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ABSTRACT

Pork represents the second source of protein in Mexico due to the multiple benefits of its consumption.
However, several studies link the indiscriminate use of antibiotics with public health problems. This study
aimed to know the willingness to pay for antibiotic-free pork with the contingent valuation method (CV).
Questionnaires were applied to 156 consumers in eastern State of Mexico and the data were analyzed with
a binomial logit model. It was found on average, a willingness to pay a premium of 16.34% ($17.81 MXN
kg') as a markup price. The most representative variables were premium amount, age, number of dependents
in household, income and frequency of consumption. The results indicated that there is a potential market
for differentiated antibiotic-free pork meat, so that consumers are willing to pay a premium per kg of 16.34%

over the price of conventional meat.

Keywords: consumer welfare, logit model, consumer preferences.

INTRODUCTION
Pork is a basic source of protein in many countries, in 2020 a global production of 109.8
million tons (Megagrams, Mg) was reported. China, the main producer (and consumer)
contributed 41.2% of total pork, the second producer was the United States of America and
the third place was occupied by Germany (FAOSTAT, 2022). In Mexico, pork represents
the second largest source of protein, after poultry (Herndndez, 2021). In 2020, pork
production was 1.6 million Mg, an annual increase of 4.5% (the highest in the national
record). The main producing states were Jalisco with 22% (359 thousand Mg), Sonora
with 19% (322 thousand Mg) and Puebla with 11% (176 thousand Mg) according to the
Mexico’s Agri-Food and Fisheries Information System (SIAP, 2021). The main destination
of Mexican exports is Japan with 43.9% (118 thousand Mg), followed by China with
40.5% (109 thousand Mg), then the United States with 11.4% (31 thousand Mg) and
finally South Korea with 2.5%. While imports mostly come from the United States
and Canada, 926 thousand Mg (87.8%) and 123 thousand Mg (11.7%), respectively,
according to the Mexican Meat Council (CMC, 2021).
Demand in 2020 reached 2.05 million Mg, which is explained by affordable prices, as well
as the recent dissemination of the benefits of consumption of this meat (Barrios, 2020).
Studies indicate, for example, some nutritional advantages of consuming pork meat, such
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as the high protein, vitamin and mineral content (Aguilar, 2006; Barrios, 2020). However,
it is also stated that pork can cause effects on human health if proper sanitary management
is not implemented (Vega-Sanchez ez al., 2020). It is even shown that microbial resistance
can be traced from the production process due to the indiscriminate use of broad-spectrum
antibiotics in livestock (Cartelle ez a/., 2014; Haro, 2020).

The practices of including antibiotics as growth promoters have been developed in the
world since the 70s (Lusk ez a/., 2006), but due to the findings of abuse in their use, some
countries have already regulated the use of antibiotics in pigs production. For example,
in Europe since 2006 the use of antibiotics as growth promoters has been prohibited
(Redaccién Interempresas, 2020); in the United States a Veterinary Food Directive came
into force in 2017 that limits the use of antibiotics in animal production (Doyle, 2020).
In Mexico, progress on antimicrobial regulation issues is slow. In 2010, the regulation of
the sale of antibiotics with a prescription to the population came into force, according to
Mexico’s Official Federal Gazette (DOF, 2010), and in 2018 the agreement of the National
Strategy for Action against Antimicrobial Resistance (DOF, 2018) was published, in which
a series of objectives, strategies and lines of action for the evaluation and minimization
of microbial resistance are granted. This strategy includes the development of a national
policy on the rational use of antimicrobials in veterinary practice and animal production.
However, there is no clarity regarding the dates or modes of implementation; nor has
progress been made in matters of awareness, education and training for the population
and producers regarding antimicrobial resistance (AMR).

Organic livestock farming (named for the way cattle are fed and because meat and
derivatives are free of toxic chemicals, pesticides, etc.) prohibits the use of hormones, and
antibiotics as growth precursors, as well as chemical synthesis drugs. Antibiotics are allowed
in necessary cases and only those allowed by the Mexico’s National Service of Health,
Safety and Quality (Servicio Nacional de Sanidad, Inocuidad y Calidad-SENASICA).
The main producers of organic cattle in Mexico are Guanajuato, Chiapas, Veracruz,
Sinaloa and Yucatan. Although the production of organic meat results in a higher cost, in
the world there is a demand for this type of premium-priced products compared to those
conventional due to the utility they report to consumers, related to the consumption of
more natural, healthy and higher quality products.

Economists have developed techniques to value goods that lack a market, they do so based
on the observed behavior of consumers in front of a good, drawing a connection between a
good that does have a market and that which does not, and is also a subject to public policy
interest. Such is the case of contingent valuation (CV), which allows calculating the value
of goods without a market or alternatives of shares or projects (Osorio and Correa, 2009).
The main objective of this research was to calculate the willingness to pay (WTP) for
antibiotic-free pork in the eastern zone of the State of Mexico through the CV method, to
infer whether this type of meat would have demand and acceptance in that zone therefore
encouraging commercialization. The hypothesis states that there is a positive willingness
to pay for antibiotic-free pork, since the population is already aware of its benefits.
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METHODOLOGY
Texcoco de Mora is one of the 125 municipalities of the State of Mexico; between the
geographical coordinates: 19°23’41.28” N, 99°01°44.04” W and 19°33'25.20” N,
98°38°04.92” W (Figure 1) at 2247 m of altitude (Mexico’s National Institute of Statistics
and Geography—INEGI, 2020). In 2020, its population was 797 562 inhabitants, of
which 51.4% were women; the average age was 30 years and the average schooling for
the population aged 15 and over is 10.5 grades (as a reference, the national average is 9.7,
while for the State of Mexico it is 10.1 grades) (ibid.).
The CV method is part of the direct valuation methods; it formulates questions regarding
a hypothetical market in which individuals declare by their answers, the monetary
valuation of the good in question (Labandeira ez al., 2007). As part of the assumptions
in this method are the following: a) the individual maximizes his utility according to his
budgetary constraint, which is represented by his disposable income, b) the individual
behaves in the same way both in the hypothetical and in the real market, and c) the subject
knows the information about the benefits of the good, which is included in the WTP
question (Vasquez ez al., 2007).
The application of CV has focused on environmental assessment studies (Mendieta,
2000); however, other studies have applied the method in the valuation of differentiated
products such as Tilapia derivatives (Antonio-Estrada ez al., 2021), artisanal aged mezcal
(Cervantes et al., 2020), various organic products (Herndndez ez al., 2019a), cultural
attributes in homemade chocolates (Jaramillo-Villanueva ez 4/, 2018), organic maize
tortilla (Jaramillo, 2016), organic apples (Cerda ez al., 2014), among others, with positive
results.
The application of the method included three stages: design of the questionnaire,
application of the survey and, finally, capture the data in Excel and data processing with
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Source: Mexico’s National Institute of Statistics and Geography (INEGI, 2020).
Figura 1. Location of Texcoco de Mora, State of Mexico, Mexico (national and within the state scales).
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NLogit 4.0. For the application of the questionnaires, Simple Random Sampling (SRS)
was used, assuming a normal distribution in the estimator of interest, with the following
formula (Alvares ez al., 1989). For this study, the following sample size was obtained:

-2 150
dy . pa
VA N
In which N: population size for Texcoco (797 562); Z: value of Z for the 95% confidence
interval (1.96 in this case); p: proportion with approximate maximum variance of people

who would be willing to pay a premium (0.5 for this case); g=1-p=0.5; 4: accuracy of the
interest estimator, 8%, resulting in a sample size of 150 consumers.

The questionnaire consisted of five sections: 1) introduction, 2) description of the
product, 3) socioeconomic information questions, 4) valuation questions, which asked
about the willingness to pay for pork meat with the following characteristics: red
color, 10% less fat, antibiotics-free and with a premium cost. The premium was set at
three amounts: 10%, 15% and 20%, so each one was included in 50 questionnaires;
and 5) appreciation for participating in the survey. Google Forms tool was used to
apply the questionnaire and finally worked with 156 responses. The application of the
questionnaires was to individuals of legal age residents of the municipality of Texcoco
who decide to buy meat for their home in various places such as butchers and shopping
centers located in the study area.

The multiple linear model that represents the expected utility of consumers is:

RESp = B, + B,PRIM + 8,EDAD + B,GEN + 3, EDUC +
BINTEF + 8,DEP + B,ING + B,LUGAR + 3,CONSU + E

where RESP represents the probability of answering “yes=1" or “no=0”" to the WTP
question; PRIM = premium amount; EDAD = age of the interviewee (in years); GEN:
male or female; EDUC: schooling level; INTEF: number of members in their family;
DEP: number of economic dependents; /NG: monthly family income; LUGAR: place
where meat is frequently acquired; CONSU: frequency of pork consumption per week; 3, :
the intercept; ﬁl ﬁ9: coeflicients of variables; £: indicates the error.

To obtain the W7P, the formula used by Valdivia-Alacald ez /. (2011) was followed:

DAP =%

i

where a is the sum of the multiplication of the coeflicients of each variable by their
respective value for each individual (including the intercept); and f3, is the coefficient of
the variable PRIM, but with negative sign.
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RESULTS AND DISCUSSION

First, the characteristics of the profile of the interviewees are presented and analyzed; in
order to analyze then the model used to know the WTP of consumers by antibiotic-free
pork in economic and econometric terms.

The average age of the interviewees was 36 years, 51% were men and 49% women,
all of them involved in making decisions about buying food for the family. Regarding
the education level, the highest proportion (46%) corresponded to a University
degree, but if we add the interviewees with postgraduate studies, as master (21%) and
doctorate (15%) degrees, this percentage reaches 82% Overall, an average of 16.49 years
of schooling was obtained, which shows a level of training higher than the national
average; Jaramillo ez al. (2015) reported an average of 8 years of schooling for Mexico
City. A possible explanation for this contrast in averages is that in the eastern State of
Mexico there are several centers dedicated to higher education and research. Regarding
household structure, families on average consist of four members, two of them, as
income dependents (Table 1).

Table 1. Socioeconomic characteristics of respondents.

Variable Description Percentage
18-35 years old 61%
Age 36-50 years 29%
> 51 years 10%
Woman 49%
Gender Man 519%
Secondary 3%
High School 15%
Education University 46%
Master’s Degree 21%
PhD 15%
1-2 21%
Family members 3-4 57%
>4 22%
0-2 78%
Dependents 3-4 19%
5 or more 3%
$0-$12,000 48%
Income $12,001-$19,000 29%
$19,001-$55,000 22%
> $55,001 1%
Butcher’s shop 90%
Location Supermarket 7%
Tianguis 3%
Less than 1 time 37%
Consumption 1- 2 veces 54%
More than 3 times 9%

Source: own elaboration.
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The average monthly income was reported between $10,000-$15,000 MXN, and nearly
half of respondents (48%) had as household income less than $12,000 MXN. These
figures also varied drastically compared to other studies valuating meat, where lower
average income was found (ibid; Jaramillo ez al., 2018). More than half of respondents
(52%) reported incomes above $12,000 MXN, which is related to level of schooling.
Regarding the purchase, 90% of the participants bought their meat in butcher shops, 7%
in supermarkets and 3% in zanguis (a traditionally local market). Jaramillo ez a/. (2018)
also found that beef is bought mainly in butchers, secondly in #ianguis, and finally in
supermarkets. On average, participants consume pork twice a week, and 37% consume
less than once per week.

The values of the coefficients obtained with the model, as well as the value of the goodness of
fit and test parameters of the model were calculated (Table 2). In general, it is observed that
the pseudo R-square resulted in the value 0.2492; the Chi square 53.58 and the logarithm
of likelihood (log likelihood) —107.5019, values usually accepted for this type of models
(Cabrer ez al., 2001; Gujarati and Porter, 2010; Train, 2014; Tudela and Leos, 2017).

The most significant variables were /NG, CONSU and DEP; whereas the variables EDAD
and PRIM were not significant, but they did contribute to the validity of the model. The
EDUC variable was expected to be significant and positive since it would be expected that
people with a higher degree of education would be willing to pay for healthier products;
however, its sign was negative, a situation that coincides with Antonio-Estrada ez al.
(2021) and Berges and Casellas (2008) who justified such a response by mentioning that
it could be due to the fact that with lower education grades, the perception of risk is more
exaggerated. Another possible explanation is that, overall, there is no awareness regarding
the use of antibiotics in pig production or its implications.

With the coefficients and signs of the variables, the model is represented as:

RESP =-0.08619927 —0.08619927 PRIM +0.02730860EDAD
—0.27788113DEP +0.53952413ING — 0.51584778 CONSU

Table 2. Logit Model Results.

Variable Coefhicient Standard error P [Za > 7]
Constant -0.84386077 1.06742455 0.4292
PRIM -0.08619927 0.05171109 0.0955
EDAD 0.02730860 0.02026068 0.1777
DEP -0.27788113 0.15479653 0.0726
ING 0.53952413 0.09626136 0.0000
CONSU -0.51584778 0.20421957 0.0115
Log likelihood -107.5019
Chi-square 53.58091
Pseudo R-squared 0.2492091
Number of observations 156

Source: own elaboration based on NLogit results.
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On the negative sign of PRIM is interpreted that the higher the amount of the premium,
the less willingness to pay there is. Whereas the positive sign of EDAD means that the
older the age, the greater the willingness to pay for a premium cost. This is a contrasting
fact with Cervantes et al. (2020), who found a negative relationship in the W7P for
artisanal aged mezcal. The negative sign in DEP means that the greater the number of
dependents in the family, the lower the willingness to pay; this information coincides with
Gonzilez and Valdivia (2009) and Valdivia-Alcald ez 2/ (2011).

The positive sign in ZNG indicates that, the higher the income, the greater the willingness
to pay; the fact that CONSU is negative may indicate that the higher the frequency of
consumption, the less willing one is to pay a premium. Other authors include a variable
that represents knowledge of the product or situation assessed (Jaramillo er al., 2015;
Sandorf ez al., 2017; Valdés-Castro ez al., 2021), whose value may be significant. Such a
variable was omitted in this study, but it could be relevant given the experience.

Average WTP values were obtained by income level (Figure 2) and by frequency of
consumption (Figure 3). Figure 3 shows that there is agreement with the findings of other
authors (Jaramillo, 2016; Tudela and Leos, 2017; Jaramillo-Villanueva ez /., 2018; Hernindez
et al., 2019b; Cervantes ez al., 2020; Lugo ez al., 2020) and it confirms the theory about the
positive relationship between income level and WTP a premium for healthier products. In this
case, when there is an income of $10,000 MXN or less, participants would only be willing to
pay an average premium of 13% at a maximum, but consumers earning more than $26,000
MXN would pay a minimum premium of 39% and up to 50% at maximum.

Figure 3 shows that the fewer times a week pork is consumed, the more willingness to
pay a premium for antibiotic-free meat. In this case, there would be an average WTP

55,001 or more I 50%
26,001-55,000 I 39%
19,001-26,000 GG 330%

15,001-19,000 G 27%

12,001-15,000 | 24%

10,001-12,000 I 7%

8,00,-10,000 | 13%

7,001-8,000 W 3%

5,001-7,000 0%

0-5,000 0%

%

Source: elaborated by the authors.
Figure 2. Average willingness to pay (WTP) according to income level.
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3omore |GG 16%
2 times [N 10%
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> 1ime [N 24%
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%

Source: elaborated by the authors.
Figure 3. Average willingness to pay (WTP) according to the number of times pork meat is
consumed per week in the houschold.

of 24% when pork meat is consumed less than once a week. This inverse relationship
may be explained based on respondents who consume pork meat more frequently would
spend more money per week than those who consume it only once. This means that the
consumer level of satisfaction does not compensate the premium cost.

The value of the WTP was also calculated in the NLogit program, the results of which
are shown in Table 3. Where it is perceived that the average value of the premium that
the surveyed consumers of Texcoco, State of Mexico are willing to pay was 16.3%, with a
maximum value of 29% and a minimum of 1.2%. If it is considered that on average 1 kg
of steak costs $109.00 MXN according to Mexico’s Food and Agriculture Association for
Certification (ACSAA, 2021), the average value of the premium would be $17.81 MXN
per kilogram.

In order to interpret the magnitude of the effect of a change in each variable, marginal
effects were calculated in percentage terms, for this, antilogarithm was applied to the
marginal effect, subtracted one and the result was multiplied by one hundred (Dunteman
and Ho, 2004; Gujarati and Porter, 2010; Hardin and Hilbe, 2018). Table 4 integrates
these three values. It is highlighted that income has the greatest effect and it is interpreted
that for each Mexican peso that income increases, consumers would be 14.2% more
willing to pay a premium for antibiotic-free pork meat. The behavior of the variable
CONSU implies that, if the frequency of pork consumption increases one more time per
week, participants would be 11.9 % less willing to pay a premium cost.

Table 3. WTP (percentage of price premium).

Variable Media Stal.ld:.ird Minimal Maximum
deviation
DAPR 16.34 8.40 1.16 29.07

Source: own elaboration based on NLogit results.
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Table 4. Marginal effect of variables.

Variable Marginal effect Marginal effect in percent
PRIM -0.02126419 -2.10%
EDAD 0.00673666 0.67%
DEP -0.06854950 -6.62%
ING 0.13309328 14.23%
CONSU -0.12725265 -11.94%

Source: own elaboration with NLogit results.

The DEP variable determined that, for each additional dependent in the houschold, the
probability of paying more for differentiated pork meat decreases by 6.6%. The —2.1%
of the PRIM variable indicates that, if the amount of the premium cost increases by 1%,
the probability of paying it decreases by 2.10%. Finally, in the variable EDAD, for each
year that the age of consumers increases, participants would be 0.7% more willing to pay
a premium for antibiotic-free pork meat.

CONCLUSIONS

This study allowed us to know the preferences of pork consumers in the eastern State of
Mexico, as well as the variables that most influence their decision-making when purchasing
their meat. It was found that there would be a willingness to pay a premium for antibiotic-
free pork meat.

Results allow us to assert that antibiotic-free pork meat would be in demand in the eastern
State of Mexico. However, with the findings it is not possible to infer that pork producers
or traders would have sufficient incentives to start production.

Other additional studies are needed to delve into issues of production costs to be able to
make more solid statements. In addition, the incentive on the part of the demand is not
enough to start with antibiotic-free meat production processes, since there is an overall

ignorance on the part of consumers about the characteristics of the product they consume.
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