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Abstract: 

Bovine milk and plant-based drinks are substitute products that are currently competing in 

the market. This study aimed to analyze the factors influencing the consumption of both 

bovine milk and milk substitutes in the municipality of Texcoco, State of Mexico. The 

methodology used consisted of a survey of 400 consumers of milk and milk substitutes; the 

information obtained was used to perform a qualitative regression modeling (bivariate Probit 

or Biprobit). The results showed that bovine milk consumption is mainly conditioned by the 

variables female sex, schooling, and family income; in contrast, for the consumption of milk 
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substitutes, the significant variables were female sex, age, schooling, number of members 

per family, and household income. Furthermore, it was found that the consumption of milk 

and the consumption of milk substitutes are reciprocally related by 23.31 %. 
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Introduction 

 

 

Currently, there are several innovations in the consumption of dairy foods and plant-based 

drinks, better known as plant-based milks, but in reality they are not milk because they are 

made from grains, seeds, nuts, or fresh fruits and do not contain animal fat; for its part, only 

the secretions of the mammary glands of mammals are known as milk; therefore, all 

beverages that replace it should be called plant-based drinks(1). 

 

Milk is one of the most consumed staple food products worldwide due to its high nutrient 

content, and because it is a rich source of calcium, which is vital for bones and teeth; it also 

contains proteins of high biological value and other nutrients (vitamins, fatty acids, etc.) that 

can be beneficial to health(2). However, its consumption has been questioned in recent years 

because it has generated some damage to health in general, which is related to the protein 

(casein) and fats contained in milk, which is why affected people have resorted to using milk 

substitutes that contain some of its nutrients in similar amounts to ensure adequate 

nutrition(3). In 2023, the leading countries with the highest consumption of bovine milk were 

India in the first place with 87,500 t, followed by the European Union (as a region) with a 

consumption of 23,700 t, the United States with 20,650 t ranked third, and Mexico ranked 

eighth with a consumption of 4,210 t(4). In Mexico, the annual per capita consumption of milk 

is 124.3 L, and per day, it is 370 ml on average, which, according to the Food and Agriculture 

Organization of the United Nations (FAO), is still a low consumption if it is considered that 

it recommends a daily consumption of 500 ml(5). 

 

Consumption habits have changed and consequently the demand for milk and derivatives has 

also change, because today consumers are looking for products that contribute to improving 

their health conditions, such as dairy products reduced in fat or sugar, as well as products 

that contain vitamins, pre- and probiotics, or fiber; in general, products that are free of 
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components that come directly from bovine milk, but that enriched or modified represent a 

functional option to improve their diet, not only because of what milk provides as food, but 

also what it obtains in the industrialization and transformation of products derived from it, 

such as yogurts and cheeses(6). 

 

Therefore, the niche market of plant-based drinks is increasingly broad in the country; 

between 2013 and 2018, the demand for plant-based beverages increased by 33.5 %, and its 

annual growth rate was 14.0 %, with an annual per capita consumption of 10 L(7); therefore, 

multinational companies such as Nestlé, Danone, and Coca Cola are looking to invest in the 

production and marketing of these types of drinks(8). Plant-based beverages, whether based 

on cereals, nuts, or legumes, do not have the same nutritional or protein contribution as 

bovine milk, since they are prepared based on water and cereals (rice or oats), legumes 

(soybeans), nuts (almond), or fresh fruits (coconut) and are enriched with sugars, emulsifiers, 

thickeners, and nutrients; this is done to resemble vitamins and minerals, such as calcium, 

contained in bovine milk. The plant-based drink that most closely resembles bovine milk in 

terms of protein contribution is the soybean-based drink, which provides 3.2 g per 100 ml, 

whereas bovine milk provides 3.5 g per 100 ml(9). Therefore, it is essential that consumers 

are informed about the ingredients contained in the drinks they are consuming, to prevent 

health conditions, mainly in children and the elderly, who have an urgent need for high-

quality proteins for bone development. 

 

Most studies on bovine milk and plant-based drinks agree that plant-based drinks do not 

replace bovine milk in terms of nutritional level. Nevertheless, the consumption of these 

drinks has increased, and they have captured an increasingly important volume of consumers, 

which is related to health, economic, environmental, or fashion issues, affecting the 

consumption of bovine milk, and consequently, impacting the producing companies, which 

face market challenges for their milk(10). 

 

The importance of this work is that, to date, there are no studies related to the consumption 

of milk substitutes and the way in which consumers prefer these products to the detriment of 

traditional consumption of bovine milk. Therefore, it is crucial to analyze both markets and 

the factors that condition them in order to show whether both markets are correlated. 

 

This study aimed to identify the factors that most explain the consumption of bovine milk 

and milk substitutes in the municipality of Texcoco, State of Mexico. According to economic 

theory, which establishes that the primary factors determining the demand or consumption 

of goods are price, income, and population, the research hypothesis was that the main factors 

conditioning the consumption of milk and milk substitutes are the price and income of 

consumers. 
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Material and methods 
 

 

The study was conducted in the municipality of Texcoco, State of Mexico. Ten of the 105 

localities belonging to the municipality were taken into account, and those with the largest 

population were chosen: the municipal capital of Texcoco de Mora, followed by San Miguel 

Coatlinchán, San Miguel Tocuila, San Luis Huexotla, Villa Santiago Cuautlalpan, Santa 

Martha, San Bernardino, San Miguel Tlaixpan, San Jerónimo Amanalco, and San Diego. The 

sample calculation considered the total population to be interviewed in the municipality of 

Texcoco, which was 277,562 inhabitants, according to the INEGI Population and Housing 

Survey(11). The sample size was obtained as indicated in formula 1(12): 

 

n =
(p)(q)(N)(Z2)

E2(N − 1) + Z2(p)(q)
                                                         (1) 

 

Where: n= sample size; p= estimated percentage of positive variability (50 %); q= 1-p 

(negative variability); N= total population of the study universe (277,562 inhabitants); Z= 

confidence level in the Z-distribution tables (at 95 % confidence), Z=1.96. E= allowed 

estimation error or precision (5 %). 

Substituting the above values in formula 1 yielded the sample size (formula 2): 

 

n =
(0.50)(0.50)(277,562)(1.96)2

0.052(277,562 − 1) + 4(0.50)(0.50)
= 384 people                     (2) 

 

The calculated sample size was 384 people; however, 400 questionnaires were administered. 

The number of questionnaires was distributed in 10 localities of the municipality of Texcoco, 

mainly in the municipal capital; these localities were selected by their population number, 

since the localities that make up the municipality were hierarchized from highest to lowest 

according to their population density; the questionnaires were administered in February, 

March, and April 2024. The individuals were interviewed in places such as squares, 

neighborhood stores, public markets, shopping centers, and grocery stores, as these are the 

main places where consumers go to buy food, including milk. The selection criterion for the 

individuals was their willingness to complete the questionnaire; although the sample was not 

obtained through a probabilistic process, the data obtained do provide relevant information 

for the phenomenon under study. 

 

The independent variables used to build the model and the survey are described in Table 1. 

The data obtained from the questionnaires were entered into a structured template in an Excel 

spreadsheet. 
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Table 1: Characteristics of the independent variables of the model 

Variable Label Unit of measure Scale of measurement 

Sex SEX Sex 
0 = Male 

1 = Female 

Age AGE Whole number Years completed (18+) 

Schooling SCH School level 

0 = No studies 

1 = Incomplete basic and 

high school level 

2 = Complete basic and high 

school level 

3 = Undergraduate and 

Postgraduate 

Price of milk and 

milk substitutes 
PCM / PMS Pesos 

Price in pesos  

Number of members 

per family  
NMF Whole number 

People who make up the 

family 

Monthly household 

income 
HINC Pesos 

1 = Low (less than 2,100) 

2 = Medium - Low (2,101 to 

5,000) 

3 = Medium (5,001 to 8,500) 

4 = Medium - High (8,501 to 

15,000) 

5 = High (over 15,000) 

 

The statistical analysis was performed using a bivariate Probit or Biprobit regression model, 

an extension of the classical multi-equation regression models, which considers a system of 

equations whose errors are correlated. According to Greene(13), the general specification of a 

model with two equations is represented by formula 3: 

 

[
𝑦1

𝑦2
] = [

𝑥1 0
0 𝑥2

] [
𝛽1

𝛽2
] + [

𝜀1

𝜀2
]                     (3) 

y 

[
𝜀1

𝜀2
] ~𝑁 [(

0
0

) , (
1 𝜌
𝜌 1

)] 

𝐸[𝜀1] = 𝐸[𝜀2] = 0, 

𝑉𝑎𝑟[𝜀1] = 𝑉𝑎𝑟[𝜀2] = 1, 

𝐶𝑜𝑣 [𝜀1, 𝜀2] = 𝜌. 

 

Where: 

𝑦𝑖 : are dependent or explanatory variables, both dichotomous. Where, Y1= the individual 

does or does not consume bovine milk, 0= probability that they do not consume, 1= they do 

consume milk; Y2= the individual consumes or does not consume milk substitutes, 0= 

probability that they do not consume, 1= they do consume substitutes. 
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𝑥𝑗 = are the independent or explanatory variables of the model. Where X1, X2 = matrix of 

independent variables (SEX, AGE, SCH, PCM/PMS, NMF, and HINC) associated with the 

consumption of bovine milk and milk substitutes, respectively. 

𝛽𝑗  = are the parameters that quantify marginal effects. 

𝜀1, 𝜀2 are perturbations or unobservable characteristics that affect the dependent variables and 

that are modeled as correlated. 

 

The assumption that the random perturbations of the equations are correlated allows to model 

those decisions that involve common environments. Incorporating this correlation between 

perturbations enables to obtain more efficient estimators than if each equation were estimated 

separately(14). 

 

For the independent variable price (PRIC) of both dependent variables, a mean imputation 

was applied to the data obtained, as those who do not consume milk or milk substitutes did 

not give any response. Imputation is the process of converting missing data into simulated 

(or probable) data, in order not to interfere or minimize in the best way the impact on the 

expected result(15); by means of a data imputation code generated in the statistical software 

RStudio 4.1.1, the substitute values for the missing data on the price of milk and milk 

substitutes were obtained, resulting in 29.17 and 39.91, respectively. 

 

The predictive value of the estimated model is judged by the Akaike (AIC) value, a measure 

of the relative quality of a statistical model for a given set of data; this method selects the 

best model from a set of models. The model selected in terms of relative quality will be the 

one with the minimum AIC value(16); this parameter was estimated using SAS statistical 

software, version 9.4. 

 

 

Results 

 

 

Initially, an analysis of the relative frequencies of the variables in the survey applied to the 

inhabitants of the municipality of Texcoco, State of Mexico, was conducted (Table 2). 

Seventy-six percent of the interviewees were women, with an age range between 18 and 68 

years and an average age of 34 years. Fifty-three point seven (53.7) percent of the families 

were made up of 3 to 4 members; the income level of 37.6 % of the interviewees was medium 

(from $5,000.00 to $8,500.00), and only 6.5 % stated that they had a high income (more than 

$15,000). This is consistent with what was reported in a study(17), carried out in the same 

municipality, on the willingness to pay for organic products, which found that the average 

income of the sample population was between $4,000.00 and $8,000.00. 
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Table 2: General data of the interviewees 

Item Milk consumers 
Consumers of milk 

substitutes 

Sex: Frequency Percentage Frequency Percentage 

Female 287 74.0 300 78.0 

Male 97 26.0 84 22.0 

Age:     

Average age 34  33  

Schooling:     

No studies 7 1.8 0 0 

Incomplete basic-high 

school education 
22 5.7 62 16.1 

Complete basic-high school 

education 
185 48.1 132 34.3 

Undergraduate and 

postgraduate 
170 44.2 190 49.4 

Members per family:     

1 - 2 80 20.8 56 14.5 

3 - 4 198 51.5 219 57.0 

5 - 6 96 25.0 88 22.9 

7 - 8 10 2.6 21 5.4 

Monthly household income:     

Low (less than $2,100) 14 3.6 75 19.5 

Medium - low ($2,101-

$5,000) 
68 17.7 58 15.1 

Medium ($5,001 - 8,500)  166 43.2 125 32.5 

Medium - high ($8,501 - 

$15,000) 
106 27.6 106 27.6 

High (more than $15,000) 30 7.8 20 5.2 

 

It was found that 66.75 % spend between 24.0 and 50.0 % of family income on food 

consumption; 29.5 % allocate more than 50.0 %; and only 3.15 % of the population allocates 

less than 20.0 % of family income to this item. Fifty-four point four (54.4) percent have no 

restrictions on milk consumption; nevertheless, 45.6 %, represented by people aged 21-65, 

show limitations for its consumption, and one of the leading causes is lactose intolerance 

(15.5 %). Regarding consumers of milk substitutes, 60.6 % said they consumed these types 

of beverages mainly for health reasons. 

 

For milk consumption, when analyzing the estimated coefficients and the probability of 

finding  values of that coefficient  greater than the Z distribution,  which must be less than 

5.0 %, three of the six variables considered were statistically significant, that is, with a Pr 
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(>|Z|) < 0.05; these variables were sex, schooling, and household income. In contrast, for the 

consumption of milk substitutes, the significant variables were sex, schooling, household 

income, age, and the number of members per family. In contrast, variables that were not 

statistically significant were excluded from the model, with a Pr (>|Z|) > 0.05. Table 3 

presents the results of the bivariate Probit model for both milk consumers and milk-substitute 

consumers. 

 

Table 3: Estimates of the coefficients of the bivariate Probit model 

 Bovine milk consumption Consumption of milk substitutes 

Parameter Coefficient Z value Pr (>|z|) Coefficient Z value Pr (>|z|) 

Intercept 1.711739 3.19 0.0014 -0.793649 -1.76 0.0782 

SEX -0.443205 -2.77 0.0056 0.519201 3.00 0.0027 

AGE 0.010702 1.42 0.1546 -0.018855 -3.08 0.0021 

SCH -0.412437 -3.49 0.0005 0.247375 2.31 0.0209 

PRIC 0.000128 0.03 0.9749 0.000472 0.11 0.9157 

NMF 0.075962 1.61 0.1082 -0.117527 -2.47 0.0137 

HINC -0.291608 -3.71 0.0002 0.433316 6.13 <0.0001 

RHO 0.233103 2.55 0.0106 0.233103 2.55 0.0106 

Sex (SEX); age (AGE); schooling (SCH); price (PRIC); number of members per family (NMF), household 

income (HINC); RHO= Spearman's rank correlation coefficient. 

 

Taking the estimates in Table 3 of the significant variables of the Biprobit model for the 

probability of occurrence of the event bovine milk consumption (SEX, SCH, and HINC) and 

consumption of milk substitutes (SEX, AGE, SCH, NMF, and HINC), the following models 

1 and 2 are proposed:  

 

 

Bovine milk consumption 

𝑦1
∗ =  𝐹(1.711 − 0.443𝑆𝐸𝑋 − 0.412𝑆𝐶𝐻 − 0.291𝐻𝐼𝑁𝐶) +  𝜀1, 

                    (1) 

 

 

Consumption of milk substitutes 

𝑦2
∗ =  𝐹(−0.793 + 0.519𝑆𝐸𝑋 − 0.018 𝐴𝐺𝐸 + 0.247𝑆𝐶𝐻 − 0.117𝑁𝑀𝐹

+ 0.433𝐻𝐼𝑁𝐶) +  𝜀2, 

                 

(2) 

F( ) : Represents the function of the normal distribution 

𝐸[𝜀1] = 𝐸[𝜀2] = 0, 

𝑉𝑎𝑟[𝜀1] = 𝑉𝑎𝑟[𝜀2] = 1, 

𝐶𝑜𝑣 [𝜀1, 𝜀2] = 𝜌. 
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As shown, the jointly estimated models are consistent and can be used for prediction. 

According to the value of Rho = 23.31 %, it is observed that both markets are positively 

correlated, that is, both consumers of bovine milk can also consume milk substitutes, and 

vice versa; it may even be that there are some consumers who prefer the consumption of both 

products, as shown in Table 4. 

 

Table 4: Frequencies of consumption of bovine milk and milk substitutes 

Milk substitutes Bovine milk Frequency Percentage 

0 1 65 16.9 

1 0 89 23.2 

0 0 86 22.4 

1 1 144 37.5 

Total 384 100 

0= they do not consume bovine milk or milk substitutes, and 1= they do consume bovine milk or milk 

substitutes. 

 

The signs of the coefficients of each variable indicate the direction in which the probability 

of consumption of both products moves when the explanatory variable increases. For milk 

consumption, the variable schooling (SCH) and the variable household income (HINC) had 

a negative sign in their coefficient, which indicates that with an increase in either of the two 

variables, provided all the others remain constant (ceteris paribus), the probability of 

consumption of bovine milk and vice versa will be lower. This is contrary to the case of milk 

substitutes, where these variables had positive coefficients, which means that, in the event of 

an increase either in schooling or in household income, the probability of consuming milk 

substitutes will also increase, ceteris paribus. 

 

The coefficients obtained for the explanatory variables of the model can be used to quantify 

the marginal effects that they have on both consumptions. Marginal effects indicate the 

proportion to which the probability of consumption of both bovine milk and milk substitutes 

will be affected when one of the explanatory variables changes and the other variables remain 

constant (Table 5). 
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Table 5: Marginal effects 

Variable Bovine milk consumption 
Consumption of milk 

substitutes 

SEX -0.1149 0.1610 

AGE 0.0037 -0.0058 

SCH -0.1446 0.0767 

PRIC 0.00004 0.0001 

NMF 0.0266 -0.0364 

HINC -0.1022 0.1343 

Sex (SEX); age (AGE); schooling (SCH); price (PRIC); number of members per family (NMF); family 

income (HINC). 

 

The marginal effect for the variable gender indicates that, if the female sex increases by 1 %, 

while all other variables remain constant, the probability of consuming bovine milk will 

decrease by -0.1149; in contrast, the consumption of milk substitutes will increase by 0.1610. 

 

The variable household income (HINC) has a marginal effect of -0.1022 for the consumption 

of bovine milk and 0.1343 for the consumption of milk substitutes, which indicates that in 

the face of a 1 % increase in their income, consumers decrease or increase their consumption 

of milk or milk substitutes in those proportions, respectively. 

 

Finally, it is necessary to highlight that the research generated specific information on the 

behavior of consumers of bovine milk and milk substitutes in the municipality of Texcoco, 

State of Mexico. According to the study’s results, the female sex discourages the probability 

of consuming bovine milk; likewise, schooling and family income limit it. The opposite is 

true for milk substitutes, where the female sex encourages their consumption, as do schooling 

and household income; on the other hand, age and the number of members per family 

discourage it. 

 

 

Discussion 

 

 

González(18) mentions that milk consumption in Mexico is three times lower than in the 

United States, and that Mexican daily per capita consumption is 250 ml, which is low 

compared to countries such as the Netherlands (900 ml), the United States (740 ml), or New 

Zealand (600 ml). In addition, only 4.9 % of national production is marketed unpasteurized 

(raw). 
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The reasons why the interviewed population said they did not consume bovine milk were 

dislike for milk (11.5 %), following a diet (8.0 %), medical recommendation (6.25 %), or 

another (3.25 %), such as allergy to the consumption of bovine milk; in this regard, 

Menghi(19) found that this type of impact has been increasing in the general population. 

Varela(20) mentions that milk can help prevent certain diseases, but it can also cause them, 

such as lactose intolerance or allergy to bovine milk protein, pathologies that are increasingly 

common today and whose symptoms are similar and can be confused. 

 

The highest frequency of consumption of milk substitutes was 1 to 2 times a week (56 %), 

and the main reason for consuming these types of drinks is for taste (49 %), that is, by one’s 

own decision, and for medical recommendation or illness, as is the case of lactose intolerance 

(25 %). This coincides with Prytulska et al(21), who conducted a survey of 436 people in 

Ukraine for a study on consumer preferences in the market of plant-based milk analogues; 

they found that  37.7 % of  respondents  consume plant-based  drinks regularly,  whereas 

47.7 % consume them occasionally, and about 15 % of them have never consumed them. 

According to Silva et al(22), a growing number of consumers have chosen to consume plant-

based bovine milk substitutes for medical reasons, such as allergy to bovine milk protein, 

lactose intolerance, or as a lifestyle choice. In addition, it has been mentioned that the rise of 

these types of drinks is related to the growing trend of following vegan diets, which causes a 

decrease in dairy consumption(19). 

 

One of the variables that determined the probability of consuming milk in the municipality 

of Texcoco was sex, which was defined as 1 if it was a woman and as 0 if it was a man; this 

variable had a coefficient with a negative sign. This indicates that it is women who are willing 

to consume less milk. In a study, the Spanish Nutrition Foundation [FEN](23) differentiated 

consumers by sex and found that women are the primary consumers of bovine milk and dairy 

products; a result that is the opposite of that found in this study. 

 

In the case of the consumption of milk substitutes, considering the sign of the estimated 

coefficient for the variable gender, it is observed that it is women who most consume milk 

substitutes, which coincides with the results of Prytulska et al(21), who found that the 

consumption of plant-based drinks by women (52.4 %) is higher than that of men (47.6 %); 

results that were obtained from a survey of 436 people carried out between 2019 and 2020 in 

Ukraine. 

 

In this study, schooling (SCH) had an inverse relationship with the consumption of bovine 

milk and a direct relationship with the consumption of milk substitutes; that is, the higher the 

schooling, the lower the probability of consuming milk, but the greater the probability of 

consuming milk substitutes. Similar results were found by Valencia, Mora, and Martínez(24), 

who found that schooling influences the consumer when deciding to buy and consume bovine 

milk, as well as when choosing the milk brand to buy. 
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Household income (HINC) was another variable that negatively affected the probability of 

bovine milk consumption, but it had a positive effect on the probability of consuming milk 

substitutes. This indicates that consumers with higher incomes tend to reduce milk 

consumption; in contrast, people with higher incomes can increase the consumption of milk 

substitutes. Some research(25) indicates that families with greater purchasing power have a 

greater advantage in deciding on their consumption (milk or milk substitutes). 

 

Other factors analyzed were age (AGE), price (PRIC), and number of members per family 

(NMF); they were not significant in the case of milk consumption; on the other hand, for the 

consumption of milk substitutes, the variables age and number of members per family were 

relevant with a positive impact, but this was not the case for the price; this is because, it is a 

cross-sectional study, since, being a survey, there is no variability in the price, so the price 

was not statistically significant. This is similar to the results of Valencia et al(26), who found 

that, in Mexico City, the price of milk and income were not significant, but the size of the 

families was relevant. 

 

Given the results of the models and the percentage of milk consumers (43.2 %) and the 

proportion of those who consume milk substitutes (32.5 %), it is observed that in the future 

milk consumption will continue to decrease; on the contrary, the consumption of milk 

substitutes, or better known as plant-based drinks, will gradually increase. 

 

 

Conclusions and implications 
 

 

The study concludes that the consumption of bovine milk and the consumption of milk 

substitutes are positively correlated; that is, the consumer can choose one or the other 

product; however, milk consumption is decreasing, and milk substitute consumption is 

increasing. The consumption of milk substitutes and the factors that condition it in relation 

to milk consumption were characterized for the first time. The main variables that discourage 

the consumption of bovine milk are female sex, schooling, and household income, whereas 

in the case of the consumption of milk substitutes, they encourage it. Based on the hypothesis 

raised, it is proven that income is an essential factor in the consumption of both products, and 

that price does not influence the decision to consume them. For future research, it is 

recommended to conduct more detailed studies by consumer strata in relation to age and sex. 
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