REVISTA BOLIVIANA DE QUIMICA

VOLUMEN 22, No.l1 - 2005

TOTAL ANTIOXIDANT CAPACITY IN ANDEAN FOOD SPECIES FROM
BOLIVIA

J. Mauricio Pefiarrieta®, J. Antonio Alvarado?, Bjorn /i/{essonﬁ* and Bjorn Bergenstdhl

%Instituto de Investigaciones Quimicas, Universidad Mayor de San Andrés, La Paz, Bolivia,
®Biomedical Nutrition, Lund University , Lund, Sweden,
°Food Technology, Lund University, Lund, Sweden
jaalvkir@gmail,com

Key words: Andean Foods, total antioxidant capacity, TAC, FRAP,ABTS.

ABSTRACT

As a part of a study on the content of antioxidants in
Bolivian foods, the Total Antioxidant Capacity (TAC) in
some Andean foods has been measured. Eight Andean
foods were analyzed by two methods, ABTS and FRAP
to assess TAC. The selected plants were : andean lupin
(Lupinus mutabilis), quinoa (Chenopodium quinoa),
amaranth (Amaranthus sp.), ulluco (Ullucus tuberosus),
potato (Solanum tuberosum), arracacha (Arracacia
xanthorrhiza), oca (Oxalis tuberosa) and canihua
(Chenopodium pallidicaule). The highest TAC value was
observed in canihua both in the water-soluble fraction
and in the water-insoluble fraction. Intermediate values
were found in oca, andean lupin and quinoa, and lower
TAC values were demonstrated in potato, arracacha,
ulluco and amaranth. TAC values obtained by the two
methods showed significant linear correlations both for
the water—soluble fractions (r=0.92) and water—insoluble
fractions (r=0.95). Further studies are necessary to
identify the compounds responsible for the antioxidant

capacity of these foods.
RESUMEN

Como parte del estudio sobre el contenido de
antioxidantes en alimentos de Bolivia, la Capacidad
Antioxidante Total (TAC) fue determinada en algunos
Alimentos Andinos. Ocho Alimentos Andinos fueron
analizados por ABTS y FRAP, dos métodos para
determinar TAC. Las plantas seleccionadas fueron
Tarwi (andean lupin; Lupinus mutabilis), quinua
(quinoa; Chenopodium quinoa), amaranto
(Amaranthus sp.), ulluco (Ullucus tuberosus), popa
(Solanum  tuberosum), arracacha  (Arracacia
xanthorrhiza), oca (Oxalis tuberosa) vy cafiahua
(canihua; Chenopodium pallidicaule). Un alto valor de
TAC fue observado en canihua en ambas fraciones
acuosa y no acuosa. Los valores intermedios de TAC
fueron determinados en oca, Tarwi y quinua, y los
valores bajos de TAC fueron determinados papa,
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arracacha, ulluco y amaranto. Los valores de TAC
obtenidos por los dos métodos maostraron correlacion
lineal significativa tanto para fraciones acuosas
(r=0.92) y fracciones no acuosas (r=0.95).Mas estudios
son necesarios a fin de identificar los compuestos
responsables de la capacidad antioxidante de estos
alimentos.

INTRODUCTION

There is a variety of endemic foods in the Andes such
as roots, cereals and pseudo-cereals all growing at high
altitudes ranging between 2000 and 4200 m above sea
level (1). This part of the world contributed with potato
and corn to the world kitchen, and still has a multitude
of potato and corn varieties farmed and wild. It is also
an important ecosystem to be studied further both from
a food point-of-view and other perspectives. There is
growing scientific evidence that an increased
consumption of fruits, vegetables and other plant foods
has health-promoting effects since it is linked to lower
incidence of cardiovascular disease and certain types of
cancer disease (2-4). The high content of antioxidants
and other bioactive compounds in many of these foods
may be responsible for such effects but the active
substances have not been established. The general
hypothesis about the antioxidant action mechanism is
that antioxidants decrease different forms of free-
radical-induced damage in the organism by inhibiting
processes like LDL oxidation and protecting DNA and
proteins against lipid peroxidation. Moreover several
studies have shown that Andean food varieties have
health-promoting effects, for example the purple corn
was shown to inhibit colorectal carcinogenesis in male
rats (5, 6), and red sweet potato (Ipomoea batatas) and
macho altea (Hypsocharis pimpinellifolia) showed
antimutagenic properties (7,8).

The aim of this work was to perform the first
evaluation of Total Antioxidant Capacity (TAC) of
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representative agricultural products from the Bolivian
highland. TAC was measured in some food samples
selected from the local markets in La Paz by two
methods, ABTS (9) and FRAP (10). ABTS and FRAP
methods were chosen for their extensive usage to
determine the TAC (11, 12).

RESULTS AND DISCUSSION
Total antioxidant capacity of Andean foods

The TAC values of the eight samples as measured by
the ABTS and FRAP methods in the water-soluble and
water-insoluble fractions are shown in Table 1 and 2.
The highest TAC value was observed in canihua both in
the water-soluble fraction and in the water-insoluble
fraction. Intermediate values were found in andean lupin,
quinoa, and oca and lower TAC values were
demonstrated in potato, arracacha, ulluco and amaranth.
For canihua and oca higher TAC values were obtained in
water-insoluble fractions than in water- soluble fractions
by the ABTS method. TAC values obtained by both
methods displayed linear correlations (Figure 1), both for
the water—soluble fractions (r=0.92) and water—insoluble
fractions (r=0.95). Similar linear correlations have also
been observed in a previous study (12). The TAC values
obtained for Andean food samples using the FRAP
method were in most, but not all cases, higher than those
obtained with the ABTS method. In oca the highest
values was found by the ABTS method.
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Figure 1: Linear correlation between ABTS and FRAP
methods in water-soluble and water-insoluble extracts.
Comparison with TAC in similar foods
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FRAP and ABTS methods have been used for analysis of
TAC in different kinds of foods and some data on
pseudo-cereals, cereals, roots and vegetables are
available (11-15). Previous TAC values on cereals were
approx. 2.2 umol/g dw using FRAP and 0.2 pumol/g dw
using ABTS (15). The TAC values obtained by
Halvorsen et al., 2002(11) showed a range of 0.2 — 18
pmol/g fw of TAC in roots, and 0.2 -5.5 pmol/g fw in
cereals and only two data of pseudo-cereals in a range 6 -
10 pmol/g fw (since Trolox had double the activity
compared with Fe*" in the FRAP method some results
were divided by two in order to compare with the present
results.) In other studies, the TAC of wheat flour was 0.6
pmol/gfw by ABTS (14), and in carrot 0.20 umol/g fw
by FRAP and 0.34 umol/gfw by ABTS was found (12).

These results show comparably high TAC values in
Andean pseudo-cereals grown at high altitudes indicating
potential health benefits of these agricultural products,
although more studies are necessary to confirm the
association between the intake of these foods and
different diseases (16,17). The chemistry behind TAC
is complex and cannot be accurately evaluated through
just one method (18). Further studies are necessary to
identify the compounds responsible for the antioxidant
capacity of these foods and the influence of the high
altitudes on TAC values.

The values obtained in the present study showed high
TAC values in most Andean food samples in comparison
to equivalent foods. The TAC value of canihua (water-
soluble extract 7.8 pmol/g fw and water-insoluble extract
5.9 pmol/g fw by FRAP ) was in the higher range when
compared with cereals (11). For instance the pseudo-
cereal buck wheat (wholemeal flour) had a TAC of 9.95
pmol/g fw, buck wheat (white flour) a TAC of 6.15
pumol/g fw, barley (wholemeal flour) a TAC of 5.45
pmol/g fw and a common millet (wholemeal flour) a
TAC of 4.1 umol/gfw. The mean for all Andean samples
except amaranth was above the means of 2.2 umol/g dw
by FRAP and 0.2 pumol/g dw by ABTS (Table 3)
reported for Mediterranean cereals (15).

In roots, the highest value in the present study was
obtained for oca (water—soluble extract 0.74 umol/g
fw and water—insoluble extract 0.83 umol/g fw)), and
it was located in the mid- range when compared with
published data for other roots. The other root samples
were in the low range when compared to previous data
(11,12).
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Table 1: TAC in extracts of Andean foods as measured with ABTS and FRAP methods(umol
Trolox equivalents/g fresh matter)

ABTS FRAP
Samples W. - .
ater-soluble  Water-insoluble  Water-soluble Water-soluble Water-insoluble  Water-soluble
Mean SD Mean SD + Mean SD Mean SD +
(n=8) (n=6) Water-insoluble (n=6) (n=5) Water-insoluble
Canihua 3.04 0.13 3.80 0.07 6.84 7.8 0.52 5.59 0.89 13.39
Quinoa 1.65 0.04 0.88 0.10 2.53 256 043 0.82 0.26 3.38
A lupin 146 0.22 0.47 0.16 1.93 2.03 0.12 0.29 0.15 2.32
Oca 1.38 0.01 1.65 0.04 3.03 0.74 0.32 0.83 0.43 1.57
Arracacha 0.40 0.01 0.05 0.05 0.45 0.45 0.06 0.02 0.01 0.47
Ulluco 0.34 0.04 0.04 0.12 0.38 0.37 0.12 0.06 0.04 0.43
Potato 0.22 0.02 0.05 0.02 0.27 0.31 0.16 0.01 0.008 0.32
Amaranth 0.18 0.09 0.06 0.04 0.24 0.09 0.03 <0.01 0.09

Table 2: TAC in extracts of Andean foods as measured with the ABTS and FRAP methods, (umol Trolox
equivalents/g dry matter)

Pseudo ABTS FRAP
Cereal Water soluble Water insoluble Total Water soluble Water insoluble Total
Canihua 3.2 4.0 7.2 8.2 59 14.1
Quinoa 1.9 1.0 2.9 2.9 0.9 3.8
A. lupin 1.6 0.5 2.1 2.1 0.3 2.4
Amaranth 0.2 0.1 0.3 0.1 <0.1 0.1
Roots Water soluble Water insoluble Total Water soluble Water insoluble Total
Oca 6.7 8.0 14.7 3.6 4.0 7.6
Ulluco 2.4 0.2 2.6 2.3 0.4 2.7
Arracacha 1.7 0.3 2.0 2.3 0.1 24
Potato 0.7 0.2 0.9 1.0 <0.1 1.0

EXPERIMENTAL

Chemicals

Trolox (6-hydroxy 2, 5, 7, 8 tetramethyl chroman-2-
carboxylic acid.) 97%, TPTZ (2,4,6 tripyridyl-s-
triazine), ABTS (2,2’-azinobis-3-ethyl benzotiazoline-
6-sulphonic acid), and potassium persulfate were
purchased from Sigma-Aldrich (St.Louis, USA), ferric
chloride from ICN Biomedicals Inc.(Costa Mesa, CA,
USA), acetic acid (glacial p.a.), acetone (p.a.) from
Merck (Darmstadt, Germany) and sodium acetate from
BDH Chemicals Ltd. (Poole, UK).

Plant Material

Eight varieties of Andean foods were purchased in the
markets of La Paz, Bolivia in October 2004. The
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selected plants were andean lupin (Lupinus mutabilis),
quinoa (Chenopodium quinoa), amaranth (Amarantus
sp.), ulluco (Ullucus tuberosus), potato (Solanum
tuberosum), arracacha (Arracacia xanthorrhiza), oca
(Oxalis tuberosa) and  canihua  (Chenopodium
pallidicaule). A comparison between different names
and parts of the plant used in the present work is
shown in Table 3. The dry weight of the samples was
determined by drying them at 102°C over night.

Sample Preparation.

The fresh vegetable material was processed using two
alternatives. The semi-dry samples quinoa, amaranth,
canihua and Andean lupin were extracted in 0.1 mol/l
sodium acetate buffer (pH = 5.0) in a liquid:sample
ratio of 20:1 at room temperature.
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The roots ulluco, potato, arracacha and oca were
extracted using a liquid:sample ratio of 7.5:1. The
samples were homogenised in a mixer (rotating blade)
after addition of the buffer solution and were
centrifuged in a Beckman J2 centrifuge with an S32
rotor at 20000 g during 30 min at 4°C. The
supernatants were aspirated and stored at —80°C before
being analyzed. One gram of the remaining pulp was

extracted with 8 ml of acetone and was homogenized
and stirred during 30 minutes at room temperature.
Then the mixture was centrifuged for 10 min in a
Beckman GPR centrifuge at 1200 g and room
temperature. The supernatant solution was separated
and stored at — 80°C before being analyzed.

Table 1: The Andean Foods samples used in the investigation

Water content

Plant material of

Food English name (19) Local name(1) Scientific name of samples samples(N=3)
% SD

Cereal Andean lupin Tarwi Lupinus mutabilis seed 7.0 0.001
Pseudo cereal quinoa Quinua Chenopodium quinoa seed 121 0.002
Pseudo cereal Amaranth Amaranto Amaranthus sp. seed 10.2  <0.001
Pseudo cereal canihua Cafahua Chenopodium pallidicaule seed flour 5.4 0.001
Root ulluco Papalisa Ullucus tuberosus root 83.8 0.03
Root Potato Papa Solanum tuberosum root 70.0 0.02
Root arracacha Racacha Arracacia xanthorrhiza root 80.6 0.02
Root Oca Oca Oxalis tuberosa root 79.5 0.03

(1) the names used in the La Paz area when Spanish is spoken

Measurement of TAC.

TAC was assessed by using the ABTS [2,2’-azinobis
(3-ethylbenzothiazoline-6-sulphonic  acid)] method
described by Re et al. (9). and a modification of the
FRAP (Ferric Reducing Antioxidant Power) method
described by Benzie & Strain (10). Both are
spectrophotometric methods and the absorbance
readings were performed on the spectrophotometer
model Ultrospec 3000 (Pharmacia Biotech, Uppsala,
Sweden) at 25°C. As a standard compound Trolox (6-
hydroxy- 2, 5, 7, 8 - tetramethylchroman-2-carboxylic
acid) was used, which is a water-soluble analogue of
alpha-tocopherol. The stock solution contained 5
mmol/l of Trolox in ethanol, and was stored at —20°C.

The ABTS method. The colourless ABTS (7 mmol/l)
was oxidized to the blue-green ABTS™ radical cation
using potassium persulphate (2.42 mmol/l) and kept for
12-16 hours at room temperature in the dark. This
reagent was stable for 2-3 days when stored in the
dark. On the day of analysis the ABTS™ solution was
diluted with ethanol to an absorbance of 0.70 (x0.02) at
734 nm. After the addition of 1.0 ml of ABTS™
solution to 100 pl of sample the mixture was stirred for
30 seconds and the absorbance reading was started
after another 30 seconds and finished after six minutes.
The readings were performed at 734 nm and 25 °C.
The percent inhibition of the sample was compared
with a standard curve of Trolox (20-200 pumol/I).

The FRAP method. The yellow Fe**-TPTZ complex is
reduced to the blue Fe**-TPTZ complex by electron
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donating substances under acidic conditions. Any
electron donating substance with a half reaction of
lower redox potential than Fe**/Fe** TPTZ will drive
the formation of the blue complex forward. The FRAP
reagent was a mixture of 0.1 mol/l sodium acetate
buffer (pH 3.6), 10 mmol/l TPTZ and 20 mmol/I ferric
chloride (10:1:1, v:v:v). To 900 pl of reagent 90 ul of
water and 30 pl of sample were added. The absorbance
readings were started immediately after the addition of
the sample, and they were performed at 593 nm with
readings every 20 s for ten minutes. The blank
consisted of 120 pl of water and 900 pl of reagent. The
final absorbance of each sample was compared with a
standard curve made from Trolox (100-1000 pmol/l).
The standard curves were repeated daily. The data were
expressed both as pumol Trolox equivalents /g fresh
weight and umol Trolox equivalents/g dry matter.

Statistical Analysis.
Results were expressed as mean values (standard
deviation) of six replicates measured over three days of

one extract. Linear correlation coefficients were
calculated.
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