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The seed of an important food crop, indigenous to the Andean region of Latin
America, called quinoa (Chenopdium quinoa, Willd) is a good source of thiamin
(0-4 mg/100 g), folic acid (78-1 mg/100 g), and vitamin C (16-4 mg/100 g). The
seeds contain twice as much y-tocopherol (5-3 mg/100 g) as a-tocopherol (2-6 mg/
100 g) and larger amounts of calcium (874 mg/kg), phosphorus (5-3 g/kg),
magnesium (2-:6 mg/100 g), iron (81 mg/kg), zinc (36 mg/kg), potassium
(12 g/kg), and copper (10 mg/kg) than most of the common cereal grains. The
amounts of mercury, lead, and cadmium found in these samples were low in
relation to the values of tolerable intake for these elements. All values are
expressed on a dry-weight basis. The fat content of raw quinoa seeds was 9-7%
on a dry-weight basis with high amounts of oleic acid (24-8%) and linoleic acid
(52-3%). The level of linolenic acid was 3-9%. The process of removing saponins
from the seeds reduces the vitamin and mineral contents to some extent. The
loss is significant (p <0-001) in the case of potassium, and considerable also in
the case of iron and manganese (p <0-01).

INTRODUCTION

Quinoa (Chenopodium quinoa, Willd) is an indigenous
food crop of the Andean region of South America. It
grows well at high altitudes (2000 and 4000 m above
sea level), and the yield ranges from 2000 to 4000 kg/ha
depending on the variety and conditions of farming.
Quinoa is resistant to frost and is able to grow in poor
soils with low annual rainfall, between 300 and 400 mm
(Weber, 1978; Risi and Galwey, 1984). The quinoa
seeds, which are small, round, and flattened, measure
about 1-5 mm in diameter, and about 350 seeds weigh
1 g (Varriano-Marston & DeFrancisco, 1984; Ruales &
Nair, 1992q). The protein content is about 15%, and
the starch content is about 60%. Quinoa also contains
about 9% fat and about 11% dietary fibre. The nutri-
tional quality of its protein compared with that of
common cereals is also very high (Mahoney et al,
1975; Ruales & Nair, 19925). A process for manufac-
turing infant food on an industrial scale that uses
quinoa as the main raw material is being developed. In
this connection, information about the content of vita-
mins and minerals in quinoa is of great importance.
According to Freire (1988), 55-4% of the children under
5 years of age in Ecuador showed signs of malnutri-
tion. That same study reports a deficiency of vitamin A
among 5% of the children, presenting retinol content
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in serum lower than 100 pg/litre and deficiency (mea-
sured as activation coefficient for glutathione reductase
> 1-4) of riboflavin among 31% of the children. The
deficiency of riboflavin is most common in the rural
areas. Deficiency of zinc is found among 25% of the
infant population below 5 years, when the cut-off point
was 60 ug/dl of zinc in the serum and the deficiency of
iron is observed in 22% of the children when the cut-off
limit of haemoglobin in the blood was at 110 g/litre.
Micronutrient deficiency, especially that of iron and
zing, is frequent, not only in developing countries, but
also to some degree in developed countries. Children
and women in the fertile ages are found to be the most
affected groups regarding iron deficiency. Hallberg
(1984) reported that the main cause of widespread iron
deficiency is to a great extent nutritional, because the
amount of iron absorbed may not always satisfy the
nutritional requirements of the individuals owing to
poor availability. Some antinutritients, such as saponins
and phytic acid, are known to lower the bioavailability
of zinc and iron (Sandberg, 1987; Southon et al., 1988;
Brune, 1989; Price et al., 1989; Rossander-Hulthén
et al, 1990; Sandberg, 1990) Quinoa seeds contain
saponins and phytic acid Ruales & Nair, 1993). A
major part of the saponins is easily removed by polish-
ing the seeds and washing them with water. However,
the amount of phytic acid that remains after removal
of the outer layers of the seeds is relatively high, prob-
ably because it is evenly distributed in the endosperm.
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The present paper deals with the content of fat, fatty
acids, vitamins, and minerals in quinoa seeds. The
effect of the process of scrubbing and washing used for
removing the saponins from the seeds on their content
of minerals and vitamins was also investigated, and the
nutritional density of quinoa for some vitamins and
minerals is calculated.

MATERIALS AND METHODS
Samples

Quinoa seeds (Chenopodium quinoa, Willd), variety
40057 Latinreco, produced under controlled conditions
of farming, harvesting and storage, were obtained from
Latinreco SA, Quito, Ecuador.

Sample preparation

Raw quinoa seeds were scrubbed and polished by using
a pulper (model 5707, Langsenkamp, Indianapolis, IN,
USA), equipped with a sieve with holes of 0-8-mm
diameter. The seeds were then cleaned from dust and
other contaminants by using an air-vibrator grain sepa-
rator (Model 100, The Hance Corporation, Westville,
OH, USA). The seeds were washed for 20 min with tap
water in a tank equipped with a mixer. They were then
rinsed and dried in an oven at 50°C overnight. Finally,
the seeds were ground with a sample mill (Cyclotec
1093, Tecator AB, Héganids, Sweden) to a particle size
of 40-60 mesh, packed in polyethylene bags, and stored
at 4°C until used for analysis.

Fat and fatty acids

The fat analysis was performed gravimetrically after
extraction with petroleum ether, according to the method
of Croon and Fuchs (1980). Fat was then hydrolysed
with 3% concentrated sulfuric acid in methanol, and the
methyl esters of the fatty acids were produced with a
mixture of 50% dimethyl carbamate in hexane and 1%
metallic sodium in methanol. The methyl esters were
separated on a gas chromatograph (Varian, Model
3700, Varian Associates, Humboldt Ct., Sunnyvale,
USA) equipped with a fused-silica capillary column
(30 m X 0-25 mm), having OV-351 as the stationary
phase and helium as the carrier gas (Ruales ez al., 1988).

Vitamin A

Vitamin A was assayed as retinol (Soderhjelm & An-
dersson, 1978). Ascorbic acid was added as antioxidant
prior to saponification with potassium hydroxide in
ethanol and water. The ethanol-water phase was
extracted with n-hexane, and the hexane phase was
washed twice with a saturated solution of sodium
chloride in water. The extract was evaporated to dry-
ness in a rotary evaporator, and the residue was
dissolved in 5 ml methanol. A volume of about 10 ul
was injected into the HPLC (LDC, Model 1204 A,
Laboratory Data Control, Milton Roy Division Com-

pany, FL, USA), equipped with an RP Ci8 (Nucleosil
particle size of 5 um) column (25 cm X 4-6 mm i.d.)
and separated with methanol as the mobile phase. The
UV absorbance was monitored at 325 nm.

Vitamin E

Vitamin E was analysed as tocopherols and tocotrienols
(Piironen et al., 1983). The samples were saponified
with potassium hydroxide solution and then extracted
with n-hexane. For the separation of the samples, a
liquid chromatograph (Varian 5000, Liquid Chromato-
graph, Varian Associates, Humboldt Ct., Sunnyvale,
USA), equipped with a spectrofluorometer (Model
RF-540 Shimadzu) and an integrator (Chromatopac
C-R3A Shimadzu), was used.

The column was a Lichrospher Si 100 II (Hibar Cat.
50316). The injected sample (20 wl) was eluted with
n-hexane : di-isopropylether (96:4) at a flow rate of
2-2 mi/min. The fluorescence was measured at an excita-
tion wavelength of 330 nm.

Vitamin B1 (thiamin)

The assay of thiamin was carried out spectrofluori-
metrically as thiochrome (Freed 1966; Strohecker &
Henning, 1965). The thiamin was released from the
sample first by acid hydrolysis (0-1 M HCI) and then by
enzymatic hydrolysis by using Clara-diastase (Clarase
300) (Fluka 27540, Fluka Chemie AG, Buchs, Switzer-
land). Thiamin was separated by filtration and then
oxidised to thiochrome by using NaOH and K;Fe(CN),.
The detection was performed with a spectrofluorometer
(RF-540 Shimadzu, Shimadzu Corporation, Kyoto,
Japan) at an excitation wavelength of 365 nm and an
emission wavelength of 435 nm.

Vitamin B2 (riboflavin)

Riboflavin was assayed spectrofluorimetrically (Johnsson
& Branzell, 1986) after the sample had been hydrolysed
with HCI and digested with acid phosphatase (Type 1,
from Wheat germ, SIGMA P-3627, Sigma Company,
St. Louis, MO, USA) to release the riboflavin. The
sample was analysed by HPLC (Varian 500 Liquid
Chromatograph, Varian Associates, Humboldt Ct.,
Sunnyvale, USA) equipped with a spectrofluorometric
detector (RF-540 Shimadzu). An RP CI18 analytical
column (Shadom ODS Hypersil, 5 um, 25 ¢cm X
4-6 mm i.d.) and an RP C18 pre-column (Shadom ODS
Hypersil, 5 um, 3 cm X 3 mm id.) were used to
separate riboflavin. The sample (100 wul) was eluted with
methanol:water (33:67), the pH of which was adjusted
to 4-5 with acetic acid, at a flow rate of 0-5 ml/min. The
fluorescence was measured at an excitation wavelength
of 440 nm and an emission wavelength of 520 nm.

Folic acid

A microbiological method (Hansen, 1964; Jigerstad,
1987: Jdgerstad & Westesson, 1979), with Lactobacillus
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casei (ATCC 7469) as the test organism, was used for
the determination of folic acid. Bacto Micro Assay
Culture Agar (B 319 Difco, Difco Laboratories,
Detroit, MI, USA) was used to store the culture, and,
for the sub-cultivation and cultivation, Bacto Micro
Inoculum Broth (B320 Difco). The basal medium was
prepared with Folic Acid Casein Medium (BBL-Dano
Folic Acid Casein Medium, Cat. No. 11267, BBL
Microbiology Systems, A/S Ferrosan, Copenhagen,
Dt_:nmark).

Vitamin C

Ascorbic acid was assayed by a colorimetric method as
L-ascorbic acid by using a kit purchased from
Boehringer Mannheim, Cat. No 409677 (Boehringer
Mannheim GmbH, Germany).

Minerals

The analysis of minerals was performed with an
atomic-absorption spectrophotometer (Varian AA 1275)
equipped with a graphite tube atomiser (GTA 95) after
dry ashing. The homogenised samples (15-70 g) were
dried and then ashed at 450°C. Hydrochloric acid was
added, and the solution was evaporated to dryness.
The residue was dissolved in 0-1 N nitric acid, and the
mineral contents were determined as described by the
Nordic Committee on Food Analysis (1991).

Phosphorus was analysed as described by the Nordic
Committee on Food Analysis (1965), with spectro-
photometric detection. Lead and cadmium were also
determined by atomic-absorption spectrophotometry
after the samples had been ashed by the method des-
cribed by Jorhem et al., (1984). For the determination
of mercury (Varian, 1989) the samples were digested
with 6N HCIL. The mercury was released by adding
stannous chloride 25% w/v SnCl, in 20% v/v HCI).

Selenium and arsenic were analysed by using a
method (Siemer & Hagemann, 1975) described by Saari
(1980). The quinoa sample (1 g) was oxidised with a
saturated solution of MgNQ,. The sample was then
evaporated and pre-ashed on a hotplate, and the final
ashing was performed in a furnace at 500°C for 6 h.
Hydrochloric acid (25 ml, 6N) was carefully added to
the ash in the beaker. The Se and As determinations
were done after 1-4 ml samples had been injected into
the hydride generator, followed by HCI (6N) to give a
total volume of 4 ml. NaBH, solution (1 ml) was then
injected, whereupon a selenium peak was recorded
immediately and the peak area measured. The same
procedure was followed for As analysis.

Nutrient density

The nutrient density was calculated as described by
Hansen (1973). As a reference for the number of
calories a figure of 1300 kcal/day was taken, which
corresponds to the recommended dietary allowances
for children between one and three years (FAO/WHO,
1985; National Research Council, 1989).

RESULTS AND DISCUSSION

The results of the fat analysis are presented in Table I.
The seeds of quinoa contain 9-7% % 0-2 fat on a dry-
weight basis. Quinoa fat has a high content of oleic acid
(24-1%) and linoleic acid (52-3%). The level of linolenic
acid was 3-8%. The polishing and washing did not cause
any loss of fat from the seeds. The PS-ratio (the rela-
tionship between all polyunsaturated fatty acids and the
saturated fatty acids) of the quinoa oil (4-90) is higher
than the PS-ratio of most of the edible oils, such as
soy-bean oil (3-92), corn oil (4-65), and olive oil (0-65).
The percentage of energy delivered by linoleic acid in
quinoa seeds is 10, which is higher than the recom-
mendation by the American Academy of Pediatricians
that infant foods should contain at least 2-7% of energy
in the form of linoleic acid (National Research Council,
1989).

The amounts of certain vitamins in quinoa seeds are
presented in Table 2.

Although quinoa is not a cereal, it is often used for
consumption in place of cereals and contains more
riboflavin and folic acid than common cereals such as
wheat, barley, oats, rye, rice, and maize (Kent, 1984).
The amount of a-tocopherol in quinoa is higher than
that of wheat. Thus , quinoa seeds can be a source of
vitamin E. The amount of y-tocopherol is twice that of
a-tocopherol in quinoa.

The mineral content of quinoa seeds is presented in
Table 3. The data obtained for mineral composition in
this study are in the range of values reported by Koziol
(1992) and Gonzalez et al. (1989).

The contents of copper and sodium in processed
quinoa were found to be higher. This is difficult to
explain, but it could be caused by contamination from
water used for washing.

Potassium and phosphorus are present in high
concentrations in quinoa seeds. The ratio of calcium :
magnesium is 1:3 and that of calcium: phosphorus is
1:6, which is far from the recommended Ca:P ratio of
1:1-5. The dietary-intake ratio of Ca:P is reported to

Table 1. Fatty acid composition of fat in quinoa seeds (g/100g fat)

Fatty acid Raw Polished
whole  and washed
quinoa quinoa

Myristic acid Cl14 0-1 0-1
Palmitic acid Cl16 97 99
Palmitoleic acid Cl6:1 02 02
Stearic acid C18 0-6 06
Oleic acid C18:1 24-8 24-5
Linoleic acid C18:2 523 52-3
Linolenic acid C18:3 39 3.8
Arachidic acid Cc20 0-4 04
Eicosenic acid C20:1 1-4 14
Eicosadienoic acid C20:2 02 01
Behenic acid Cc22 05 06
9-Docosenoic acid C22:1w9 1-4 15
Tetracosanoic acid C24 02 02
Tetracosenoic acid C 24:1 2-4 2:6
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Table 2. The content of certain vitamins in Quinoa seeds*

Table 3. Content of certain minerals in quinoa seeds*

(mg/100 g dry basis) (mg/100 g dry basis)*
Vitamins Raw whole Pclished and Vitamins Raw whole Polished and
quinoa washed quinoa quinoa washed quinoa
Thiamin 0-4 £ 0-01¢ 0-3 £ 0-08° Calcium 874 + 26° 1231 £37¢
Riboflavin 02 +0-01¢ 0-2 +0-01¢ Magnesium 2620 £ 55¢ 2 463 + 99
Vitamin A (mg RE/100 g) 0-2 + 0-05¢ 0-2 £ 0-05¢ Zinc 36 +2¢ 45 +£2¢
Tocopherols: Iron 81 +0-9¢ 59 +0-7°
a-tocopherols 2:6 +0-50¢ 24 +0-5¢ Manganese 33+£1.2¢ 25+ 0.9
a-tocotrienols ND! ND' Copper 10 + 0-4° 21+08
B-tocopherols 0-2 £ 0-08“ 02 +£0-03¢ Sodium 22 £ 0:6° 76 + 2-1"
B-tocotrienols 03 +0-05¢ 0:3£0:01¢ Potassium 1201 +9¢ 571 + 10
y-tocopherols 53 %025 4.9 + 0-40¢ Phosphorus 5350 + 34° 5709 + 50¢
y-tocotrienols 0-01 £ 0-00¢ 0-01 + 0-00¢ Cobalt 0-5£0:02° 0-4 £ 0-02¢
S-tocopherols 0-3 £0-01¢ 0-3 £ 0-02¢ Molybdenum 2-8 £ 0-087 2310147
Vitamin C 16:4 + 0-55° 192 + 0-50¢ Nickel 0-8 + 0-04° 0-8 £ 0-04°
Folic acid (ug/100 g) 78-1 £ 2-80¢ 663 +2:10° Lead 0-3 £ 0:05° 0-2 £ 0-03¢
- Chromium 0-2 £ 0-01° 0-2+001°
* Means + SE; n = 3. Means followed by the same letter are Cadmium (ug’kg) 39 +3.5¢ 28 + 2-4¢
not significantly different at 95% confidence limits. Arsenic 0-1 £ 0-01¢ 0-1 +£0-01¢
tND. Not detected (detection limit of 50 ng) Mercury (ug/kg) 54+0-3 5:5+03
Selenium (ug/kg) 36 £1-8° 39 +2:2¢

have some effect on the level of calcium in the blood of
many animals (National Research Council, 1989).

Quinoa contains 35 ug of Se per kg quinoa on a dry
basis. The National Research Council (1989) recom-
mended dietary-selenium allowances of 0-87 ug/kg
body weight for adults, and for children it is usually
extrapolated from the values for adults on the basis of
body weight and a factor for growth.

Mercury, lead, and cadmium have been found in
quinoa seeds, and the amounts are low compared with
the tolerable intake according to FAO/WHO (1972),
which is 0-43 mg/day for lead, 0-04 mg/day for mercury,
and between 0-06 and 0-07 mg/day for cadmium. How-
ever, the current Swedish limits (Jorhem et al., 1984) for
lead in foods especially intended for children under
three years of age are 0-2 mg per kg of product, which
is only slightly higher than the amount of lead found in
quinoa seeds (0-18 mg lead/kg processed quinoa).

* Means + SE; n = 3. Means followed by the same letter are
not significantly different at 95% confidence limits.

Table 4 shows the nutrient density of quinoa for
some vitamins and minerals.

The calculation is based on the amount of quinoa
necessary to satisfy the daily requirement of energy
(1300 kcal) recommended for children one and three
years of age (FAO/WHO, 1985; National Research
Council, 1989).

Quinoa could satisfy the requirement of most vita-
mins recommended by the Committee on Dietary
Allowances (National Research Council, 1989).

The biological activities of different forms of toco-
pherols found in foods vary. If the activity of a-
tocopherol is set to 100%, that of B-tocopherol is
between 25% and 50%; that of y-tocopherol between
10% and 35%; and that of a-tocotrienol 30%. In this

Table 4. Nutrient density for some vitamins and minerals in Quinoa seeds

Nutrients RDA?* Nutrient density®

Children between one Quinoa Wheat Rice Oat Maize

and three years of age (332 g) (351 g) (361 g) 333 g) (356 g)
Energy 1 300 kcal 1.0 1-0 1-0 1-0 1-0
Vitamin A 400 pugRE 1-4 0 0 0 0-2
Vitamin E 5 mgaTE 21 1-2 0-5 0-5 0-8
Vitamin C 45 mg 1-4 0 0 0 —
Thiamin 0-7 mg 1-2 21 1-7 29 2-0
Riboflavin 0-8 mg 09 0-6 03 0-6 04
Folic acid 100 ug 2:2 1.7 1-6 1-7 14
Calcium (Ca) 800 mg 0-4 02 0-1 0-4 0-1
Phosphorus (P) 800 mg 2-1 1-5 -3 1-4 1-2
Magnesium (Mg) 150 mg 4.9 32 40 2-8 30
Iron (Fe) 15 mg 1-1 1-0 0-4 1-2 I-1
Zinc (Zn) 10 mg 13 -1 06 1.0 0-6
Copper (Cu) 1 mg 63 1-9 1-3 1-5 1-3

“RDA, Recommended dietary allowances (1989).

® Nutrient density: ratio between the amount of nutrients present in the material that is enough to provide 1300 kcal and the
amount of nutrients recommended for children between one and three years based on the values for washed quinoa from Table 2
and Table 3, and the values for wheat, brown rice, oats, and maize from Kent (1984) and Statens Livsmedeksverk (1986).
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study, B-tocopherol was assumed to have 50%, y-toco-
pherol 10%, and a-tocotrienol 30%, respectively, of the
activity of a-tocopherol. The activities of the other forms
have been assumed to be 5% of that of a-tocopherol
(National Research Council, 1989).

The data on the mineral content are in agreement
with the data reported by INIAP (1987). In general, the
amounts of minerals in quinoa seeds are enough to
satisfy the nutritional recommendations. However,
calcium needs to be supplemented through other sources.

It is reported that quinoa is a poor extractor of soil
phosphorus. The soil of the Andes region, where
quinoa is grown, is of volcanic origin, with poor phos-
phorus content. This can be a reason for the natural
adaptation of quinoa to this region. The relation
N:P:K in the quinoa plant was 8:1:13. By using the
traditional method of harvesting (pulling out the whole
plant), the amount of N :P: K removed from the soil
was equivalent to 160:20:260 kg/ha (Blasco, 1979).
The ratio sodium : potassium in processed quinoa in
this experiment was 1:7:5.

Quinoa contains more iron than common cereals; how-
ever, its availability may be affected to some extent by
saponins (1% in quinoa flour) and phytic acid (10 mg/g
in quinoa flour) in the seeds (Ruales & Nair, 1993).

The amount of phytic acid after the washing process
used for the removal of saponins remained high, about
8 mg/g quinoa flour (Ruales & Nair, 1993). Excessive
amounts of phytate in the diet have a negative effect on
the mineral balance because it binds multivalent minerals
such as Fe**, Zn**, Ca?*, and Mg?* and makes them less
available for absorption in the intestinal tract (Hallberg,
1984; Larson & Sandberg, 1990). The maximum
amounts of phytic acid not having any negative effect
on the Zn and Fe availability were reported to be 50 mg
and 10 mg per meal, respectively (Sandberg, 1990).

However, Allred et al. (1976) reported animal-feeding
experiments showing that the availability of iron from
the diets based on quinoa (Sajama variety) is at least as
good as the availability of iron from iron sulphate. The
amount of dietary iron gained as haemoglobin per mg
of iron intake by rats fed on diets with 30% quinoa was
0-74. However, the mineral bioavailability from quinoa
in man needs further evaluation.

Some varieties of quinoa exhibit a bitter taste, owing
to the presence of saponins, which are located mainly
in the outer layer of the seeds. In order to increase the
acceptability of the finished product, quinoa seeds have
to be polished and washed before being processed. The
traces of saponins that remained in the seeds were not
detected by an informal taste panel, and the content
was determined to be about 0-33% of the dry weight of
the seeds. The content of phytic acid in quinoa was re-
duced by 29% as a result of polishing and washing
(Ruales & Nair, 1993). The process of removing
saponins seems to affect the vitamin composition of
quinoa to a minor degree. Thiamin was reduced by
30% (p < 0-001), a-tocopherol by 5%, and folic acid by
15% (p < 0-001). The content of ascorbic acid seems to
increase. West et al. (1978) studied the possibility that

certain saponins could form complexes with minerals
and that such complexes could reduce the availability
of minerals and inhibit growth. However, they did not
find any evidence (West & Greger, 1978) for the
complexing of fat-soluble vitamins (A, D,, or E) by
saponins. Saponins vary in chemical nature, and further
studies are necessary to establish whether the quinoa
saponins have any effect on the availability of the
fat-soluble vitamins.

The procedure of scrubbing and washing with water
used in this work to remove saponins seems to affect
the mineral content. A significant (p <0-001) decrease
in potassium content (46%) was observed after scrub-
bing and washing. This is in agreement with the data
reported by Varriano-Marston and DeFrancisco (1984),
who also reported the presence of high contents of
potassium and chloride. Furthermore, data from a
research carried out on 20 varieties of Ecuadorian quinoa
(INIAP, 1987) show a decrease in the potassium
content of about 47% while saponins are removed by
this method. The quantities of the other minerals also
decreased after scrubbing and washing: iron by 28%,
manganese by 27%, and magnesium by 8%.

CONCLUSIONS

The seeds of quinoa contain about 10% fat on a dry-
weight basis. The PS-ratio of the quinoa oil (4-90) is
higher than that of most edible oils. Quinoa seeds seem
to satisfy the nutritional requirements of many vitamins
and minerals for children (1300 kcal) between one
and three years of age. The process of scrubbing and
washing the seeds to remove the saponins modified to
some extent the content of vitamins and minerals. A
significant decrease in potassium content was observed
after removing the outer layers.
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