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INTRODUCTION

Q uinoa (Chenopodium quinoa willd) is one o f  the 
in d ig en o u s fo o d cro p s o f  the A nd ean  reg ion  o f  Latin  
American. A rcheological evidence (1,2,3) show s that the 
ch en op ods w ere cu ltivated  on the A ndean M ountains
2 .000 to 4 .0 0 0  years ago. They have also been used in 
Europe as grain, and som e species are still grown in som e 
areas o f  north-w est India. The seed s o f  Chenopodium 
album were used as food by the inhabitants o f Russia, the 
Denmark, Greece and the Northern parts o f  Italy (4).

U nlike potatoes and m aize, quinoa w as ignored by 
the Spanish conquistadores and this rejection continued  
until recently. It was only in 1965, som e research to im ­
prove different varieties and their cultivation m ethods in 
Perú and B oliv ia  w as initiated (5).

Production o f Quinoa in Ecuador, where it is culti­
vated between 600 to 4 .000 m above the sea level, has 
in creased  during the e ig h tie s . In 1 9 8 6  the N ational 
Research Institute o f  Agronom y (INIAP) distributed two 
cultivars (cv. Cochasqui and cv  Imbaya) to the farmers as 
a parts o f  the N ational quinoa d evelopm en t program. 
Debittered quinoa seeds for human consumption are now  
exported from Ecuador.

Growing conditions
Quinoa grows w ell at altitudes o f 2 .000 to 4 .000 m e­

ters above sea level, from 5 aN  to 30 aS. In central Chile 
it is cultivated at sea level, between 36 aS and 40 aS. It is 
resistant to frost and able to develop w ell and vigorously  
in places where the annual rain fall is between 200 and 
400 mm (4-6). The yield o f  quinoa can vary between 450  
Kg/H a and 5 .000  K g/H a depending on the variety and 
g r o w in g  c o n d it io n s .  It m a tu re s  in  5 to  6 m o n th s  
producing an abundance o f  w hite or pink seed s. One 
kilogram o f  quinoa contains about 300.000 seeds (4).

Clasification
Quinoa belongs to the phanerogams, centrospermae 

and to the genus Chenopodium w hich has a world-wide 
distribution and com prises o f above 250  species. A m ong  
its relative the fo llow in g are the m ost com m on ones: C. 
A lbum  L . (Lam b's- quarters or p igw eed ); C. ambro- 
sioides L. (American worm seed); C. Bonus Henricus L. 
(G ood -K in g  H enry); C. B otrvs L. (Jerusalem  oak or 
ambrosia); and C. capitatum (L) A sch. (Strawberry blite) 
(4,7). Tapia and co-workers, (8) classified quinoa in the 
fo llow ing ecotypes.

- Valley ecotype (Blanca de Junin, Rosada de Junin, 
Amarilla de Marangani, D ulce de Quitopamba and Dulce 
de Lazo): T h ese types are grow n in A ndean va lleys  
between 2 .000 m and 4 .000 meters above sea level. The 
plants are generally branched and are 2 to 3 meters tall. 
The growth period is about 7 months.

Geographical distribution o f  quinoa in Latin America
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- A ltiplano ecotype (Cheweca, Kancolla and Blanca  
de Juli): T his type o f  quinoa grow s w e ll around Lake 
T iticaca  at about 4 .0 0 0  m eters ab ove sea le v e l.  The  
quinoa plants are 1 to 1.8 meters tall and have very few  
branches. The growth period varies from 4 to 7 months.

- Salar ecotype: This is grown at an altitude o f  4 .000  
m in salty soils o f  pH 8.0. The seeds are black, with a 
very high content o f  saponins. The variety R eal is the 
most important in this ecotype.

- Sea Level ecotype: M ainly Chilean varieties. They 
grow at latitudes around 40 QS. In Cambridge, England  
this variety grew  about 2 m tall. The seeds were small, 
yellow  and with a high content o f saponin.

- Subtropical ecotype: This ecotype is found in the 
subtropical area (Yungas region) o f  B oliv ia . The plant 
produced very sm all, yellow-orange grains.

Morphology o f  the quinoa plant.
Quinoa is a gyn om on oecious plant. Its height may 

vary from 0,7 to 3,0 m, depending on the variety and the 
environment.

Fig. 2
Quinoa plant, a. terminal inflorescence; b. Axillary infloresce; c. 
variation in leaf shape: top, apical and bassal leaves; d. Flowers. 

Adapted from Risi and Galwey, (4) and Simmonds (9)

The germ ination  o f  the quinoa seed s starts a few  
hours after being exposed to moisture. First, the radicle 
grows to form a tap root from w hich the secondary and 
tertiary roots develop . The root depth is related to the 
plant heigth and it can reach a depth o f  30  cm.

The stem is cylindrical, becom ing angular due to the 
leaves and branches. The leaves are alternate on four 
sides. The number o f  branches and the height depend on  
the variety and the sow in g  density. The cortex o f  the 
stem is tough, but the m edulla is soft w hen the plants are 
young, and dry and spongy w hen the plans are mature. 
The colour o f  the stem  depends on the variety. It may 
change at maturity to pale yelow  or to red in som e varie­
ties. The red colour o f  the stem is due to the betacyanins 
(9-11).

The leaves are borne on long and narrow petio les  
which are channeled on their upper side. The lamina has 
three main veins, which originate from the petiole. The 
le a v e s  on y o u n g  p la n ts  are g reen , but as the p lant 
matures, they becom e yellow  or red (11).

The flow ers are clearly differentiated on the plant. 
The panicle em erges on the upper part, and does not have 
branches. The com pact panicle has secondary axes and 
short petioles. The principal axis o f  the inflorescence is 
round in cross section like the stem, and has two parallel 
channels on each surface. The flow ers form groups along 
the principal axis or the secondary axes (9,11).

Quinoa flow ers are incom plete as they have no pe­
tals. Quinoa has fem ale and hermaphrodite flowers (12). 
The hermaphrodite flowers are located at the distal end 
o f a group and the fem ale flow ers at the proximal end 
(11).

Morphology o f the quinoa seeds
The fruit o f  the quinoa is an achene, covered by a 

perigonium , w hich is easily  rem oved by rubbing when  
dry. The pericarp is the outer layer in the form o f  a l­
veolar cells. On the outer layers, som e saponins with b i­
tter taste are present. The bitterness can be removed by 
dry polishing, by w ashing with water, or by a com bina­
tion o f  both. The rem aining bitterness after processing  
was found to be correlated with remnants o f the pericarp, 
confirm ing that som e saponins are also located in the 
pericarp (13-16).

T he pericarp  is  transparent, w h ite , oran ge, red, 
brown, gray or som etim es black. The next layer is called



episperm , w h ich  can be w h ite , transparent, brow n or 
black. The embryo is about 60 percent o f the volum e of  
the episperm, and the endosperm about 40  percent o f it. 
T he h igh  proportion  o f  em bryo is the reason  for the 
proporcionately high protein content of quinoa, in com ­
parison with cereals. Q uinoa seed s may be cylindrical, 
con ical or e llip so id a l in shape. The seed s vary in size  
from 1.5 to 3.0 m m, and contain varying concentrations 
o f saponins.

The colour o f  the seeds is the result o f  the colour o f  
the pericarp (outer layer). Gandarillas (17), reported that 
the ancestral colour o f  the quinoa seed was black.
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Fig. 3
Quinoa seed

W hen fruits fall o ff  the quinoa plant, the seed s are 
often still enclosed in the perianth. The cells o f this layer 
are easily rem oved by scrubbing and washing with water. 
A  correlation was found between the bitterness remaining 
after the p rocess and the p resence o f  rem nants o f  the 
pericarp. In som e varieties, seed s has a purple colour, 
characteristic o f  betacyaninis. Examination o f the surface 
exposed on cutting the quinoa seed perpendicular to the 
plane o f  the coltyledons showed the embryo and starchy 
perisperm covered by the pericarp and seed coat layers. 
Beneath the pericarp there are two layers o f  seed coat. 
One is about 20  pm thick, and contains polygonal starch 
granules and other electron dense bodies (15). Cabrera 
(16) reported a second layer o f  seed coat. The cells in this 
layer are located perpendicular to the longitudinal axis o f  
the seed with spaces between the cells.

The mature embryo is dicotyledonus. It differs from  
the cereal grains in that it surrounds the perisperm. E lec­
tron m icroscop ic stud ies revealed  a com p lex  structure 
containing lipid bodies, protein bodies, nucleus and other 
organelles, w hich are necessary for the germination pro­
cess (14-16).

The perisperm contains the nutrient reserves for the 
developing em bryo. It is  situated at the centre o f the 
seed. The presence of starch granules in the perisperm  
has also been reported (15).

Chemical composition o f  quinoa seeds
Table 1 shows the average o f  the chem ical com po­

sition o f  20  ecuadorian quinoa cultivars (18). The pro­
tein, fat and ash contents in quinoa seeds are higher than 
those found in wheat, barley, m aize and rice.

The w hole grain of quinoa contains very little cell 
w all material or lignin as compared to corn, wheat, or 
barley grains (19).

Starch and other carbohydrates
The starch content range from 57.5 to 65.2  % o f dry 

matter. It depends on the variety  and the m ethod o f  
an a lysis  (2 0 -2 2 ) . T h e starch gran u les are p o lygon al 
units. They have a size  distribution o f 0 .6  to 8.0 pm, for 
pure quinoa starch (21). Several authors (15,16) reported 
the presence o f starch granules in the perisperm. W olf et 
al. , (20 ) indicated that the starch from  Chenopodum  
quinoa  could be coloured blue w ith iodine-potassium  
iodine solution and that one gram o f  starch could absorb 
45 m g o f  iodine.

O bservation o f starch granules under the electron  
transmission m icroscope show  two groups o f  starch gra­
nules based on the size  in the perisperm: one group o f  
granules with a diameter o f  0.5 pm in size; and a second  
group o f granules w ith a diameter o f  1.3 pm (15). Starch 
granules appear as sim ple separate units and also as part 
o f  spherical or ob long aggregates. Protein matrix was 
found to surround single starch units and the aggregates. 
The presence o f  protein and the w ay how  it is m odified  
the availability o f quinoa starch to a  - am ylose. The 
starch aggregates com prise o f 14.000 com pact granules, 
and are between 18 to 20 pm  in size (15).

An investigation carried out by A tw ell at al., (21), 
showed that the X-ray diffraction pattern o f  native cereal 
starches w as also found in quinoa starch. Furthermore, 
D SC  analysis indicated an onset temperature o f  gelatini- 
zation o f 50 QC and AH o f 0.4 cal/g starch. These data 
are similar to those reported by Wootton and Bamunua- 
rachchi for wheat starch, (23).

A tw ell et al., (21) also studied the loss o f  birefrin­
gence o f  quinoa starch by polarized light m icroscopy. At



TABLE 1
Chemical com position o f  quinoa seeds o f  20  ecuadorian cultivars 

(g /100 g  dry matter)

R A NG E M EAN

Protein 15.80 - 19.31 16.46
A sh 2 .5 0 -  3 .83 3.45
Fat 7 .3 0 -  9.11 8.52
Crude fibre 5 .9 7 -  7 .27 5.60

64 aC quinoa starch lost b irefringence. Q uinoa starch 
amylogram studies indicated that the sw elling o f  the gra­
nules occurred at the same time as the gelatinization m ea­
sured as loss o f  birefringence.

W olf et al., (20 ) reported that quinoa starch gela ti­
nized over a low er temperature range than wheat starch. 
The two non-w axy Chenopodium  starches studied y ie l­
ded no gel on standing. Similar characteristics have also 
been observed in other small granule starches as in rice.

Further, quinoa starch show ed higher values o f  v is ­
cosity than w heat starch in the am ylogram  curves. A t­
w ell et al., (21) also reported no loss o f  v iscosity  when  
the temperature w as held at 95 QC for 30  minutes. During 
cooling, the curves indicated increased viscosity. Further 
analysis o f  quinoa starch indicated that it con-sists to 11% 
o f am ylose. This is low  in relation to the am ylose content 
o f  other cereals. S tudies o f  debranched quinoa starch  
found that it had a sim ilar structure to the am ylopectin  
from wheat, rice, oats and m aize. The mean chain length 
(C L ) o f  q u in oa  a m y lo p e c t in  w as reported  to b e -2 7  
com pared w ith  26  for rye am ylop ectin  (2 1 ). Q uinoa  
starch granules do not have concentric rings as are usua­
lly  observed in cereal starch grains. This suggests that 
there is a sp ec ia l arrangem ent o f  am ylose and am ylo­
pectin m olecules within the quinoa starch granules.

Varriano-Marston & DeFrancisco (15) reported that 
during germ ination there is no w idespread am ylo lytic  
action on quinoa starch granules. The electron m icrosco­

pic observation o f  the seed s after 24 hours o f  germ i­
nation showed no evidence o f  significant change in the 
structure o f  the perisperm. However, som e starch granu­
les o f  the hilum showed to be affected by the am ylolytic 
action. This has been interpreted as starch being protec­
ted from enzym e hydrolysis by its polygonal structure, 
its sm all size and aggregated nature o f  the starch granu­
les. Lorenz and N yanzi (24) reported high a  - amylase 
activity in quinoa seed s, w hen they w ere p olished  to 
reduce their saponin content. T hey a lso  reported the 
presence o f  high activity for total am ylase, cellulase and 
hem icellulase.

The published literature contains only little informa­
tion on the content o f other carbohydrates. De Bruin (22) 
reports the content of total carbohydrate in quinoa to be 
between 67 and 74% o f  the dry matter. Out o f this the 
m onosaccharides and the disaccharides constitute about 
2% and 2.3%, respectively o f  the dry matter. The crude 
fibre content was 2.5 to 3.9% and pentosans 2.9 to 3.6%.

Protein and amino acids
The protein content in quinoa seeds ranges from 12 

to 20% (19,22,25). The major proportion o f the protein is 
located in the embryo, which surrounds the quinoa peris­
perm. In the perisperm a protein matrix surrounds starch 
granules and joins them to each other (15).

Transmission electron micrographs o f the cells o f the 
cotyledons showed protein bodies, lipids, the nucleus and 
organelles, forming a com plex structure. However, in the



TABLE 2
A m ino acid content o f  quinoa seeds and som e other foods 

(m g amino acid/g N )

A m ino A cid Q uinoa W heat O ats R ice M ilk
a b c d e

Cystine 175 100 170 76 48
M ethionine 156 90 100 160 170
Aspartic acid 431 250 520 550 500
Threonine 269 160 210 200 260
Serine 238 300 340 340 360
Glutamic acid 638 1950 1320 950 1330
Proline 188 670 330 270 630
Glycine 419 210 340 280 125
Alanine 256 190 310 360 230
Valine 313 280 370 410 450
Isoleucine 325 240 250 270 390
Leucine 413 430 450 510 630
Tyrosine 106 135 190 230 240
Phenylalanine 281 300 330 320 320
Lysine 394 140 260 230 730
Histidine 200 135 140 150 185
Tryptophan 48 65 82 80 82
Arginine 406 220 400 480 220

a. Cardozo et al., (27); Mahoney et al., (19); Telleria et al., (28); White et al., (6); Gross et al., (25). b. Wheat flour; 
c. Oats flour; d. Rice flour; e. Standard milk, 3% fat. (Statens Livsmedelsverk, (29).

perisperm protein bodies were not observed. The protein 
matrix o f som e protein bodies is granular. Table 2 shows 
the amino acid com position o f  quinoa seeds and o f  som e 
food items.

The protein o f  Chenopodium quinoa Willd contains a 
relatively high am ount o f  ly sin e  and sulfur-containing  
amino acids, in contrast to cereal proteins which are de­
ficient in the amino acids (4,6,19). A nalysis o f the seeds 
from different quinoa varieties indicated that the Sajama 
variety contains less m ethionine than other varieties. The 
Blanca variety contains less lysine. M ethionine and tryp­
tophan w ere the lim itin g  e s se n tia l am ino ac id s. N o  
correlation w as found between the amount o f  saponins 
and the proteins (30).

W hite et al., (6) evaluated the protein quality o f  qui­

noa. In the first experiment, six young rats were fed on 
diets o f  w hole quinoa (free o f saponin) for 50  days. The 
diets were supplem ented only with vitam ins A  and D. 
The results sh ow ed  that the protein o f  quinoa w as o f  
high quality, su pp ly in g  the rats w ith  su fficien t amino 
acids to increase their w eight by 258 g and to reach an 
average weight o f  334 g In another experiment, the nu­
tritional quality o f  the protein was compared to that o f  
skim milk powder. The experiment was carried out with 
30 rats 35 days old. They were divided into six groups o f  
five rats each.

Food and water was given ad libitum. After 54 days 
the rats which had received 6% quinoa protein in their 
diet gained  sig n ifica n tly  m ore w eigh t than the other 
group fed  w ith  6% m ilk  protein. H ow ever, the sam e



experiment showed that supplem enting the quinoa with a 
sm all am ount o f  m ilk  protein did not produce an im ­
provement in the amount o f  weight gained by the rats.

M ahoney and co-workers, (19) evaluated the quality 
o f  th e q u in o a  p r o te in  o f  th e S a jam a v a r ie ty . T h e  
experim ents were carried out in terms o f the response o f  
rats and also o f  the am ino acid com position. The protein 
effic ien cy  ratio (PE R ) and the nitrogen e ffic ien cy  for 
growth (NEG) and w eight gain were improved by 29%, 
40%  and 100% , resp ective ly , by cook in g  the quinoa. 
B lends o f  20% quinoa and 80% wheat flour improved the 
NEG by 43%, the w eight gain by 11% and the PER by 
72% above the values for a diet o f  wheat flour alone. The 
N E G , w eig h t gain , am ino acid com p osition  and PER  
sh ow ed  no d ifferen ce  b etw een  cook ed  and uncooked  
quinoa.

Cardozo and Baterman (27) studied the quality o f the 
protein o f quinoa on pigs by comparing a quinoa diet with 
one con ta in in g  palm  o il  cake and another con ta in in g  
defatted milk powder. A  low er increase in the growth o f  
the pigs, fed on quinoa was reported. The w eigths gained  
on th e th ree  d ie t s  w e r e  3 1 .1 ,  3 7 .3  and 5 7 .1  K g , 
respectively.

The slightly lower w eight gain found in chicks fed on 
a diet o f  raw quinoa for 30 days, compared with chicks 
fed on w ashed and cooked  quinoa and m aize, w as not 
sign ifican t (4 ). H ow ever, C ardozo and Baterm an (27) 
reported harmful effects in ch icks when they w ere fed 
w a sh e d  q u in o a  g ra in . T h e s e  o b s e r v a t io n s  w er e  
corroborated by Cardozo and D ávalos (31), w ho found  
vitamin A  and D  deficiency sym ptom s in these chicks.

S o m e p a th o lo g ic a l e f fe c ts  on  in tern al organ s o f  
chicks when they were fed with unwashed quinoa, due to 
the haem olytic action o f  the saponins, have been reported 
by Risi and G alw ey (4). In a study on chickens raised on 
quinoa and cañihua for 56  days, the mortality rate due to 
altitude s ick n ess ("m al de altura") d ecreased , am ong  
those on this diet, in contrast to those fed with com m er­
cial feed.

The protein quality o f  quinoa has also been in v es­
tigated by studying the growth and egg-laying capacity o f  
quail (C oturnix japón ica ). The results show ed that the 
diets fu lfilled  their daily  requirem ent for growth. H o ­

w ever fewer eggs were produced by quails fed on quinoa 
diets (15% protein) than by quails fed on diets recom ­
mended for chickens by the National Research Council. 
W hen the quinoa diets contained less protein (5%, 10% 
protein) the egg production was even lower. W hen diets 
o f  ca lv es  w ere su p p lem en ted  w ith  quinoa, a greater 
weight gain in calves was noted in comparison with the 
diets supplemented with equivalent amounts o f wheat or 
vicia beans (26).

L op ez de R om ana and co -w o rk ers, (3 2 ) m ade a 
study in Peru with eight children aged between 4 and 29 
months, w ho were recovering from malnutrition. They  
were put on six  different diets, five  based on potatoes 
and w heat products (n ood les) and the sixth  based on 
q u in o a  and o a ts . T h e r e su lts  sh o w e d  s a t is fa c to r y  
acceptability and tolerance o f  all the diets including that 
containing quinoa. The intake o f calories and protein was 
found to be enough for all children except for one. Mean 
apparent absorption o f  nitrogen from the quinoa-oats diet 
w as 67% w hich  w as significantly lower in com parison  
with other diets.

Lopez de Romana et al., (33) reported results o f ex ­
periments in which diets based on w hole quinoa seeds 
and quinoa flour were compared with a casein diet, on 
six  children b etw een  10 to 18 m onths, w ho were re­
covering from malnutrition. Results showed that the di­
gestibility o f  quinoa seeds was the lim ited factor in the 
protein and energy utilization, and that m illing improved 
the digestibility significantly. Based on these results the 
authors confirm ed that the protein quality o f  processed  
quinoa seeds could be adequate for feeding children.

Romero et al., (26) reported an increase in the nutri- 
cional value o f  quinoa products, as w ell as in its accep­
tability, in sam ples free o f  saponins and also in cooked  
quinoa sam ples.

Fat
Quinoa contains b etw een  5 .8  and 9.5 %. fat. De 

B ruin  (2 2 )  stu d ied  the o il from  four v a r ie tie s . The 
com po-sition o f  fatty acids is reported as follow : o le ic  
acid 48%, linoleic acid 50.7% , linolenic acid 0.8%, and 
saturated fatty acid 0.4% . The fat content and the fatty 
acid com position o f  a sam ple o f  quinoa grown in Ecua­
dor is given in Table 3.



TABLE 3
Composition o f  fatty acid in raw quinoa and washed quinoa a 

(g /100 g  fat)

Fatty Acid Raw Quinoa Washed Quinoa

M yristic acid C14 0.1 0.1

Palmitic acid C16 9.7 9.9

Palm itoleic acid C16:1C 0.2 0.2

Stearic acid 18 0.6 0.6

O leic acid C18:1C 24,8 24.5

Linoleic acid 18:2 C 52.3 52.3

Linolenic acid 18:3 C 3.9 3.8

Arachidic acid 20 0.4 0.4
C 20:1 C 1.4 1.4
20:2 C 0.2 0.1

Behenic acid 22 0.5 0.6
C 2 2 :lw 9 1.4 1.5
C 24 0.2 0 .2
C 24:1 2.4 2.6

a Ruales and Nair (34). Data to be published

Vitam ins and  m inerals consum ption in order to rem ove the bitter taste due to
The vitamin content o f  quinoa has been analysed by saponins. by w ashing, the outer layers are removed. High

Cardozo et al., (27); D e Bruin, (22); M ahoney et al., (19); contents o f  K and Cl and smaller amounts o f  Mg, A l, Si,
W hite, (6), The results are presented in Table 4. P, S and Ca are found in the perianth, which is removed

It is com m on practice to w ash quinoa seeds before by washing (4).

TABLE 4
Content o f  vitam ins and minerals in quinoa seeds

(m g/100 g dry matter)3

Range

Vitam ins
Vitamin A 0.12 - 0.53
Vitamin E 4 .6 0 -5 .9 0
Thiamin 0.05 - 0.60
Riboflavin 0.20 - 0.46
Niacin 0.16 -1 .6 0
Ascorbic acid 0.00 - 8.50

M inerals
Calcium 46.0 - 340.0
Phosphorus 145.0 - 570.0
Iron 1.3 - 32.0
Magnesium 170.0 - 230.0
Potassium 840.0 - 1145.0
Copper 0.6 - 1.2
Manganese 1.2 - 5.1
Zinc 2.1 - 6.1

a. White et al., (6);Cardozo et a l, (27); De Bruin (22); Mahoney et al., (19).



ANTINUTRIENTS

Haemaglutinins and trypsin inhibitors
R om ero (2 6 ) cou ld  not find any h aem aglutin in  in 

eight quinoa verieties. Studies on trypsin inhibitor carried 
out on quinoa seeds showed no physiological effect due 
to trypsin inhibitors, the amount o f  trypsin inhibitor per 
unit o f  sam ple (1 .36  - 5 .04  TIU/m l sam ple) w ere lower 
than those found in legum es (soya 24.5  TIU/m l). M ore­
over, the trypsin  inhibitor present in quinoa is ea sily  
inactivated by heat treatment before consumption.

Saponins
Saponins consist o f  one to six hexose or pentose units 

joined to the sapogenin aglycone. The saponins contain 
steroidal aglycone or triterpenoid aglycone. Large number 
o f  them are characterized by their bitter taste. They are 
able to produce stable foam  in aqueous solutions, lower 
plasma cholesterol levels and haem olyse red blood cells  
(35-37).

Quinoa saponins are triterpene glucosides, located on 
the pericarp o f  the seeds. They are soluble in methanol 
and in water. M eyer et al., (38) isolated and characterized 
Quinoside A , one o f  the bitter and toxic saponins o f the 
quinoa seeds. M izui et al., (39) isolated six  saponins from  
quinoa bran and elucidated their structures as 28-0-jS-glu- 
copyranosyl esters o f  hederagenin 3-0-/?-glucopyranosyl- 
( l-> 3 )  -a -  arabinopyranoside and 3-o-fi- glucopyranosyl - 
( l-> 3 )  - ft- galactopyranoside, and 28-0-/?-glucopyranosyl 
esters o f  phytoccagenic acid 3-0-a-arabinopyranoside, 3- 
0-^ -g lu cop yran osy l-(l-> 3) -a-arabinopyranoside, 3-0-fl- 
glucopyranosyl-(l->3)-/J-galactopyranoside.

Saponins are tox ic for cold-blooded animals. Sapo­
nins w ere used  as fish  p o ison  by the p eop le o f  South  
Am erica, and the fish  k illed  in this w ay are ed ib le. In 
humans it is poisonous when administered intravenously, 
due to the haem olytic activity, but non-toxic w hen taken 
orally. Saponins are not absorbed by the intestinal system , 
but they can affect the absorption o f  som e nutrients in the 
gut (35-37). Southon et al., (40) reported that iron absor­
ption was inhibited in rats w hen they were fed on a sapo­
nin rich diet.

Saponins, because o f  their bitter taste, they have to be 
rem oved from  the qoinoa seed s by w ash ing , dried p o ­
lish in g  or by cook in g  b efore consum ption.V arious re­
search work has been done in order to develop m ethods to

rem ove saponins from  large quantities o f  quinoa seeds. 
M olina, (41) develop a method by w hich saponins were 
rem oved by w ash in g  w ith water and high turbulence. 
Torres and Minaya (13) designed and constructed a m a­
chine able to polish quinoa seeds and in this w ay remove 
the saponins. R igdout et al. , (42) reported results o f the 
saponin  content after se ed s  w ere treated by different 
process. The saponin content in seeds washed with water, 
only 20  percent o f  the original content o f  saponins remai­
ned in the seeds.

Uses o f  quinoa and quinoa products
Quinoa an its products have been used for thousands 

o f  years in different kinds o f  foods by the natives o f  the 
A ndeas region o f  Latin Am erica. The w hole grains and 
flour m ade out o f  it, w ere used for m aking bread, b is­
cuits and porridge. Fermented products w ith quinoa alo­
ne or in various com binations with other cereals were al­
so in use (43-46). In Chile, B olivia, Peru, and Ecuador, 
the w hole seeds are used in soups, broths and potages, 
roasted and ground in many kinds o f desserts with milk 
or w ith  honey. It is a lso  eaten m ixed  w ith  sugar and 
warm water, m ilk o f  fruit ju ice, som etim es w ith chicha  
and w ine.

The tender stem s and leaves are used as green vege­
tables, in salads, soups and stew s. Q uinoa leaves have 
been studied as a source o f  leaf protein for animal con- 
sumpttion and as human food (47-48).

In Bolivia 5 % o f  quinoa flour is added to com ercial 
wheat flour (43) used for baking. In Peru, bread (10 % 
quinoa), noodles and other pasta products with up to 40  
% and biscuits with 60 % quinoa flour, were produced 
(45, 49). A  beverage has also been developed by B enve­
nuto et al. , (45). In France a patent on a process for 
making quinoa m ilk was sanctioned by Giacometti et a l . , 
(50). Vela et al. , (46) in Colom bia, studied the use o f  
quinoa seeds in foods and presented data on the chem ical 
co m p o sitio n  o f  the se ed s , the sen so ry  eva lu a tion  of- 
various food prepared with quinoa, the production and 
uses o f  pre-cooked flours, and the sensory qualities o f  
arepas and pastas, incorporating pre-cooked quinoa flour 
to a level o f  15 % (43).

Romero et a l . , (51), showed that a Wenger x-5 extru­
der can be used for production o f  quinoa products with 
high nutritional quality and acceptability on an industrial 
scale.



Robalino and Peñaloza (52) prepared tempeh for hu­
man consum ption using quinoa after solid  fermentation  
with Risopus oligosporus.

The a lca lin e ash from  the stem s o f  quinoa, called  
"Iliptu", is used for chew ing with coca leaves by the In­
dians from Altiplano (4).
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