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Fruits are known as good sources of phytochemicals, essential to prevent degenerative diseases like cancer
and cardiovascular diseases. They contain a variety of antioxidants, which are useful to scavenge radical
oxygen species (ROS). Considering the importance of natural products as a functional food, comparative
studies between the antioxidant activity (AOA) and antimutagenic properties as well as phytochemical profile

gﬁﬁ:ggis;om ounds of Cactaceae fruits (Lepismium lorentzianum, Lepismium Ilumbricoides, Rhipsalis floccosa, and Pfeiffera
Betalains P ianthothele) from Argentinean Yungas, were performed. Different assays were applied: ABTS radical

scavenging capacity, inhibition of lipid peroxidation using (-carotene-linoleate model system and
mutagenicity/antimutagenicity by Ames test. A pigment like betalain was detected in fruits of both Lepismium
species; L. lorentzianum aqueous extracts showed a higher pigment content (60.6 mg BE/100 g FM) than
L. lumbricoides (9.2 mg BE/100 g FM). Fruit preparations of L. lorentzianum (aqueous and ethanolic
extractions) showed significantly higher total phenolic compound and pigments content than the other
berries. In all preparations, high antioxidant activity was demonstrated. Lepismium species were more active
than Rhipsalis and Pfeiffera (SCsoagrs values between 1.3 and 4.5 pg/ml and ICsg p-carotene-tinoleate Values
between 9 and 45.8 pg/ml). A significant correlation between pigment and phenolic compounds content and
AOA was observed. The preparations showed no sign of mutagenicity at tested concentrations (until 50 pg/
plate). A significant antimutagenic effect was observed for L. [umbricoides, and a weak effect was shown for
P. ianthothele and R. floccosa. Because of the diversity and abundance of bioactive phytochemicals found in
these species, food, cosmetic, and pharmaceutical applications could be proposed.

© 2011 Elsevier Ltd. All rights reserved.

Nutraceutical activities
Argentine Cactaceae fruits

(Manach, Scalbert, Morand, Rémésy, & Jimenez, 2004). High con-
sumption of fruits is associated with a lowered incidence of degen-

1. Introduction

The role played by dietary factors on health status has long been
recognized but it has been only recently that epidemiological and
clinical studies have provided a clearer insight on the physiological
mechanisms of the effects of bioactive foods on human health
(Shahidi, 2009). Plant foods are well known sources of vitamins,
such as vitamin C and folic acid, carotenoids, and fiber, and they are
naturally free of saturated fat and cholesterol (Brat, George, Bellamy,
Du Chauffaut, Scalbert, & Mennen, 2006). In addition, these foods
contain significant amounts of polyphenols, a group of phytochem-
icals recognized as the most abundant antioxidant in our diet that
maintain the redox conditions necessary to control cell functions diet
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erative diseases, including cancer, heart disease, inflammation,
arthritis, immune system decline, brain dysfunction and cataracts
(Di Matteo & Esposito, 2003; Kris-Etherton, Hecker, Bonanome, Coval,
Binkoski, & Hilpert, 2002; Shahidi, 2004). Exploring the Argentine
native edible fruits as sources of physiologically active compounds
offers enormous opportunities for the development of novel foods,
conservation and propagation of plant species to commercial
production (Cardozo, Ordoifiez, Zampini, Cuello, Dibenedetto & Isla,
2010). Wild fruits consumed in Tucuman, Salta and Jujuy provinces of
Northwestern Argentine have received less attention as functional
foods. Hence it was considered pertinent to determine some functional
and nutritional properties of fruits obtained from four species of
Cactaceae (Lepismium lorentzianum, Lepismium lumbricoides, Rhipsalis
floccosa, and Pfeiffera ianthothele), consumed wild by frugivorous
vertebrates and children in rural settlements (Schmeda-Hirschmann,
Feresin, Tapia, Hilgert, & Theoduloz, 2005), and to determine the
relation between their nutritional properties and phytochemical
components. Besides its use for food, some of them have been used in
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traditional medicine in Argentine as cicatrizant and anti-inflammatory
for the treatment of buccal and skin diseases, among others (Chifa &
Ricciardi, 2002; Hilgert, 2001; Martinez, 2010).

These species are epiphytic Cactaceae growing in rainforest
communities of the Southern Yungas, a subtropical montane forest
of the eastern slopes of the Andes. The species are mainly distributed
in southern South America, and are included in the Appendix II of
CITES (i.e., species are trade controlled to avoid use non compatible
with their survival).

Our research has focused on their evaluation as a source of health-
promoting phytochemicals, including major hydrophilic compounds,
antioxidant and antimutagenic capacities as well as their toxicity
(genotoxicity).

2. Materials and methods
2.1. Study species

Epiphytic cacti evolved several times in independent lineages
(Calvente, 2010; Nyffeler, 2002). The species studied here belong to
tribes Hylocereeae with one species in the study area, P. ianthothele
(Monv.) F.A.C. Weber, and Rhipsalideae with three species,
L. lorentzianum (Griseb.) Barthlott, L. lumbricoides (Lem.) Barthlott, and
R. floccosa ssp. tucumanensis (F.A.CWeber) Barthlott & N.P. Taylor. The
fruits are subespherical berries (P.ianthothele: 13.0 mm length, 13.9 mm
diameter; L. lorentzianum: 6.1x 6.9 mm; L. lumbricoides: 7.1 x 6.5 mm;
and R. floccosa: 7.2x9.5 mm), unarmed except P. ianthothele. Ripe
fruits are dark violet red in both species of Lepismium, and light pink to
white in P. ianthothele and R. floccosa (Fig. 1).

Fruits were collected in natural areas in Tucumdan province
(Argentine), R. floccosa and L. lumbricoides were collected in November
2009 in Sierra San Javier Park (26° 47’S, 65° 19'W, 660 masl and in 26°
48'S, 65° 20'W, 723 masl, respectively). L. lorentzianum was collected in
January 2010 in Aguas Chiquitas Reserve (26° 36'S, 65° 10'W, 624 masl),
and P. ianthothele was collected in February 2010 in Sierra San Javier
Park (26° 47'S, 65° 21'W, 1135 masl).

2.2. Sample preparations and processing

Only ripe fruits without blemishes or damage were selected,
cleaned with distilled water, cut into small pieces and the seeds were
removed using a sterile clip. The fresh pulp samples were stored at
—20 °C until freeze-dried. Afterwards, the samples were grinded,
stored at —20 °C until analyzed.

2.2.1. Aqueous (with and without boiling) and ethanolic extractions

10 g of samples was homogenized and extracted twice with 15 ml
of distilled water and centrifuged for 20 min at 10,000 x g. Insoluble
fraction (pomace) was consecutively extracted with ethanol at 45 °C
for 1h and centrifuged at 10,000xg for 10 min. The residual
precipitates were submitted to decoction with 5ml of distilled
water during 10 min at 100 °C. Each extraction was kept at 4 °C
prior to biological activity measurement.

2.3. Pigment extraction from fresh fruits and processed fruits
For pigments isolation, all processed fruits (hydroalcoholic and

aqueous preparations with and without heating at 100 °C) were
chromatographically concentrated by solid phase extraction (SPE) on

Fig. 1. Photograph of Rhipsalis floccosa (A), Lepismium lorentzianum (B), Lepismium lumbricoides (C), and Pfeiffera ianthothele (D).
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Cyg cartridges (Phenomenex) according to the procedure of Stintzing,
Schrieber, & Carle (2002). After rinsing with acidified water, the
pigment was eluted with acidified methanol (methanol/TFA acidified
water at pH 3, 95:5, v/v). Spectrophotometric Analysis: the concentra-
tion of pigment in the extracts was determined. Briefly: 100 pl of
extract aliquots was diluted with 1900 Wl of 10 mM of sodium
phosphate buffer pH 7.4 and the absorbance was recorded between
350 and 650 nm in a Beckman DU-650 UV/Vis spectrophotometer.
The red pigment content, defined as the amount of pigment (mg) in
betanin equivalent per 100 g of fresh matter (mg BE/100 g fresh
matter), was determined by using the extinction coefficient of betanin
at 535 nm (60,000 I/mol x cm). The absorbance at 535 nm for betanin
was used to calculate the concentration of the pigments [B] according
to the equation.

B = [(A x Df x MW x V/ meL)]

Where

A = the absorption value at the absorption maximum (A =535 nm),
Df = the dilution factor,

MW = the molecular weight of betanin (550 g/mol),

V = final volume (1) of each extract,

M = mass of the fruits (g) used to generate the analyzed extract,
¢ = the molar extinction coefficient of betanin (60,000 I/mol cm),
L = pathlength of cuvettes (1 cm)

The degradation of pigments was investigated by triplicate
measuring betalain concentration of each solution during 3 months.

2.4. Free phenolics content

A derived method of Folin-Ciocalteau (F-C), according to Singleton,
Orthofer, & Lamuela-Raventos (1999) was used: The reaction mixture
contained 50 pl of each preparation, 2 ml of distilled water, 200 pl of F-C
reagent and 800l of sodium carbonate (15.9% w/v). The reaction
mixture was heated at 50 °C for 5 min in a water bath. Absorbance was
measured at 765 nm. Results were expressed as mg gallic acid
equivalents/100 g fresh matter (mg GAE/100 g FM).

2.5. Total sugar and reducing sugar determinations

Glucose, fructose and sucrose were measured in aqueous (with
and without boiling) and ethanolic extractions. Total neutral sugars
were also determined by Dubois, Gilles, Hamilton, Rebers, & Smith
(1956). Reducing sugars were measured using the Somogyi-Nelson
method (Nelson, 1944; Somogyi, 1945). Results were expressed as mg
of glucose/100 g fresh matter.

Glucose was determined by the glucose-oxidase method (Jorgensen
& Andersen, 1973). Sucrose was estimated by the resorcinol method
(Cardini, Leloir, & Chiriboga, 1955). Fructose was measured according to
Roe (1934). Results were expressed as mg of glucose/100 g fresh matter.

2.6. Protein determinations

Protein concentration was determined by the method of Lowry,
Rosebrough, Farr, & Randall (1951) using bovine serum albumin as
the standard.

2.7. Measurement of antioxidant capacity

2.7.1. ABTS free radical scavenging activity

The antioxidant capacity assay was carried out by the improved
ABTS'* method as described by Re, Pellegrini, Proteggente, Pannala,
Yang, & Rice-Evans (1999). The ABTS'" was generated by reacting
7 mM ABTS and 2.45 mM potassium persulfate after incubation at

room temperature (23 °C) in the dark for 16 h. The ABTS™" solution
was obtained by dilution in ethanol (for alcoholic extracts) or in buffer
PBS pH 7.4 (for aqueous extracts) of the stock solution to an
absorbance of 0.70 at 734 nm. ABTS™™ solution (1 ml) was added to
samples (0.625-5 pg GAE or 0.0625-2 nug BE) and mixed thoroughly.
Absorbance was recorded at 734 nm, 1 and 6 min after initial mixing.

Antioxidant Capadty (%) = AABTS' + _Asample or standard /AABTS' + x 100

The results were calculated based on the calibration curve plotted
using Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) at different concentrations. Results were expressed in pmol
Trolox equivalents per g of fresh matter. SCso values denote the
sample concentration required to scavenge 50% ABTS free radicals.

2.7.2. [3-carotene-linoleic acid assay

Antioxidant activity of fruits was determined according to Ordofiez,
Gomez, Vattuone, & Isla (2006). 1 ml of 0.2 mg/ml B-carotene dissolved
in chloroform was added to round-bottom flasks (50 ml) containing
0.02 ml of linoleic acid and 0.2 ml of Tween 20 (polyoxyethylene
sorbitan monopalmitate). Chloroform was removed at 40 °C under
vacuum. The resulting mixture was diluted with 10 ml of water. To this
emulsion, 40 ml of oxygenated water was added. Four milliliter aliquots
of the emulsion were added to 0.2 ml of different sample dilutions or
synthetic antioxidant (BHT) or solvent control. The mixture was shaken
for 2 min and then subjected to thermal oxidation at 50 ° C for 60 min.
The absorbance of the solution was monitored at 470 nm by
taking measurements at 10 min intervals and the rate of bleaching of
[3-carotene was calculated by fitting linear regression to data over time.
All samples were assayed in triplicate. Antioxidant activity (AA) was
calculated as percent inhibition relative to control. ICso values
denote the sample concentration required (pug GAE/ml) to inhibit 50%
[3-carotene bleaching.

2.8. Salmonella mutagenicity assay

The mutagenic effects of fruits aqueous extracts were evaluated on
two Salmonella typhimurium strains (TA98 and TA100). The plate
incorporation assay was performed according to Maron & Ames (1983),
by adding 0.1 ml of the overnight bacterial culture and 0.1 ml of test
compounds at different concentrations (1-50 pg GAE/plate) to the test
tubes with 2 ml of top agar and then each tube was plated on minimum
medium (Oxoid N°2). In the case of metabolic activation, 0.5 ml of S9
mixture was supplemented. His™ revertants were counted after 72 h of
incubation at 37 °C. The positive controls employed were 4-nitro-o-
phenylenediamine (4-NPD; Aldrich Chemical Co.), 40 pg/plate and 2-
aminofluorene (2- AF; Merck), 10 pg/plate. Mutagenic effects were
assayed with and without metabolic activation (S9 mix fraction). Three
plates at three separate experiments were used for each concentration
tested and for the positive and negative controls. A sample was
considered to be mutagenic when the number of revertant colonies was
at least twice the negative control yield and showed a significant
response in the analysis of variance.

2.9. Antimutagenicity test

The antimutagenic effects of fruit aqueous extracts were assayed using
Salmonella assay. The 4-NPD mutagen (40 pg/plate), different concentra-
tions of fruits extracts (1-50 pg GAE/plate) and TA98 or TA100 bacterial
culture (0.1 ml) were added to 2 ml of soft agar containing L-hystidin
(0.05 mM), p-biotin (0.5 mM) and 0.1 ml of bacterial culture. Then, this
mixture was poured onto a plate containing minimum medium. The
plates were incubated at 37 °C for 48 h and then, His™ revertants were
counted. The mutagenicity of 4-NPD (positive control in the absence of
samples) was defined as 100% mutagenicity. The calculation of
percentage remaining mutagenicity was done according to formula
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Analysis of total phenolic compounds (TPC), total pigments like betalains; total sugars (T); reducing sugar (R); glucose (G); fructose (F); sucrose (S) and proteins (P) of aqueous
extracts (AE), etanolic extracts (EE) and aqueous extracts with heating (AE-H) from different fruits.

Total phenolic Total pigments  Sugars Proteins
compounds (TPC)  like betalain
Fruits extracts T R G F S P
mg GAE/100 g mg BE/100 g mg/100 g FM mg/100 g FM
L lorentzianum  AE 76.6+8.1° 60.6+10.7¢ 6644155  2524+£15% 131+15% 1424152 54+£05" 13402
EE 49.6 4 5.4° 279428° 5884105  223+£20% 131+15® 1534122 26403 234+05¢
AE-H 28.0+3.8¢ 8.1+28% 140 4 20% 69.2410.0¢  382+5.1° 409 +8.1¢ 15+£25¢ 224059
L. lumbricoides ~ AE 23.8+5.0¢ 92+14% 29.7+2.5° 14.0+1.5° 6.8+1.0° 724127 14+£09°  05+01%
EE 11.3£2.0°¢ 36+14° 121 +15% 27.36+3.0%° 135+15®  1654+1.2%° 91406 1.1405°
AE-H 10.54£3.0 *b< 1.6+0.4% 162.6 £22° 43.7 4055 2714509 203420 21403  08402%
R. floccosa AE 18.3+3.0° ND 74.8 £12.5 5554100 209+3.0°¢ 3154259 35108 03+0.1°
EE 12.9+£2.0¢ ND 99 410> 62+10¢ 31.84+35%  322+125% 21405 044017
AE-H 11.1+£2.0%b¢ ND 135.1 £ 159 102.7 £12° 55341007  56.34+15.0 51+£08° 034027
P. ianthothele. AE 6.5+1.5% ND 54.8 +10.2% 4944109 2764509 283+6.0°% 59408° 094023
EE 40+13° ND 62.6+10.5% 4054105 183+£1.5%°  205+4.0" 42405 0.8+0.3%
AE-H 52+2.0% ND 65.5+10.8% 56,14+£109% 188+25  283+50°  25+05  09+03%

ND: no detected.

Means + SD followed by the same letter are not significantly different (Tukey's HSD, p<0.05).

given by Ferrer, Sanchez-Lamar, Fuentes, Barbe, & Llagostera (2002);
percentage remaining mutagenesis = 100 (His ™" revertants per plate with
mutagen and fruit extracts/His™ revertants per plate with mutagen
alone). The antimutagenic effect was considered moderate when the
inhibitory effect of fruit extracts was in the range of 25-40% and strong
when the inhibitory effect was >40%. An inhibitory effect <25% was
considered weak, and it was not recognized as a positive result.

2.10. Statistical analysis

Sampling and analysis were performed in triplicate, and the data
are presented as meandstandard deviation. The correlation
between two variants was analyzed using GraphPad Prism 5.0
software by Pearson test with the level of significance set at p<0.05
and of variance (ANOVA) with Tukey posttest at a confidence level
of 95%.

3. Results and discussion
3.1. Phytochemical analysis

Aqueous extractions with heating (AE-H) had significantly higher
total sugar content than alcoholic extract and aqueous extract without
heating except to P. ianthothele, where the three extracts were not
significantly different (Table 1). L. lumbricoides presented higher TS
content than R. floccosa followed by L. lorentzianum and P. ianthothele in
AE-H and EE. Glucose and fructose were significantly more abundant
than sucrose in all fruits extractions. The soluble protein content in all
preparations of L. lorentzianum was significantly higher than the
preparations obtained from the other assayed fruits (Table 1).
L. lorentzianum showed higher TPC content in aqueous extract without
heating (76.6 mg GAE/100 g FM) than ethanolic preparation (49.6 mg
GAE/100 g FM) and aqueous preparation with heating (28.0 mg GAE/
100 g FM). L. lumbricoides showed lower content of TPC in all
preparations (23.8/11.3/10.5 mg GAE/100 g FM), followed by R. floccosa
(18.4/12.9/11.1 mg GAE/100 g FM) and P. ianthothele (6.5/4.0/5.2 mg
GAE/100 g FM). However, the assay is not specific to phenolic
compounds and other redox-active molecules interfere in the measure-
ment in an inhibitory, additive or enhancing manner (Prior, Wu, &
Schaich, 2005). Among these molecules are reducing sugars present in
fruits. Removing sugars from berry extracts with the help of SPE

treatment (Bond Elut C;g SPE), resulted in the reduction of TPC (F-C
method) by 20%.

3.2. Pigments like betalain in cacti fruits

Extraction and quantification of pigments of each hydroalcoholic
and aqueous processed fruits preparations with and without heating
are shown in Table 1. The visible spectra absorption maxima (Amax)
for the betalain pigments for both Lepismium species in pH 7.4
solution were between 535 and 538 nm, quite similar to previously

A

Functions: Scan
3.0000

Smoothing: 25 points

[Abs] [E

0.0000

B

Functions: Scan
2.0000

Smoothing: 25 points

0.0000

200.0 Wavelength (nm) 800.0

Fig. 2. UV-Visible spectra of Lepismium fruit aqueous extract. A) L. lorentzianum extract
obtained with (-[J-) and without (-B-) heating, and L. lumbricoides extract obtained with
(-A-) and without (—) heating. B) Pigment extracted from aqueous extract of
L. lorentzianum (-M-), L. lorentzianum pigment after heating, (-[]-) pigment extracted
from aqueous extract of L. lumbricoides (—) and L. lumbricoides pigment after heating (-A-).
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Table 2

Scavenging activity of ABTS radical cation (SCs) of different preparation obtained with four types of cacti fruits collected from NWA and expressed as phenolic compounds and

pigment like betalains.

AE AE-H

EE AE AE-H

SCsp (ug GAE/ml extract)

SCso (ug BE/ml extract)

L. lorentzianum 1.904+0.20* 1.804+0.15°
L. lumbricoides 2.10+0.23* 2.00+0.172
R. floccosa 3.40+£0.28° 3.00+0.25°
P. ianthothele 4.5040.41° 4.10+0.35¢

1.3040.10% 1.524£0.122 0.5240.03%
1.40+0.10% 0.82+£0.05° 0.28 +£0.01°
2.40+0.22°
3.20+£0.25°

Aqueous extracts (AE), ethanolic extracts (EE) and aqueous extracts with heating (AE-H).

Means + SD followed by the same letter are not significantly different (Tukey's HSD, p<0.05).

reported data for betacyanins (Kanner, Harel, & Granit, 2001;
Slawomir & Mizrahi, 2002) (Fig. 2). L. lorentzianum extracts showed
higher pigment content expressed as betanin equivalents (60.6; 27.9
and 8.1 mg BE/100 g FM, respectively) than L. lumbricoides (9.2; 3.6
and 1.6 mg BE/100 g FM, respectively). Pigment was not detected in R.
floccosa and P. ianthothele. The pigment content in both analyzed
Lepismium species was higher than Hylocereus fruits, other very well-
known cacti edible specie (Tang & Norziah, 2007; Wybraniec &
Mizrahi, 2002). The red-violet color of all Lepismium preparations
decreased during processing at 100 °C for 10 min. The color declined
more slowly than when the pigment isolated was subjected to heating
(Table 1, Fig. 2).

The pigment in the aqueous extracts may be more stable because
of protective effects conferred by other components such as phenolic
compounds. The pigment was stable at room temperature and 4 °C
during 3 months. Our results are the first reports of the detection of
betalain in Lepismium species. The Lepismium pigments are easily
obtainable at low cost because they can be removed by water
extraction. These characteristics of Lepismium pigments give them
considerable potential for use in food.

3.3. Antioxidant activity

The free radical scavenger potential of preparations obtained from
four cacti fruits were tested by the ABTS'* assays. In general, all
preparations were scavengers with SCso values between 1.3 and
4.5 ng GAE/ml (Table 2). Lepismium preparations were more active on
ABTS™* than R. floccosa and P. ianthothele. All ethanolic extracts were
more active than aqueous extracts.

A positive correlation was observed between the total phenolic
compounds content and ABTS™* scavenging activity in all prepara-
tions (R>=0.822; Pearson r=0.90, Fig. 3).

o
8009 o o822 ° r 8
Pearson r= 0.9068*
- r’= 0.7838
600 - Pearson r= 0.8853" n L §

TPC (ug GAEIg)
8

8
400
(B/3g B7) uluefoeyeg

1
200

TEAC (umol TE/g)

Fig. 3. Linear regression plots and Pearson's correlation coefficients of ABTS-scavenging
activity (Trolox equivalent antioxidant capacity, TEAC) with respect to total phenols
(TPC) and betalain content of two Lepismium species fruits. The correlations were
significant at the 0.05 level (two-tailed) for values marked with an asterisk.

The SCsq values for ABTS'* scavenging activity in betanin equivalents
were 1.52 and 0.82 ug BE/ml by L. lorentzianum and L. lumbricoides,
respectively. The antioxidant capacity of different Lepismium prepara-
tions was stable after processing at 100 °C during 10 min (Table 2). A
correlation between pigment content and antioxidant capacity of all
Lepismium preparations was observed (R?=0.78; Pearson r = 0.88).

Percentage inhibition of lipid peroxidation by different concentra-
tions of cacti extracts was calculated (Fig. 4). Once more, the antioxidant
potential was significantly higher in ethanolic extract (ICso values
between 9 and 20.10 pg GAE/ml extracts) than aqueous extracts (ICso
values between 25.00 and 45.80 pg GAE/ml). L. lorentzianum and
L. lumbricoides were the cacti fruit extracts that show the best effect
protective on lipid peroxidation.

3.4. Mutagenic and antimutagenic activity

In order to assess the mutagenic and antimutagenic effects of
different preparations of Cactaceae fruits, induction or suppression of
revertant colonies was examined in S. typhimurium strains (TA98 and
TA100). The number of spontaneous revertant for both strains with or
without S9 metabolism was determined in each set of experiment and
indicated as untreated sample in Table 3. The results of mutagenicity
assay of fruit extracts are presented in Table 3. Different concentra-
tions of the fruits aqueous extracts did not show any mutagenic effect
on TA98 and TA100 strains in the presence or absence of S9
microsomal fraction. The possible antimutagenic potential of Cacta-
ceae fruit aqueous extracts was examined against 4-NPD in the same
tester strains using plate incorporation assay. The results of

0.7
0.6
0.5

l
04}

0.3

Abs 470 nm

02

0.1

0 20 40 60 80 100 120 140
Time (min)

Fig. 4. Percentage of antioxidant activity (AA%) relative to control using the 3-carotene
bleaching assay: control (-*-); L. lorentzianum: alcoholic extracts (-®- ICso = 12.80 ug GAE/
ml extracts); aqueous extracts (-O-; ICso = 25.01 ug GAE/ml extracts); (B) L. lumbricoides:
alcoholic extracts (-#-; ICs5o=9.10 ug GAE/ml extracts); aqueous extracts (-<-
1Cs0=36.21 pg GAE/ml extracts); (C) R. floccosa: alcoholic extracts (-M- ICso=17.90 pg
GAE/ml extracts); aqueous extracts (-[J-1Cso=35.80 ug GAE/ml extracts); (D)
P. ianthothele: alcoholic extracts (-A-ICso=20.1 pg GAE/ml extracts); aqueous extracts
(-A-1Cs9 =45.80 pg GAE/ml extracts). Data are expressed as means + standard deviations.
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Table 3
Mutagenicity of different Cactaceae fruits on TA98 and TA100 strains.
Treatment TA98 TA100
(Hg GAE/plate) g 159 —s9 459
L lorentzianum' 1 32+47 35467 1474107 92487
10 354 3% 4542 138413 145+8°
50 41463 46437 124+9°  11246%
L. lumbricoides' 1 27 +5° 42447 12349 15242
10 32+8° 40+7" 135+£10° 153 +11°
50 29+ 3° 5142 12748 13047
P. ianthothele' 1 30457 504£25 132415 904127
10 31+5% 4545 1444+11% 130410
50 52+ 3¢ 40+3% 129412 100+4°
R. floccosa’ 1 3246 5044 143+14° 90+9?
10 344+ 9% 53+£39 124+10° 100412°
50 48 + 25 6442 215+18" 147413
Untreated? 42433 45433 1304£127 103 +2°
Positive control 28614114 88015 1998438 1450428
(4-NPD)*

(—S9) without and (+ S9) with metabolic activation.
A sample was considered to be mutagenic when the number of revertant colonies was
at least twice the negative control yield and showed a significant response in the
analysis of variance.
Means £ SD followed by the same letter are not significantly different (Tukey's HSD,
p<0.05).

T Mean number of revertants induced by Cactaceae fruit extracts [Mean and =+ S.D. of
three plates].

2 The number of spontaneous revertants was determined in a assays without a
sample,

3 Mean number of revertants induced by reference mutagens [2-AF, 2-aminofluorene
(10 pg/plate), positive control for +S9; 4-NPD, 4-nitro-o-phenylenediamine (40 g/
plate) positive control for —S9].

antimutagenic assay of the fruits extracts are presented in Table 4. A
significant inhibitory effect against the mutagenicity of 4-NPD in the
absence of metabolic activation was observed for L. [umbricoides and
R. floccosa for TA100. The linear regression analysis between extract
dose and antimutagenic response against test mutagen showed
positive correlation with respect to dose dependent response in
TA100 (R?>=0.86; Pearson r=0.92) for L. [umbricoides.

4. Conclusions

In this manuscript we report for the first time the presence of
pigment like betalain in two species of Lepismium and nutritional
content, antioxidant and antimutagenic activity of processed fruits of
four wild cactaceas obtained from Argentinean Yungas. Lepismium
fruit is a potential source of pigments which can be used as a natural
red purple food colorant. Otherwise, the use of the extract instead of
individual antioxidants allows taking advantage of additive and
synergistic effects of different phenolic compounds, reducing sugars
and pigments present in the samples. Further studies are needed to
isolate the active principles present in fruits, as well as to elucidate the
role of various interacting phytocompounds in influencing therapeu-
tic potential and efficacy in vivo.
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