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Abstract: In these times, consumers mistakenly believe that the terms “expiration date” and “best
before” found on packages only convey information about food safety. The first term refers to
microbiology quality and the second term to organoleptic quality. Consequently, a
misunderstanding of these terms contributes to food waste. In this sense, the understanding and
behavior of the consumer with respect to the two terms were evaluated; in addition, the consumer's
perception of the health risks of consuming expired food was analyzed. The research was carried
out with the population of the sector of Lurigancho-Chosica, Lima — Peru; sample size was 555
participants. An online survey was sent to consumers over 18 years of age, from different
sociodemographic and socioeconomic conditions. In general terms, it was found that 45% (p <0.01)
consider that both terms mean the same thing, this result is a problem for food safety. The 67% (p
<0.05) and 45% (p <0.05) correctly defined the first and second terms, respectively; however, the
behavior is not coherent with the understanding of the terms. In addition, irrational and dangerous
behavior toward expired food was evidenced, i.e., they consume expired food - "expiration date", and
discard expired food - "best before". Finally, the health risks they perceived from consuming expired
foods of both terms were: upset stomach, vomiting, gas, intoxication, and malnutrition; these
perceptions are erroneous and unfounded. Sociodemographic and socioeconomic conditions
influence the understanding, behavior, and perception of health risks. In conclusion, the level of
understanding of the terms was low (p<0.01), the behavior was inappropriate toward expired food
(p<0.01), and the perception of the health risk of consuming expired food was incorrect (p<0.01); in
this sense, it is necessary promoting the differentiation of the terms “expiration date” and “best before”.

Keywords: expiration date; best before; consumer understanding; consumer behavior; consumer
perception of health risk; expired food.

1. Introduction

Currently, many countries waste food products (processed, and minimally processed) for
different reasons, being the main reason for food with expired dates for human consumption, thus
generating scarcity of food and food insecurity. In this regard, the Food and Agriculture Organization
of the United Nations reported that every year the food is wasted in large volumes, exceeding 100
million tons on average. Likewise, it is shown that developed countries are responsible for 56% of the
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food lost worldwide while developing countries are responsible for 44% [1]. In general terms,
developed countries waste most of their food in the consumption stage, while developing countries
suffer these losses in the production and consumption stage [2,3].

According to Kavanaugh and Quinlan [4] and Davenport et al. [5], consumers decide to discard
food for different reasons, such as the excessive purchase of food, food with expiration dates close to
expiration, incorrect interpretation of the different types of terms related to expiration dates (e.g.,
“expiration date” and “best before”) found on food packaging or labels [4,5]. With respect to the last
point, consumers often mistakenly believe that the terms "expiration date" and "best before" only convey
information about the safety food. Thus, the “expiration date” refers to microbiology quality and “best
before” term to organoleptic quality.

The confusion of the consumer about the interpretation of the different types of expiration date
labels that exist in the world contributes to the generation of food waste, which mostly occurs in
homes, this carries a social, economic, and environmental problem, which is increasing as the years
go by [4], Zielinska et al. [6], and Neff et al. [7], mentioned that an incorrect interpretation of
expiration dates leads to not consuming food; they also pointed out that consumers discard food
products when these approach the expiration date [8,9]. In addition, Kavanaugh and Quinlan [4]
concluded that these problems that consumers have with interpreting, understanding, and knowing
about the different types of expiration date labeling arise due to a lack of education.

Currently, in the market there are various ways of labeling the expiration date of a food product,
being the labels "expiration date" and "best before" of greater importance, also these labeling generate a
lot of confusion to consumers [10]. The term "expiration date" refers to the fact that the food product is
microbiologically altered after its expiration date, while the term "best before" refers to the fact that the
food product is not microbiologically altered, but its organoleptic quality may be altered depending
on storage conditions, once that its expiration date has expired [11,12]. For such reasons, a lack of
understanding of the expiration date can pose a threat to health; a lack of understanding of the best
before can lead to food waste [13,14].

Thus, it is important to know in detail, the degree of understanding of these terms regarding the
expiration date, the behavior towards expired food, and the perception of health risks for consuming
expired food, of the different types of consumers (gender, age, economic income, level of education),
to help solving food waste problems. Many developing countries, do not have enough food to feed
their population, generating problems of food insecurity; in consequence, these needs could be
covered with all that amount of food that is wasted, year after year [15-18].

Thus, the importance of the investigation is mainly in promoting the differentiation of the terms
“expiration date” and “best before”. Therefore, the objectives of this research were: to evaluate the
consumer's understanding of the expiration dates indicated on packing; identify consumer behavior
toward expired food and know the consumer's perception of the health risks of consuming expired
food.

2. Materials and Methods

2.1. Survey structure

The survey was designed based on the methodology reported by Ankiel and Samotyja[13],
Madilo et al. [12] and Kavanaugh and Quinlan[4], with the adjustments and modifications according
to the present investigation. The survey was structured based on 13 questions (Supplementary 1),
around the labeling of expiration dates found on the packaging or labels of food products. It was
worked with two types of terms: "expiration date" and "best before". It was worked with four similar
foods, sensitive to deterioration, and basic for human consumption so that the consumer can easily
recognize them and objectively differentiate them by each category. Two foods in the category
"expiration date", with the following characteristics: high risk to public health, and sensitivity to
microbiological deterioration, such as fresh milk and eggs. Two foods in the category "best before",
with the following characteristics: lower risk to public health, and sensitivity to organoleptic changes
due to storage conditions, such as UHT milk and mayonnaise (made from eggs). The questionary
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was divided into three sections: consumer understanding of the terms, consumer behavior regarding
expired food products, and consumer perception of health risk for consuming expired food products.

2.2. Sample and size determination

The research was carried out with the population of the sector of Lurigancho-Chosica, Lima -
Peru, with the following characteristics: people over 18 years of age, and people who buy food
products in authorized commercial centers. For the selection of the sample, the simple random
sampling technique was used, so that each individual in the population had the same probability of
being selected. The sample size was determined using the equation:

Z%.p.q.N
"N —D+2%pq 1)
where: n: sample size; N: size of the population (240,814 inhabitants, according to the latest
Population and Housing Census of 2017 carried out by the National Institute of Statistics and
Informatics - INEI); Z (96%): Z critical value at the confidence level 96% (2.06); p: probability that the
event occurs (0.7); q: probability that the event does not occur (0.3); e: estimation error (0.04).

The calculated sample size was 555 participants (n=555); therefore, with this number of people

it was worked in the investigation.

2.3. Survey management

The survey was administered and organized online through the website www.encuesta.com.
The survey was conducted between the months of May and July 2021, online. The questionary was
sent to 555 people with different sociodemographic (gender and age) and socioeconomic conditions
(monthly income and level of education). Participants were carefully selected at random, in shopping
malls. The shopping malls have control over the expired dates of products. Each participant was
asked for her email address. The survey was provided to each participant online via her email
address. The range of sociodemographic and socioeconomic characteristics were gender (men,
women), age (18-24, 25-39, 40-55, >55 years old), monthly salary (< $396, $396 - $790, $791- $1316,
$1317-$1842, > $1842), and level of education (completed high school, university student,
bachelor/graduate, master/doctorate), as detailed in Table 1.

Table 1. Sociodemographic and socioeconomic characteristics of the respondents.

Characteristics n %
Gender
Men 276  49.7
Women 279 50.3
Age (years old)
18-24 209 377
25-39 215 387
40-55 101 18.2
>55 30 5.4
Monthly salary ($)
<396 246 443
396-790 199 359
791-1316 56 10.0
1317-1842 27 4.9
> 1842 27 49

Level of education
Completed high school 122 22.0
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University student 188 339
Bachelor/graduate 191 34.4
Master/doctorate 54 9.7

n: sample size (n=555).

2.4. Statistical analysis

From the data obtained, a Chi-square statistical analysis was carried out to search for significant
differences between the different sociodemographic and socioeconomic variables of the participants
regarding the understanding of the labeling of expiration dates, the behavior towards expired foods
and the perception of health risk by consuming expired food. Significance analysis of the data were
performed with values of p < 0.05, p < 0.01, and p < 0.001, for each parameter. The analyzes were
performed using the statistical package IBM SPSS Version 25 (IBM®, SPSS®).

3. Results and discussion
3.1. Understanding the terms “expiration date” and “best before”

3.1.1. Importance of verifying the terms

The respondents considered it more important to verify the "expiration date" than "best before"
when making the purchase of food products (Table 2); probably, this is due to needing to know when
the product will expire. The results obtained in this research agree with Madilo et al. [12], who noted
that 85.9% of the participants rated the expiration date as the most important, followed by the date
of manufacture (74.8%), and the health warning (74.2%). Similarly, Zielinska et al. [6] mentioned that
the price and expiration date were more important for consumers when making a purchase decision.
Likewise, Azila-Gbettor et al. [19] and Chan et al. [20] pointed out that consumers first review the
expiration date, then the nutritional information, and finally the instructions for use.

Table 2. Importance of verifying the terms of expiration date labels.

"expiration date" "best before"
Characteristics Yes No Not know P-valuea Yes No Not know P-valuea
n (%) n (%) n (%) n (%) n (%) n (%)
Gender 0.000 0.232
Men 152 (55.1%) 95 (34.4%) 29 (10.5%) 119 (43.1%) 142 (51.4%) 15 (5.4%)
Women 252 (90.3%) 14 (5%) 13 (4.7%) 105 (37.6%) 163 (58.4%) 11 (3.9%)
Age (years old) 0.001 0.351
18-24 145 (69.4%) 45 (21.5%) 19 (9.1%) 77 (36.8%) 125 (59.8%) 7 (3.3%)
25-39 153 (71.2%) 51 (23.7%) 11 (5.1%) 95 (44.2%) 110 (51.2%) 10 (4.7%)
40-55 88 (87.1%) 5 (5%) 8 (7.9%) 43 (42.6%) 51 (50.5%) 7 (6.9 %)
>55 18 (60%) 8(26.7%) 4(13.3%) 9 (30%) 19 (63.3%) 2 (6.7%)
Monthly salary ($) 0.034 0000
<39 164 (66.7%) 62 (25.2%) 20 (8.1%) 58 (23.6%) 179 (72.8%) 9 (3.7%)
396-790 157 (78.9%) 31 (15.6%) 11 (5.5%) 98 (49.2%)  95(47.7)  6(3%)
791-1316 46 (82.1%)  5(8.9%) 5 (8.9%) 36 (64.3%) 18 (32.1%) 2 (3.6 %)
1317-1842 16 (59.3%) 7 (25.9%) 4 (14.8%) 16(59.3%) 8(29.6%) 3 (11.1%)
> 1842 21 (77.8%) 4 (14.8%) 2 (7.4%) 16(593%) 5(185%) 6 (22.2%)
Level of education 0.000 0.000
Completed high school 61 (50%) 31 (25.4%) 30 (24.6%) 19(156%) 93 (76.3%) 10 (8.2 %)
University student 114 (60.6%) 67 (35.6%) 7 (3.7%) 33(17.6 %) 150 (79.8%) 5 (2.7 %)
Bachelor/graduate 175 (91.6%) 11 (5.8%) 5 (2.6%) 135 (70.7%) 47 (24.6 %) 9 (4.7 %)
Master/doctorate 54 (100%) 0 (0%) 0 (0%) 37 (685 %) 15(127.8%) 2(3.7%)
TOTAL 404 (72.8%) 109 (19.6%) 42 (7.6%) 224 (404%) 305 (55%) 26 (4.7)

a Chi-square test for homogeneity of proportions among categories of each characteristic.
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In relation to the people's sociodemographic characteristics: women (90.3%), 40-55 years of age
(87.1%), monthly incomes of $791- $1316 (82.1%), and master/doctorate (100%), considered it more
important to verify the "expiration date"; also, all these sociodemographic characteristics were
statistically significant (p<0.05). These results were similar to those found by Zieliriska et al. [6], who
mentioned that women and people with higher education check the expiration date more often than
men and people with secondary education, respectively.

Of the total number of respondents, 55% do not considered it important to verify "best before"
when purchasing food products; likewise, 58.4% of women, 72.8% with monthly income <$396, and
79.8% of university students do not consider it important to verify "best before" and this probably is
due to a lack of interest and knowledge about the term. Statistical analysis showed that gender was
not statistically significant, while monthly income and level of education were statistically significant
(p<0.05).

Hall-Phillips and Shah [10] reported that people do not consider it important to check for various
reasons such as it is not visible, the letter is too small, the date is blurred, and the date imprint is
different on each food package. In another way, consumers are confused by the different ways of
labeling the expiration dates on the product packaging or label [9,21]. Beneke et al. [22], indicated
that consumers buy food products without verifying the expiration dates, due to an excess of
confidence in the shopping center. In this sense, the lack of interest in reading food labels during a
purchase is a major problem that contributes to environmental pollution and food insecurity.

3.1.2. Interpretation the terms

45% of the total participants mentioned that the terms "expiration date" and "best before" mean
the same thing, and 8.5% do not know (Table 3). Therefore, it can be inferred that the respondents
have difficulty differentiating both terms, being this a very serious problem for health, waste food,
and food safety. Additionally, Zielinska et al. [6] found that almost half of their respondents do not
clearly interpret the terms of expiration dates, they also pointed out that one in five people have
difficulties to answer that type of question. Women (55.2%) had more interpretation criteria about
the terms "expiration date" and "best before" than men (37.7%). Similarly, people with a higher level
of education (66.7%) interpreted both terms better than people with a lower level of education
(23.8%). In addition, the gender and education variables were statistically highly significant (p<0.001).

Whit respect to the definition of the terms, 66.8% of the total of respondents correctly answered
the definition of "expiration date". In addition, 78.5% of women, 79.2% of participants with 40-45
years, 92.6% with monthly income of $1317-$1842, and 90.7% with a master/doctorate correctly
answered the definition of "expiration date." Furthermore, according to the statistical results, gender,
age, monthly incomes, and level of education were statistically significant (p<0.01). The results agree
with Toma et al. [8] and Van Boxstael et al. [23], also these authors mentioned that there is a strong
relationship between age and knowledge. However, 47.6% incorrectly answered the definition of
"best before", and 7.7% could not define the terms; likewise, in this group were man, younger
participants, people with less monthly income, and university students. Therefore, it can be inferred
that more than 50% of the respondents have difficulties in defining the meaning of "best before",
being a serious problem that could contribute to the generation of food waste. This is probably due
to a lack of knowledge of the importance of expiration dates on food products. These results agree
with those reported by Zielinska et al. [6] and Neff et al. [7], these authors reported that the majority
of their respondents erroneously answered this term.

Thus, there is a problem with the interpretation and definition of both terms, as shown by Wilson
et al. [14]; likewise, Hall-Phillips and Shah [10] concluded that interpreting and defining the meaning
of: "expiration date" and "best before", is a major challenge for consumers when buying, and
sometimes they make wrong decisions that lead to food waste.
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Table 3. Interpretation of the terms of expiration date labels.

"expiration date” and “best before” have the same meaning,. Definition of “best before”

Not

Definition of “expiration date”

Characteristics Yes No

Notknow  P-valora Right Wrong kll\i((:‘t,v P-valora Right Wrong Know P-valora
n (%) n (%) n (%) n (%) n(%) n(%) n%) n%)  n(%)
Gender 0.000 0.000 0.007
Men 149 (54%) 104 (37.7%) 23 (8.3%) 152 (55.1%) 113 (40.9%) 11 (4%) 105 (38%) 148 (53.6%) 23 (8.3%)
Women 101 (36.2%) 154 (55.2%) 24 (8.6%) 219 (78.5%) 53 (19%) 7 (2.5%) 143 (51.3%)116 (41.6%) 20 (7.2%)
Age (years old) 0.102 0.000 0.052
18-24 93 (44.5%) 102 (48.8%) 14 (6.7%) 128 (61.2%) 78 (37.3%) 3 (1.4%) 98 (46.9%) 101 (48.3%) 10 (4.8%)
25-39 109 (50.7%) 90 (41.9%) 16 (7.4%) 142 (66%) 66 (30.7%) 7 (3.3%) 100 (46.5%)100 (46.5%) 15 (7%)
40-55 36 (35.6%) 53 (52.5%) 12 (11.9%) 80 (79.2%) 18 (17.8%) 3 (3%%) 40 (36.9%) 49 (48.5%) 12 (11.9%)
>55 12 (40%) 13 (43.3%) 5 (16.7%) 21 (70%) 4 (13.3%) 5 (16.7%) 10 (33.3%) 14 (46.7%) 6 (20%)
Monthly salary ($) 0.194 0.005 0.032
<39 118 (48%) 100 (40.7%) 28 (11.4%) 145 (58.9%) 91 (37%) 10 (4.1%) 89 (36.2%) 133 (54.1%) 24 (9.8%)
396-790 89 (44.7%) 98 (49.2%) 12 (6%) 141 (70.9%) 53 (26.6%) 5 (2.5%) 98 (49.2%) 90 (45.2%) 11 (5.5%)
791-1316 24 (42.9%) 28 (50%) 4(7.1%) 40 (71.4%) 16 (28.6%) 0 (0%) 28 (50%) 24 (42.9%) 4 (7.1%)
1317-1842 8 (29.6%) 17 (63%) 2 (7.4%) 25(92.6%) 1(3.7%) 1(3.7%) 17 (63%) 8 (29.6%) 2 (7.4%)
> 1842 11 (40.7%) 15 (55.6%) 1 (3.7%) 20 (74.1%) 5 (18.5%) 2 (7.4%) 16 (59.3%) 9 (33.3%) 2 (7.4%)
Level of education 0.000 0.000 0.000
Comz’i;tsghlgh 69 (56.6%) 29 (23.8%) 24 (19.7%) 74 (60.7%) 36 (29.5%) 12 (9.8%) 35 (28.7%) 64 (52.5%) 23 (18.9%)
University student 98 (52.1%) 74 (39.4%) 16 (8.5%) 84 (44.7%) 101 (53.7%) 3 (1.6%) 53 (28.2%) 123 (65.4%) 12 (6.4%)
Bachelor/graduate 65 (34%) 119 (62.3%) 7 (3.7%) 164 (85.9%) 26 (13.6%) 1 (0.5%) 125 (65.4%) 60 (31.4%) 6 (3.1%)
Master/doctorate 18 (33.3%) 36 (66.7%) 0 (0%) 49 (90.7%) 3 (5.6%) 2 (3.7%) 35 (64.8%) 17 (31.5%) 2 (4.7%)
TOTAL 250 (45%) 258 (46.5%) 47 (8.5%) 371 (66.8%) 166 (29.9%)18 (3.2%) 248 (44.7%)264 (47.6%) 43 (7.7%)

2 Chi-square test for homogeneity of proportions among categories of each characteristic.
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3.1.3. Reading frequency and reasons for not reading the terms

Figure 1A shows that 66.7% of women, 66.5% of university students, and 66.5% of
bachelor/graduate, always read the “expiration date”. Similarly, Neff et al. [7], mentioned that people
with a university education show greater interest in reading the "expiration date". Thus, these results
are probably related to the time factor, since students could have more time to review the labels of
food products due to what they have not many responsibilities as a family, house, and work; in this
sense, they can read with more patient. From the statistical analysis, it was concluded that gender,
age, and monthly income were not statistically significant (p > 0.05), unlike the education variable,
which was highly significant (p<0.001).
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Figure 1. Reading frequency of “expiration date” (A); reading frequency of “best before” (B); reasons for
not reading “expiration date” (C); reasons for not reading “best before” (D). Note. a: women; b: men;
:18-24 years old; d: 25-39 years old; e: 40-55 years old; f: >55 years old; g: < $396; h: $396-$790; i:
$791-$1316; j: $1317-$1842; k: > $1842; 1: completed high school; m: university student; n:
bachelor/graduate; o: master/doctorate. Chi-square test for homogeneity of proportions among
categories of each characteristic: *** p <0.001; ** p <0.01; * p < 0.05.

On the other hand, in relation to "best before", 65.1% of 18-24 years old, 61.3% of
bachelor/graduate, always read, and 50% of people over 56 years of age do not read (Figure 1B),
possibly this last is due to their age; also, it probably is due to the idiosyncrasy of reading too.
According to statistical results, age and education were significant (p <0.05). In general, women were
more committed to reading the expiration dates (“expiration date” and “best before”) than men,
similar results were found by Kavanaugh and Quinlan [4]. Probably, this result indicated that women
have a greater commitment to their family's health.

Majorly, the consumers don't read the “expiration date” for lack of time (Figure 1C). Also, the
consumers mentioned that the numbers and letters are not visible easily. In addition, 23.1% of people
over 56 years of age answered that not interested to read “expiration date”. Thus, a lack of interest
could lead to food waste and food insecurity. The variables gender and monthly income were not
significant (p > 0.05), while age and education were statistically significant (p <0.05). In the same way,
it is observed in Figure 1D, that the lack of time, letters not visible, and lack of interest, were the
reasons for not reading "best before". Another reason for not reading was that consumers do not
understand the term. Prieto et al. [24] found that lack of time (38.9%), lack of interest (27.1%),
difficulty reading (18.1%), and difficulty understanding (8.3%) were the main reasons for not reading
the expiry dates. These situations could affect the well-being of the population. In consequence, time
is a factor so important during the buy of products. Also, the lack of consumer education leads to
them not reading the expiration dates.

3.2. Consumer behavior towards expired food

The selected expired food products were four (Supplementary 1: questions 10 and 11), two with
the label "expiration date" (Fresh milk and eggs) and two with the label "best before" (UHT milk and
mayonnaise) (Figure 2); these four products had the following characteristics: containers or closed
packages in good condition and legible labels.
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Figure 2. Consumer behavior towards expired food: fresh milk (A); eggs (B); UHT milk (C);
mayonnaise (D). Note. a: women; b: men; c:18-24 years old; d: 25-39 years old; e: 40-55 years old; f:
>55 years old; g: < $396; h: $396-$790; i: $791-$1316; j: $1317-$1842; k: > $1842; 1: completed high school;
m: university student; n: bachelor/graduate; o: master/doctorate. Chi-square test for homogeneity of
proportions among categories of each characteristic: *** p <0.001; ** p <0.01; * p < 0.05.

As above to term "expiration date". Fresh milk (Figure 2A); 68.8% of women, 65.3% of people 40-
55 years old, 81.5% of people with monthly income >$1842, and 90.7% of people with a
master/doctorate, had the behavior of discarding the expired product. From the statistical analysis,
all variables were significant. The gender, age, and education were highly significant (p < 0.001).
Therefore, it was observed that the majority of consumers chose to discard the expired product. This
was probably due to the fear factor of consuming an expired product. Another possible reason could
be the product type. Similarly, Van Bockstael et al. [23] mentioned that 40% of the respondents stated
to discard milk with an expired date; in relation to this, Samotyja and Sielicka-Rézynska [25]
indicated that milk rejection is strongly influenced by its odor when it is an expired product. As
above, a lower percentage of consumers had the behavior of consuming an expired product. Another
percentage of consideration had the behavior of processing (i.e., mixing, and cooking with other
foods), testing, and consuming the expired product. However, it is not reasonable and sensible, to
taste or process this type of expired food, as mentioned by Melini et al. [26]. Fresh milk is a sensitive
product and requires many safety and storage conditions to maintain its microbiological quality [27].

From the results, regarding the egg (Figure 2B), more than 60% of the total respondents had the
behavior of discarding the product. Women (79.6%), people with monthly income >$1842 (88.9%),
and people with a master/doctorate (92.6%), had a behavior of discarding this expired product. The
gender and level of education were highly significant (p < 0.001). Women discarded more expired
food than men; in this sense, women show rational behavior and have greater criteria to discard
expired food with the term "expiration date". Women perform a better discard procedure for this
expired food than men [28-31]. These results show that people with higher education had a rational
and sensible behavior with respect to this type of expired product; possibly because the egg is a highly
perishable food, and it can be contaminated with different pathogens, at any stage of the production
chain [32,33]. Likewise, Feddern et al. [34], mentioned that the internal quality of the egg decreases
as the storage time progresses. Likewise, Ankiel and Samotyja [13], mentioned that the only
reasonable behavior for consumers is to discard this type of food.

Regarding UHT milk with the term "best before" (Figure 2C), 65% on average, of women and
men, had the behavior of discarding the product. Likewise, it was no significant difference (p > 0.05)
in relation to gender. However, the variables of monthly income and level of education had a
significant effect on the behavior of discarding expired food. In general terms, more than 50% of those
surveyed had the behavior of discarding the expired product. Possibly, this consumer behavior was
due to fear of consuming an expired product. According to Melini et al. [26], UHT milk is a product
that has been subjected to a sterilization process at 135-150°C, for 1-4 seconds; also, this type of
product is aseptically packaged, it is even called a commercially sterile product. Therefore, the
consumer's behavior of discarding is irrational and senseless due to that these products could be
reprocessed to be consumed. In another way, the principal change caused by reprocessing is the
organoleptic aspect of the product.

From the results, regarding mayonnaise (Figure 2D), 72.1% of the men had the behavior of
discarding the product. The gender variable had a significant effect (p < 0.01) on the behavior of
discarding. Regarding the other variables, the monthly income and level of education were also
significant, unlike the age variable, which was not significant (p > 0.05). Level of education variable
was highly significant (p <0.001). University students (83.5%) and people with completed high school
(78.7%) had the behavior of discarding expired products. These results were very high; thus, it could
infer that the lack of education causes food waste. Gorji et al. [35] mentioned that mayonnaise is a
relatively safe product, due to its acidic pH (around 4.8); likewise, Mirzanajafi-Zanjani et al. [36]
indicated that this type of product is manufactured and designed with special techniques, such as:
reduction of oxygen concentration, use of packaging with good light barrier properties, and the use
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of antioxidants, to avoid loss of its quality. For such reasons, and in relation to outcomes of this
investigation, discarding expired product is not justified; thus, the behavior of consumers to discard
would not be correct, due to that these foods could be used in another way (e.g., mixing and cooking
with other foods) to be consumed.

Zielinska et al. [6], investigated the microbiological, physical-chemical and sensory quality,
before and after the expiration date "best before" of the products: UHT milk and mayonnaise; in their
results they found that the products are safe from the microbiological point of view and do not
represent any risk to health. However, these products could lose sensory qualities (change in smell,
consistency and taste). In addition, the products could be consumed safely, even 6 months after their
expiration date, without causing health risks. In relation to this topic, Trzaskowska et al. [37]
concluded that the most appropriate behavior is to try and then consume the product if it is
appetizing; additionally, they mentioned that discarding these products is irrational and senseless.
In this sense, conscious consumption policies and better education of the population must be adopted
to avoid discarding them. Additionally, Ankiel and Samotyja [13], mentioned that the consequences
of irrational consumer behavior are associated with the generation of food waste.

3.3. Health risks for consuming expired food

For expired products with the term "expiration date" (Figure 3A), approximately more than 35%
of the respondents answered the alternative "all of the above", i.e., the perception of consumers by
consume expired products would cause stomach upset, vomiting, gas, intoxication, and malnutrition.
Likewise, none of the respondents answered the alternative "none of the above". In addition, in
approximately 44% of women and men had low knowledge about health risks; also, the gender and
monthly income were not statistically significant (p > 0.05). In contrast, the variables age and level of
education were statistically significant (p < 0.05). Thus, these results shown low level of knowing
about health risks. Samotyja and Sielicka-Roézynska [25] indicated that consumers should be aware
of the health risks by consuming expired food products with the term “expiration date”; also, they
mentioned that all these risks are due to the growth of microorganisms within the expired product
[38—41]. Therefore, the education for consumers about health risks is a fundamental homework. The
education (highly significant, p < 0.001) had a predominant effect on perception the health risks by
consuming expired food; in this regard, Toma et al. [8], mentioned that consumers check the
expiration date of food to assess whether it is safe or not for their health; also, they indicated that
consumers reject the product with passed expiration date or do not have the expiration date clearly
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Figure 3. Health risks for consuming expired food: “expiration date” (A), “best before” (B). Note. a:
women; b: men; c:18-24 years old; d: 25-39 years old; e: 40-55 years old; f: >55 years old; g: < $396; h:
$396-$790; i: $791-$1316; j: $1317-$1842; k: > $1842; 1: completed high school; m: university student; n:
bachelor/graduate; o: master/doctorate. Chi-square test for homogeneity of proportions among
categories of each characteristic: *** p <0.001; ** p <0.01; * p < 0.05.

As above with the term "best before". Figure 3B shows that 35.1% of men, 31.5% of women, and
51.9% of people with monthly incomes > $1842 answered the alternative “all of the above”, i.e.,
consuming expired products would cause stomach upset, vomiting, gas, intoxication, and
malnutrition. Also, the results show that men and women do not clearly differentiate the health risks
by consuming expired products. Food products, under the term "best before", with passed expired
date, remain safe for consumption, from a microbiological point of view, and only their sensory
characteristics should determine their acceptability for consumption. Also, consumers are often
confused about the different expiration date terms; in consequence, they tend to discard expired
foods [42].

Therefore, from the results obtained, it could infer that consumer do not know the exact risks
caused by consuming expired food with the term "best before". Thus, this contributes to food waste
and food insecurity. Likewise, correct consumer perception of the health risks associated with expired
food will reduce food waste, as indicted by Ankiel and Samotyja [13]. Also, these types of expired
foods with the term "best before" could be consumed without nothing risk to health. Consumers
should not waste these foods.

Expired foods are easy to contaminate due to that their components (proteins, lipids, and
carbohydrates) are more susceptible to changes in temperature, and humidity, due to the
decomposition process; thus, these expired foods must be manipulated with more care; likewise,
Gizaw [43] indicated that poor hygiene or handling of the food may generate contamination to foods
[40,44,45]. Chan et al. [20] mentioned that these problems occur mostly in places where there is no
education on the topic of risk to health. Melbye et al. (2016) mentioned that food safety policies play
an important role in these points. Thus, a good food safety policy and education on the handling of
expired food ("best before") will prevent health problems, food waste, and lack of food, in the
countries.

4. Conclusions

Approximately 73% of the total number of respondents consider it important to verify the
“expiration date" and 40% consider it important to verify "best before". Forty-five percent of all those
surveyed consider that both terms mean the same thing. Sixty-seven percent and forty-five percent
of the total number of respondents correctly identified the definitions of "expiration date" and "best
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before", respectively. In this sense, there is difficulty to punctually differentiate the meaning between
both terms of expiration dates. Therefore, the level of understanding of the terms by the respondents
is low. Respondents do not read due to lack of time, and it is not easily visible. Also, expiration dates
are not found quickly due to a lack of visibility and clarity. Therefore, they are not aware that expired
food products with the term “expiration date” cannot be consumed, while expired food products with
the term “best before” can be consumed and it should not be wasted or thrown away to garbage. The
health risks perceived by those surveyed for consuming expired food under the term "expiration date"
are upset stomach, vomiting, gas, intoxication, and malnutrition. Unfortunately, these risks are also
perceived in expired food products under the term "best before". In the latter case, the perception of
danger to health is unfounded and without any knowledge. However, despite the perceived health
risk, consumers show a lack of consistency in their behaviors towards expired foods. Thus, it is
necessary to include the need for training and educational policies in the theme.
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