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ABSTRACT 

	The objective of this work was to evaluate the antioxidant capacity of three alcoholic beverages derived from the native Mexican fruit, tejocote (Crataegus mexicana). Antioxidant activity was assessed by measuring the inhibition of lipid peroxidation using the thiobarbituric acid reactive species (TBARS) technique, the neutralization of free radicals with 2,2-diphenyl-1-picrylhydrazyl (DPPH), and the reduction of the 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical.
The results for lipid oxidation inhibition percentage using the TBARS method were: fermented beverage 72%, rum 42%, and mezcal 47% inhibition of lipid peroxidation. Regarding antioxidant activity, rum showed 97 ± 0.30% DPPH radical scavenging and 89 ± 0.23% ABTS radical reduction. Mezcal demonstrated 88 ± 0.24% DPPH radical scavenging and 92 ± 0.25% ABTS radical reduction.
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1. INTRODUCTION 

In nature, there are antioxidant compounds that can be beneficial to humans. For this reason, it is important to evaluate the role of natural metabolites that counteract oxidation processes in the body. Some plants produce polyphenols, essential metabolites in our diet that can eliminate reactive oxygen species (ROS), which are responsible for some chronic degenerative diseases. Polyphenols are classified into four main groups: flavonoids, lignans, stilbenes, and phenolic acids. They are found in various foods such as green tea, chocolate, vegetables, and fruits (Rana et al., 2022).
Some benefits of plant metabolites have led to approximately 80% of the world’s population relying on traditional medicine for the treatment of various diseases, especially in developing countries. In vitro studies have shown that extracts from leaves, flowers, and fruits of Crataegus mexicana possess anti-inflammatory, antiarrhythmic, hypolipidemic, vasorelaxant, hypoprotective, and cardioprotective properties (Ornelas-Lim et al., 2021; He et al., 2013)). Additionally, this fruit is attributed with nutritional and antioxidant properties.
In Mexico, there are 13 known species called “tejocote” (Madrigal-Sánchez, 2022). This word comes from the Nahuatl term “xocotl,” which means wild or hard and sour fruit (Ornelas-Lim et al., 2021).
Phytochemical research on the Crataegus genus has focused on identifying phenolic compounds and flavonoids (Ojeda-Linares et al., 2021). Crataegus mexicana is a large genus of shrubs or trees native to America. They originate from North America and represent about half of all known species in this genus (Schmid et al., 2003). The antioxidant action of acetone and methanol extracts from tejocote peels has also been evaluated (Méndez-Iturbide et al., 2013), as well as the effect of tejocote extract on inhibiting lipid peroxidation in human erythrocytes (Banderas-Tarabay et al., 2015).
Other examples of antioxidant activity in fruits or their derivatives include wine, beer, and fermented beverages.
Red wine plays an important role in preventing cardiovascular diseases and some types of pathologies, including cancer (Cordova & Sumpio, 2009). Its antioxidant effects in human plasma are attributed to high levels of urate and polyphenols (Modun et al., 2008). Although excessive alcohol consumption is harmful on several levels, epidemiological evidence has shown that moderate consumption is inversely associated with cardiovascular risk factors (Mukamal et al., 2003; Brien et al., 2011; Ronksley et al., 2011). It has been shown that red wine, but not white wine, increases LDL proteins with polyphenolic-type antioxidants. Moreover, it contains quercetin, an excellent secondary metabolite for scavenging free radicals (Aviram & Fuhrman, 2002).
Beer is one of the oldest and most consumed beverages in the world. It is rich in antioxidant compounds, mainly polyphenols, xanthohumol (a hop flavonoid), and melanoidins (Chang et al., 2002). The latter structure is formed during the final stage of beer production as Maillard reaction products (Martinez-Gomez et al., 2020).
The antioxidant activity in a fermented alcoholic beverage of the Crataegus mexicana genus was evaluated using colorimetric techniques, and its main antioxidant metabolite was identified. The alcohol content in the beverage was 12% Alc. Vol. The percentage of antioxidant activity assessed by the DPPH method was 84 ± 3.6% and 95.3 ± 3.3% by ABTS. Finally, the metabolite identified according to its mass relation of 577 m/z corresponds to Procyanidin B2 (González-Jiménez et al., 2017).
Finally, the objective of this work was to evaluate the inhibition capacity of lipid oxidation of the fermented beverage, rum, and mezcal with tejocote (Crataegus mexicana) in vitro, using male Wistar rat brain as a lipid source. Additionally, to quantify the free radical scavenging capacity of DPPH and ABTS in rum and mezcal beverages.
 

2. material and methods 

2.1 Chemicals and Reagents
The experiments used Folin-Ciocalteu reagent, gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), sodium carbonate, trichloroacetic acid, bovine serum albumin (BSA), potassium persulfate, ethylenediaminetetraacetic acid (EDTA), sodium acetate trihydrate, phosphate-buffered saline (PBS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), diammonium salt of 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and deionized water (MilliQ), thiobarbituric acid (TBA), and trichloroacetic acid (TCA). All solvents were of analytical grade.

2.2 Collection of Tejocote Fruit (Crataegus mexicana)
The collection of tejocote fruit (Crataegus mexicana) was carried out in Tepetitla de Lardizabal, Tlaxcala, Mexico (between parallels 19° 15’ and 19° 19’ north latitude; meridians 98° 20’ and 98° 25’ west longitude; altitude of 2,300 m) (INEGI, 2010). A total of 20 kg of raw material was collected. The selection criteria were pest-free, homogeneous size, and color. For the preparation and processing of the fermented beverage from tejocote (Crataegus mexicana), only pulp and peel were used. To extend the shelf-life of the fruit, it was frozen at -5 °C.

2.3 Alcoholic Fermentation of Tejocote (Crataegus mexicana)
The preparation of the fermented beverage from Crataegus mexicana used one kilogram of fruit. Maceration lasted 45 minutes (method used for metabolite extraction). Afterwards, pathogens that affect sensory characteristics were eliminated by pasteurization. The fermentation process began with the addition of Saccharomyces cerevisiae yeast (Dry Ale Yeast US 05) at 22 °C. The substrate was adjusted to 14 °Brix. Finally, the alcoholic fermentation period lasted 40 days. The final alcohol content was 12 ± 0.05% Alc. Vol. and 6 ± 0.05 °Brix.

2.4 Preparation Process of Tejocote Rum and Mezcal Liqueur (Crataegus mexicana)
In a beaker, 2 liters of potable water with 0.75 grams of sugar were added and dissolved under magnetic stirring. Then, 1.5 kilograms of tejocote fruit (Crataegus mexicana) were added. This mixture was heated for 30 minutes at a temperature of 65 ºC to 75 ºC; after this time, it was left to stand for 24 hours at room temperature. Afterwards, the tejocote fruit was separated from the syrup by filtration. The syrup was placed in a jar and 350 mL of rum or mezcal were added. It was left to macerate at room temperature for 10 days with the jar tightly sealed to prevent contact with air and external contamination. Finally, it was vacuum filtered to obtain the rum- and mezcal-based tejocote liqueur.

2.5 Quantification of Antioxidant Activity
2.5.1 FeSO4 Induced Lipid Peroxidation in Rat Brain Homogenate (TBARS)
The efficiency in inhibiting FeSO4 induced lipid peroxidation in rat brain homogenate was quantified in the three alcoholic tejocote beverages.
The antioxidant activity of the beverages was evaluated using the spectrophotometric method described by Ohkawa et al. (1979). Samples of 50 µL were prepared to inhibit FeSO4 induced lipid peroxidation in rat brain homogenate. Adult male Wistar rats (200 to 250 g) were provided by the Metropolitan Autonomous University, Xochimilco Campus. The study and handling of the animals were approved by the ethics committee of the Faculty of Health Sciences and the School of Nutrition of the Autonomous University of Tlaxcala, Mexico. To obtain the brains of male rats, euthanasia was performed in a CO₂ chamber, in accordance with the official Mexican standard (NOM-062-ZOO-1999).
The brains were dissected, washed, and immediately homogenized in 10 mL of 0.1 M PBS (0.2 g/L KCl, 0.2 g/L KH2PO3, 8 g/L NaCl, and 2.16 g/L NaHPO3·7H2O; pH 7.4) at 5 °C to obtain a 1:10 (w/v) homogenate. The homogenate was centrifuged for 10 minutes at 3,000 rpm, and the supernatant was adjusted to 2.66 mg protein/mL in PBS for total protein determination as described by Kuskoski et al. (2005).

2.5.2 DPPH Radical Inhibition
The free radical scavenging capacity of tejocote (Crataegus mexicana) was determined using DPPH. A stock solution of 1 mM DPPH in ethanol was prepared. All wells of the 96-well ELISA reader plates were filled with 50 μL of the sample to be evaluated and 150 μL of DPPH; they were incubated for 30 minutes at 37 °C with orbital shaking (Brand Williams et al., 1995).
Readings were taken at 517 nm in a Bio-Tek EL800 microplate reader.
The following equation was used to determine the percentage of DPPH radical inhibition:
% = [(C - E) / C] * 100.
C = Absorbance of the control.
E = Absorbance of the sample to be evaluated.

2.5.3 ABTS Radical Inhibition
To determine the scavenging capacity of the fermented beverage, the procedure described by Kuskoski et al. (2005) was followed. This procedure consisted of producing the ABTS radical using a solution of 7,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid, diammonium salt with 2.45 mM potassium persulfate (final concentration).
The mixture was incubated in the dark for 12–16 hours at 25 °C. Once the radical was formed, it was diluted with ethanol until an absorbance of 0.70 at 436 nm was obtained using a Genesys 10 UV spectrophotometer (Electroncorporation). Ten microliters of the sample were taken and 990 μL of the ABTS solution were added. The scavenging effect was monitored every minute for 6 minutes.
To determine the percentage of reduction, the following formula was applied:
% = [(Initial absorbance-Initial absorbance per minute)/Initial absorbance] X 100.
TEAC = (% reduction – 3.09777) / 4.76498.

2.6 Statistical Analysis
For the evaluation of antioxidant activity, one-way statistical analysis with repeated measures was used, employing the GraphPad Prism program.


3. results and discussion

°Brix and % Alc. Vol in the Fermented Alcoholic Beverage, Rum, and Tejocote Mezcal (Crataegus mexicana)
3.1 Fermented Beverage
Fermentation is a very ancient process, with the earliest records dating back to 6000 BC in the Middle East. This process may have been the result of a kitchen accident. Since it was a completely artisanal process, there was no knowledge of the presence of microorganisms (yeasts), suitable temperatures, substrates, etc. The most well-known fermented alcoholic beverages are wine, pulque, and beer (Ramírez Guzmán et al., 2019). These possess antioxidant activity. In beer (a fermented alcoholic beverage), some of the most commonly used techniques to evaluate antioxidant activity are DPPH, ABTS, and TBARS (Martinez-Gomez et al., 2020).
Tejocote beverage (Crataegus mexicana) is another example of alcoholic fermentation with antioxidant properties. The fermentation process lasted 40 days. Saccharomyces cerevisiae yeast (Dry Ale Yeast US 05) was used. The initial concentration of soluble solids (sugars) in the liquid was 14 ± 0.05 °Brix and the final concentration was 6 ± 0.05 °Brix. The alcohol volume was 12% ± 0.05% Vol. Alc (González-Jiménez et al., 2017). These results can be compared with studies by Guifen et al. (2013), where different types of yeast were evaluated to produce Hawthorn wine, which in turn influences the characteristics and active constituents of this beverage. This coincides with the results of González-Jiménez et al. (2017), who determined that for the production of a fermented tejocote (Crataegus mexicana) beverage, the ideal medium is artificial, inoculated with Saccharomyces cerevisiae yeast.

Table 1. Alcoholic fermentation process of tejocote (Crataegus mexicana) beverage inoculated with Saccharomyces cerevisiae (Dry Ale Yeast). The increase in alcohol volume over time can be observed. Adapted from González-Jiménez et al. (2017).

	Days
	% Alc.Vol.

	0
	0

	20
	10±0.04

	40
	12±0.05





             






3.2 Rum and Mezcal

The concentration of soluble solids in the rum was 29 °Brix, and after 10 days of maceration, these degrees remained the same. The alcohol percentage in the rum was 38% Alc. Vol., which decreased to 6.6% Alc. Vol. at the end due to dilution.
Meanwhile, the concentration of soluble solids in the mezcal before and after 10 days of maceration was 28 °Brix. The alcohol percentage in the mezcal was 42% Alc. Vol., which decreased to 7.3% Alc. Vol. at the end due to the effect of dilution.
The results of the two tejocote (Crataegus mexicana) beverages prepared are consistent with the specifications of the Official Mexican Standard (NOM-199-SCFI-2017, Alcoholic Beverages—Denomination). According to this standard, fruit liqueurs "are those made with: infusions, macerations, distillations, extracts, essential oils, natural flavors, synthetic-artificial flavors, and other additives permitted in the corresponding agreement of the Ministry of Health; or mixtures of these fruit preparations mixed with distilled alcoholic beverages and/or neutral spirit and/or quality or common alcohol and sugars" (Secretaría de Economía, 2017). Both tejocote (Crataegus mexicana) beverages were made from two distilled alcoholic beverages (rum and mezcal) mixed and macerated with tejocote fruits and sugar. The results are shown in Table 2.




Table 2. Porcentaje de Alcohol iniciales y finales (Día 10) (% Alc. Vol.)  y concentración de sólidos solubles (°Brix) del Ron y Mezcal de tejocote (Crataegus mexicana)
	Beverage
	Alc. Vol.
	Alc. Vol. (Day 10)
	°Brix

	Rum
	38%
	6.6%
	29

	Mezcal
	42%
	7.3%
	28



3.3 Determination of Lipoperoxidation Inhibition in the Fermented Alcoholic Beverage, Rum and Mezcal from Tejocote (Crataegus mexicana)
3.3.1 Fermented Alcoholic Beverage
Determining the inhibition of lipid oxidation using FeSO4 as an oxidative stress inducer generated oxygen-derived free radicals, which are highly unstable (Kibanova et al., 2009). High protection against lipid peroxidation was observed from the antioxidant source (Crataegus mexicana fermentation), as MDA production was inhibited (Figure 1).

[image: tbars-png_coi1LtIl]
Figure 1. Neutralization capacity of lipid oxidation (colorless tubes) in the fermented alcoholic beverage from Tejocote (Crataegus mexicana).


It is possible that the inhibition of lipid peroxidation in the fermented beverage is primarily due to the properties of the Crataegus genus. Several studies have demonstrated this. For example, Crataegus azarolus ecotypes collected in different regions of Italy contain polyphenolic metabolites (Martínez-Moreno et al., 2023). However, depending on the region, the sugar and polyphenol content of their fruits may vary (Bignami et al., 2004). The presence of polyphenolic compounds partly explains the biological activity reported for Crataegus. The beneficial effects of this genus are attributed to its two main active constituents: flavonoids and proanthocyanidins (Cui et al., 2006). The increase in lipid peroxidation inhibition over time in the fermented tejocote beverage may be linked to increased antioxidant activity, as the alcoholic medium acts as a solvent to extract metabolites from tejocote (Crataegus mexicana). This is possibly due to the presence of polyphenolic compounds (Ni et al., 2024), since some antioxidant metabolites, such as phenols, are preserved during the alcoholic fermentation process. Storage time may be another factor, as wooden barrels provide a significant amount of phenolic compounds in alcoholic beverages such as rum, wine, whiskey, brandy, and cachaça (Santos et al., 2014). In the study by (González-Jiménez et al., 2017), only 40 days of storage were sufficient to increase antioxidant activity in a fermented tejocote (Crataegus mexicana) beverage. Other studies evaluated the effect of red wine with and without phenolic compounds and ethanol on copper-mediated LDL oxidation. Red wine with phenolic compounds increased the lag time for conjugated diene formation and inhibited the generation of thiobarbituric acid reactive substances. These effects were not the same with ethanol or red wine without phenols. When red wine was incubated with blood plasma, a 60% increase in the oxidation delay was observed. This led to the conclusion that antioxidant compounds in red wine can associate with LDL particles after incubation in plasma and exert an antioxidant effect, and in doing so, inhibit the uptake of lipoproteins by macrophages (Kerry & Abbey, 1997).
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Figure 2. Percentage of inhibition of lipoperoxidation in the alcoholic beverage fermented from tejocote (Crataegus mexicana) over time. One-way repeated measures ANOVA, where P = < 0.001.

The statistical results obtained through Bonferroni’s multiple comparison (Table 3) showed a significant increase when comparing day 0 with days 3, 9, 14, 20, and 40 in the percentage of inhibition of lipoperoxidation (TBARS). This means that as fermentation time progresses, antioxidant activity is enhanced. These results are consistent with those of González et al., 2017, who evaluated the antioxidant capacity of a fermented tejocote beverage (Crataegus mexicana) using the DPPH and ABTS methods, observing that this property increases by more than 7% as the alcoholic fermentation process advances (González-Jiménez et al., 2017).







Table 3. Bonferroni’s multiple comparison of the alcoholic beverage fermented from tejocote (Crataegus mexicana) with Saccharomyces cerevisiae yeast (Dry Ale Yeast US 05) in artificial medium, evaluated by the TBARS method. A significant increase is observed between day 0 and days 3, 9, 14, 20, and 40 (p<0.05). P= 0.01

	Bonferroni’s Multiple Comparison
	Significant

	0 vs 3
	Yes

	0 vs 9
	Yes

	0 vs 14
	Yes

	0 vs 20
	Yes

	0 vs 40
	Yes



Finally, the antioxidant activity of the fermented alcoholic beverage can be attributed to the presence of bioactive antioxidant metabolites found in the peel of tejocote from the genus Crataegus. This property was evaluated using n-hexane, dichloromethane, ethyl acetate, acetone, ethanol, and methanol extracts of tejocote peel (Crataegus mexicana). The extract with the greatest effectiveness in inhibiting TBARS formation was acetone, with an activity of 13.27 ± 0.70% at 10 mg/L and a CI50 value of 17.7 mg/L. These results were compared to determine activity against ascorbic acid, caffeic acid, α-tocopherol, and quercetin (Méndez-Iturbide et al., 2013).

3.3.2 Rum and Mezcal
The ability to inhibit lipid oxidation in a fermented alcoholic beverage is higher compared to tejocote rum and mezcal (Crataegus mexicana) (Table 4). This property can be attributed to both alcoholic and non-alcoholic components, such as polyphenols, that are present in the fruit. For example, Chilean red wine contains flavonols that seem to be associated with the use of thick-skinned grape varieties, like Cabernet Sauvignon. This wine contained up to 40 mg of total flavonols per liter compared to Cabernet Sauvignon from France, California, and Austria. Chilean Cabernet Sauvignon, Merlot, and Pinot Noir showed higher flavonol concentrations than wines from other geographic regions (McDonald et al., 1998). Finally, a beneficial effect was also observed, as resveratrol, a polyphenol present in grapes and red wine, has the ability to protect the heart of rats with ischemia-reperfusion (Giovannini et al., 2001).

Table 4. Evaluation of the inhibition of lipid oxidation in three alcoholic beverages made from tejocote (Crataegus mexicana)

	Beverage
	% Lipid Peroxidation Inhibition

	Mezcal
	47

	Rum
	42

	Fermented
	72.25






3.4 Evaluation by the DPPH Technique

3.4.1 Fermented beverage
The results of the antioxidant activity evaluation by the DPPH and ABTS methods in the fermented alcoholic beverage had already been previously evaluated and presented. For this reason, only these results were compared with those of tejocote rum and mezcal (Crataegus mexicana).

3.4.2 Rum and Mezcal
The antioxidant activity evaluated by the DPPH method was greater than 80% radical scavenging in all three alcoholic beverages made from tejocote. Rum showed the highest antioxidant activity at 97 ± 0.30%, followed by mezcal at 88 ± 0.24%, and finally the fermented alcoholic beverage, which showed the lowest antioxidant activity at 84 ± 3.6% radical scavenging (Table 5). This property may be particular to the tejocote fruit (Crataegus mexicana), as it contains antioxidant metabolites, and their presence has been confirmed by phytochemical analysis, identifying compounds such as polyphenols, flavonoids, quercetin, flavones, and procyanidins (Liu et al., 2011; Edwards et al., 2012).

Table 5. Comparison of the percentage of DPPH radical scavenging in three alcoholic beverages made from tejocote (Crataegus mexicana).

	
	Type of Beverage
	% DPPH Radical Scavenging

	Tejocote
	Fermented
	84 ± 3.6%

	Tejocote
	Mezcal
	88 ± 0.24%

	Tejocote
	Rum
	97 ± 0.30%



The antioxidant activity of tejocote peel (Crataegus mexicana) has also been evaluated. It was shown that the acetone extract is the most active compared to those of dichloromethane, ethyl acetate, ethanol, and methanol. The result for the DPPH radical scavenging capacity was 3.27 ± 0.70%, respectively, at 10 mg/L and the CI50 value was 15.2 mg/L (Méndez-Iturbide et al., 2013).
It is possible that rum shows higher antioxidant activity compared to the other two beverages due to the way it is produced, as well as the properties of the raw material (Crataegus mexicana). This alcoholic beverage is commonly produced in the Caribbean and Central America (Pino et al., 2012). It is obtained from the fermentation and subsequent distillation of molasses (a black substance that is a by-product of sugar crystallization). It undergoes additional processes such as aging in oak barrels and the addition of other mixtures. The concentration of metabolites largely depends on the beverage’s production process (type of fermentation, distillation, additives such as herbs, caramel, spices, barrel characteristics, filtering, etc.).
Finally, studies have been conducted to evaluate the antioxidant activity of rum by different methods such as DPPH, FRAP, and ABTS. It was concluded that the possible increase in this property may be due to the concentration of phenolic-type compounds, resulting from longer aging times and the addition of certain spices during its production (Hinojosa-Nogueira et al., 2020).


3.6 Evaluation Using the ABTS Technique
3.6.1 Fermented Beverage, Rum, and Mezcal
The presence of secondary antioxidant metabolites of the polyphenolic type in the three alcoholic beverages made from Tejocote (Crataegus mexicana) was demonstrated using the ABTS technique. The results were as follows: the alcoholic beverage at the end of 40 days of fermentation showed 95.32 ± 0.02% reduction of the ABTS radical, Rum 89 ± 0.23%, and Mezcal 92 ± 0.25% (see Table 6).
It has been proven that the skin and pulp of the tejocote fruit are high in phenolic content and carotenoids, with results of 2.65 ± 0.23 mg gallic acid equivalents per gram and 26.4 ± 0.02 µg/g, respectively (Méndez-Iturbide et al., 2013). Additionally, mass spectrometry has confirmed that fermented tejocote beverage (Crataegus mexicana) contains polyphenolic compounds, specifically the metabolite identified as procyanidin B2 (González-Jiménez et al., 2017).
For this reason, the ABTS technique was used, as it is more selective regarding the free radical scavenging capacity of polyphenolic-type compounds (Kuskoski et al., 2005). For example, grapes have polyphenolic compounds in their seeds, which provide organoleptic characteristics to wines (Robichaud & Noble, 1990). Agave, in turn, is used for the production of several alcoholic beverages, such as tequila, bacanora, and mezcal. The byproducts of Agave extracts are also rich in phenolic compounds and terpenoids, which provide various antimicrobial, antifungal, antioxidant, anti-inflammatory, and antihypertensive properties. These effects have been demonstrated by in vitro and in vivo methods (López-Romero et al., 2018).

Table 6. Percentage reduction of the ABTS radical of the three alcoholic tejocote beverages
	Day
	Beverage
	% Reduction

	10
	Rum
	89 ± 0.23

	10
	Mezcal
	92 ± 0.25

	40
	Fermented
	95.3 ± 3.3



Studies have shown that the raw material used to make liquor is capable of providing antioxidant activity, possibly due to the presence of certain polyphenolic compounds. For example, Maotai-flavored liquor increased the presence of total phenols when the grains underwent a fermentation process (Ni et al., 2024). Finally, it is suggested that the raw material used to make alcoholic beverages and storage play an important role, since storing in wooden barrels provides a significant amount of phenolic compounds in beverages such as Rum, Wine, Whiskey, Brandy, and Cachaca.

4. Conclusion

The antioxidant activity of the three alcoholic beverages made from Tejocote (Crataegus mexicana) resulted in more than 40% inhibition of lipid peroxidation, exceeding 80% DPPH radical scavenging, and showed greater than 80% reduction of the ABTS radical.
Ethical approval 

The study and handling of the animals were approved by the Ethics Committee of the Faculty of Health Sciences and the School of Nutrition of the Autonomous University of Tlaxcala, Mexico.
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