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Grain amaranth (Amaranthus spp.) is a widely adaptable C4 pseudo-cereal crop that has interesting
nutritional characteristics including high protein and calcium concentrations and a lack of gluten. To
date, no antinutrient has been found at problematic levels in grain amaranth; however, oxalate has
not been thoroughly studied. Dietary oxalate is a potential risk factor for kidney stone development,
and its presence in food lowers calcium and magnesium availability. Oxalate concentration and forms
and calcium and magnesium concentrations were determined in 30 field-grown grain amaranth
genotypes from the species A. cruentus, A. hybrid, and A. hypochondriacus. The effects of seeding
date and fertilization with calcium ammonium nitrate were evaluated in field experiments conducted
in multiple environments; the effects of cooking were also evaluated. Mean total oxalate concentration
in the 30 genotypes analyzed was 229 mg/100 g, with values ranging between 178 and 278 mg/100
g, the greatest proportion being insoluble (average of 80%). Calcium concentration averaged 186
mg/100 g and ranged between 134 and 370 mg/100 g, whereas magnesium averaged 280 mg/100
g and ranged between 230 and 387 mg/100 g. Fertilization only marginally increased total oxalate
concentration and had no effects on other variables. Seeding date had no effects on any of the
variables studied. Boiling increased the proportion of soluble oxalate but did not affect total oxalate
concentration. Grain amaranth can be considered a high oxalate source, however, as most is in
insoluble form, and due to its high calcium and magnesium concentrations, oxalate absorbability
could be low. This should be confirmed by bioavailability studies.
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INTRODUCTION

Grain amaranth (Amaranthusspp.) is a C4 dicotyledonous
(1) pseudo-cereal crop that was widely cultivated in pre-
Columbian America (2). After a drastic decline of the crop
following the Spanish conquest, interest in grain amaranth was
revived in the 1970s, and emphasis was put on adapting the
crop to mechanized agriculture (3). This plant is adaptable to a
wide range of environments and has been successfully intro-
duced in several countries of Europe, Asia, and Africa (3). Grain
amaranth has interesting nutritional properties such as a high
content of lysine-rich protein (4) and an absence of gluten (5).
It is estimated that over 2.1 million people in the United States
alone are affected by celiac disease, which renders affected
people intolerant to gluten (6). This represents a great potential
market for grain amaranth. Calcium in amaranth was reported
to be as high as 308 mg/100 g (7), and its grain has thus been
proposed as a weaning food ingredient (8). Most antinutrients
that have been studied to date in grain amaranth appear to be
nonproblematic. Levels of tannin and phytic acid are comparable
to those observed in grain cereals (9), whereas trypsin and
chymotrypsin activity were reported to be lower (10). The
potential for aflatoxin and zearalenone production was also

reported to be comparable to or lower than those of other grains
(11). Saponin content is low, and the saponins produced are of
low toxicity (12). However, there are concerns regarding grain
amaranth oxalate concentration, given that amaranth leaves are
known to contain high oxalate concentrations (13).

Oxalate is a naturally occurring antinutrient present in several
cultivated plants such as spinach (Spinacia oleraceaL.) and
rhubarb (Rheum rhabarbarumL.). High oxalate intake can lead
to mineral deficiency, most notably calcium and magnesium,
as oxalic acid binds these two elements to form insoluble
calcium or magnesium oxalate (14, 15). Sodium and potassium
oxalate are more soluble and are therefore considered to be more
absorbable (16). Urinary oxalate excretion, which necessarily
follows oxalate absorption, is known to be an important risk
factor in the formation of kidney stones (17). Calcium oxalate
stone formers usually have higher urinary oxalate excretion (18)
and are advised to avoid oxalate-rich foods (19). The amount
of urinary oxalate reported to be derived from the diet varies,
ranging from 5 to 50%, the remaining being endogenously
synthesized (17,18). Strawberries, chocolate, and soynuts are
examples of common foods that have been shown to increase
urinary oxalate levels (16). Calcium or magnesium ingestion
along with oxalate is known to decrease oxalate absorption, as
they form insoluble complexes (20). Therefore, the oxalate to
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calcium molar ratio of foodstuff is believed to influence the
amount of oxalate absorbed (17). The proportion of soluble
versus insoluble oxalate present in foodstuff is often regarded
as an indicator of the bioavailability of oxalate (16, 17), although
this theory has been criticized (18).

Oxalate levels in a given crop can be controlled by cultivar
selection and breeding, field management, and processing (14).
Variation in oxalate concentrations and forms has been reported
among soybean [Glycine max(L.) Merr.] cultivars (21). The
oxalate concentration in spinach was manipulated by varying
nitrogen levels and forms (22) and in bean leaves (Phaseolus
Vulgaris L.) by varying calcium supply (23). Calcium fertiliza-
tion, however, did not affect oxalate concentration in soybean
seeds (24). Boiling or steaming was found to decrease oxalate
concentration in several vegetables (25).

To our knowledge, there has been only one report of grain
amaranth oxalate concentration, with concentrations in one
cultivar of A. caudatusranging between 228 and 236 mg of
total oxalate/100 g, with 35% in the soluble form (26). Such
levels are similar to those reported for soybean and soy products
and could be problematic for calcium oxalate stone formers (27).
It is already known that oxalate is present in high concentrations
in grain amaranth leaves, variation being observed between
cultivars (28). It is not known whether a similar variability is
present in the grain or whether agronomic practices could affect
grain amaranth oxalate concentration.

If grain amaranth is to be consumed in appreciable amounts
by people affected by celiac disease, by vegetarians looking
for alternative protein sources, or due to its use as an ingredient
in weaning food, it is important to minimize oxalate concentra-
tion in seeds. Therefore, our main objectives were to (i)
determine variability in oxalate concentration and forms in seeds
of 30 different grain amaranth genotypes representing 3 different
species; and evaluate the effects of (ii) calcium ammonium
nitrate fertilization, (iii) seeding date, and (iv) cooking on oxalate
concentration and forms.

MATERIALS AND METHODS

General Description and Field Conditions.Field experiments were
conducted in 2005 and 2006, at the Emile A. Lods Agronomy Research
Center in Sainte-Anne-de-Bellevue, QC, Canada (45° 25′ 45′′ N latitude,
73° 56′ 00′′ W longitude). Soils used are described inTable 1. Except
for the fertilization experiment, nitrogen, phosphorus, and potassium
fertilization was done on the basis of soil tests according to local
recommendations for sorghum (29), no recommendations existing for
grain amaranth. All harvested seeds were dried at 50°C until the
moisture content reached about 9% and were stored at room temperature
until analysis. Seeds were then ground through a 1 mm screen using a
Tecator Cyclotec sample mill (Tecator Corp., Höganäs, Sweden).

Genotype Evaluation.Thirty grain amaranth genotypes (Table 2)
were obtained from the U.S. National Genetic Resources Program (30).
Plants were grown in 2005 in field A in a randomized complete block
design with three blocks. Each plot consisted of one 2 m row. Plants
were spaced 20 cm in the row and 80 cm between rows. The field was
hand-seeded on June 9 and hand-harvested on October 30 (i.e, one
week after the first killing frost). All plants were harvested.

Fertilization Experiment. Cultivar ‘Plainsman’ (Albert Lea Seed-
house, Albert Lea, MN) was grown in a randomized complete block
design with three blocks, replicated over two growing seasons with
two sites each season. Fields A and B were used in 2005 and fields C
and D in 2006 (Table 1). Plots were 5 m long with four rows spaced
76 cm apart. Nitrogen was broadcast applied on the day of seeding in
the form of calcium ammonium nitrate (27.5% N; 4.6% Ca; 2.4% Mg)
at rates of 0, 50, 100, 150, and 200 kg of N ha-1. Depending on the
year and site, seeding was done between May 30 and June 1 at a rate
of 1.5 kg ha-1 using a disk drill (Fabro, Swift Current, SK, Canada).
Only the middle two rows of each plot were harvested. Harvesting was
done mechanically using a self-propelled harvester (Wintersteiger,
Saskatoon, SK, Canada) between October 28 and November 1.

Seeding Date Experiment.Field layout, plot size, seeding method,
cultivar, and harvesting were as in the nitrogen fertilization experiment.
The experiment was conducted in 2005 at two sites (i.e., fields A and
B; Table 1). Seeding dates were May 20, May 31, and June 30.
Harvesting was done on October 31 in field A and on October 27 in
field B.

Cooking Experiment. Seeds of the cultivar ‘Plainsman’ were used
for this experiment because it is currently the most widely grown grain
amaranth cultivar in North America (31) and therefore the most
consumed. Cooking was done by boiling at atmospheric pressure
(uncovered) 50 mL of nonground seeds in 100 mL of distilled water
until complete water absorption. The resulting porridge was spread as
a thin layer on aluminum foil, dried for 3 days at 60°C, ground through
a 1 mm screen using a Tecator Cyclotec sample mill (Tecator Corp.),
and stored at room temperature until analysis. The cooking experiment
was repeated on two different days, with three replicates on the first
day and four on the second.

Oxalate Quantification. Oxalate was quantified with an enzymatic
kit (procedure 591, from Trinity Biotech, Newark, NJ) according to
the method of Horner et al. (21), which allows quantification of total
and insoluble oxalate. Soluble oxalate was determined by subtraction.
Fifteen milliliter centrifuge tubes were used to carry out autoclaving
and removal of soluble oxalate. A Branson 5510 (Kell-Strom, Weth-
ersfield, CT) sonicator bath was used for sonication. Absorbance at
590 nm was measured using an Ultrospec II spectrophotometer
(Biochrom Ltd., Cambridge, U.K.).

Calcium and Magnesium Determination.Ground dry seeds were
digested using the method of Parkinson and Allen (32). Calcium and
magnesium concentrations were determined using a Perkin-Elmer
atomic absorption spectrophotometer (Perkin-Elmer, Waltham, MA).
Only seeds from the field experiments were analyzed for Ca and Mg
concentrations.

Statistical Analyses.All statistical analyses were performed with
SAS 9.1 (33). Residuals were tested for normality, using the Shapiro-
Wilk test in PROC UNIVARIATE. Logarithmic transformation was
applied to non-normal data. Heterogeneity of variance was evaluated
using the BIC criteria. Statistical analyses for the genotype and the
cooking experiments were performed using the PROC GLM (33).
Multiple comparison tests were performed with Scheffé’s procedure.
In the genotype experiment, given the objective of finding whether
variation exists among genotypes, and due to the large number of
entries, multiple comparison tests were not performed. The data from
the seeding date and the nitrogen experiments were analyzed using
PROC MIXED in SAS (33), because block and environment were
considered to be random effects. Statistical models were elaborated
according to the method of McIntosh (34). Regression analysis was
performed with the data from the fertilization experiment. Using PROC
CORR, Pearson product-moment correlation coefficients were calcu-
lated among variables from the genotype experiment. For all analyses,
the level of statistical significance was set at 0.05.

RESULTS AND DISCUSSION

Genotypes.Among the 30 genotypes, there were significant
differences (p< 0.05) in total and insoluble oxalate, as well
as in calcium and magnesium concentrations and the oxalate/
calcium ratio (Table 3). The mean total oxalate concentration
of the 30 genotypes analyzed was 229 mg/100 g, with values

Table 1. Description of Soils Used for Field Experiments Conducted in
Sainte-Anne-de-Bellevue, QC, Canada

field soil type pH
P

(kg/ha)
K

(kg/ha)
Ca

(kg/ha)
Mg

(kg/ha)
organic

matter (%)

A loamy sand 6.70 335 408 3700 292 4.00
B sandy clay loam 5.93 210 466 2331 235 3.10
C sandy clay loam 5.85 195 193 2362 318 2.87
D sandy clay loam 6.00 96 205 4927 641 4.25
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ranging between 178 and 278 mg/100 g (Table 2), representing
a 56% variation. The mean total oxalate concentration observed
is comparable to the value of 232 mg/100 g reported previously
for one genotype ofA. caudatus(26). Insoluble oxalate averaged
182 mg/100 g (80% of total oxalate) and ranged between 151
and 224 mg/100 g, representing a 48% variation. Soluble oxalate
averaged 47 mg/100 g and ranged between 26 and 82 mg/100
g, but differences between genotypes were not significant (p >
0.05). These values are comparable to values reported for
buckwheat (Fagopyrum esculentumMoench.) and quinoa (Che-
nopodium quinoaWilld.) (26, 35), two pseudo-cereals also
recommended as gluten-free alternatives to cereals (5). However,
buckwheat and quinoa have a higher proportion of soluble
oxalate than grain amaranth, thus representing potentially a
greater risk of kidney stone formation. ‘Plainsman’, the most
widely grown grain amaranth cultivar in the United States (36),
had 203 mg of total oxalate/100 g with 156 mg of insoluble
oxalate/100 g. If amaranth is to be consumed on a regular basis
by people affected by celiac disease, or those seeking an
alternative protein source, such oxalate concentrations might
be problematic, as foods with>10 mg of oxalate per 125 mL
serving are considered to be high-oxalate foods (37); 125 mL
of dry grain amaranth weighs approximatively 100 g and would
contain 203 mg of oxalate per serving. However, grain amaranth
has much lower oxalate concentrations than vegetable amaranth,
which has been reported to contain between 8.57 and 9.57 g of
total oxalate/100 g on a dry matter basis (13), and most is found
as insoluble oxalate (i.e., average of 80% of the total oxalate).

Calcium concentrations averaged 186 mg/100 g and ranged
between 134 and 370 mg/100 g, whereas magnesium concentra-
tions averaged 280 mg/100 g and ranged between 230 and 387
mg/100 g. The oxalate/calcium molar ratio averaged 0.59 and
ranged between 0.30 and 0.77. Finally, the oxalate/magnesium

molar ratio averaged 0.23 and ranged between 0.19 and 0.27.
Mean calcium and magnesium concentrations were almost
identical to those previously reported in grain amaranth by
Becker et al. (38), but slightly inferior to those reported by
Bressani et al. (7). When the results from the present study are
compared to those reported elsewhere for grains and legumes
(35), grain amaranth contains roughly 4-5 times more total
oxalate than conventional cereals and legumes, the grains for
which amaranth can be used as an alternative. However, due to
the high calcium and magnesium concentrations of grain
amaranth (Table 3), oxalate absorbability might be relatively
low. Ingestion of calcium or magnesium along with oxalate-
rich food is known to reduce oxalate absorption, as these
minerals bind to free oxalic acid and produce insoluble oxalate
complexes (20). The average oxalate/calcium ratio reported here
is much lower than that of spinach, which was reported to be
around 1.08 and to have only 5% of the total Ca available (39).
Grain amaranth can probably be viewed as a good source of
calcium, because on a molar basis there is nearly twice as much
calcium as oxalate. We are not aware of any study evaluating
the bioavailability of calcium in grain amaranth.

Several significant correlations were observed between
variables measured (Table 4). Total oxalate was positively
correlated with both calcium (r ) 0.44, p < 0.0001) and
magnesium (r) 0.51,p < 0.0001) concentrations. As shown
in Figure 1, although total oxalate is positively correlated to
calcium, the oxalate/calcium ratio decreases with increasing
calcium. This suggests that breeding for higher calcium could
be beneficial, because although oxalate increases with increasing
calcium, proportionally more calcium is present to bind oxalate
in genotypes with higher calcium concentration.

Variability observed in oxalate, calcium, and magnesium
concentrations as well as for the oxalate/calcium ratio suggests

Table 2. Description of Grain Amaranth Genotypes Grown in Sainte-Anne-de-Bellevue, QC, Canada

genotypea
common

descriptive species originb
seed
color

flower
color

PI 451711 Amaranthus cruentus Mexico black red
PI 477912 RRC 416 A. cruentus Mexico white green
PI 477913 RRC 1011 A. cruentus Mexico white green
PI 515959 Montana-3 A. cruentus Montana white green
PI 525498 MT-5 A. cruentus Montana white green
PI 538255 Amont A. cruentus Montana white green
PI 538319 K266 A. cruentus Pennsylvania white green
PI 538320 K283 A. cruentus Pennsylvania white pink
PI 538321 K436 A. cruentus Pennsylvania white red
PI 538323 K432 A. hybrid Pennsylvania white green
PI 538324 K433 A. hybrid Pennsylvania white green
PI 538325 K593 A. hybrid Pennsylvania white red
PI 538326 D70-1 A. hybrid Pennsylvania white red
PI 538327 D136-1 A. hybrid Pennsylvania white green
PI 558499 Plainsman A. hypochondriacus Pennsylvania white red
PI 568179 Ames 12991 A. hybrid Iowa white red
PI 576447 Ames 13446 A. cruentus Nigeria brown green
PI 604666 RRC 1027 A. cruentus Pennsylvania white orange
PI 605354 R-158 A. cruentus Pennsylvania white, translucent red
PI 606767 Ames 8272 A. cruentus Pennsylvania white orange
PI 606797 A200D A. cruentus Illinois white green
PI 606799 RRC 1017 A. cruentus Pennsylvania white red and green
PI 618962 Ames 2015 A. cruentus Benin dark brown green
PI 619250 Ames 2265 A. hypochondriacus Pennsylvania golden red, green, and pink
PI 628780 RRC 423 A. cruentus Mexico white purple-red
PI 628781 RRC 444 A. cruentus Mexico white green
PI 628782 RRC 446 A. cruentus Mexico white green
PI 628783 RRC 776 A. cruentus Mexico white red and green
PI 633584 RRC 27 A. cruentus China dark brown red
PI 636182 RRC 1386 A. cruentus Argentina white dark pink

a PI numbers refer to plant introduction numbers from the U.S. National Genetic Resources Program. b Origin is that of the donor to the U.S. National Genetic Resources
Program.
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that breeding for these traits might be possible. The mode of
inheritance of oxalate in grain amaranth is, however, currently
unknown. In soybean, it was suggested that breeding for low
oxalate would be possible (21). It must be noted that only 1%
of the nearly 3000 grain amaranth genotypes available (30) were
evaluated in the present study and that more extreme values
would most likely be found in a more thorough screening. The
recent isolation ofMedicago truncatulamutants showing altered
oxalate crystal patterns and oxalate concentrations has shown
that oxalate concentration in plants is at least partially geneti-
cally controlled (40). Some important genetic tools, such as
male sterility (41) and nonshattering traits (42), are likely to
contribute to the development of the next, high-yielding
generation of grain amaranth cultivars. Oxalate bioavailability

studies are required before the initiation of new grain amaranth
breeding programs to determine whether oxalate concentration
should be a consideration.

Fertilization and Seeding Date.Averaged over four envi-
ronments (i.e., two years and two sites), there was a significant
(p < 0.05) effect of fertilization with calcium ammonium nitrate
on total oxalate concentration (y) 304 + 0.07x). However,
with a regression coefficient of only 0.07, this means that only
a slight decrease in oxalate concentration could be achieved by
considerably reducing calcium ammonium nitrate fertilization,
which however in turn would reduce grain yield (36). Adapting
calcium ammonium nitrate fertilization levels is thus not a viable
means of reducing oxalate concentration in grain amaranth.
Other components measured (i.e., insoluble oxalate, soluble

Table 3. Oxalate, Calcium, and Magnesium Concentrations of 30 Grain Amaranth Genotypes Grown in Sainte-Anne-de-Bellevue, QC, Canada
(n ) 3)

genotypea

total
oxalate

(mg/100 g)

insoluble
oxalate

(mg/100 g)

soluble
oxalate

(mg/100 g)
% insoluble

oxalate
% soluble
oxalate

Ca
(mg/100 g)

Mg
(mg/100 g)

oxalate/Ca
(molar ratio)

oxalate/Mg
(molar ratio)

PI 451711 247 191 56 78 22 370 301 0.30 0.23
PI 477912 197 162 35 82 18 157 249 0.58 0.22
PI 477913 234 179 56 76 24 167 277 0.64 0.23
PI 515959 202 164 39 81 19 134 247 0.70 0.23
PI 525498 227 191 37 84 16 188 288 0.55 0.22
PI 538255 214 171 43 80 20 144 264 0.70 0.23
PI 538319 218 153 65 71 29 165 254 0.62 0.24
PI 538320 178 152 26 86 14 140 264 0.58 0.19
PI 538321 234 190 45 82 18 159 280 0.68 0.23
PI 538323 216 186 30 86 14 168 300 0.59 0.20
PI 538324 251 206 46 82 18 191 289 0.64 0.26
PI 538325 262 206 57 78 22 156 289 0.77 0.26
PI 538326 266 224 43 84 16 158 271 0.77 0.27
PI 538327 247 201 47 81 19 185 276 0.61 0.25
PI 558499 203 156 47 77 23 165 242 0.56 0.23
PI 568179 241 195 46 81 19 208 317 0.53 0.21
PI 576447 278 213 65 78 22 349 387 0.36 0.20
PI 604666 247 208 40 84 16 193 281 0.59 0.24
PI 605354 216 177 39 82 18 154 230 0.64 0.26
PI 606767 236 189 48 80 20 199 301 0.54 0.22
PI 606797 199 165 34 83 17 149 244 0.61 0.23
PI 606799 206 161 45 79 21 156 244 0.61 0.23
PI 618962 248 194 54 78 22 252 340 0.45 0.20
PI 619250 258 206 52 81 19 160 272 0.73 0.26
PI 628780 207 168 39 81 19 184 291 0.52 0.20
PI 628781 215 177 39 82 18 168 246 0.58 0.24
PI 628782 209 166 43 80 20 165 267 0.58 0.22
PI 628783 229 151 79 66 34 170 255 0.62 0.25
PI 633584 256 175 82 69 31 244 344 0.48 0.21
PI 636182 211 173 38 83 17 172 275 0.56 0.21

SEM 19.8 14.3 12.9 4.5 4.5 15.5 18.5 0.052 0.019
p value 0.0457 0.0090 0.4880 0.4482 0.4482 <0.0001 <0.0001 <0.0001 0.1605
mean 229 182 47 80 20 186 280 0.59 0.23
range 178−278 151−224 26−82 66−86 14−34 134−370 230−387 0.30−0.77 0.19−0.27

a PI numbers refer to plant introduction numbers from the U.S. National Genetic Resources Program.

Table 4. Correlation Coefficientsa of Oxalate, Calcium, and Magnesium Concentrations and Their Molar Ratios in 30 Grain Amaranth Genotypes
Grown in Sainte-Anne-de-Bellevue, QC, Canada (n ) 90)

total
oxalate

insoluble
oxalate

soluble
oxalate Ca Mg oxalate/Ca oxalate/Mg

total oxalate 1.00 0.80*** 0.63*** 0.44*** 0.51*** 0.20* 0.55***
insoluble oxalate 1.00 0.05ns 0.33** 0.41*** 0.20ns 0.44***
soluble oxalate 1.00 0.31** 0.32** 0.09ns 0.35***
Ca 1.00 0.70*** −0.74*** −0.20ns
Mg 1.00 −0.46*** −0.43***
oxalate/Ca 1.00 0.66***
oxalate/Mg 1.00

a ns, not significant (p > 0.05). Correlation significant at the (*) 0.05, (**) 0.01, and (***) 0.001 levels.
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oxalate, percents of insoluble and soluble oxalate, calcium,
magnesium, and oxalate/calcium ratio) all remained unaffected
by fertilization (p> 0.05). Finally, seeding date had no effect
on any variable measured (p> 0.05, data not presented).

Increased oxalate concentration was reported in spinach with
increases in both calcium and nitrogen fertilization (14). Also
in spinach, nitrate was reported to increase oxalate more than
ammonium (22). In the present experiment, we used calcium
ammonium nitrate, which supplied half the nitrogen as nitrate
and half as ammonium and also provided some calcium and
magnesium. We therefore simultaneously varied levels of
nitrogen (0-200 kg of N ha-1), calcium (0-33 kg of Ca ha-1),
and magnesium (0-17 kg of Mg ha-1). Because we applied all
of the fertilizer once at seeding, it is reasonable to assume that
most of the applied ammonium had been oxidized to nitrate
before uptake. However, we observed only a weak increase in
total oxalate concentration with increasing fertilization, which
could be attributed to (i) the high calcium levels prior to
experimentation of the soils used (Table 1), with further calcium
fertilization not affecting plants; (ii) nitrogen leaching (although
this is unlikely because a grain yield response was observed,
data not shown); or (iii) the fact that grain amaranth may not
be as responsive as spinach to fertilization. It is also possible
that the oxalate concentration of seeds is less affected by
environmental factors than that of leaves or vegetative material.
As pointed out by Libert and Franceschi (14), oxalate formation
is not simply a crystallization process, but involves the develop-
ment of specialized membranes or cells. Plants therefore exert
a certain degree of control over the amount of oxalate and
calcium accumulated. Another explanation for the weak response
to fertilization we observed in grain amaranth is a possible
interaction between nutrients. Libert and Franceschi (14) indeed
reported that nitrogen increased oxalate concentration in spinach

under low phosphorus status, but had no effect under higher
phosphorus status.

Cooking. Boiling amaranth seeds at atmospheric pressure in
a 2:1 water to seeds ratio until complete absorption changed
the form but not the total concentration of oxalate (Table 5),
the soluble oxalate proportion being greater after cooking (p <
0.05). The absence of a decrease in total oxalate concentration
following boiling is in contradiction with results observed in a
range of vegetables (25), legumes (43), and cereals (44).
Differences might be attributed to the fact that in our study,
the cooking water was completely absorbed by the grains;
therefore, any solubilized material was kept and detected in
analyses. Beetroot (Beta Vulgaris L.) was reported to have a
greater proportion of soluble oxalate after pressure cooking for
45 min at 15 psi (45). Cooking methods for grain amaranth
found in the popular literature often recommend (with water to
grain ratios varying slightly) boiling until complete absorption
of water. If soluble oxalate is, as previously reported, more
absorbable than insoluble oxalate (17), this method of cooking
could increase the total amount of oxalate absorbed.

Results presented herein underscore the need for conducting
grain amaranth oxalate absorbability studies. Grain amaranth
has high total oxalate concentrations; however, most is found
as insoluble oxalate. If oxalate absorbability is low, then
substituting amaranth for regular cereals could be done with
fewer concerns for those people with predisposition to kidney
stone development. If absorbability is high, selection for low-
oxalate genotypes will be necessary. Heritability studies for
oxalate concentration and forms will also be required. On the
basis of our results, management appears not to represent an
effective way of manipulating oxalate concentration and forms
in grain amaranth. Because of the low oxalate/calcium ratio and
the high calcium concentration of grain amaranth, we suggest
that it might represent a good source of dietary calcium that
could benefit vegetarians, although it should be confirmed by
bioavailability studies.
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Figure 1. Correlations between total oxalate and calcium concentrations
and their molar ratios in 30 genotypes of grain amaranth grown in Sainte-
Anne-de-Bellevue, QC, Canada (n ) 90). Correlation coefficients were
as follows: calcium and total oxalate (r ) 0.44, p < 0.001); calcium and
oxalate/calcium (r ) −0.74, p < 0.001); oxalate/calcium and oxalate
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