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1. Introduction

beekeepers nationally as well as locally. An specific kind of social organization
for Mexican Beekeepers is the cooperative society figure, which is formed by
persons based on common interests and on the principles of solidarity, self-effort
and mutual aid, with the purpose of satisfying individual and collective needs,
through the performance of economic activities of production, distribution and
consumption of goods and services related with beekeeping. In Mexico City, there
are three cooperative societies specialized in beekeeping, however, limited infor-
mation about the quality of commercial honeys of Apis Mellifera that is produced
and marketed by such cooperative is limited or does not exist. Therefore, the pur-
pose of this study is to contribute to the knowledge of the quality of commercial
honeys of Apis Mellifera that is produced and marketed by cooperative societies
in Mexico City, through a sensory and a physicochemical analysis. The color,
water content, electrical conductivity, pH, total acidity, free acidity, lactone, and
reducing sugars profile as well as the sensory characteristics were analyzed. All
tested honey samples were within the Official Mexican Standard and the Codex
Alimentations, 2001 limit, except cooperative society 2 honey and cooperative
society 3 honey in water content value and cooperative society 1 honey in lactone
value. This study concludes that the commercial honey of Apis Mellifera pro-
duced and marketed by the three cooperative societies in Mexico City had a good
level of quality.
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Honey is defined as the natural sweet substance produced by honey bees, from the nectar of plant flowers and honey
dew [1]. Physical and chemical characteristics of bee honey mainly depend on the diversity of the plants from which
they are harvested,geographical floral origin, climatic conditions, soil type, environmental conditions, bee race and
treatment of beekeepers [2, 3]. Fromnutritional view, honey contains at least 200 compounds, major and minors, but
mainly carbohydrates and water [4]. Honey also contains enzymes, amino acids, proteins, flavonoids, phenolic acids,
organic acids, vitamins, and minerals in lower quantities [5]. The chemical composition of honey varies from a sample
to another and usually contains major and minor compounds [4] which work by interacting with each other to produce a
range of synergistic antioxidant properties [5]. Information on the honey therapeutic properties has been investigated [5]
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denoting that honey possesses antioxidant [6, 7, 8], antidiabetic [8], fertility [8], antibacterial [9,10, 11,12,13], antiviral,
anti-inflammatory [9, 14], antiulcerous [5], immunemodulating [5], vasodilative [5], hypotensive [5],
hypocholesterolemic [5], and antitumor activities [8, 9, 15].

Mexico has a long history of honey production, it is an activity that has been practiced for several centuries and no-
wadays represents an important source of income in rural areas [15]. Based on the different climates and flora, which
have the composition of nectar and pollen, Mexico is a divided into five well-defined honey production regions,
producing different types of honey in terms of physical and chemical characteristics. The five regions are shown in
Figure 1.
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Figure 1. Five well-defined beekeeping regions in Mexico, from General Livestock Coordination of the Secretariat of Rural
Development (SADER).

The honey production in Mexico from the period 1960-2017 is showed in Figure 2. In 2010, Mexico ranked sixth in
the world of honey and third as an exporter, mainly to the European market [17]. Unfortunately, in the last years, the
amount of production has been decreasing by the lack of measures to potentiate this sector. In 2016, there were 45,000
producers engaged in beekeeping nationwide who work with 1.859 million hives while in 2017, there were 43,478 pro-
ducers working with 1.853 million hives. In the last decade, the honey production in Mexico City has been over 70 tons
annually (see Figure 3) produced by 4,000 hives located in six municipalities: Alvaro Obregén, Magdalena Contreras,
Milpa Alta, Tlahuac, Tlalpan y Xochimilco.
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Figure 2. Plot of honey production in Mexico from the period 1960-2017 with respect to time, from General Livestock Coor-
dination of the Secretariat of Rural Development (SADER).
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Figure 3. Plot of honey production in Mexico City from the period 1980-2017 with respect to time, from General Livestock
Coordination of the Secretariat of Rural Development (SADER).

Nowadays, there are different organization and associative figures that group beekeepers nationally as well as locally.
According to Atlas Nacional de las Abejas y Derivados Apicolas 2017 [18], Mexican beekeepers are registered in 508
livestock associations specialized in beekeeping and 110 associations of other types. An specific kind of social organi-
zation for Mexican Beekeepers is the cooperative society figure, which is formed by persons based on common interests
and on the principles of solidarity, self-effort and mutual aid, with the purpose of satisfying individual and collective
needs, through the performance of economic activities of production, distribution and consumption of goods and ser-
vices related with beekeeping. In Mexico City, there are three cooperative societies specialized in beekeeping [19]: Ce-
pra Miel SC de RL de CV, ApiarioAtotolco SC de RL de CV, Construir en Raices SC de RL de CV. The beekeeping
value chain for each one is showed in Figures 4-6. It is important to note that each cooperative includes innovation
process in their value chain.
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Figure 4. Value chain cooperative society Construir en Raices SC de RL de CV.
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Figure 5. Value chain cooperative society ApiarioAtotolco SC de RL de CV.

Figure 6. Value chain cooperative society Cepra Miel SC de RL de CV.

On the one hand, the promotion of honey with information on its characterization has opened avenues for local
products (exports) to meet international standards [20-22]. On the other hand, the quality of honey is mainly determined
by its sensory, physicochemical and microbiological characteristics [4]. The sensorial characteristics are measurement
and quantified through the senses. The parameters analyzed in this case are the following: color, odor, aroma, taste and
texture. The criteria for the physicochemical quality of honey are well specified by the European Community
Guidelines 2001/110 [4]. Many studies have been reported on the sensory [23], physicochemical [4, 23, 24, 25] and
microbiological [4] characteristics of honey from different countries. Some studies have reported the physicochemical
characteristics of Mexican honey from the Southwest [26-29] and West region [30]. Unfortunately, there is no reported
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information from other Mexican regions, particularly the characterization of Mexico City honey is lacking. Therefore,
this study aims to contribute to the knowledge of the quality of commercial honeys of Apis Mellifera that is produced
and marketedby cooperative societies in Mexico City, through a sensory and a physicochemical analysis.Sampling took
place at three different geographical locations in South Mexico City. It is hope that information gathered would help
recognize genuine honeys produced by cooperative societies located in Mexico City and revalue them.

2. Materials and Method

2.1 Study Area

Mexico City is part of the Altiplano honey production region of Mexico. Samples of honey were collected in three
phytogeographical zones (Tlahuac, Milpa Alta, and Xochimilco) of South of Mexico City (see Figure 7). Mexico City is
located in an endorheic lake basin surrounded by mountain chains and cover an area of 1485 km? [31]. The city is
bounded by the coordinates 19° 03’ to 19° 36’N and 98° 57’ to 99° 22° W. The northeast of the city tends to be dryer
with 400 to 500 mm annual precipitation, while the Center and South receive 700 to 1,200 mm precipitation annually
[31, 32]. Land is divided into Central-Northern part (45%), which is urbanized, and South and West (55%), which are
rural whose main industries are forest products and agriculture [31].

2.2 Honey Sample Collection

All collected samples were harvested by the cooperative societies between fall 2018 and fall 2019 (see Figure 8). All
samples were kept in sterile vials, hermetically sealed, labelled, dated and transferred to the laboratory of the Bee Team,
El Colegio de la Frontera Sur located in San Cristobal de las Casas, Chiapas, Mexico, where they were store at room
temperature (25-30°C) until analysis.

[] Atiplano
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Figure 7. Three phytogeographical zones (Tldhuac, Milpa Alta and Xochimilco) of South of Mexico City where honey samples
were collected.

Figure 8. Field work for collecting sample of honey.
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2.3 Physicochemical Characterization

The physicochemical characteristics of honey are a routine laboratory analysis that provides quantitative results of
different elements of honey and allows for approximate estimation of the presence of honey blend [20]. In 2018, the
Mexican legislation published the PROY-NOM-004-SAG/GAN-2018, an Official Mexican Standard that establishes
the general characteristics for the production of honey that promote the care of honey bees and their correct develop-
ment, as well as the specifications that honey must meet for its commercialization, whether for direct consumption
and/or processing; in order to contribute to the development of national beekeeping and the competitiveness of the ho-
ney chain [33]. This standard is mandatory for individuals or companies that are engaged in the production and/or mar-
keting of national or imported honey from honey bees, which is marketed or is intended to be marketed within the terri-
tory of the United Mexican States in its different presentations, whose name must correspond to that established in this
Official Mexican Standard. The physicochemical parameters included in this study, based on the Official Mexican
Standard, are the following. All methods used to measure the physicochemical parameters are referenced in
PROY-NOM-004-SAG/ GAN-2018.

2.3.1 Color

On the one hand, the color of honey is one of the most variable characteristics and represents a classification criterion
for monofloral honeys [26]. From the marketing point of view, it is of great importance since the honey price and the
degree of consumer acceptance depends on it [26]. On the other hand, color of honey is related to the botanical origin,
the composition of the nectar in terms of pollen and minerals, the production and harvesting processes, temperature and
even the storage time [34, 35]. The color depends on the presence of pigments such as carotene and xanthophylls and
the presence of flavonoid-type polyphenols [26]. The color is measured according to Pfund colour scale. The measure-
ment is expressed in millimeters (mm).

2.3.2 Water content

It is one of the most important measurements since water content influences the specific weight, viscosity and flavor,
conditioning the conservation, palatability, solubility and commercial value [26]. Water content can be measurement
using an Abbé digital refractometer [34]. It is expressed in percentage.

2.3.3 Electrical conductivity

It is a good criterion of the botanical origin of honey [36], it is determined by factors as soil, weather, and floral phy-
siology [26]. In fact, it allows to distinguish honey from flower nectar and honeydew [26]. The measurement in mili-
Siemens/cm (mS/cm), depends on the ash and acid content, being linear the relationship between the ash content and
the electrical conductivity [3].

2.3.4 pH.
This parameter determines the acidic nature of honey [37], due to the presence of organic acids, being the main the
gloconic acid that do not permit the deterioration by microorganisms [26].

2.3.5 Total acidity

Honey acidity is considered to be one of the factors that contributes to its antimicrobial activity [38]. The acidy of
honey creates an environment that facilitates the release of axigen from the hemoglobin that is required for newly
growing cells and the stimulation of white blood cells [38]. It is calculated as free acidity plus lactone. It is expressed in
miliequivalents per kilogram of honey (meg/kg).

2.3.6 Free acidity
It is the sum of all the free acids expressed in miliequivalents per kilogram (meq/kg) of honey [4].

2.3.7 Lactone
Honey lactones vary irregularly [38, 39] and their determination is interesting because their hydrolysis increase free
acid [39]. It is expressed in miliequivalents per kilogram (meg/kg) of honey.

2.3.8 Reducing sugars

The content of reducing sugar depends upon different factors as for example storage time and even time of collection
of honey [40]. The sugar content of honey is mainly fructose, glucose, and sucrose, it is important to note that fructose
is the sugar responsible for the sweetness of honey while glucose content depends upon the source of nectar [40]. It is
expressed in% (g/100g).

2.4 Sensory Characterization

It refers to the measurement and quantification of the characteristics of honey through the senses [26]. This study
uses the method proposed by [26].
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2.4.1Method

According to F. Utrera Quintana et al. [26], firstly is evaluated the visual appearance that includes the physical state,
appearance and color. Secondly, the odor, which is given by the presence of aromatic compounds using the “wheel of
odors and aromas”. Thirdly, the aroma is evaluated, that is honey is tasted through the mouth and the aroma is perceived
through the nasal cavities. After that, the texture of honey. Finally, the taste which can be sweet, sour, bitter or salty.

3. Results and Discussion

3.1 Physicochemical and Sugar Characteristics

3.1.1 Color

Table 1 presents the color of examined samples, classified according to the Official Mexican Standard
PROY-NOM-004-SAG/GAN-2018. In studied honey samples, the color ranged from Light amber for cooperative so-
ciety 2 honey to Extra light amber for cooperative society 1 and 3.

Table 1. Color value of honey according to the cooperative societies and the Official Mexican Standard

Cooperative society 1 ~ Cooperative society 2  Cooperative society 3  Official Mexican Standard® [33]

White water
Extra white
White
Extra light amber
Light amber
Amber
Dark amber

47 53 41

Color (mm Pfund) Extra light amber Light amber Extra light amber

1 PROY-NOM-004-SAG/GAN-2018.

3.1.2 Water content

In the examined samples, the cooperative society 2 and cooperative society 3 honey samples showed the highest wa-
ter content value (see Table 2) and out of the Official Mexican Standard limit [33] that does not insure honey conserva-
tion and this fact decreases its commercial value.

Table 2. Water content of honey according to the cooperative societies and the Official Mexican Standard

Cooperative society ~ Cooperative society ~ Cooperative society Official Mexican Standard
1 2 3 valuel[33]
Water content 19.3 214 216 20 maximum

(%)

3.1.3 Electrical conductivity

In the present study, the electrical conductivity of the examined honey samples were 0.29 for cooperative society 1,
0.28 for cooperative society 2 and 0.32 for cooperative society 3 (see Table 3). All honey samples within the Official
Mexican Standard limit.

Table 3. Electrical conductivity of honey according to the cooperative societies and the Official Mexican Standard

Cooperative Cooperative Cooperative Official Mexican Standard
society 1 society 2 society 3 value' [33]
Electrical conductivity 0.29 028 032 0.8 maimum.
(mS/cm)
3.1.4pH

The pH values of honey samples were measured and the obtained results confirmed that, all tested samples were
acidic (pH 3.74-3.94) and within the standard limit [1] (see Table 4).

Table 4. pH value of honey according to the cooperative societies and the Codex Alimentations 2001 [1]

Cooperative society Cooperative Cooperative Codex Alimenta-
1 society 2 society 3 tions, 2001 [1]
pH 3.94 3.82 3.74 3.4-6.1
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3.1.5 Total acidity

In the present study, the total acidity of all samples was within the acceptable range (40 maximum) according to the
Official Mexican Standard value. Cooperative society 3 honey sample showed the highest value of total acidity (see
Table 5).

Table 5. Total acidity value of honey according to the cooperative societies and the Official Mexican Standard

Cooperative society ~ Cooperative society ~ Cooperative society ~ Official Mexican Standard value!
1 2 3 [33]

Total acidity

(meg/kg) 26 24 315 40 maximum

3.1.6 Free acidity
The free acidity value of honey samples ranged from 19 cooperative society 2 honey to 25 cooperative society 1 ho-
ney (see Table 6).

Table 6. Free acidity value of honey according to the cooperative societies and the Codex Alimentations 2001 [1]

Cooperative society 1 ~ Cooperative society 2  Cooperative society 3 Codex Alimentations, 2001 [1]

Free acidity (meg/kg) 25 19 245 <50

3.1.7 Lactone

In the present study, the lactone value for honey samples ranged from 1 of cooperative society 1 honey to 7 of coop-
erative society 3 honey. Lactone value of all samples was within the acceptable range (2.8-11.5), except for cooperative
society 1 which was not accepted by codex range [1] (see Table 7).

Table 7. Lactone value of honey according to the cooperative societies and the Codex Alimentations 2001 [1]

Cooperative society 1  Cooperative society 2 Cooperative society 3  Codex Alimentations, 2001 [1]

Lactona (meq/kg) 1 5 7 2.8-11.5

3.1.8 Reducing sugars
The reducing sugars for all investigated samples were 70.42, 66.23, and 68.97 for cooperative society 1, cooperative
society 2, cooperative society 3 honey, respectively (see Table 8).

Table 8. Reducing sugars value of honey according to the cooperative societies and the Official Mexican Standard

Cooperative Cooperative society Cooperative society Official Mexican Standard value!
society 1 2 3 [33]
Reducing sugars 70.42 66.23 68.97 60-75

(% g/100g)

3.2 Sensory Characteristics

The sensory characteristics are similar for all samples (see Table 9).
Table 9. Sensory characteristics of honey samples

Cooperative society 1 Cooperative society 2 Cooperative society 3
Visual appearance Homogeneous Homogeneous Homogeneous
Odor Fresh-fruit Fruity and veegtable Fresh-fruit
Taste Sweet Sweet Sweet
Aroma Warm-processed fuit Fresh-fruit Fresh-fruit
Texture Pasty Pasty Pasty

4. Conclusions

This study provided information on the quality status of honey produced in Mexico City by three cooperative socie-
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ties by analyzing color, water content, electrical conductivity, pH, total acidity, free acidity, lactone, reducing sugars
and sensory characteristics such as visual appearance, odor, taste, aroma and texture. All tested honey samples were
within the Official Mexican Standard [33] and the Codex Alimentations, 2001 [1] limit, except cooperative society 2
honey and cooperative society 3 honey in water content value and cooperative society 1 honey in lactone value. Al-
though the hives of the three cooperative societies are located in Mexico City, the sensory and physicochemical charac-
teristics of honey were varied based on handling, transportation and storage condition, mainly. This study concludes
that the commercial honey of Apis Mellifera produced and marketed by cooperative societies in Mexico City had a good
level of quality.
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