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Abstract 
 
The maguey mezcalero potosino (Agave salmiana) is a natural resource of great regional importance, 

used for the manufacture of mezcal and other alcoholic beverages by fermentation of simple sugars and sugars 
released by fructans hydrolysis. For this, only the stem and base of leaves is used, which results on wasting the 
other sections that represent up to 40% of weight of the complete plant. The objective of this study was to 
identify and quantify the fermentable carbohydrates present in raw and hydrolysed juices of the stem and four 
sections of the whole leaves (base, neck, wings and apex) of maguey plants with representative specimens of 
three stages of maturity with industrial importance. For carbohydrate characterization, high resolution liquid 
chromatography (HLPC) was used. The sugars found as fructose, glucose, sucrose, xylose and maltose coincide 
with those identified in other Agave species, significant differences are observed depending on the section and 
the state of maturity of the plant, the sugar concentration in the discarded sections of the plant (fructose: 5.79 
– 4.80 mg mL-1) are considerable and statistically similar to those found in the stem (fructose: 2.49 mg mL-1) 
and the base of the leaf (fructose: 3.16 mg mL-1) (structure used in the mezcal production process). The results 
obtained can promote the integral use of the plant and diversification towards other industries such as 
pharmaceuticals, biofuels or foods. 
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Introduction 
 
The maguey mezcalero potosino (Agave salmiana) is a very abundant and widely distributed resource in 

the highlands of the states of San Luis Potosí and Zacatecas in Mexico. It is of great economic importance since 
its leaves are currently used as fodder for livestock, as a source of a traditional drink named mead or commonly 
called “aguamiel”, obtained from scraping the inside of the stem and is mainly composed of processed sap 
(Romero et al., 2015) and with industrial use of the complete stem and the bases of the leaves or “pencas” for 
the production of mezcal (Lara et al., 2017; Gómez et al., 2019). The origin of the word mezcal or mexcal is the 
term “mexcalli”, and it comes from the Nahuatl language in Mexico, its etymology is “metl”: maguey and 
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“ixcalli”: cooked or boiled; and is interpreted as an alcoholic drink obtained from the fermentation and 
distillation of honeys extracted from cooked maguey heads (Aguirre et al., 2001). Currently in the state of San 
Luis Potosí (SLP) five companies make mezcal, their processes vary from the artisan way to the industrial way, 
of which some are private property and others communal property.  

Aguirre et al. (2001), points out that the maguey in the state of SLP, presents an optimal growth in 
environments located between 1,000 to 2,250 meters above sea level, climate from semi-dry (BS1) to dry (BS0), 
rainfall of 320 to 720 mm per year, thermal regime from temperate to extreme semi-warm and average annual 
temperature of 16 °C to 22 °C. The suitable geological substrate is igneous with variable soil development, 
mainly xerosols more than 0.30 m thick and moderate to high clay contents. The magueys present only one 
flowering and later the plant dies. Its physical structure stands out for its rosette shape, made up of a thick and 
short stem, in which the leaves are inserted, which depending on their maturity unfold from the central axis 
and the most senile ones are almost lying on the ground (Aguirre et al., 2001; García et al., 2010; Esparza et al., 
2015). Taking as reference the historical exploitation of the maguey by the mezcal haciendas of the state of SLP, 
Aguirre et al. (2001) determined the optimal areas for the use of this natural resource and its geographical 
distribution (Figure 1). This area covers 17 municipalities and nearly 50% of the surface of the state. Currently, 
the maguey populations have been affected by the change in land use for new crops, over-exploitation to obtain 
forage and lack of cultural work such as plantation for repopulation of maguey. 
 

 
Figure 1. Geographic distribution of maguey mezcalero (Agave salmiana) in the state of San Luis Potosí, 
México (Data from Aguirre et al., 2001) 
 
Plants of the genus Agave present a physiological adaptation known as Crassulaceae Acid Metabolism 

(CAM), in which carbon assimilation takes place at night, when the atmospheric demand for water is very low. 
In this way they can keep the stomata open with very little water loss and close the stomata during the day when 
the atmospheric demand is high. For this reason, CAM photosynthesis is associated with a high efficiency in 
the use of water (Goldstein et al., 1991; Zhang and Nobel, 1996; Zúñiga et al., 2018).  
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Carbohydrates are formed during the photosynthesis process, where plants use energy from sunlight to 
transform carbon dioxide (CO2) and water (H2O) in the atmosphere into simple sugars and release oxygen 
(O2). Sugars are found in the plant in a dynamic state, where they are the energy potential source required by 
cellular reactions, such as protein synthesis, lipids, etc. Once the sugars are formed in the leaves, they must be 
transported to other organs (fruits, roots and storage areas). In the phloem fluid, sugars represent between 80% 
and 90% of the total dry matter, and among them, sucrose is the most abundant; some species carry other 
oligosaccharides such as raffinose, stachyose, and verbascose. Although two hexoses, glucose and fructose, are 
commonly found in the phloem of plants, they are not transported since they come from the hydrolysis of 
sucrose and its related sugars. In the maguey there is a mixture of fructooligosaccharides called fructans, which 
are synthesized from fructose and glucose and are stored in the stem as a reserve energy source (López et al., 
2003; Ritsema and Smeekens, 2003; Acosta et al., 2018; García et al., 2020).  

Chromatography is a method of separation, qualitative identification and quantitative determination 
of chemical compounds in complex mixtures. This method has been widely used in the identification of 
carbohydrates in plants and foods (Hofer and Jenewein, 1999), beverages (Lee and Coates, 2000; Chinnici et 
al., 2002), and sweeteners (Mora and Marioli, 2001). Studies carried out by Srinivasan and Bhatia (1953) in 
raw juices from the stem of Agave vera-cruz Mill. by ascending flat chromatography report the presence of 
fructose, glucose and sucrose. HPLC is recognized as a fast and accurate technique that allows determinations 
of multiple analytes in complex matrices and has been applied in recent years for reliable determinations in food 
and beverages (Jaramillo et al., 2020).  

In mezcal factories, only the maguey heads also known as pineapples are used, a structure formed by the 
stem and the base of the leaves, the rest of the leaves are discarded due to the erroneous belief that they do not 
contain a considerable amount of sugars. The process of cutting the leaves (up to 40% of the weight of the 
complete plant) is carried out in the field at the time of the extraction of the maguey, the discarded leaves are 
used as subsistence forage for livestock. The waste of almost half the weight of the maguey plant exerts great 
pressure on the ecosystem where it is developed and used in a forest way. 

The most important quality factor of the maguey plant used as raw material is the maturity state, since 
it determines the carbohydrates amount stored as a reserve. Because most of the maguey is wild, there is no 
direct relationship between size and maturity (Aguirre et al., 2001). In the mezcal production process in SLP, 
three maturity stages are empirically considered: 1) Immature or young plants, 2) Quiotilla plants, when the 
plant shows signs of the beginning of its reproductive stage as the apex or end of the leaves thinned at its base 
and recently expanded leaves with smaller size and shiny black spines, and 3) Castrated plants, a plant that was 
subjected to the removal of the apical meristem or bud. The castration process inhibits the plant from using its 
energy reserves during its reproduction period, evidenced by the formation of the floral scape and the seeds 
formation and dispersal, it also extends the optimal period for their collection and use (Aguirre et al., 2001). 
Through cooking in mezcal factories, fructans in agave heads are hydrolysed, thereby releasing fructose and 
glucose, along with other mono-and disaccharides probably present in juice, which afterward undergo 
fermentation to produce alcohol (Michel-Cuello et al., 2008; Solís et al., 2017). The carbohydrates amount 
present in maguey juices determine the quality of the products that are made with this plant, mainly alcoholic 
beverages and sweeteners.  

The objective of this study was to identify and quantify the fermentable carbohydrates present in raw 
and hydrolysed juices of the stem and of the four sections of the leaf belonging to three stages of maturity by 
HPLC. This information will enrich the knowledge about the sugars fermentable metabolism of the maguey 
mezcalero potosino (Agave salmiana), applicable to improve the yields of mezcal production and diversification 
towards other industries such as pharmaceuticals or food. 
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Materials and Methods 
 
Raw materials  
Complete plants of maguey mezcalero potosino were collected in the Laguna Seca Mezcal Factory supply 

area in the municipality of Charcas, San Luis Potosí, specifically in the Miguel Hidalgo locality, whose location 
is 23° 13´ 47´´ N; 100° 54´ 58´´ W at 2,060 m above sea level (Figure 1). The plants were representative of the 
three maturity stages with industrial importance and classified as follows: 1) Immature plants, 2) Quiotilla 
plants and 3) Castrated plants. The plants were sectioned in stem and leaves, which were divided transversely 
in four easily differentiated sections namely base, neck, wings and apex. The juices from each of the maguey 
sections were obtained using a horizontal three-cylinder stainless-steel sugar cane mill RJ-50 from Gerrey 
(Bogota, Colombia). The fiber was removed with a Pentek cellulose filter medium ECP20-10, whit 5 µm pore 
diameter (Wisconsin, USA). The juices were stored at 4 °C until their analysis (Michel-Cuello et al., 2008). 

 
Hydrolysis  
A study prior to this investigation, allowed to establish the best conditions for the thermal hydrolysis of 

maguey fructans. For it, 3 temperature levels were evaluated (60, 70 and 80 °C), samples were taken and 
analysed every 1 h. The results of this kinetics determined that at 80 °C the highest fructose release rate was 
obtained without adverse effects and at 30 h the liberated fructose concentration remained constant without 
statistically significant changes (Michel-Cuello et al., 2008). Thus, 80 °C and 30 h were established as optimal 
process conditions, which were also comparable with those used by mezcal factories (120 °C for 30 h) (Michel-
Cuello, 2004) and tequila (100 °C for 32 h) (López and Mancilla, 2002). 

 
Chromatographic determination 
The identification and quantification of carbohydrates was adapted according to the HPLC method 

proposed by Michel-Cuello et al. (2008), under the following conditions. 
 
Reagents and standards 
Water and Acetonitrile HPLC grade from JT-Baker (Deventer, The Netherlands), CAR-11 

carbohydrate kit (arabinose, fructose, galactose, glucose, lactose, maltose, mannose, ribose, sucrose and xylose) 
from Sigma-Aldrich (Steinheim, Germany). 

 
Sample preparation 
The juice samples were diluted to 20% (v / v), in a 50:50 (v / v) acetonitrile / water solution. As filtering 

medium, acrodisc filter with nylon membrane (0.2 μm) coupled to 5 mL polypropylene syringes, both from 
Waters (Milford Ct, USA), was used, each analysis was performed immediately. 

 
HPLC Analysis  
Agilent HP 1100 series chromatographic equipment (Waldbronn, Germany) was used, consisting of a 

degasifier (G1379 A), quaternary pump (G1311 A), column compartment (G1316 A), refractive index 
detector (G1362 A). The samples were injected into the system with a 50 µL (Lc 5182) syringe from Agilent 
(Sydney, Australia) and the manual injector was a 20 µL Rheodyne (Cotati, Ca. USA). A Zorbax column 
specific for carbohydrates (4.6 mm internal diameter, 250 mm length, 5 µm particle size) from Agilent (Palo 
Alto Ca. USA) was used as stationary phase (Michel-Cuello et al., 2008). 

 
Chromatographic conditions 
Chromatographic separations were achieved with a mobile phase with a 75:25 (v / v) ratio of 

acetonitrile-water with 1.4 mL min-1 flow. The injected sample volume was 20 µL. Each sample analysis time 
for chromatographic separation was 15 min. The column compartment and detector temperature were kept at 



Michel-Cuello C et al. (2021). Not Bot Horti Agrobo 49(1):12154 

 

5 
 

 

 

 

 

 

30 °C, and the laboratory temperature was kept constant at 20 °C. For the control of the system and the analysis 
of results, the HP Chem Station software for LC Rev A. 09. 03 from Agilent (Palo Alto Ca. USA) was used. 
All determinations were carried out in triplicate. 

 
Identification and quantification 
The compounds were identified by comparing their retention times with those of external standards 

and were quantified by the external standard method based on the area under the curve of each of the 
chromatogram peaks and ordered by the signal generated in the detector. 

 
Calibration  
Standard carbohydrate solutions (arabinose, fructose, galactose, glucose, lactose, maltose, mannose, 

ribose, sucrose and xylose) were used for the calibration curve. Due to the wide range of concentrations, two 
calibration curves were established, in the juices quantification the following levels were applied: 2, 4, 6, 8, 10, 
20, 40, 60, 80 and 100 mg mL-1. r values ranged between 0.9980 and 0.9999 (p < 0.05) and were determined to 
know the detector response uniformity over the concentration range. A mixture of standards was injected daily 
to identify variations in calibration. 

 
Experimental design and statistical analysis  
A completely randomized design with factorial arrangement of treatments (3 x 5 x 2) was established. 

The factors and levels were: a) state of maturity: immature plants, quiotilla plants and castrated plants; b) part 
of the plant: stem, base, neck, wings and apex; c) treatment: raw juices and hydrolysed juices. The values of the 
carbohydrate concentrations were subjected to an analysis of variance (ANOVA) to detect differences in the 
means of the treatments (SAS, version 9, SAS, Inc., Cary, Nc, USA). When the effects were statistically 
significant, mean comparisons were made with the LSMEANS procedure. 

 
 
Results 
 
Sugars identification and quantification 
In Figure 2, the chromatogram of the mixture of pure carbohydrates separated by the Zorbax HPLC 

column and detected by its refractive index is presented. All carbohydrate standards could be separated in a 
single run and the standard deviation in retention times (tR) was in all cases less than ± 0.15 min. 

Of the 10 standards used for the identification of sugars present in raw and hydrolysed maguey juices, 
only xylose, fructose, glucose, sucrose and maltose could be identified and quantified; the remainder were not 
considered because they were not present or their trace concentrations were lower than the detection limit.  

The analysis of variance was performed for all identified and quantified carbohydrates, their F values are 
presented in Table 1.  

 
Sugars concentration in raw and hydrolysed juices  
Fructose. The fructose concentration in maguey juices as a function of maturity state, plant section and 

treatment are shown in Figure 3. Thermal hydrolysis achieved a statistically significant increase in this sugar 
concentration within each section plant in the 3 maturity stages, evidence of this is the highest concentrations 
of all the treatments in the hydrolysed plants; especially in the stem that rose from 2.94 to 68.68 mg mL-1, and 
in the case of the leaf neck it was from 2.48 to 44.27 mg mL-1. 

Glucose. The results of the glucose analysis are found in Figure 4. In the case of raw leaf base juices, a 
statistically significant difference is observed between juices from immature plants and quiotilla plants. In raw 
juice samples, the highest glucose concentration was observed in those from the immature plants stem with 
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12.22 mg ml-1, which when hydrolysed reached 14.42 mg ml-1. However, the highest sugar concentration was 
obtained when hydrolysing juices from the leaf neck of quiotilla plants that went from 7.96 to 16.25 mg ml-1. 

 

 
Figure 2. Retention times of a mixture of 10 standards used for the carbohydrate’s identification in maguey 
juices (Agave salmiana) 
The concentration of each standard was 5% (w / v) in a 50:50 (v / v) acetonitrile / water solution (injection volume 
20 μL). 

 
Table 1. F test values of the concentration of sugars in maguey juice. Results of factorial arrangement of 
treatments (3 x 5 x 2). The factors and levels were: a) state of maturity: immature plants, quiotilla plants 
and castrated plants; b) part of the plant: stem, base, neck, wings and apex; c) treatment: raw juices and 
hydrolysed juices 

Source 
 Fructose Glucose Sucrose Xylose Maltose 

DF F p F p F p F p F p 
Plant section 4 4.52 0.003 0.72 0.579 2.02 0.104 7.78 <0.0001 2.27 0.073 

Maturity 2 2.61 0.082 1.08 0.347 2.81 0.068 2.86 0.065 1.91 0.157 
Treatment 1 96.78 <0.0001 9.32 0.003 5.25 0.026 11.13 0.002 5.24 0.026 

Plant section * Maturity 8 0.75 0.648 2.08 0.052 0.38 0.925 1.01 0.436 1.55 0.158 
Plant section * Treatment 4 5.16 0.001 1.80 0.140 3.13 0.021 1.33 0.268 4.59 0.003 

Maturity * Treatment 2 5.67 0.006 5.89 0.005 0.93 0.400 4.90 0.011 0.89 0.418 
Section * Maturity * Treatment 8 0.75 0.647 0.94 0.489 1.00 0.449 1.26 0.283 0.91 0.514 

Model 29 5.66 <0.0001 1.98 0.013 1.53 0.083 2.80 0.000 2.00 0.012 
Error 60           

Total (corrected) 89           
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Figure 3. Fructose concentration in raw and hydrolysed juices obtained from the stem and leaf (base, neck, 
wings and apex) of maguey (Agave salmiana) in three different maturity stages 
 

 
Figure 4. Glucose concentration in raw and hydrolyzed juices obtained from stem and leaf (base, neck, 
wings and apex) of maguey (Agave salmiana) in three different maturity stages 
 
Sucrose. The hydrolysis treatment had a statistically positive effect since it increased the sucrose 

concentration in the stem juices of the plant in its three maturity stages, which present the highest sucrose 
concentration. The highest concentration of this sugar was observed in hydrolysed juices from quiotilla plants 
stems (8.90 mg ml-1) (Figure 5). As mentioned above, during the use of this plant by the mezcal industry, only 
the stem and leaf base from castrated plants are used; however, it is recommended to reconsider (under these 
same conditions) the use of the rest of the leaf since the sucrose concentration is statistically similar to that of 
its stem (4.79 mg ml-1).  
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Figure 5. Sucrose concentration in raw and hydrolyzed juices obtained from stem and leaf (base, neck, 
wings and apex) of maguey (Agave salmiana) in three different maturity stages 
The state of maturity did not significantly affect the concentration of sucrose in each part of the plant. 

 
Xylose. The concentration of xylose was higher in immature and quiotillas plants raw juices obtained 

from the wings and the apex, statistically similar between them, with a concentration range between 12.01 and 
13.87 mg ml-1 (Figure 6), and its concentration decreases as the plant matures. In the castrated plants there was 
no significant difference between all the treatments.  

Maltose. The highest maltose concentration with a statistically significant difference was found in raw 
leaf base juices from castrated plants (11.36 mg ml-1) followed by those from quiotilla plants (9.54 mg ml-1) 
(Figure 7). There was a significant difference between heat treatment in leaf base juices from the three stages of 
maturity.  

 

 
Figure 6. Xylose concentration in raw and hydrolyzed juices obtained from stem and leaf (base, neck, wings 
and apex) of maguey (Agave salmiana) in three different maturity stages 
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Figure 7. Maltose concentration in raw and hydrolysed juices obtained from stem and leaf (base, neck, 
wings and apex) of maguey (Agave salmiana) in three different maturity stages 
 
 
Discussion 
 
The carbohydrates identified in this study coincide with those found in other species of the Agave genus 

such as A. vera-cruz (Wang and Nobel, 1998; López and Mancilla, 2002; López et al., 2003). The presence of 
these carbohydrates has been confirmed in Agave salmiana by other chromatographic techniques (Michel-
Cuello et al., 2015). 

Fructose. According to the results, there is evidence that confirms the increase in the fructose 
concentration in hydrolysed maguey juices, which are detached from the fructans structure when subjected to 
a hydrolysis process by fructo-hexohydrolase (FEH) that acts on fructose-bonds releasing fructose between 10 
and 60 fructose molecules depending on its structure and bond type, the increase in fructose concentration is 
more evident in the juices from the plant stem, since it is at this point where they are located and stored fructans 
as a usable energy source in drought periods or when their metabolism requires a greater energy supply for their 
growth and reproduction (Wang and Nobel, 1998; López and Mancilla, 2002; Ritsema and Smeekens, 2003; 
Mancilla and López, 2006; Moreno et al., 2014; Chávez et al., 2016; Acosta et al., 2018; García et al., 2020). It 
is extremely important to note that the concentration of fructose in hydrolyzed juices from castrated plants 
does not present a statistically significant difference depending on the plant section. In fact, the fructose 
concentration of hydrolysed juices in castrated plants obtained from wings and apex is higher than the 
concentration in leaf base juices (used in the industrial processes of mezcal) subjected to the same treatment. 
These results must be considered during industrial processes to increase the yield in the mezcal production. 
Based on these results, it is recommended to consider the plant discarded parts (neck, wings, and leaf apex) due 
to their glucose and fructose content and their use as fermentable sugars to obtain mezcal (De los Rios and 
Rutiaga, 2015). The fructose concentration presented statistical significance supported by the interactions of 
the plant section with treatment and the maturity state with treatment, the reason for this is due to the 
concentration gradient of fructans that were formed from the polymerization of fructose molecules that were 
move towards the stem to be stored as energy reserve, which when hydrolysed release fructose (Montañez et al., 
2014).  

Glucose. The hydrolysis process had a positive effect on the increase in glucose concentration in quiotilla 
and castrated plants juices, and the highest concentration of this sugar with a statistically significant difference 
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was observed in juices obtained from the neck of quiotilla plants and in juices of castrated plant wings. This 
phenomenon can be explained by the presence of fructans that, when hydrolysed, also release a glucose unit per 
molecule, for this reason the increase in glucose concentration when cooking the juices from the stem and the 
base of the leaf. The interactions effect between the treatments was determined, in such a way that the section 
of the plant interacting with the hydrolysis had significant effect on glucose concentration, probably caused by 
the release of molecules of this carbohydrate from the fructans hydrolysis, sucrose or even small maltose 
concentrations (López et al., 2003; Michel-Cuello et al., 2012; Moreno et al., 2017). 

Sucrose. The sucrose concentration is limited by the plant metabolism, which hydrolyses this sugar using 
the enzyme invertase or sucrose-synthase to release glucose and fructose for immediate energy, to be used during 
respiration, or to polymerize it to form fructans as energy reserve in the stem. Similarly, sucrose is considered 
the sugar transporter and is found in a dynamic state in the plant (Srinivasan and Bathia, 1953; Echeverría, 
1990; Goldschmidt and Huber, 1992; Davies and Robinson, 1996). 

Xylose. The statistically significant differences in terms of the higher xylose concentration in juices from 
wings and apex of immature and quiotillas plants depend of the plant metabolism, since this carbohydrate 
performs different functions in the plant, mainly as energy of cellular metabolism and for biomass generation; 
xylose is found associated with polysaccharides such as hemicellulose and with xyloglucan in the primary cell 
wall or as xylan constituents giving structure to the cell wall (Hayashi et al., 1998; Saucedo et al., 2010). The 
results indicate that the plant castration has a negative effect in xylose formation and storage in the plant. 
According to the results, the xylose concentration in maguey juices can be considered for industrial applications 
in ethanol production, sweeteners and as a xylitol source (Harner et al., 2015; Ortiz et al., 2017). 

Maltose. The heat treatment generally decreases the maltose concentration regardless of the maturity 
stage or the plant section, this is due to the release two glucose molecules during the hydrolysis of each maltose 
molecule. The presence of maltose in maguey comes from the transitory starch, hydrolysed by β-amylase in the 
leaves at night, which substitutes the energy supply provided by the monosaccharides produced in 
photosynthesis during the day (Lu et al., 2005; Weise et al., 2005; Mellado and López, 2015). 

 
 
Conclusions 
 
The agave is a natural resource of regional origin for the mezcal production. It is subject not only to 

climatic variations such as droughts, pests, soil fertility and socio-economic and cultural factors of the 
producers, but also to fluctuations in the market and the global competition from traditional beverages (such 
as whiskey, cognac, brandy, vodka and even tequila, etc.) and the preference of final consumers. Therefore, it is 
necessary to incorporate innovations in production systems and quality control to ensure the competitiveness 
and sustainability of this beverage in the world market. In this sense, the high-performance liquid 
chromatography (HPLC) is a reliable technique for the identification and quantification of carbohydrates in 
maguey juice samples. 

The results obtained in this research work indicate that in addition to fructose, glucose and sucrose, 
maltose and xylose were also identified, the latter carbohydrate has potential industrial application for the 
production of xylitol and as a sweetener. In fact, differences in the carbohydrate concentrations depending from 
the studied factors, such as part of the plant, state of maturity and raw or hydrolysed juices, were observed.  
Based on the analysis results of the fructose concentration in hydrolysed juices, it is strongly recommended to 
consider the industrial use of plants in quiotilla maturity state, including the stem up to its neck, whose 
concentration is even higher than that presented in its base. In the case of castrated plants, the fructose 
concentration in the four sections of the leaf is statistically similar to the stem, so in this case it is advisable to 
consider alternative processes for the use of the whole plant. However, it is possible that the presence of other 
compounds in the maguey, such as waxes and saponins when decomposed by hydrolysis, either thermal or 
biological, could affect the efficiency of the process and the organoleptic characteristics of the final product. 
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These treatments should be considered for a better use of the sugars contained in the maguey by the mezcal 
industry, which will collaterally reduce the impact of the maguey exploitation. 
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