing different
servings. Each photo represented different portions varying from a
small to a large portion. A different letter was assigned to each photo to
help the interviewee to fill in the questionnaire (A, F: 36 g; B, G: 60 g;
C,H:92 g D, I: 122 gand E, J: 184 g). These portions were determined
from preliminary surveys (n=30). The Oaxaca cheese was shown in
shredded form, because this is how it is commonly consumed in
Mexico. The fresh cheese was presented in the two forms in which it is
consumed: sliced and shredded. All the photos included a plate and a
fork. The fork helped people to identify the portion size (Figure 1).

Figure 1: Portions for fresh (A to E) and Oaxaca (F to J) cheese
assigned with different letters A, F (36 g), B,G (60 g), C,H (92 g), D,I
(122 g)and E, J (184 g).

The questionnaires were carried out from November 2014 to
October 2015, in order to take into account any possible seasonal
variability.

Statistical analyses

Consumption rates were calculated for each type of cheese.
Consumption rates were also calculated individually (as the sum for
each individual), for a household (as the sum for each individual of the
same family), and for different categories (age, gender, social class and
meal schedule). The consumption results will be represented in the
form of a Probability Distribution Function (PDF).

Descriptive statistics were generated to summarize the percentage of
families who do not eat fresh cheese but eat Oaxaca cheese, the
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percentage of families who do not eat Oaxaca cheese but consume
fresh cheese and the percentage of families consuming both cheese

types.

Data from the Purchase Frequency Questionnaire and the food
diary were entered into the statistical software (@Risk). The mean
consumption rate and the 95t percentile were calculated for each type
of cheese and for each category.

Comparisons were performed among data from the two research
methods, i.e. the Purchase Frequency Questionnaire and the food
diary. In order to detect significant differences between the mean,
median and distributions, the Mann-Whitney and Kruskal-Wallis tests
were used. In order to obtain a robust statistical analysis, when the
number of samples was very different between groups, resampling was
performed to equilibrate their size. This was conducted with @Risk
software using a bootstrap procedure.

Results

Characteristics of the consumers

Purchase frequency questionnaire: All residents invited to
participate in the purchase frequency questionnaire, agreed to
complete the survey. Of the 100 households interviewed, 98 consumed
fresh and Oaxaca cheese. As stated above, this survey was filled out by
the inhabitant who usually prepared meals at home. Among the
surveyed inhabitants who stated that the family consumed cheese 7
was men and 91 were women.

The results of this questionnaire also showed the purchase

consume it all year, the supermarket (41%) and the market (31%) are
the preferred purchase places and in 96% of households, the cheese is
kept in the refrigerator.

Cheese preference and consumer characteristics

Cheese types % Purchase Cheese types % Purchase
Fresh 90 Curd 10

Oaxaca 75 Parmesan 7

Manchego 35 Mozzarella 3

American 12 Cottage 1

Educational Proportion  of | Occupation family Proportion of
level family households (%) households (%)
Degree 5.1 House 42

Preparatory 33.7 Employee 34

High school 38.8 Own business 20

Primary 71 Unemployed 2

Technical 14.3 Student 2

Uneducated 1.0

Time and season of cheese consumption

Meal schedule | Proportion of

households (%)

Time of year Proportion  of

households (%)

preferences of different types of cheeses (Table 1). Oaxaca (75% Breakfast 24.5 Spring 9
0,
purchase) and fresh cheese.(90/o purchase) w.ere the most consumed Lunch 48.9 Summer 5
cheeses among the population of Veracruz City. Moreover, of the 98
surveyed families, 24 consumed only fresh cheese, 6 consumed only | Dinner 741 Autumn 0
Oaxaca cheese and 68 consumed both type of cheeses. Figure 2 shows :
the frequency of purchase of the surveyed families. All days 194 Winter 4
All year 85
70 Frequency of purchase per family Place of purchase and cheese storage
50% Place of | Proportion  of | Place of storage Proportion  of
w0 1  Fresh cheese purchase households (%) households (%)
B Oaxaca cheese
40 1 Grocery 27 Refrigerator 96
30 ‘
| Market 31 Showcase 3
20 ‘
w01 J Supermarket 41 Cooler 1
0 + T T T T T T T T v Reta”ers 1

etm itpm  3tpm 1tpf 2tpf  1tpw  2tpw  3tpw  daily

Consumption frequency

Figure 2: Frequency of consumption of fresh and Oaxaca cheese by
family. Etm: each two months; tpm: time(s) per month; tpf: time(s)
per fortnight; tpw: time(s) per week.

Table 1 shows the education level, occupation, and preferential
season for the consumption of cheese. Purchase frequency
questionnaire allowed to know that more than 30% of the surveyed
families had members with educational level of high school or
preparatory, the occupation of most of them (42%) was on the house,
in about 50% of households consume cheese for lunch and 85%

Table 1: Characteristics and consumption preference of Veracruz
citizens (Purchase Frequency Questionnaire, n=98 households).

Information relating to the social class and the meal schedule
together with information on the consumption of fresh and Oaxaca
cheeses obtained from the food diary questionnaire enabled both
surveys to be validated.

Food diary questionnaire: Seven hundred food diary questionnaires
were delivered to the population, of these, 309 surveys (representing
1100 people) were properly filled. Of this population, 87% consumed
cheese, of which 92% consumed fresh cheese and 83% consumed
Oaxaca cheese. Table 2a shows the statistics of the total consumption
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per family for fresh and Oaxaca cheeses obtained from the food diary
questionnaires. Fresh cheese was more consumed (167.5 g) that
Oaxaca cheese (152), the difference was statistically significant
(p<0.05); these data include persons who eat a type of cheese but they
also eat from the other. People who only eat one of the cheeses, eaten
more Oaxaca cheese (196 g) than fresh cheese (143 g). Detailed

information about the mean body weight (kg) and the gender of the
consumers is given in Table 2b. Body weight (74 kg men and 66 kg
women) of persons who consumed cheese was independent of the type
of cheese they eat. These results confirm what was observed in the
Purchase Frequency Questionnaire, i.e. that 90 and 75 of the families
buy fresh cheese and Oaxaca cheese, respectively (Table 1).

2a. Amount (g) of cheese consumed by household per day

Fresh cheese’ Oaxaca cheese’ Only fresh cheese” Only Oaxaca cheese”

n 299 279 28 9
Mean (g) 167.52 152.1b 143.42 196.1P
Median (g) 112 93.7 1M1 133.7
Standard deviation 197.6 198.3 109.8 214.9
P95 (g) 532.3 494 365.1 672.3

2b. Body weight (kg) of cheese consumers greater than 14 year-old in the City of Veracruz

Fresh cheese Oaxaca cheese
Gender Gender
Men Women Men Women

Mean (kg) 73.8 65.5 73.9 65.7
Median (kg) 75 65 75 65
Standard deviation 13.7 11.8 14.1 1.7
P95 (g) 96 85 97 85

"Mann Whitney test is applied to determine if there are significant differences between the columns (1 and 2) and (3 and 4). The different superscript letters represent
significant difference; there is no statistical difference for the consumers of one only cheese type. P95: Percentile 95.

Table 2: Consumption of cheese per day by household (2a) and body weight of the survey respondents (2b).

Cheese consumption patterns by population

The daily average consumption of fresh cheese for children aged 0-8,
9-13 and teenagers between 14 and 17 year-old are 39.9 g, 49.7 g and
63.9 g, respectively. The average consumption of Oaxaca cheese for the
same age groups is 40.1 g, 42.9 g and 62.4 g, respectively (Table 3a).

The consumption rate for the same types of cheese among surveyed
children and adolescents showed no significant difference in the
consumption of fresh cheese (p>0.05). However, there is a significant
difference between the consumption of fresh cheese among children (0
to 8 year-old and 9 to 13 year-old) and that of adolescents (14 to 17
year-old) (p<0.05). The same behavior was observed for the
consumption of Oaxaca cheese (Table 3a).

The results for the average consumption of fresh cheese for adult
men between 18 and 40 year-old, 41 and 59 year-old and over 60 year-
old were 51.9 g, 57.2 g and 38.7 g, respectively. Surveyed women within
the same age ranges reported consumed rates of 48.8 g, 44.8 g and 46.4
g, respectively. There is a significant difference (p<0.05) between the
consumption reported by the men aged 18-40 year-old and that of the
other two groups (41-59 and>60 year-old). There is no significant
difference between the consumption reported by men aged 41-59 and

over 60 year-old (p>0.05). For womens consumption of fresh cheese,
there is no significant difference (p>0.05) between the different age
groups (Table 3b).

The mean consumption of Oaxaca cheese for men aged 18-40, 41-59
and over 60 year-old is 49.9 g, 51.7 g and 34.9 g, respectively. The mean
consumption of Oaxaca cheese for women in the same age ranges is
45.8 g, 40.4 g and 42.7 g, respectively.

According to the results observed for Oaxaca cheese, there is a
significant difference (p<0.05) between the>60 year-old men
consumption with regard to the 18 to 40 year-old and 41 to 59 year-old
consumption (Table 3b). With regard to women, there is no significant
difference between the different age groups (p>0.05).

The amount of cheese consumed per day for the population over 14
year-old is shown in Table 4a. The mean consumption per day for fresh
cheese is 50.90 g/day (n=872) and the mean consumption of Oaxaca
cheese is 47.8 g/day (n=781). It can be observed that only 5% of the
population consumes over 170.6 g/day for both types of cheeses. There
is a significant difference between the consumption of fresh cheese and
Oaxaca cheese among consumers only in the population over 14 year-
old.
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3a. Amount of cheese (g) consumed by children and adolescents.
Fresh Cheese$! Oaxaca cheese$?
Age (year-old) 0-8 9-13 14-17 0-8 9-13 14-17
n 69 66 81 65 62 76
Mean (g) 39.92 49.72 63.90 40.12 42.92 62.40
Median (g) 24 30.9 40 27.4 274 371
Standard deviation 37.8 58.8 62 429 54.6 55.8
P95 (g) 130.6 205.4 190 135.4 107.4 182
3b. Consumption of fresh and Oaxaca cheese by gender and age range.
Fresh cheese
Men™! Women2
n 221 122 44 223 144 37
Age (years) 18-40 41-59 >60 18-40 41-59 >60
Mean (g) 51.92 57.2b 38.70 48.82 44.82 46.42
Median (g) 34.9 36 30.9 30.3 29.1 274
Standard deviation 58.4 63.9 34.8 55.8 39.9 45.1
P95 (g) 184.3 243.7 122 179.4 121.7 164
Oaxaca Cheese
Men Women
n 197 110 33 205 130 30
Age 18-40 41-59 >60 18-40 41-59 >60
Mean (g) 49.92 51.72 34.9° 45.82 40.42 42.78
Median (g) 32 32 18.9 29.1 27.4 27.4
Standard deviation 56.1 62.3 43.2 58.2 41.7 429
P95 (g) 142 204.6 186.9 152.6 130.3 137.4
Kruskal Walllis test is applied to determine if there are significant differences between consumer ages and §' the columns of Fresh cheese (0-8, 9-13 and 14-17 years)
and 82 Oaxaca cheese (0-8, 9-13 and 14-17 years); and between “' the columns of Men (18-40, 41-59 and >60) and "2 the columns of Women (18-40, 41-59 and >60).
The different superscript letters represent significant difference P95: Percentile 95.

Table 3: Fresh and Oaxaca cheese daily consumption by age range. Kruskal Wallis test is applied to determine if there are significant differences
between consumer ages and $! the columns of Fresh cheese (0-8, 9-13 and 14-17 years) and $? Oaxaca cheese (0-8, 9-13 and 14-17 years); and
between ! the columns of Men (18-40, 41-59 and >60) and 2 the columns of Women (18-40, 41-59 and >60). The different superscript letters
represent significant difference P95: Percentile 95.

The average consumption of fresh cheese for men and women is 53 in men (53 g) and women (49 g, p<0.05), whereas no significant

g and 48.9 g, respectively while the average consumption of Oaxaca
cheese for men and women is 50.6 g and 45.2 g, respectively (Table 4b).

Only 5% of the male population consumes more than 164.5 g of
cheese/day of either type of cheese, and only 5% of surveyed women
consume more than 152.6 g/day of either type of cheese. There is a
significant difference between the average consumption of fresh cheese

difference between the average consumption of Oaxaca cheese in men
and women was observed (p>0.05).

Of the 309 families surveyed, 86% indicated to which social class
they belonged. Of this number, 12% reported belonging to the high
class, 76% to the middle class and 12% to the lower class (Table 5a).
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4a. Cheese consumed (per day) by people over 14 year-old.

Type of cheese Fresh cheese" Oaxaca cheese" Only fresh cheese™ Only Oaxaca cheese™
n 872 781 140 49
Mean (g) 50.92 47.8 41.12 60.7°
Median (g) 34.3 30.6 29.1 44.6
Standard deviation 55.4 54.7 34.5 73.9
P95 (g) 170.6 162.6 102 135.7
4b. Cheese consumed (per day) by gender.
Fresh Cheese Oaxaca Cheese
Men$? Women$! Men$?2 Women$?2
430 442 381 400
Mean (g) 53.012 48.9 50,6 45,22
Median (g) 36.8 303 32 28.6
Standard deviation 54.1 52.1 57.4 52
P95 (g) 164.5 157.1 186 152.6

Mann Whitney test is applied to determine if there are significant differences between the columns (4a); and between the §'columns of the fresh cheese (men and
women) and $2 the columns of Oaxaca cheese (men and women) (4b). The different superscript letters represent significant difference; there is statistical difference for
the consumers of one only cheese type (*2).

Table 4: Cheese consumed per day, by person of 14 year-old or more and by gender.

5a. Cheese consumption by social class

Fresh cheese

Oaxaca cheese

High class Middle class Low class High class Middle class Low class
n 30 199 33 29 181 31
Mean (g) 48.7 49 28.6 56.8 424 35
Median (g) 35.7° 31.80 24.12 38.7° 28.22 25.92
Standard deviation 51.5 50.1 17.2 50.7 44.2 28.8
P95 (g) 107.2 179.4 60.4 165.4 131.9 88.4

5b. Consumer fresh and Oaxaca cheese in each meal
Fresh cheese™ Oaxaca cheese?

Breakfast Lunch Dinner Breakfast Lunch Dinner
n 783 742 572 649 563 578
Mean (g) 163.320 175.00 160.42 155.12 183.30 158.82
Median (g) 128 131.3 116.5 108 131.2 113.5
Standard deviation 146.9 164.2 149.1 145.6 171.3 147.4
P95 (g) 420 454.9 436.1 458 4755 442.7
n 783 742 572 649 563 578
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Kruskal Wallis test is applied to determine if there are significant differences between ! the columns of the fresh cheese by social class and meal and "2 the columns of
Oaxaca cheese by social class and meal. The different superscript letters represent significant difference.

Table 5: Cheese consumption by social class (5a) and meal (5b).

Fresh cheese is consumed more among the high and middle classes.
The median for these social classes is 35.7 g and 31.8 g, respectively,
whereas the median consumption of the lower class is 24.1 g.
Moreover, there is no significant difference (p>0.05) in the median
consumption rate between the high and the middle classes, but there is
a significant difference between the median consumption of the high
and middle classes and that of the lower class (p<0.05).

Oaxaca cheese is preferentially consumed by the high class. There is
a significant difference (p<0.05) between the median consumption of
the high class with regard to the middle and lower classes (Table 5a).

The results for the consumption of Oaxaca and fresh cheese
according to the meal schedule are presented in Table 5b. Fresh cheese
was similarly consumed at breakfast (163 g) and dinner (160), while
consumption at lunch was statistically significant (175 g). The same
pattern of consumption is observed with Oaxaca cheese.

Discussion

As both questionnaires (Purchase Frequency and Food Diary
Questionnaires) were applied we found that both agree in their results.
Most of the families consume both fresh and Oaxaca cheeses, a portion
of cheese at least once a week or more (Table 1). The problem is that
the amount of milk intended for the production of handmade cheeses
is raw and not ultra-pasteurized, that is a risk for human health [7,25].

The proportion for fresh cheese is higher compared to Oaxaca
cheese (93.48% vs. 78.37%, respectively). The Purchase Frequency
Questionnaire determines that the main time of consumption for both
cheeses is during lunch throughout the year. The surveyed interviewers
declared that 58% of fresh and Oaxaca cheeses were purchased at the
market and in grocery stores and only 41% were bought them from the
supermarket.

Both questionnaires found a large percentage of the population
consume both cheeses. Moreover, the results obtained on the total
amount purchased per week per family (Purchase Frequency
Questionnaire) and the total amounts consumed per week (Food
Diary) were corroborated. Table 2 gives data related to purchase,
consumption and weight of consumers that are useful as national
statistics.

Table 2a is the comparison of consumption of fresh and Oaxaca
cheese by household per day that had different significance between
both cheeses. Table 2b shows the weight (kg) for the consumer
population of cheese greater than 14 year-old in the City of Veracruz.

The cheese consumption in 0-8 year-old is significantly lower than
that measured for the group of 14 to 17 year-old, while no significant
difference between children aged 0-8 year-old and 9 to 13 year-old was
observed (Table 3a). The cheese consumption increases with the age,
the opposite situation happens with milk where small infants consume
more than teenagers [26].

Fresh and Oaxaca cheese consumption in adults is also influenced
by age group. Fresh cheese is consumed more by men in the 18-40
year-old group, but there is a significant difference in men from 41 to

over 60 year-old category (Table 3b). However, in the case of women,
there is no significant difference in consumption of cheese in the three
groups, this may be because women are more susceptible to the loss of
calcium and osteoporosis and therefore tend to consume more cheese.
As for Oaxaca cheese, no significant difference between men aged 18
to 59 year-old was observed, but they consume less cheese in the group
of more than 60 year-old. This could be because young and mature
men engage in more physical activity therefore they require a greater
food intake compare to men over 60 year-old. These results suggest
that the consumption of both types of cheese may be influenced by
physical activity in men and nutritional requirements in women for
each group of individuals, purchasing power of individuals, and the
possibility of damage from cholesterol and heart attacks (Table 3b)
[27,28].

Table 4 gives data about cheese consumed per day, per person of 14
year-old or more, and gender. The consumed fresh cheese has different
significance between men (53.01 g) and women (48.9 g) but there is no
difference on respect the Oaxaca cheese. The adult population’s
consumption rate of fresh and Oaxaca cheeses correspond to 50.9 g/
person/day and 47.8 g/person/day, respectively (Table 4a). These values
are higher than published surveys in Mexico (2002, 2007) [29-31] but
they coincide with the consumption of Oaxaca cheese reported [32].

With respect to the consumption of fresh cheese by social class, the
upper class and the middle class have an average consumption of 48.7
g and 49 g, respectively (Table 5a) while the lower class consumes less
fresh cheese, due to the lower income. Regarding Oaxaca cheese,
statistically the higher class shows greater consumption (56.8 g), which
may be because Oaxaca cheese is double the price of fresh cheese, and
the middle and lower classes have more limited revenue with which to
buy it.

Because of this it can be argued that socioeconomic status
influences the consumption of cheese. Similar behavior was observed
[33], who evaluated the consumption of dairy products (including
cheese) with respect to indicators such as socioeconomic status and
age. Moreover, Kubicova et al. [34] reported that the price of dairy
products such as cheese directly influences the frequency of
consumption of these products.

Table 5b show that during lunch time similar amounts of both
cheeses are consumed because lunch is the main meal for the
population of Veracruz [35].

Data for per capita cheese consumption nationwide are obtained by
adding imports to domestic production and subtracting exports, and
dividing the result by the total population. We note that the total
population also includes non-cheese consumers. The value of cheese
consumption per person per day in this study is higher than that
reported for per capita consumption in 2013 (Table 6). This may be
due to the inclusion of non-consumers in the national per capita
calculation, which greatly reduces the resulting ratio. Moreover, the per
capita calculation only includes information on the production and
sale of cheeses subject to sanitary, commercial and fiscal controls but
does not include the marketing of artisanal cheese (representing 53%
of total milk production) to be marketed directly, therefore the amount
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of cheese used in the official per capita calculation is lower than real. A
similar phenomenon was reported by Rossini et al. [36] who evaluated
the cheese consumption in Argentina through household interviews
and reviewed the calculation of monthly cheese consumption with and
without the non-consumer population. In the first case per capita
consumption was 1.3 kg/person/month and in the second case it was
2.4 kg/person/month.

Global Cheese Cheese Consumption
Regions Consumption 2013 (kg P
per capita) (g/person/day)
Argentina 12.4 33.9
Brazil 3.7 10.1
Chile 8.8 241
Colombia 0.9 25
Uruguay 8.5 23.5
Mexico [5] 3.6 9.9
Canada 12.2 33.4
United States 15.4 42.2
France 25.9 70.9
41 (Oaxaca cheese)
Mexico city [29]
51 (American cheese)
[29]
Mexico city - 15.6 [27]
Mexico city - 19.9 [28]
Veracruz city (This
study) - 50.9 (Fresh cheese)
Veracruz city (This
study) - 47.8 (Oaxaca cheese)

Table 6: Comparison of cheese consumption in the world [26].

The ENURBAL [30,31] survey is carried among the population of
Mexico City (2002, 2007). Data is also obtained from 24-hour recall
surveys. These surveys revealed that cheese is one of the most
consumed foods among the population of Mexico City with a
consumption of 15.6 and 19.9 g/person/day in 2002 and 2007,
respectively. However, these data were lower than those obtained in
this investigation, which could be due to the fact that the survey
conducted was based on a 24-hour recall method while our work used
a food diary for 7 days, therefore covering a longer period of time,
recording cheese intake in a greater proportion.

Rosado et al. [32] reported the values obtained by the ENSANUT
[37] survey (1974) for Oaxaca cheese consumption. This survey was
carried out throughout the country and it studies urban consumption
and rural consumption separately. Even though the consumption of
fresh cheese was not reported, the consumption of fresh cheese
obtained in the present study is similar to that of American cheese
(Table 6) [32]. This suggests that the Oaxaca consumption rate has not
varied among adults since 1974, which supports the idea of chronic
consumption.

Conclusion

In Veracruz City, the main cheese consumed is fresh cheese,
followed by Oaxaca cheese and consumption is higher than the average
national value for all cheeses. The high class and middle class are major
consumers of fresh cheese, while Oaxaca cheese is consumed mainly
by the higher class. Men in productive age groups consume more fresh
and Oaxaca cheeses, whereas among women the consumption of
cheese is similar for all ages. The consumption of fresh cheese and
Oaxaca cheese takes place principally during lunch. This research aims
to generate anthropomorphic data; consumption statistics and it may
also serve to study health issues related to the consumption of both
cheeses in the State of Veracruz and in the countryThe average daily
consumption of cheese is around 100 g (fresh + Oaxaca cheeses) in
adults; consequently the consumption of contaminated cheese may
represent a risk to health. With the results published in this article and
with those obtained from the quantification of Aflatoxin M in fresh
and Oaxaca cheeses (currently in course), it will be possible to do
calculations for risk assessment.
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