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Abstract

Recently agave plants are being used in the production of syrups that are consumed by diabetic people in order to
control their blood glucose levels; unfortunately a deep characterization of this kind of products has not been
made. In this study the juice obtained from Agave atrovirens leaves (CE) was filtered and cooked (FE) and
evaporated until it has a solid content of 20 °Bx (TE), and the effect of the process in some parameters like pH,
acidity, solid content, 5-Hydroxymethylfurfural (5-HMF) and compounds with biological properties like
saponins and phenolic compounds as well as antioxidant activity were evaluated. Once FE was concentrated, a
dark brown liquid with a pH of 5.32 was obtained; the content of phenolics and saponins undergoes slightly
modifications trough the complete process. S-HMF was only detected in CE but not in FE and TE. Filtering
decrease acidity, total phenolics, saponins, 5-HMF and the antiradical activity (ARA); and evaporation increase
the content of reducing sugars and tends to increase the ARA value. For this study, we can conclude that the
negative impact associated to a thermal process on bioactive compounds like phenols and antioxidant activity is
negligible hence Agave atrovirens leaves could be a source of a product with phytochemicals.
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1. Introduction

The use and exploitation of agaves in Mexico started when the first human groups settled in the Mesoamerican
region. Since then, agaves have been used as a source of food, drink, medicine, fuel, shelter, ornament, fertilizer
and source of fibers. Despite Mexico is considered the center of origin of agaves and 75% of the described
species are founded in the country, just 74 species are used for human consumption, fermented and distilled
beverages, fiber obtaining and fodder. The selection was made on the basis of its fibers, aguamiel or sugar
content, therefore the expansion of commercial monocultures of agaves for industrial purposes has generated soil
erosion, chemical pollution, displacement of species and threatening the biodiversity of agaves in certain regions
(Zizumbo-Villarreal, Vargas-Ponce, Rosales-Adame, & Colunga-Garcia, 2012). On the other hand, different
agave species have shown in vitro and in vivo antimicrobial and antifungal (de Rodriguez et al., 2011; Garcia,
Saenz, Puerta, Quilez, & Fernandez, 1999; Sanchez, Heredia, & Garcia, 2005; Verastegui et al., 2008),
antiinflamatory (Garcia, Quilez, Saenz, Martinez-Dominguez, & de la Puerta, 2000; Peana, Moretti, Manconi,
Desole, & Pippia, 1997), antioxidant (Ben Hamissa et al., 2012; Singh, Bhat, & Singh, 2003), molluscicidal
(Abdel-Gawad, El-Sayed, & Abdel-Hameed, 1999; Brackenbury & Appleton, 1997), antidiabetic
(Andrade-Cetto & Heinrich, 2005) and cytotoxic activity against some cancer cell lines (Chen et al., 2011; Man,
Gao, Zhang, Huang, & Liu, 2010; Podolak, Galanty, & Sobolewska, 2010; Yokosuka & Mimaki, 2009). These
properties are attributed to some phytochemicals like saponins, sapogenins, phenolics and fructanes. Besides the
beneficial properties mentioned above, saponins from different plants have shown antiparasitic, antiviral, wound
healing, antioxidant, anti-ulcerogenic, immunomodulatory, hepatoprotective, neuroprotective, antimutagenic,
antispasmodic, hypolipidemic and hypocholesterolemic activities (Sparg, Light, & van Staden, 2004). Laterally,
hydrolysis of fructanes could be a source of prebiotic oligosaccharides (Avila-Fernandez, Galicia-Lagunas,
Rodriguez-Alegria, Olvera, & Lopez-Munguia, 2011) and monosaccharides like glucose and fructose. Because
fructanes are the principal water soluble carbohydrate reserve in Agaves, its content in heads of several species
ranges from 35% to 70% of dry matter and because their hydrolysis release 80% to 86% of fructose and 10% to
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15% of glucose, they are used for the production of syrups, a more recent use of Agaves (Escamilla-Trevifio,
2012). Despite fresh leaves represent around 25% of the wet agave plant, this material is not utilized
(Iiguez-Covarrubias, Diaz-Teres, Sanjuan-Duenas, Anzaldo-Hernandez, & Rowell, 2001), their content of
non-structural sugars is lower than in the heads but it could be used for sugar, fiber, ethanol, paper or biofuel
production (de Paula, Lacerda, Zambon, & Frollini, 2012; Idarraga, Ramos, Zuniga, Turgut, & Raymond, 1999;
Zapata-Narvaéz, 2009). Additionally to this, documented results in the productivity of the non-commercial
exploited species Agave salmiana and Agave mapisaga suggest that these species may have equal or better
productivity than Agave tequilana (Escamilla-Treviilo, 2012).

In general terms, functional foods are foods and beverages with a specific health-promoting effect based on
scientific proof, they could exert one or more of the next properties: antioxidants, antimutagens, anticarcinogens,
antimicrobial, antiviral, enhancers of the gastrointestinal function, Immune-modulators and stimulators,
inflammation-inhibiting substances, cognitive enhancers (psychotropic neuroregulatory substances), oestrogen
modulators, blood pressure reducing agents, cholesterol reducing agents, anti-allergenics or anti-diabetics
(Gurib-Fakim, 2006).

It is clear then, that agave species could be a potential source of phytochemicals and functional products like
fructose-rich syrups which have received an increasing demand as a food additive due to their supposed
beneficial health effects and its low glycemic index (Garcia-Aguirre et al., 2009; Willems & Low, 2012), for this
reason, in this study we use the leaves of a non-commercial exploited specie of agave (Agave atrovirens) to
obtain an aqueous extract, evaluate their content of phenolics, saponins, reducing sugars and the effect of
filtration and thermal treatment (cooking and evaporation) on this parameters in order to support their use as
nutraceutical product and promote the exploitation of non-commercial agave species.

2. Methods
2.1 Chemicals and Standards
Glucose, Gallic acid (GA), Trolox, 2,2-Diphenyl-1-picrylhydrazyl (DPPH),

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), Butylhydroxytoluene (BHT), Quillaja saponin
(QS), 5-Hydroxymethylfurfural (5-HMF), Folin-Ciocalteu reagent, 3,5-Dinitrosalicylic acid (DNS), were from
Sigma-Aldrich (Sigma Chemical Co., St. Louis, MO, USA). HPLC grade methanol, HCI 37%, and all other
reagents (analytical grade), were from J.T Baker (Deventer, The Netherlands).

2.2 Agave Atrovirens Extract

The crude extract (CE) and filtered aqueous extract (FE) from Agave atrovirens leaves were kindly provided by
the company Ingredientes Nutracéuticos de México, S.A. de C.V. CE and FE were obtained at industrial scale in
the company facilities with its industrial process. Briefly, A. atrovirens leaves from mature plants (6-7 years old)
were grinded and pressed and the obtained juice was identified as CE. Posteriorly, CE was cooked and filtered
through activated carbon and diatomaceous earth in order to remove solid material, the clear light brown liquid
obtained was coded as FE. To assure samples integrity, CE and FE samples were frozen at -18 °C and transported
in a cooler to the laboratory. They were kept at -20 °C until processing and analysis.

In our laboratory received samples were processed to achieve final concentration specified by the company. Total
Extract (TE) was obtained by concentration of FE (2 °Bx) using a single effect evaporator at 67 °C, under 0.6 Bar to
0.7 Bar (Pignat, Rue Calmette, Genas-France) until it reaches 10 °Bx, finally, it was concentrated until 20 °Bx
under reduced pressure using a Biichi rotavapor system (Meierseggstrasse, Switzerland). All the extracts were
placed in tight closed flasks, protected from light and then frozen and maintained at -40 °C in a ultrafreezer
REVCO (Thermo Fisher Scientific, Waltham, MA USA) until analysis.

2.3 Determination of Brix, pH, Acidity and Dry Matter Content

Degrees Brix are an approximation of the dissolved solid content in a solution and is expressed as % w/w (°Bx),
these values were measured at 25 °C in the three extracts (CE, FE and TE) using a 0% to 32% hand refractometer
(Atago, model N-1E). pH values were obtained with a benchtop pH-meter (Thermo Scientific model Orion 3
Star) previously calibrated. Acidity (ACID) on the samples was determined following the potentiometric method
described in the NMX-FF-110-SCFI-2008 (2009) that establishes the specifications and test methods for agave
syrup 100%, results were expressed as acid milliequivalents per kg of dried sample (meq/kg). Dry matter content
(DMC) was assayed using the thermo-gravimetric method putting 1.0 mL of the sample in a crucible and drying
the sample at 100 °C until a constant weight was obtained, the results were expressed as g/mlL..
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2.4 Determination of Total Phenolic Contents

The total phenolic content (TP) in CE, FE and TE was determined by the Folin-Ciocalteu colorimetric method
described by Singleton, Orthofer, Lamuela-Raventos, and Lester (1999) using a Gallic acid calibration curve.
Briefly, an appropriate dilution of the samples (1/10 for CE and FE and 1/100 for TE) was oxidized with the
Folin-Ciocalteu reagent and the absorbance of the resulting blue color was read at 760 nm using a UV-Visible
spectrophotometer (Labomed Inc. USA, model UVD-3500). Results were expressed as pg of Gallic acid
equivalents (GAE)/g.

2.5 Reducing Sugars Quantification

Reducing sugars (RS) were quantitated by the 3,5-dinitrosalicylic acid (DNS) method using a calibration curve
of D-glucose. Briefly, an appropriate dilution of the samples (1/100 for CE, 1/25 for FE and 1/400 for TE) was
mixed with the DNS reagent, incubated at 60 °C during 15 minutes, cooled at room temperature and the resulting
color was read at 550 nm using the above mentioned spectrophotometer. Results were expressed as mg of
Glucose equivalents/g.

2.6 Estimation of the Saponins Content

The content of saponins (SAP) in the samples was estimated by the indirect method proposed by Hernandez,
Lugo, Diaz, and Villanueva (2005). This method is based in the quantification of the reducing sugars by the DNS
method, before and after an acid hydrolysis with HCI. The increase in the amount of reducing sugars after the
hydrolysis process is assumed that comes exclusively of the sugars released from saponins. Because in the DNS
method, the amount of reducing sugars is directly correlated with Absorbance, we optimize the hydrolysis
conditions (data not shown) in order to obtain a maximum absorbance value. Briefly, appropriate dilutions from
the stock solution of standard saponin (10 mg/mL) or sample (EC, EF or ET) were hydrolyzed with 4.6 mL of
HCI 37% and heating at 86 °C during 25 minutes. Once the treatment was completed, the sample was neutralized
with 12 N sodium hydroxide, the volume was completed to 50 mL and an aliquot of this sample was processed
for reducing sugars determination. Samples without hydrochloric acid were processed under the same conditions
and the resulting absorbance values were subtracted from the corresponding treatment. The corresponding blanks
were used in each determination. A calibration curve was constructed and the final results were expressed as mg
equivalents of Quillaja saponin/g (mg QSE/g).

2.7 Determination of 5-hydroxymethylfurfural (5-HMF) Content

5-HMF content in the extracts was determined by HPLC modifying the described method in
NMX-FF-110-SCFI-2008 (2009) using an Agilent 1200 HPLC system (Agilent Technology 1200 series, Palo
Alto, CA) consisted of a quaternary solvent delivery system, an on-line degasser, an auto-sampler, a column
temperature controller and a Photo Diode Array Detector (PDA) coupled with an analytical workstation and an
Zorbax Eclipse XDB C;g column (5 pm, 150 x 4.6 mm id). Flow rate was 1.0 mL/min and sample injection was
20 pL. Detection wavelength was set at 285 nm and the column temperature was at 25 °C. Mobile phase
consisted of methanol and water HPLC grade mixed in isocratic mode (10/90). The total run time was 10
minutes.

A calibration curve ranging from 0.0625 pg/mL to 10 pg/mL was prepared from a stock solution of 100 ug/mL
of the standard 5-HMF. After injection into the HPLC system, the corresponding area was obtained and the
values were plotted versus 5-HMF concentration. Limit of Detection (LOD) and Limit of Quantitation (LOQ)
were calculated using the calibration curve following the recommendations of the International Conference of
Harmonization (ICH) (Epshtein, 2004; FDA, 1996).

The samples were prepared dissolving the freeze dried extracts with HPLC water and filtered through 0.45 pm
nylon membranes before injection. The area values obtained were interpolated in the calibration curve and the
results were expressed as mg of 5-HMF/kg of dried extract.

2.8 Antioxidant Capacity of the Extracts
The antioxidant activity of the 4. atrovirens extracts was assessed by the DPPHe and ABTS+" methods.
2.8.1 Free Radical DPPH* Scavenging Capacity

DPPH is a free radical used for assessing antioxidant activity. Reduction of DPPHe by an antioxidant or by a
radical species results in a loss of absorbance at 515 nm. Determination of antioxidant capacity, previously
adapted for microplates (Fukumoto & Mazza, 2000), was performed as follows: 0.02 mL of A. atrovirens extract
(15.63 uM GAE to 250 as uM GAE for CE and TE, or 15.63 uM GAE to 62.5 uM GAE for FE) or standards
(BHT or GA 15.63 to 250 uM) were added to a 96-well flat-bottom plates containing 0.2 mL of DPPHe solution
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(125 uM DPPH?e in 80% methanol). Samples were prepared in triplicate. The plate was covered, left in the dark
at room temperature and read after 90 min in a visible-UV microplate reader (X Mark Microplate Reader,
Bio-Rad Laboratories, Inc. Japan) using a 520 nm filter. Data are expressed as a percentage of
DPPHe-discoloration (Burda & Oleszek, 2001).

2.8.2 Radical Cation ABTS"Scavenging Activity

The Trolox equivalent antioxidant capacity (TEAC) method is based on the ability of an antioxidant to scavenge
the preformed radical cation ABTSe" relative to that of the standard antioxidant Trolox. The total antioxidant
capacity of A. atrovirens extracts was evaluated according to the improved ABTS™ method described by Re, et al.
(1999), and adapted for its use in microplates. Briefly, ABTS™ radical cation was produced by reacting 7 mM of
ABTS and 2.45 mM potassium persulfate after incubation at room temperature in dark for 16 h. The ABTS™
solution was diluted with ethanol to an absorbance of 0.80 + 0.1 at 734 nm. Standards and samples were prepared
in methanol as used in the DPPH method. The 0.2 mL reagent and the 0.02 mL standard (BHT or GA) or sample
solutions were added to the well in a 96-microwell plate and mixed thoroughly. The absorbance readings were
taken at 734 nm immediately after 6 min using the visible-UV microplate reader described above. Trolox standard
solutions in methanol were prepared and assayed under the same conditions (0-400 uM). The Trolox-equivalent
antioxidant capacity (TEAC) of the sample was calculated as the uM of Trolox needed to give the same degree of
discoloration than samples at the concentration tested.

2.9 Statistical Analysis

Triplicate analyses were performed for each determination. Data were subjected to ANOVA procedures and
were significant differences existed, means were separated by the Tukey test (P<0.05). Then, correlation analysis
was applied to the data in order to evaluate the relation among the evaluated parameters (p<0.05 and p<0.1).
Next, Principal Component Analysis (PCA) was carried out in order to identify the most important parameters
changing due to filtration or thermal process. PCA made it possible to evaluate the whole data set instead of
individual parameters. Finally, General Discriminant Analysis (GDA) was applied to the data set in order to
evaluate the possibility to discriminate agave extract samples according to the degree of processing. This
statistical tool generates discriminant rules or functions that made it possible to classify experimental units in
two or more populations defined in a unique way. Additionally, this tool made it possible to reduce the amount
of initial variables by forward stepwise method (p inclusion 0.05, p exclusion 0.05) was applied in order to
minimize the model size. The selected variables were those with a significant (p<0.05) F value. The Statistical
analysis was performed using the computer software Statistica (12.0 Stat Soft, Inc. Tulsa OK, USA).

3. Results and Discussion
3.1 Physicochemical Determinations in A. atrovirens Extracts

Results obtained for the physicochemical determinations in the 4. atrovirens extracts are shown in Table 1.

Table 1. Physicochemical determinations in A. atrovirens extracts"

Fluid extract Dry basis
Extract  °Bx pH DMC ACID TP RS SAP 5-HMF
CE 6" 5.13*  0.054° 0.599° 1337.31°  401.85° 676.66° 10.77
FE 2 6.02°  0.014° 0.272° 1072.59*  423.38" 539.03* ND
TE 20 5.32°  0.195° 0.186 1072.92°  435.47° 624.21° ND

* Each value is the mean of at least 3 observations. Means with different letters within column are significantly
different (P<0.05).

** Dry basis values were obtained using the respective dry matter content value. For acidity, a density of 1.0
g/mL was assumed.

Abbreviations: °Bx= Degrees Brix; DMC= Dry Matter Content (g/mL); ACID= Acidity (meq/kg); TP= Total
Phenolics (ug GAE/g); RS= Reducing sugars (mg GE/g); SAP= Saponins (mg QSE/g); 5-HMF=
5-Hydroxymethylfurfural (mg/kg); GAE= Gallic acid equivalents; GE= Glucose equivalents; QSE= Quillaja
saponin equivalents; ND= Not detected.
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3.1.1 °Bx, Dry Matter Content, pH And Acidity

°Bx and Dry matter content values show that the observed effects in solid content are just a consequence of the
physical processes that the extract undergoes. The decrease in FE is due to filtration and the increase in TE is a
consequence of the evaporation process (Table 1). pH values shows a similar behavior like solid content,
filtering and cooking process decreases the concentration of H' ions, we suppose it could be due to a
neutralization reaction with some alkaline components of the diatomaceous earth, from this FE has a higher pH
than CE, but the evaporative process concentrate the remaining H' ions thus a lower pH is obtained.

CE has a bigger value of acidity than FE and TE, it is logical because this extract is basically “a juice” obtained
from the agave leaves and it is precisely in the leaves where the Crassulacean Acid Metabolism (CAM) in Agave
species takes place. CAM permits the capture of CO, in the leaves and its conversion in four-carbon organic acid
such as oxaloacetate or malic acid that is stored in the vacuole reaching concentrations as high as 200 mM
(Escamilla-Trevifio, 2012), additionally, the identification of calcium oxalate crystals in agave leaves, suggest
the presence of oxalic acid (Salinas, Ogura, & Sofcfchi, 2001). Reduction in the acidity value in the thermal
processed samples could be attributed to degradation of labile acid compounds like ascorbic or nicotinic acid.

3.1.2 Total Phenolics Content

Total phenol content is decreased by filtration but not by the evaporative process (Table 1). We speculate that
this is a consequence of the removal of insoluble components of the cell wall like cellulose, hemicellulose and
lignin, the last, a phenol polymer. TP content seems not to be affected by Evaporation process. Information about
the effect of heat on total phenolics is contradictory, some authors report reduction in the TP content due to
thermal degradation (chemical oxidation) (Muyonga, Andabati, & Ssepuuya, 2014) and others report an increase
in their levels because the heat induce the release of bounded phenolics from dietary fiber, proteins o sugars
making phenolics more available (Nagarani, Abirami, Nikitha, & Siddhuraju, 2014). In this study the
temperature used to concentrate the extract was 67 °C which is lower than the used by Muyonga, et al. (2014)
(200 °C) that is the reason we did not observe TP loss. Additionally, the almost constant value in TP could be
explained by the presence of thermal resistant phenolic compounds or because bounded phenolics are released in
a bigger proportion than the degraded ones, however, the fact that TP remains unaltered is important because
phenolics are related with health benefits. The content of TP in all the extracts tested is greater than the found in
a methanolic extract of 4. attenuata leaves 39.35 mg GAE/100 g (393.5 pg GAE/g) in a previous study (Rizwan
et al., 2012). TP content obtained for the three extracts in this study was higher than the obtained by Santos-Zea,
Gutiérrez-Uribe, and Serna-Saldivar (2011) (905 pg GAE/g) for cactus plant nopal (Opuntia spp) which has a
similar metabolism than agaves. If TP is compared with some fruits, vegetables and nuts, A. atrovirens extracts
shown similar or greater TP content than apricot, cantaloupe, honeydew, nectarines, watermelons, canned beans,
carrots, celery, cucumber, lettuces, yellow and sweet onion, radishes, sweet potatoes, tomatoes and pine nuts, but
lower than berries, grapes, broccoli, cabbages, peppers and walnuts (Wu et al., 2004).

3.1.3 Reducing Sugars

It is known that water soluble carbohydrates are released after a thermal process (Escamilla-Trevifio, 2012;
Mancilla-Margalli & Loépez, 2002) hence, despite agave leaves contain low levels of non-structural
carbohydrates like fructanes, it is logical the slight increase in the Reducing Sugars content that we observed as
the extracts are concentrated. Ifliguez-Covarrubias et al. (2001) studied the content of RS (% on a wet basis) in
fractions of mature fresh leaves, mature partially dry leaves and leaf bases of 4. tequilana, the authors report an
average of 6.12% (287 mg RS/g on dry basis), 12.4% (600 mg RS/g on dry basis) and 13.1% (516 mg RS/g on
dry basis) for fresh, partially dry and leaf base respectively. Because in the obtaining of our extracts we do not
distinguish between fresh, dry leaves or leaf bases, we just can compare the value of EC (402 mg RS/g) with a
general average from the data of Ifliguez-Covarrubias et al. (2001) 9.4% (468 mg RS/g on dry basis), from this
we can inferred that % of RS in the leaves of both species is similar.

3.1.4 Saponins

Saponins determination is difficult because they are poor chromophores, and despite there are many biological
and physicochemical screening methods; they imply complex and large processes or utilization of very
sophisticated equipment. In order to estimate the content of saponins, we use a very simply indirect method
based in the reaction involved in the DNS method. Comparing the result obtained for CE (676.66 mg/g) with
those obtained for A. lechuguilla (1 mg/g to 13mg/g) (Hernandez et al., 2005), A. salmiana (8 g/kg)
(Pinos-Rodriguez et al., 2009) or A. americana (80 mg/g as Diosgenin equivalents) (Nasri & Ben Salem, 2012),
it is clear the used method overestimates the saponins content because it doesn’t take into account the reducing
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sugars released from molecules different from saponins. However the general tendency shows that the process
does not affect the saponins quantity because an almost constant value is obtained (Table 1).

3.1.5 5-HMF Content

The importance of S-HMF quantification relies on its in vivo biotransformation by sulfotransferases to highly
electrophilic species that can form adducts with DNA starting a possible carcinogenesis process (Monien, Engst,
Barknowitz, Seidel, & Glatt, 2012; Monien, Frank, Seidel, & Glatt, 2009).

Obtained 5-HMF LOD and LOQ values were 9.24 x 10° mg/mL and 2.80 x10™* mg/mL respectively. 5-HMF
was only detected in the CE sample; its content was estimated as 1.09 x 10 mg/mL (10.77 mg/kg), in FE and
TE it was below the LOD making not possible to estimate their 5-HMF content (Table 1). 5-HMF occurs as an
ubiquitous contaminant in foodstuffs and beverages, it is formed by acid-catalyzed dehydration and in the
Maillard reactions from reducing sugars, but if the pH is higher than 5.0 units it polymerizes quickly with other
cyclic reactive compounds and form a dark color insoluble material (BeMiller & Whistler, 1996), because all the
extracts tested have a pH higher than 5.0 units, it is probable that 5-HMF values decrease and color change from
green (CE) to dark brown (TE). On the other hand 5-HMF is a compound that probably co-distillates with water
during the evaporation process (Prado-Ramirez et al., 2005). The absence of 5-HMF in TE eliminates the
probable damages due to its consumption making possible the obtaining of an innocuous product.

3.2 Antioxidant Activity

Antioxidant activity of the 4. atrovirens extracts was assessed by two methods; the results are shown in Table 2.
Because TEAC and ARA values increases if the concentration of the standards or extracts increases, it is clear
that exists a concentration dependent response between TEAC or ARA values and concentration (R? values >
0.9), it is logical because as we increase the amount of standard or extract, the quantity of molecules of
antioxidants that react with the free radicals increases, therefore a bigger antioxidant response is obtained. In
both assays, the antioxidant activity was compared with the respective activity of the standards Gallic acid and
BHT. For all the concentrations tested, there is no difference among CE, FE or TE TEAC values, but the activity
of the extracts is much bigger than BHT or GA activities. On the other hand, for ARA values CE shows bigger
activity than FE, TE or BHT but lower than GA. According to TEAC, antioxidant activity is no affected by
filtration or thermal process but according to ARA, the antioxidant activity is decreased by filtration and slightly
increased by concentration.

Table 2. Antioxidant activity of 4. atrovirens extracts**

Concentration TEAC ARAS
[nM]*
BHT GA CE FE TE BHT GA CE FE TE

15.63 0* 66.36°  223%  230% 210  1.72*  10.20%%¢ 9.73%¢  6.64°¢ 6.64"°
31.25 8.35%  125.67° 326% 328% 208" 377*" 1891% 13.45° 9.29%0 10.85%
62.5 29.94** 271.32%" 405" 391" 378"  11.14%° 3896  22.85%" 13.48° 17.85
125.0 ND ND ND ND ND  20.94%" 66.97™ 44.14 ND  2451"
250.0 ND ND ND ND ND 3952 9270" 61.5' ND 3385

* Agave extract concentration expressed as uM equivalent of Gallic acid (GA)

**Each value is the mean of at least 3 observations. Means with different letters within column are significant
different (P<0.05).

"TEAC= Trolox Equivalent Antioxidant Capacity expressed as uM Trolox equivalents.
" ARA = Antiradical activity expressed as % of DPPHe discoloration.
ND= Not determined.

Our ARA results are lower than the obtained by Rizwan et al. (2012) for a 0.1 mg/mL (0.231 uM) methanolic
extract from A. attenuata leaves 73.97% of DPPHe discoloration, however, it is difficult to correlate the data
because the authors use a methanolic extract, a different protocol for determining ARA and a different agave
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specie. The discrepancy in the effectiveness of the extracts compared with GA in both methods or among them
in ARA, could be explained by the fact that ABTS™ has a poor selectivity in the reaction with H-atom donors
and reacts with any hydroxylated aromatics independently of their real antioxidant potential, from here, ABTS™
could reacts with OH-groups which do not contribute to the antioxidant properties. On the other hand, DPPH
method is more selective than ABTS™ in the reaction with H-donors, for instance, it does not react with
flavonoids which contain no OH-groups in B-ring as well as with aromatic acids (Roginsky & Lissi, 2005). We
suppose that the bigger CE ARA activity could be explained by the fact that it has a low pH and contains more
quantity of phenolics and acid compounds. The low pH and high concentration of organic acids help to stabilize
natural antioxidants like ascorbic acid, unfortunately, ascorbic, citric, malic, and tartaric acids are affected by
thermal processes suggesting that FE and TE reduce their antioxidant capacity after undergoing a thermal
treatment. (Igual, Garcia-Martinez, Camacho, & Martinez-Navarrete, 2010; Lo Scalzo, lannoccari, Summa,
Morelli, & Rapisarda, 2004).

3.3 Correlation and Principal Component Analysis (PCA)

The correlation between the parameters evaluated is depicted in Table 3. For TEAC and ARA, 62.5 uM
concentrations were used for calculation of the correlation matrix. From this, we can observe that ACID, TP, and
5-HMF have a positive correlation with TEAC and ARA, while SAP has a positive correlation only with ARA.
A correlation between TP and the antioxidant activity of commercial pomegranate juices measured by % of
DPPHe inhibition, or iron reducing capacity (FRAP) was found in previous studies (Pande & Akoh, 2010;
Tezcan, Giiltekin-Ozgiiven, Diken, Ozcelik, & Bedia, 2009). On the other hand, recent studies suggests that
5-HMF possess favorable biological effects like antioxidant activity and can prevent damage from acute
hypobaric hypoxia-induced brain damage (Li et al., 2011). Our results are in accordance with those mentioned
above, also the correlation between ARA and SAP has not been previously reported.

Table 3. Correlation matrix of physicochemical determinations and antioxidant activity

°Bx  pH DMC  ACID TP RS SAP 5-HMF TEAC ARA
°Bx 1.00
pH 051 1.00

DMC 1.00* -0.51 1.00
ACID -0.49 -0.50 -0.49 1.00

TP -0.30 -0.65*  -0.29 0.95* 1.00
RS 0.62%* 0.35 0.62%* -0.97*  -0.89*  1.00
SAP 0.32 -0.92*  0.32 0.61* 0.69* -0.49 1.00

5-HMF  -0.30 -0.65*  -0.30 0.96* 0.94* -0.90*  0.78* 1.00
TEAC -0.59*  -0.20 -0.59**  0.79* 0.66%*  -0.85* 0.22 0.66* 1.00
ARA 0.17 -0.89*  0.17 0.74* 0.79* -0.62*  0.90*  0.84* 0.43 1.00

Abbreviations: °Bx= Degrees Brix; DMC=Dry Matter ¢ discoloration; GAE= Gallic acid equivalents. Bold
values are significant at p< 0.05 (*)Content (g/mL); ACID= Acidity (meq/kg); TP= Total Phenolics (ng GAE/g);
RS= Reducing sugars (mg GE/g); SAP= Saponins (mg QSE/g); 5-HMF= 5-Hydroxymethylfurfural (mg/kg);
TEAC= Trolox Equivalent Antioxidant Capacity expressed as pM Trolox equivalents; ARA= Antiradical
Activity expressed as % of DPPH.

DMC and °Bx has negative correlation with TEAC but not with ARA, and RS has a negative correlation with
antioxidant activity determined with the both assays. Interesting, no significant correlation between ARA and
TEAC was observed. Additionally, as expected °Bx and DMC has a strong positive correlation (R=1.00) and this
both parameters have a positive correlation with RS (R=0.62) this suggests that RS are the main solids present in
the extracts but they had a negative effect in TEAC activity. TP has a positive correlation with ACID (R=0.95),
TEAC (R=0.66) and ARA (R=0.79), this suggest that phenolic acids could be the principal phenolic type
compounds present in the extracts and they have a strong influence in antioxidant activity. RS has a negative
correlation with 5-HMF (R=-0.90), TEAC (R=-0.85) and ARA (R=-0.62), pH has a negative correlation with
5-HMF (R=-0.65), TP (R=-0.65), SAP (R=-0.92) and ARA (R=-0.89). Since 5-HMF formation is empowered by
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an acid pH, it is clear that if the pH increases, 5S-HMF should decrease. The relationship among the other
parameters is not clear.

The PCA factors loadings plot and factorial map for the evaluated parameters defined by PC1 and PC2 are
shown in Figure 1 (a and b). These components explained 61.73% and 32.68% of the total variance, respectively.
In the factorial map (Figure 1a); the samples are separated in three different groups according with the degree of
processing received. The first group (CE) includes only the crude samples of the A. atrovirens extract, the
second group (FE) the filtered and cooked samples and the third group (TE) the concentrated samples. CE group
was separated by a combination of both axes and FE and TE were separated by a combination of axe 1 and axe 2.
From this graph, two changes are observed, the first one is an increase of the factor coordinates of cases (degree
of processing) in both axes and the second one, a decrease in both axes too.
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Figure 1. Principal Component Analysis (PCA) plots of the two first components PC1 and PC2. a) Factorial map
of the scores, b) factor loadings, and c¢) Eigenvectors (m PC1, m PC2). CE=Crude Extract; FE=Filtrated Extract
and TE=Total Extract. DMC=Dry Matter Content; ACID= Acidity; TP= Total Phenolics; RS= Reducing sugars;
SAP= Saponins; 5-HMF= 5-Hydroxymethylfurfural; TEAC= Trolox Equivalent Antioxidant Capacity; ARA=
Antiradical Activity

With the exception of °Bx and DMC, all the other variables evaluated had a strong correlation with PC1 (R>0.5)
on the factor loadings plot (Figure 1b). RS (R=0.94) and pH (R=0.64) show a positive correlation with this
component, while ACID (R=-0.98), TP (R=-0.96), SAP (R=-0.73), 5-HMF (R=-0.98), TEAC (R=-0.76) and
ARA (R=-0.84) showed negative correlations. On the other hand acidity, TP, RS, 5-HMF, TEAC, and ARA had
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a weak correlation with PC2 (R<0.5), pH had a positive correlation (R=0.76) while °Bx (R=-0.93), DMC
(R=-0.93), and SAP (R=-0.62) showed a negative correlation with PC2.

The eigenvectors corresponding to PC1 and PC2 (Figure 1C) show important information about the parameters
describing differences between extracts. Eigenvector 1 showed negative strong effects for ACID, TP, and
5-HMF that separated CE on the negative side of PC1 while RS showed a strong positive effect separating FE
and TE on the positive side. This suggest a combined effect of CE filtration with activated carbon as well as the
RS increasing by water evaporation in FE and TE. On the other hand, Eigenvector 2 showed two negatives
strong effects for °Bx and DMC and a positive strong effect for pH, separating FE from TE. Reduction in
phenolic compounds and 5-HMF by activated carbon filtration has been reported before (Dabrowski,
Podkoscielny, Hubicki, & Barczak, 2005; Martinez, et al., 2002; Rodrigues, Felipe, Silva, Vitolo, & Goémez,
2001).

3.4 Discriminant Analysis (GDA)

Forward stepwise analysis according to the degree of processing (filtration, cooking or evaporation) led to the
selection of two parameters (P inclusion 0.05, P exclusion 0.05): DMC and pH. The obtained model made it
possible to classify correctly 100 % of the samples (Figure 2). All the Mahalanobis distances were significant (p
<0.05). This results are in accordance with the ANOVA and PCA results.
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Figure 2. Comman’s graph for A. atrovirens extract samples classification. CE=Crude Extract; FE=Filtrated
Extract and TE=Total Extract

4. Conclusion

All the parameters tested were affected by the filtration and cooking processes. The parameters that correlated
positively with ARA and with TEAC were not affected by the evaporation process; we consider this an
advantage because the aqueous extract could be concentrated until reaches similar content of °Bx that in agave
syrups and be commercialized as the last one.

We considered interesting the positive correlation among antioxidant activity, 5S-HMF and SAP because these
compounds traditionally have been investigated by their negative effects in health, but not for their possible
benefits.

Due to the concentrated extract obtained from Agave atrovirens leaves possess phytochemicals like phenolics
and saponins, and shows antioxidant activity, it could be suggested as a functional food; however, further studies
are necessary in order to strength this.
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