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Abstract

Tunillo is a pre-Hispanic fruit native to the Mixtec region of Mexico. This fruit has been shown to have an antihyperglycemic 
effect, an effect associated with the content of total polyphenols; however, the chemical profile of this type of compounds 
present in the juice is not known, For this reason, the objective of this work was to determine the polyphenols present in the 
juice of tunillo (Stenocereus stellatus) of the red and white varieties by means of high performance liquid chromatography 
techniques and the presence of the main functional groups by infrared spectroscopy. It was found that gallic acid is the most 
abundant simple polyphenol in the white tunillo juice while chlorogenic acid is the most abundant in the red tunillo juice, 
being the white tunillo juice the one containing the highest amount of rutin and catechin. In conclusion, the chemical profile 
of the tunillo fruits shows differences in the content of polyphenols and flavonoids, so the routes of secondary metabolism 
and functional activity must be different.
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Introduction

Tunillo is a pre-Hispanic fruit of Mexican origin which 
grows in the Mixtec region, this fruit that can be of different 
color is considered a delicacy by the inhabitants of the region 

and is associated with various functional properties, our 
research group has demonstrated the antihyperglycemic 
effect in an in vivo model of male Wistar rat [1], with the 
purpose of contributing to the search for functional foods 
that help us to modulate blood glucose levels, since glucose 
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intolerance and diabetes are considered a health problem 
in Mexico and in the world [2]. The antihyperglycemic 
effect of this fruit can be associated to the presence of total 
polyphenols [1]. This type of compounds derived from the 
Shikimic acid pathway can be determined by the Folin-
Ciocalteu (FC) reagent, using a semiquantitative technique 
that yields the content of this type of compounds based on 
the gallic acid equivalents that react with the FC reagent 
[3,4], However, it is necessary to know the specific content 
of this type of compounds by finer analytical techniques, 
in this sense, high performance liquid chromatography is 
a viable alternative, so the main objective of this work was 
to determine the specific polyphenols and flavonoids in 
red and white tunillo juices using high performance liquid 
chromatography.

Materials and Methods

Biological Material

Tunillo fruits were harvested and collected in orchards 
of San Juan Joluxtla, municipality of Chazumba, State of 
Oaxaca, Mexico. The harvested fruits, which had a thick red 
and green peel and thorns, were transported to Mexico City 
to the Universidad Autónoma de la Ciudad de México and 
stored at 11°C until further use. 

Determination of Total Phenol Content

The content of total phenols in the juices was determined 
by Folin-Ciocalteu (FC) reagent according to the method 
described by Pawar, et al. [3]. The results were expressed 
as milligram equivalents of gallic acid in 1 liter of juice (mg 
EAG/L juice).

Determination of Specific polyphenols

 The identification and quantification of phenolic 
compounds present in the tunillo juices were determined 
by high performance liquid chromatography (HPLC, Agilent 
Infinity series 1260, Technologies, USA) according to the 
methodology described by Aarland, et al. [4,5]. The results 

were quantified using calibration curves of the standards; 
gallic acid, caffeic acid, chlorogenic acid, rutin and catechin. 
Results were expressed as mg of compound in 1 liter of juice 
(mg compound/L juice). 

Infrared (IR) Spectroscopy

 The freeze-dried juices obtained by vacuum dehydration 
in a Labconco Model 6 freeze-dryer (Labconco Corporarion, 
USA) were used for infrared spectroscopy in a Cary 630 FTIR 
apparatus (Agilent Technologies, USA). Statistical analysis 
Excel 2013 for Windows was used to calculate the mean and 
standard deviation of the sample.

Results and Discussion

The content of total polyphenols determined by FC was 
statistically higher in red tunillo juice compared to white 
prickly pear juice (Table 1), this agrees with what is reported 
in the literature for this group of chemical compounds [1], as 
for the content of specific polyphenols, we found that gallic 
acid is the most abundant simple polyphenol in white tunillo 
juice while chlorogenic acid is the most abundant polyphenol 
in red tunillo juice (Table 1), It is important to mention that 
the three simple polyphenols quantified by HPLC which were 
gallic acid, caffeic acid and chlorogenic acid are associated 
with the ability to lower capillary glucose, so they may be 
responsible for the antihyperglycemic effect [2], an effect 
previously reported by our research group in a male Wistar 
rat model [1].

In both juices the most abundant flavonoid was rutin 
(Table 1) which is called vitamin P, it is important to mention 
that this compound is associated with various functional 
properties among which we find the anti-inflammatory and 
anticarcinogenic capacity [6,7], so it may be interesting to 
evaluate the cytotoxic capacity of lyophilized juice of both 
tunillos in an in vitro model, the other flavonoid found was 
catechin which can be associated with the antihyperglycemic 
effect (Table 1).

Juices
Compound

Gallic acida Caffeic acida Chlorogenic acida Rutina Catechina Total Phenolsb

Tunillo white 6.99 ± 0.26 1.69 ± 0.05 3.83 ± 0.07 8.72 ± 0.21 5.63 ± 0.05 38.91 ± 0.03

Tunillo red 3.73 ± 0.10 2.80 ± 0.05 7.31 ± 0.22 7.83 ± 0.03 2.04 ± 0.01 104.73 ± 0.79
aPhenolic compound content in milligrams of compound per liter L of juice (mg of compound/L of juice)
bTotal phenol content: A= mg gallic acid equivalents in 1 L of juice (mg EAG/L of juice)
Table 1: Quantification of polyphenols present in white and red prickly pear juice.
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The difference in the profile of polyphenolic compounds 
in the juice indicates differences in the biosynthesis of 
secondary metabolites, this result agrees with that reported 
by Cervantes, et al. [1], where the differences in the 
metabolites present in the juice of four varieties of tunillo are 
reported, It is important to mention that this work is the first 
report where the specific polyphenols gallic acid, caffeic acid, 
chlorogenic acid, rutin and catechin are quantified. The IR 

spectrum obtained for these fruits can be used as a chemical 
fingerprint, being interesting to mention the differences in 
the bands observed at approximately 1,700 to 1,600 cm-1 
(Figure 1), which may correspond to a lactone system [8], 
showing a higher transmittance in the white tunillo, which 
agrees with the higher content of flavonoids quantified by 
high performance liquid chromatography (Table 1). 

Figure1: Infrared spectrum of red and white tunillo juice.

Conclusion

The polyphenols gallic acid, caffeic acid, chlorogenic 
acid, rutin and catechin were quantified for the red and white 
tunillo varieties. Gallic acid was the most abundant simple 
polyphenol in white tunillo juice while chlorogenic acid was 
the most abundant in red tunillo juice, being rutin the most 
abundant flavonoid in both juices. Differences in polyphenol 
and flavonoid content indicate differences in secondary 
metabolism and thus in functional properties.
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