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Total antioxidant capacity and content of flavonoids
and other phenolic compounds in canihua
(Chenopodium pallidicaule): An Andean
pseudocereal
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Total antioxidant capacity (TAC), total phenolic compounds (TPH), total flavonoids (TF) and individ-
ual phenolic compounds were determined in canihua collected at approx. 3850 m altitude. The TAC
values varied among samples from 2.7 to 44.7 by the ferric reducing antioxidant power (FRAP)
method and from 1.8 to 41 by the 2,29-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
method expressed as lmol of Trolox equivalents/g dw. The content of TPH was 12.4–71.2 lmol gal-
lic acid equivalents/g dw and that of the TF ranged between 2.2 and 11.4 lmol of catechin equiva-
lents/g dw. The data obtained by the four methods showed several significant correlations. Prior to
analysis by HPLC, the samples were subjected to acid hydrolysis and in the water-soluble extracts
this led to an up to 20-fold increase in the TAC values in comparison with the values of the nonhydro-
lysed samples. HPLC analysis showed the presence of eight major compounds identified as catechin
gallate, catechin, vanillic acid, kaempferol, ferulic acid, quercetin, resorcinol and 4-methylresorcinol.
Their estimated contribution to the TAC value (FRAP method) indicated that resorcinols contributed
most of the antioxidant capacity of the water-soluble extract. The results show that canihua is a poten-
tial source of natural antioxidant compounds and other bioactive compounds which can be important
for human health.
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1 Introduction

The vast altiplano at 4000 m above sea level is a main agri-
cultural region of Bolivia. The intense UV radiation, sea-
sonal drought and occasional frost have led to the develop-
ment of an agricultural system based on crops resistant to
these conditions like quinoa, potato, papalisa and oats. Cani-
hua, also named ca�ihua, kuimi, millmi, and ca�ahua [1]

(Chenopodium pallidicaule), is an annual pseudocereal
belonging to the Chenopodiaceae family, found in semide-
sert climates at 3600–4400 m altitude. It is usually grown as
a secondary spontaneously seeding crop in quinoa fields of
the traditional agricultural system and thus requires only
minimal care. It is not demanding in terms of fertilization
and irrigation and may develop even on depleted soils. How-
ever, the crop is laborious to harvest, gives a poor yield and
its use is decreasing. It is a starch-rich pseudocereal some-
what similar to quinoa in its use and it is mixed with wheat
and used for making breads and cakes or used alone in bever-
ages and gruel-like foods of the local culinary heritage.

The few available studies on the nutritional quality and
chemical composition of canihua have shown it to have a
crude composition of carbohydrate 63–66%, protein 15–
18%, lipids 6–8% and ash 3–4% and a high protein quality
with a content of lysine of 5–6% [2, 3]. In other studies,
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two new flavonol glycosides and new triterpene saponins
from canihua seeds were isolated [4, 5], and preliminary
data on the total antioxidant capacity (TAC) of canihua
flour were gathered in an initial survey of Bolivian foods
[6]. More systematic knowledge of the content of flavo-
noids and other phenolic compounds is lacking.

Since the canihua can grow under extreme radiation con-
ditions, close to the equator, at high altitude and in a climate
dominated by clear skies, the plant has probably developed
a good natural protection against oxidation. Thus, canihua
can be an interesting potential source of polyphenolic and
other antioxidants. Hence, the present work reports meas-
urement of the TAC, phenolic content, flavonoid content
and individual phenolic compounds in canihua plants col-
lected at different locations.

2 Materials and methods

2.1 Chemicals

The Folin-Ciocalteu reagent, gallic acid, sodium carbonate,
sodium nitrite (99%), aluminium chloride hexahydrate
(97%), acetone (p.a.) were purchased from Merck (Darm-
stadt, Germany), ABTS [2,29-azino-bis(3-ethylbenzothia-
zoline-6-sulphonic acid)], baicalein (98%), catechin (99%),
catechin gallate (99%), kaempferol (99%), quercetin
(99%), potassium persulphate, resorcinol (99%), 4-methyl-
resorcinol (99%), Trolox (6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid, 97%), TPTZ (2,4,6-tripyridyl-
s-triazine) and vanillic acid (99%) were obtained from
Sigma–Aldrich (St. Louis, USA), ferric chloride from ICN
Biomedicals (Costa Mesa, CA, USA), acetic acid (glacial
p.a.) and sodium acetate from BDH Chemicals (Poole,
UK). Ferulic acid was obtained from Extrasynth�se (Genay,
France) and methanol HPLC grade from Laboratory Sup-
plies (Poole, UK).

2.2 Plant material

Ten samples of canihua were collected in April 2005 at alti-
tudes ranging from 3839 to 3925 m above sea level from an

experimental farm site, Bel�n, and two regular farms, Sipa
Sipa and Tiwanaku, close to Titicaca Lake, Bolivia. Plants
at different locations within the farms and with different
colours were collected (Table 1). Three samples (sample
Bel5, Bel6 and Tiw2) had already been harvested a few
days before the collection date, while the rest were collected
directly from the field. The samples were stored cool in
plastic bags for 24–48 h and then transferred to a freezer
(–208C) until extracted.

2.3 Sample preparation

The fresh leaves, stems and seeds were homogenized in a
mixer with sodium acetate buffer (0.1 M, pH 5.0) in a
liquid/sample ratio of 25:1. The samples were centrifuged
in a Thermo IEC Multi/RF with an 8850 rotor at 200006g
for 30 min at 48C. The supernatant was aspirated and stored
at –808C before being analysed. One gram of the remaining
pulp was homogenized with 8 mL of acetone and was
stirred for 30 min at room temperature. Then the mixture
was centrifuged for 10 min at 12006g and room tempera-
ture and the supernatant solution was separated and stored
at –808C [7].

2.4 Measurement of TAC

TAC was measured by the ABTS method [8] and a modifi-
cation of the ferric reducing antioxidant power (FRAP)
method [9] by use of spectrophotometry performed using
an Ultrospec 3000 (Pharmacia Biotech, Uppsala, Sweden)
at 258C. As a standard Trolox was used, a water-soluble
analogue of alpha-tocopherol. A stock solution containing
5 mmol/L of Trolox in ethanol was stored at –208C.

2.4.1 The ABTS method
The colourless ABTS (7 mmol/L) was oxidized to the green
ABTS9+ radical cation by the addition of potassium persul-
phate (2.42 mmol/L) and kept for 12–16 h at room temper-
ature in the dark. The reagent was stable for 2–3 days when
stored in the dark. On the day of analysis the ABTS9+ solu-
tion was diluted with ethanol to an absorbance of 0.70
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Table 1. Description of the canihua samples collected in Bolivia

Sample Colour of plant Altitude Coordinates Place Dry matter (%)

Bel1 Yellow 3838 19532550E8228746N Bel�n 66
Bel2 Yellow 3838 19532550E8228746N Bel�n 79
Bel3 Yellow 3838 19532550E8228746N Bel�n 62
Bel4 Red 3838 19532550E8228746N Bel�n 74
Bel5 Green 3838 19532550E8228746N Bel�n 90
Bel6 Yellow 3838 19532550E8228746N Bel�n 90
SiSi1 Green 3925 19543396E8212681N Sipa Sipa 41
SiSi2 Purple 3925 19543396E8212681N Sipa Sipa 39
Tiw1 Yellow 3861 19533943E 8167646N Tiwanaku 78
Tiw2 Purple 3861 19541046E8165873N Tiwanaku 91
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(l0.02) at 734 nm. After the addition of 1.0 mL of ABTS9+

solution to 100 lL of sample the mixture was stirred for
30 s and the absorbance at 734 nm and 258C was recorded
for 6 min. The decrease in absorbance caused by the addi-
tion of sample was compared with that of a standard curve
made by use of Trolox (20–200 lmol/L).

2.4.2 The FRAP method
The yellow Fe3+-TPTZ complex is reduced to the blue Fe2+-
TPTZ complex by electron donating substances under
acidic conditions. Any electron donating substance with a
half reaction of lower redox potential than Fe3+/Fe2+ 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/L ferric
chloride (10:1:1 v/v/v). To 900 lL of reagent 90 lL of
water and 30 lL of sample were added. The absorbance
readings were performed at 593 nm for 10 min. The blank
consisted of 120 lL of water and 900 lL of reagent. The
final absorbance of each sample was compared with that of
a standard curve made using Trolox (100–1000 lmol/L).
The data were expressed as lmol Trolox equivalents per
gram of dry matter. To assess the TAC of reference com-
pounds these compounds were dissolved in ethanol at 25–
180 lmol/L.

2.5 Measurement of total phenolic compounds

The total phenolic compounds (TPH) were determined
using the Folin-Ciocalteu reagent which oxidizes the phe-
nolic compounds to phenolates at alkaline pH in a saturated
solution of sodium carbonate resulting in a blue molybde-
num–tungsten complex [10]. The Folin-Ciocalteu reagent,
diluted ten times (2.5 mL) and 2 mL of saturated sodium
carbonate (75 g/L) and 50 lL of sample (diluted ten times)
were mixed for 10 s and heated for 30 min at 458C. The
absorbance at 765 nm was read after cooling to room tem-
perature. The absorbance of each sample was compared
with those obtained from the standard curve made from gal-
lic acid (235–1176 lmol/L). The data were expressed as
mmol gallic acid equivalents (GAE) per gram of dry matter.

2.6 Measurement of total flavonoids (TF)

The TF content was determined using a reagent containing
aluminium chloride and sodium nitrite, giving rise to a
pink-coloured flavonoid–aluminium complex in the alka-
line medium [11]. A solution corresponding to 30 lL of
sodium nitrite (10%), 60 lL of aluminium chloride hexahy-
drate (20%), 200 lL of NaOH (1 M) and 400 lL of water
was added to 100 lL sample. The absorbance readings at
510 nm were started 5 min after the addition of the sample,
and were performed every 20 s for 1 min. A reagent blank
containing water instead of sample was used. The final

absorbance of each sample was compared with a standard
curve made from catechin (69–689 lmol/L). The data were
expressed as lmol catechin equivalents (CE) per gram of
dry matter.

2.7 HPLC

Before the HPLC analysis the water-soluble extract was
refluxed in 1.5 M HCl for 90 min, while the water-insoluble
extracts were evaporated in a nitrogen stream and reconsti-
tuted in methanol before the reflux. Baicalein was added as
an internal standard before the hydrolysis. Phenolic com-
pounds were separated using a Shimadzu liquid chromato-
graph system (LC 10ADVP), comprising a vacuum degas-
ser (DGU 14-A), a solvent delivery module (FCV-
10ALVP), an auto-injector (SIL-10ADVP), a column oven
(CTO-10ASVP) and a diode-array detector (SPD-
M10AVP). The column was a 3.5 lm Kromasil RP column
150 mm64 mm protected by a Kromasil C18 10 mm pre-
column (Scantec Lab, S�vedalen, Sweden). The flow rate
was 0.8 mL/min and the injection volume was 20 lL. The
mobile phase was a binary solvent system consisting of (A)
1% acetic acid/water and (B) methanol and the gradient
used was 0 min 40% B, 5 min 65% B, 10 min 90% B,
15 min 40% B until 17 min as modified from ref. [12]. The
UV absorbance at 260, 280 and 330 nm was recorded in the
eluate. The compounds were identified by comparing with
standards of each identified compound using retention
time, the absorbance spectrum profile and also by running
the samples after the addition of pure standards. The chro-
matographic and spectral features of the standards are
shown in Table 2. The concentrations were calculated from
the peak heights of the internal standard and each com-
pound in the samples and in reference solutions.
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Table 2. Molar TAC values, and chromatographic and spectral
features of substances tentatively identified in canihua

Substance Rt

(min)
Maxima in
UV–Vis
spectrum

Molar TAC (lmol/
lmol Trolox)

(nm) ABTS FRAP

Catechin 2.4 278 3.2 1.4
Resorcinol 3.3 275 1 0.0
Catechin gallate 3.9 278 2.6 3.1
Vanillic acid 4.3 260, 292 0.09 0.9
4-Methylresorcinol 5.2 279 1.7 1.04
Ferulic acid 5.7 295, 330 1.6 1.37
Quercetin 8.9 255, 370 3.1 3.7
Kaempferol 10.1 265, 365 0.45 0.95

The molar TAC of the reference compounds was measured in
solutions in ethanol at 25–180 lmol/L.
Rt, retention time.
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2.8 Dry matter content

The dry matter content was determined in triplicate after
drying approximately 2 g of canihua sample at 1008C to
constant weight.

2.9 Statistical analysis

The results were expressed as mean values (SD) of six repli-
cates measured over three days for TAC, FRAP, TPH and
TF. Linear correlation coefficients were calculated accord-
ing to the Pearson method. All calculations were done using
Excel software.

3 Results

3.1 TAC in canihua

The highest TAC value by the ABTS method was observed
in sample Tiw2 both in the water-soluble and water-insolu-
ble extracts, 37 and 3.9 lmol of Trolox/g dw, respectively
(Table 3). Several intermediary values of 1.4–5.5 lmol/g
dw were found in the water-soluble extracts and of 0.9–
2.3 lmol/g dw in the water-insoluble extracts. The lowest
values in the water-soluble and water-insoluble extracts
were observed in sample Bel2, 1.3 and 0.5 lmol/g dw,
respectively.

Also by the FRAP method the highest TAC value was
observed in sample Tiw2 in both extracts (38 and 6.7 lmol
of Trolox/g dw, respectively). The intermediary values were
between 2.3 and 15 lmol/g dw in the water-soluble extracts
and from 0.7 to 3.4 lmol/g dw in water-insoluble extracts
while the lowest values were determined in the water-solu-
ble extract of sample Bel2 (2 lmol/g dw) and in the water-
insoluble extract of sample Bel3 (0.6 lmol/g dw). It is

apparent that the Tiw2 sample had a very high content of
antioxidants and it was excluded from the ranges and sum-
mary measures calculated in this report.

3.2 Total phenolic substances and TF

The highest TPH values were observed in the sample Tiw2
in both extracts (Table 4). Intermediary values were found
between 12.3 and 43.5 lmol GAE/g dw in the water-soluble
extracts, and 1.8 and 3.5 in the water-insoluble extracts.
The lowest values were determined in the water-soluble
extract of sample Bel2 (10 lmol GAE/g dw), and in the
water-insoluble extract of sample Bel3 (1.2 lmol mg GAE/
g dw).

The highest value assessed with the TF method was
observed in the water-soluble extract of sample Tiw2
(11 lmol CE/g dw) and in the water-insoluble extract of the
sample SiSi1 (8.3 lmol CE/g dw). Values between 2 and
5.2 lmol CE/g dw in the water-soluble extract and from 1.4
to 5.9 in the water-insoluble extract were found as interme-
diary values and the lowest values were determined in the
water-soluble extracts of samples Bel2 and Tiw1 (1.8 lmol
CE/g dw) and in the water-insoluble extracts of samples
Bel2 and Tiw2 (0.4 lmol CE/g dw).

3.3 Content of individual phenolic substances

Eight phenolic compounds in the canihua extracts were
found by the HPLC method. Resorcinol, 4-methylresorci-
nol, ferulic acid, kaempferol and quercetin were found both
in the water-soluble and water-insoluble extracts while cat-
echin and vanillic acid were only found in the water-soluble
extract and catechin gallate only in the water-insoluble
extract (Table 5). The content of each compound expressed
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Table 3. TAC in water-soluble and water-insoluble extracts of canihua as measured by the ABTS and FRAP methods before and
after acid hydrolysis

Sample code ABTS FRAP

Water-soluble Water-
insoluble

Water-solu-
ble + water-

Water-soluble Water-
insoluble

Water-solu-
ble + water-

Beforea) Aftera) insoluble Beforea) Aftera) insoluble

Bel1 5.5 (0.8) 23.3 (1.2) 2.3 (0.3) 7.8 15 (2.5) 34.4 (1.2) 3.1 (0.77) 18.1
Bel2 1.3 (0.4) 11.0 (0.4) 0.5 (0.1) 1.8 2.0 (0.2) 13.2 (0.9) 0.7 (0.08) 2.7
Bel3 3.0 (0.6) 17.6 (0.8) 0.9 (0.1) 3.9 2.3 (0.5) 20.8 (0.8) 0.6 (0.06) 2.9
Bel4 4.4 (0.4) 21.6 (2.7) 1.3 (0.2) 5.7 13 (0.9) 32.3 (1.9) 1.9 (0.24) 14.9
Bel5 4.6 (0.2) 18.7 (1.9) 0.9 (0.2) 5.5 12 (0.4) 9.4 (4.2) 1.8 (0.28) 13.8
Bel6 4.2 (0.1) 20.8 (1.2) 1.4 (0.2) 5.6 15 (2.0) 30 (2.4) 2.2 (0.09) 17.2
SiSi1 2.0 (0.3) 11.7 (1.5) 1.7 (0.3) 3.7 4.5 (0.3) 21.8 (4.1) 3.4 (0.17) 7.9
SiSi2 1.4 (0.4) 26.7 (3.6) 1.4 (0.3) 2.8 5.5 (1.3) 33.6 (3.8) 1.8 (0.20) 7.3
Tiw1 4.4 (0.6) 14.6 (1.7) 0.9 (0.2) 5.3 9.0 (1.6) 19.1 (1.4) 1.3 (0.06) 10.3
Tiw2 37 (1.3) 67 (4.4) 3.9 (0.4) 41 38 (6.4) 88.6 (4.4) 6.7 (0.37) 44.7
Median (range) 4.2 (1.3 – 5.5) 18.7 (11.0 – 26.7) 1.3 (0.5 – 2.3) 5.3 (1.8 – 7.8) 9.0 (2.0 – 15) 21.8 (9.4 – 34.4) 1.8 (0.6 – 3.4) 10.3 (2.7 – 18.1)

The TAC data are expressed as lmol Trolox equivalents per gram of dry matter and are means (SD) from six measurements.
a) Data obtained in samples before or after acid hydrolysis.
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as the sum of that in the water-soluble and water-insoluble
extracts showed considerable variation. Among flavonols
the variation was from 0.01 to 0.5 lmol/g dw of quercetin
and from 0.03 to 0.63 lmol/g dw of kaempferol. Vanillic
acid was the main phenolic acid present in canihua (0.02–
3.4 lmol/g dw) and it was only observed in the water-solu-
ble extract while ferulic acid was found in both extracts

from 0.02 to 0.60 lmol/g dw. The content of catechin gal-
late in the water-insoluble extract was usually 0.2–4 lmol/
g dw and that of catechin in the water-soluble extract was
0.1–4 lmol/g dw. The amount of resorcinol was 3.4–
14.5 lmol/g dw and that of 4-methylresorcinol was 3–
42.4 lmol/g dw.
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Table 4. The content of total phenolic compounds (TPH) and total flavonoids (TF) in canihua

Sample TPH water-soluble
extract (lmol
GAE/g dw)

TPH water-insolu-
ble extract (lmol
GAE/g dw)

Total TPHa) lmol
GAE/g dw)

TF water-soluble
extract (lmol
CE/g dw)

TF water-insoluble
extract (lmol
CE/g dw)

Total TFa)

(lmol CE/g dw)

Bel1 39.4 (1.3) 2.9 (0.3) 42.3 2.7 (0.1) 5.9 (0.4) 8.6
Bel2 10.0 (0.2) 2.4 (0.4) 12.4 1.8 (0.4) 0.4 (0.1) 2.2
Bel3 12.3 (0.5) 1.2 (0.2) 13.5 2 (0.4) 2.8 (0.3) 4.8
Bel4 23.5 (1.2) 1.8 (0.3) 25.3 2.9 (0.4) 1.4 (0.1) 4.3
Bel5 27.6 (1.2) 2 (0.8) 29.6 3.1 (0.6) 1.5 (0.2) 4.6
Bel6 43.5 (2.4) 3.5 (0.4) 47 4 (0.8) 4.1 (0.3) 8.1
SiSi1 19.4 (0.4) 3.4 (0.6) 22.8 2.3 (0.6) 8.3 (0.6) 10.6
SiSi2 35.3 (1.2) 2.9 (0.6) 38.2 5.2 (0.1) 1.7 (0.2) 6.9
Tiw1 15.9 (0.8) 1.8 (1.5) 17.7 1.8 (0.3) 1.4 (0.1) 3.2
Tiw2 64.7 (3.2) 6.5 (1.1) 71.2 11 (0.2) 0.4 (0.1) 11.4
Median 23.5 2.4 25.3 2.7 1.7 4.8
Range 10.0–43.5 1.2–3.5 12.4–47 1.8–5.2 0.4–8.3 2.2–10.6
Range (mg/g dw) 1.7–7.4 0.2–0.6 12.1–18 0.52–1.51 0.11–2.41 0.63–3.08

Data are expressed as mean (SD) of six measurements. GAE, gallic acid equivalents; CE, catechin equivalents.
a) Sum of the content in water-soluble extract and water-insoluble extract.

Table 5. Content of individual phenolic compounds in canihua in the (A) water-soluble and (B) water-insoluble extracts expressed as
lmol per gram of dry weight

Sample Quercetin Kaempferol Ferulic acid Vanillic acid Catechin Resorcinol 4-Methylresorcinol

(A) Water-soluble extract
Bel1 0.02 0.08 0.03 1.55 3.6 11.1 14.4
Bel2 0.0007 0.01 0.01 0.02 1.6 5.9 7.7
Bel3 0.007 0.01 0.02 0.07 2.3 11.5 10.4
Bel4 0.04 0.1 0.09 1.64 3.6 7.6 9.5
Bel5 0.04 0.09 0.08 1.68 2.0 6.8 8.1
Bel6 0.05 0.28 0.05 0.58 1.9 5.6 6.6
SiSi1 0.01 0.03 0.04 0.64 0.1 2.4 2.9
SiSi2 0.003 0.02 0.03 0.23 4.0 15.5 4.9
Tiw1 0.004 0.01 0.02 0.76 1.6 3.2 2.8
Tiw2 0.4 0.43 0.60 3.39 3.6 12.8 37.7
Median 0.01 0.03 0.03 0.64 2.0 6.8 7.7

Sample Quercetin Kaempferol Ferulic acid Catechin gallate Resorcinol 4-Methyl-resorcinol

(B) Water-insoluble extract
Bel1 0.05 0.1 0.02 0.2 3.1 0.4
Bel2 0.01 0.02 0.01 0.4 0.7 0.6
Bel3 0.1 0.03 0.004 0.5 0.5 0.9
Bel4 0.01 0.1 0.01 0.6 0.6 0.9
Bel5 0.01 0.1 0.02 0.4 0.8 0.7
Bel6 0.04 0.1 0.01 0.5 0.6 0.9
SiSi1 0.02 0.03 0.02 0.3 2.1 0.4
SiSi2 0.02 0.02 0.02 0.06 2.4 5.7
Tiw1 0.03 0.1 0.01 0.05 0.2 0.2
Tiw2 0.1 0.2 0.05 4.0 1.2 4.7
Median 0.03 0.1 0.02 0.3 0.8 0.7
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3.4 Contribution of the phenolic substances to
TAC

After acid hydrolysis of water-soluble extracts the TAC val-
ues increased by 1.8–19-fold (ABTS method) and up to 9-
fold (FRAP method) (Table 3). The TAC data of the hydro-
lysed samples were used to assess the contribution of the
individual eight compounds to the total TAC value. For this
purpose the molar TAC values were measured of the indi-
vidual reference compounds (Table 2). To assess the contri-
bution of each substance to the TAC value after hydrolysis,
the amount of each compound was multiplied by its molar
TAC value. In this calculation, 20–80% of the total water-
soluble TAC was explained by the eight identified com-
pounds and resorcinols were the principal contributors to
TAC of the water-soluble extracts (15–62%), followed by
catechins (1–16%), phenolic acids (0.2–5.7%) and flavo-
nols (0.1–2.4%). The contribution of flavonols to the TAC
values was small since they occurred mainly in the water-
insoluble extract.

3.5 Correlation among measurements

Several data sets obtained by the ABTS, FRAP, TPH and
TF methods were correlated to each other (Table 6) and in
these calculations the outlier Tiw2 was omitted. Statisti-
cally significant correlations were observed between data
obtained by the ABTS method versus those of the FRAP
method (both for the water-soluble extracts and water-
insoluble extracts, TPH versus FRAP (only in the water-
insoluble extracts) and TF versus TPH (only in the water-

soluble extracts), TF versus FRAP (both extracts) and TF
versus ABTS (in the water-insoluble extracts).

4 Discussion

4.1 Antioxidants in pseudocereals and cereals

This study shows that canihua contains a number of antiox-
idant and polyphenolic compounds in appreciable concen-
trations which may have considerable impact on its use as a
food ingredient and for human nutrition. In comparison
with literature data on pseudocereals and cereals (Table 7),
the present data using the ABTS method (1.8–7.8 lmol/g
dw) were lower than the higher TAC values found in black
sorghum, wheat bran, buckwheat and barley [13–15], our
intermediary values were close to data obtained for rye and
barley [14, 15] and the lower values were close to those of
wheat [16]. The TAC (FRAP) values obtained in canihua
(2.7–18.1 lmol/g dw) were comparable to or higher than
data obtained in buckwheat (6–10 lmol/g fw) and in 14
different cereals [17]. The data previously obtained on cani-
hua flour by the FRAP method (14.1 lmol/g dw) and the
ABTS method (7.2 lmol/g dw) [6] are similar to the inter-
mediary TAC values found in the present investigation. The
increase in the TAC values after acid hydrolysis suggested
that antioxidants were released by glycoside hydrolysis as
also reported by others [18]. This probably is similar to the
digestion conditions in the human intestine suggesting that
the antioxidant capacity exerted by pseudocereals and cere-
als in the gut is higher than the effect indicated by data
reported on unhydrolysed samples.

4.2 Total phenolic substances in cereals

Compared to the few data on TPH in cereals and pseudocer-
eals available in the literature our TPH values were higher
(the sum of the water-soluble and water-insoluble extracts
was used) (Table 7). For instance, the canihua samples
Tiw2, Bel1, Bel4, Bel5 and Bel6 showed higher values than
those obtained for sorghum [19] and buckwheat [20]. The
low value of the canihua sample Bel2 was still higher than
that found for millet [19], a mean value for cereals [21], and
values for sweet corn [22], oat and amaranth [23].

4.3 TF in cereals

Only two publications were found about the content of TF
in cereals determined with the same method as used in the
present report (Table 7) [22, 23]. The TF content of the ten
canihua samples expressed as the sum of water-soluble and
water-insoluble values were higher than in oats (0.6 lmol
CE/g dw) and amaranth (0.5 lmol CE/g dw) [23] and in
sweet corn (0.2 lmol CE/g fw) [22]. The high values of TF
found in the canihua samples were probably accounted for
by catechins.
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Table 6. Correlation coefficients between different measure-
ments performed in the water-soluble and the water-insoluble
extracts of canihua

Water-soluble extract Correlation coefficient (r)

ABTS – FRAP 0.86**
TPH – ABTS 0.41
TPH – FRAP 0.28
TPH – TF 0.77**
TF – ABTS 0.11
TF – FRAP 0.74*

Water-insoluble extract
ABTS – FRAP 0.77**
TPH – ABTS 0.59
TPH – FRAP 0.70*
TPH – TF 0.65
TF – ABTS 0.76*
TF – FRAP 0.82**

The correlation coefficient was calculated according to the
Pearson method. Sample Tiw2 was omitted from these calcu-
lations.
*, p a 0.05; **, 0.001 a p a 0.01.
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4.4 Content of individual phenolic substances in
canihua

4.4.1 Flavonols
The presence of quercetin and kaempferol in canihua was in
accordance with results of a previous study [4]. Similar
results were obtained in kancolla, another Chenopodiaceae
species [24]. In the present study the content of kaempferol
was at least two times higher than that of quercetin in most
hydrolysed samples. Moreover, the amounts of kaempferol
and quercetin in canihua were considerably higher than
those in many other plant foods, and for instance the lowest
value of kaempferol content found was comparable to that
found in beans [25]. On the other hand, the highest values
obtained were comparable with the values of kaemperol
found in kale, and the highest value on quercetin content
was comparable with the values obtained in beans and fruits
[25–27]. The intermediary values of kaempferol and quer-
cetin in canihua were close to the flavonol content found in
cabbage, leek and brussels sprouts [28] and in buckwheat
(0.08 lmol/g dw of quercetin) [29].

4.4.2 Phenolic acids
Vanillic and ferulic acids were identified in canihua, and
previously vanillic acid was found in other Chenopodiaceae

species as well [24]. The amount of vanillic acid in canihua
was higher than that in oats [30], sorghum, barley, wheat
[31] and purple corn [32], suggesting that canihua is an
important source of this phenolic acid. The comparatively
high content of vanillic acid could explain why the consum-
ers in Bolivia use canihua flour for the preparation of a fresh
beverage with an attractive taste. The content of ferulic acid
in canihua was lower than that reported for wheat bran and
corn and close to that in oats and sorghum [31].

4.4.3 Catechins
The presence of catechin in the water-soluble extracts and
of catechin gallate in the water-insoluble extracts of canihua
may at least partly be accounted for by the occurrence of
oligomeric flavonolic proanthocyanidins. They consist of
catechin, gallocatechin structures and their epimers, e.g., as
2-O-gallates [31, 33]. In buckwheat, sorghum and barley
several catechin derivates have been characterized [33, 34].

4.4.4 Resorcinols
Resorcinol and 4-methylresorcinol were tentatively identi-
fied as being the principal phenolic compounds of canihua.
They are not common in nature but several plant families
contain 5-alkyl-resorcinols, for instance Graminae, Gink-
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Table 7. Comparison of the levels of antioxidant capacity, total phenolic compounds and total flavonoids in canihua to the corre-
sponding published data obtained in pseudo-cereals and cereals

Sample ABTS
(lmol TE/g dw)

FRAP
(lmol TE/g dw)

TPH
(lmol GAE/g dw)

TF
(lmol CE/g dw)

Range in the current worka) 1.8-7.8 2.7-18.1 12-47 2.2-11
Canihua flour 7.2b) 14b)

Black sorghum 52c)-78d) 1.5e) 24c)

Wheat bran 16f) 1.6e)

Buckwheat 58f) 10e) 19g)

Barley 2.4h)-15c) 5.4e) 5.1c)

Rye 0.3-13c)f)h) 2.4e) 6c)

Oats 3.0e) 1.2i) 0.6i)

Wheat 1.1-1.9j) 0.7e) 2.9-5.4j)

Sweet corn 3.0k) 0.2k)

Millet 21c) 1.2e) 8c)

Amaranth 0.9i) 0.5i)

Cereals 0.2l) 2.2l)-4.4m) 6.3l)

The values are expressed as the sum of water-soluble and water-insoluble extracts.
a) Data on sample Tiw2 was omitted
b) Pe�arrieta et al. [6]
c) Ragaee et al. [19]
d) Awicka et al. [13]
e) Halvorsen et al. [17] (These data refer to fresh weight. Since Trolox had double the activity compared with Fe2+ in the FRAP

method the results in this reference were divided by two for the comparison)
f) Gallardo et al. [14]
g) Quetier-Delau et al. [20]
h) Zielinsky and Kozlowska [15]
i) Czerwinski et al. [23]
j) Yu et al. [16]
k) Chun et al. [22]
l) Saura-Calixto and Go�i [21]
m) Perez-Jim�nez and Saura-Calixto [18]
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goaceae and Anacardiaceae [35]. However, the 5-alkyl
resorcinols had different retention times at HPLC compared
with the substances found in the present study, are primarily
acetone-soluble and have two UV maxima at 275 and
282 nm [36], and thus it seems unlikely that the compounds
observed here are 5-alkylresorcinols. Resorcinol and 4-
methylresorcinol have been reported to be released when
maize is infected by fungi [37] and furthermore, 4-methyl-
resorcinol has been reported to be formed in during roasting
of coffee [38]. Although the derivatives of 4-methylresorci-
nol seem to be unusual in nature, some of them have been
isolated, for instance 5-methoxy-4-methylresorcinol from
ferns [39]. Thus, we may speculate whether 4-methylresor-
cinol is present under optimal growing conditions or if it is
a result of fungal growth, high altitude or another stress on
the plant. The accumulation of resorcinol and some of its
derivatives is considered to be a defensive response of the
plants against bacterial infection [40, 41]. In addition,
resorcinol could be a degradation product of flavonoids
such as quercetin and morin [42].

4.5 Contribution of the phenolic substances to
TAC

The molar TAC values found for pure phenolic compounds
by the ABTS and FRAP methods were in accordance with
data from the literature [7]. The sum of the TAC values for
individual compounds calculated by multiplying the molar
TAC by the values assessed by ABTS were three times
higher than the experimental TAC values after hydrolysis
while the calculated values obtained using the FRAP
method were lower than the experimental values (see Sec-
tion 3). One possible explanation for the higher calculated
TAC values obtained by the ABTS method could be the
presence of resorcinols and catechin, which had high molar
TAC values. In addition, unknown interactions among anti-
oxidant and other compounds might have contributed. The
total calculated contribution of flavonoids and other poly-
phenolic compounds to the total TAC was 20–80% using
the FRAP method and their large contribution was also
shown by the many significant correlations found among
the different measurements (Table 6). The data also indi-
cated that a number of other compounds would contribute
to total TAC. It also possible that synergistic or antagonistic
effects or other interactions contribute to the differences
obtained between the data obtained by the ABTS and FRAP
methods [43].

4.6 Health aspects of canihua consumption

Several studies have shown that cereal grain contain con-
stituents with health benefits for humans [44–46]. For
example, alkylresorcinols occurring in cereals bran frac-
tions [47, 48] show antitumoural, antibacterial, antifungal
and antiparasitic activities [49, 50]. Although the detailed

mechanisms of action of the antioxidants found in canihua
are not known, it is possible that consumption of canihua
would be associated with such health benefits. It could be
calculated that consumption of 200 g canihua with a dry
weight of 40%, would correspond to a median intake of
water-soluble antioxidants of approx. 0.16 mmol. This is
very close to the TAC intake calculated for 200 g of cauli-
flower [51]. This may stimulate a renewed interest in the
canihua crop for the production of breads, cakes, beverages,
and other foods in the Andean region.
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