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Abstract

The content of proteic and nonproteic (free and protein-bound) tryptophan and of proteins in quinoa, wheat, rice, maize, barley, oat,
rye, spelt, sorghum and millet flours was determined. Protein content and proteic tryptophan of quinoa were similar to that of wheat and
spelt, but higher than in other cereals. Free tryptophan in quinoa flour showed values similar to those of wheat, oat and sorghum Kal-
blank, lower than those of barley, spelt and pearl millet, but higher than in rice, maize, rye, sorghum DK 34 – Alabama hybrid. In addi-
tion, nonproteic tryptophan appears bound both to water soluble proteins and to proteins soluble at pH 8.9. The results are discussed
regarding the importance of the nonprotein tryptophan fraction, the only one able to enter the brain, that is more easily absorbed, so
guarantees a greater amount available for uptake by the central nervous system.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Quinoa (Chenopodium quinoa Willd. of the Chenopodia-
ceae family) is a dicotyledonous indigenous plant of the
Andes region above 4000 m of altitude. It is considered
an excellent pseudocereal for its nutritional characteristics.
It is a pseudocereal still widely cultivated in South America
(Mujica, 1994), such as Perú, Bolivia, Columbia, Ecuador,
Chile and Argentina. Commercial quinoa production in the
United States has been successful (Johnson & Croissant,
1989), targeting the grain at the health food sector (Gal-
wey, Leakey, Price, & Fenwick, 1990). Quinoa has received
considerable attention as an alternative crop throughout
the world, primarily because of its high nutritional value.
Agronomists are investigating how to grow Quinoa in suit-
able areas of the USA and Europe as a new food resource
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(Galwey et al., 1990; National Research Council, Washing-
ton, 1989) because of its high protein content having, in
particular, the amino acid composition of seed protein
close to the ideal protein balance recommended by the
FAO (Gross et al., 1992; Mahoney, Lopez, & Hendricks,
1975) and similar to that of milk (Kozioł, 1992). Quinoa
also has a relatively high quantity of vitamins and minerals
(Risi & Galwey, 1984) and quinoa seed lipids appear to be
a high quality edible vegetable oil, similar in fatty-acid
composition to soybean oil (Wood, Lawson, Fairbanks,
Robison, & Andersen, 1993). Due to its great food poten-
tial, it is being introduced in many other countries. Quinoa
is also considered as a potential crop for the National
Aeronautics and Space Administration (NASA’s Con-
trolled Ecological life Support System – CELSS) (Schlick
& Bubenheim, 1993, 1996).

Quinoa is rich in protein (14–16%) (Kozioł, 1990, 1992).
On a dry matter basis, Quinoa shows a protein content
higher than that found in cereals. The protein is of an
exceptionally high quality and is particularly rich in
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histidine and lysine. Preliminary studies of protein fraction-
ation have shown that the main proteins are albumin, glob-
ulin (called Chenopodin) and in a low percentage prolamin
(Ballón, De Gomez, & Cuesta, 1982; Kozioł, 1992). Their
proportions vary for different species (Prakash & Pal,
1998). The digestibility of quinoa protein was found to
be comparable to that of other high quality food proteins
(De Simone, Dini, Pizza, Saturnino, & Schettino, 1990).
Starch accounts for 52–60% of grain weight. The seeds
are used boiled like rice or used to thicken soup or as por-
ridge. Quinoa flour was made into noodles. Its use is, how-
ever, complicated due to the bitter taste of seeds because of
their saponin content (De Simone et al., 1990; Dini, Schet-
tino, Simioli, & Dini, 2001; Dini, Tenore, Schettino, &
Dini, 2001; Mizui, Kasai, Ohtani, & Tanaka, 1990) which
forms a soapy solution in water. Saponins are located in
the coat of the quinoa seeds and to remove the seed coat
it is sufficient to gently grind with a mortar and pestle.
However, it was found that saponins do not exert any neg-
ative effect on the nutritive quality of the protein (Ruales &
Nair, 1992). Some varieties exist in which saponin content
is very low or absent (Kozioł, 1990, 1992) as in quinoa har-
vested in southern Bolivia (S. Juan Altoplano).

Although much has been done on the amino acid com-
position, there is only very limited information on the free
and protein-bound tryptophan contents in quinoa and in
cereals.

The purpose of this research was to determine this non-
proteic tryptophan in the flour of a Bolivian quinoa sample
in comparison to the flours of common cereals.

2. Materials and methods

2.1. Samples

The seeds of quinoa (Chenopodium quinoa Willd., variety
of Sajama), harvested in rural areas of S. Juan (Bolivia) at
4500 m altitude during the year 2003, were used. In addition,
the following grain samples of cereals, purchased from the
market, were analysed: wheat (Triticum aestivum), rice
(Oryza sativa), maize (Zea mays), barley (Hordeum vulgare),
oat (Avena sativa), rye (Secale cereale), spelt (Triticum

spelta), pearl millet (Panicum miliaceum), two hybrids of
Sorghum bicolor (Kalblank and DK 34 – Alabama), Indian
sorghum and Indian millet. These two last samples were
purchased in a tribal village of Orissa, India in the year 2004.

Seed samples were ground to a fine powder in a mortar
with a pestle. The powder was passed through a 300 lm
sieve.

2.2. Nonprotein tryptophan extraction

The method was optimized as follows: 1 or 2 g of the dry
flour was defatted by suspension in 10 ml of acetone and
stirred for 30 min at 37 �C. The sample was centrifuged
at 12,000 rpm for 10 min by IEC-Centra-SR centrifuge at
0 �C and the organic layer was removed. An additional
10 ml of acetone was added to the remaining pellet and
the sample was shaken for 10 min and centrifuged. The
organic layer was removed. The dried sediment was
extracted with 10 ml of distilled water for 30 min at 37 �C
under shaking; then it was centrifuged and the supernatant,
containing the free tryptophan and the water soluble pro-
tein fraction, was collected. The residue was re-extracted
with a further 10 ml of distilled water for 30 min and, after
centrifugation, the supernatants were combined. Extending
the extraction time beyond 1 h did not increase the product
yield further. An aliquot (5 ml) was ultrafiltered by an
Amicon model 12 ultrafiltration cell with an XM-50 Diaflo
membrane (Amicon, Oosterhout, Holland) collecting the
first 500 ll of ultrafiltrate used to determine the free frac-
tion of tryptophan according to the method of Costa, Bet-
tero, and Allegri (1987). The remaining part of the
supernatant was analyzed for the determination of total
water soluble nonprotein tryptophan.

The sediment obtained after extraction with water was
resuspended in 5 ml of 0.1 M potassium phosphate buffer,
pH 8.9, shaken for 30 min and then centrifuged. The super-
natant was analysed by HPLC to determine the nonprotein
tryptophan eventually bound to water insoluble proteins.

All the samples of cereals were prepared in the same
way.

2.3. Analysis of nonprotein tryptophan

The analysis of free form and total nonprotein
(free + protein-bound) tryptophan was carried out on a
combined HPLC-fluorescence system according to the
method of Costa et al. (1987).

2.4. Protein content

Nitrogen was assayed in quinoa and cereal flours (dry
matter) by the micro-Kjeldahl method and the nitrogen
percentage was converted to crude protein by multiplying
by 6.25.

2.5. Analysis of proteic tryptophan

The determination of tryptophan was done in triplicate
by HPLC by using the method of Slump, Flissebaalje, and
Haaksman (1991) based on the alkaline hydrolysis of flours
in Ba(OH)2. The alkaline hydrolysis appears to be the most
widely used method for the analysis of proteic tryptophan
in food. The hydrolysis was performed at 130 �C for 8 h.
After cooling at room temperature, the pH was adjusted
to 4.5 with concentrated HCl. A solution of 5-methyl-tryp-
tophan (Sigma Chemical Co.) was added as an internal
standard. The volume was adjusted with water to 50 ml.
The suspension was mixed and filtered. An aliquot of the
filtrate was diluted at least threefold with buffer. The mix-
ture was homogenized and filtered and the filtrate was ana-
lyzed by HPLC. The liquid chromatographic equipment
consisted of an automatic injector (AS3000), a pump
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(P400) and a fluorescence detector (FL 3000) (Spectra Sys-
tem, Thermo Finnigan). The column was a Zorbax
extended C18 (3 · 250 mm). The eluting solvent was 0.1
Na-acetate (42.5%)/0.1 M acetic acid (42.5%)/methanol
(15%).

The mean values are expressed in mg of tryptophan per
100 g of protein or per 100 g of flour (on a dry matter
basis).

3. Results

Table 1 reports the values of protein content and proteic
tryptophan in flours of quinoa and common cereals. The
values are means ± standard error of three separate analy-
ses. The protein content is expressed as g/100 g dry weight
and was estimated using 6.25 nitrogen/protein conversion
factor on a dry matter basis. As it is shown, the protein con-
tent of quinoa (16.4 g/100 g dry wt) is similar to those of
wheat and spelt (16.8 and 16.3 g/100 g dry wt, respectively),
but is higher when compared with the flours of cereals like
rice, maize, barley, oat, rye, pearl millet and sorghum bico-
lor, Kalblank hybrid (7.94, 8.94, 11.8, 11.3, 10.7, 11.4, and
8.87 g/100 g dry wt, respectively). The lowest protein con-
tent was found for millet harvested in a tribal village of
Orissa – India in the year 2004 (4.50 g/100 g dry wt).

In sorghum bicolor, DK 34 – Alabama hybrid, the pro-
tein content (5.37 g/100 g dry wt) is markedly lower, not
only with respect to other cereals, but also to the sorghum
bicolor, Kalblank hybrid (8.87 g/100 g dry wt). Instead,
sorghum harvested in a tribal village of Orissa in the year
2004 shows a protein content (7.93 g/100 g dry wt) similar
to that of sorghum bicolor, Kalblank hybrid.

Proteins differ greatly in terms of their content in trypto-
phan calculated on a dry matter basis (Table 1). The results
for proteic tryptophan are expressed as the mean ± stan-
dard error of determinations made on three replicate
hydrolyzates. Quinoa flour shows a proteic tryptophan
Table 1
Protein content (g/100 g dry wt) and proteic tryptophan (mg/100 g dry wt
values ± standard error)

Flours Protein contenta

g/100 g dry matter

Quinoa (Chenopodium quinoa) 16.4 ± 1.2
Wheat (Triticum aestivum) 16.8 ± 1.3
Rice (Oryza sativa) 7.94 ± 0.54
Maize (Zea mays) 8.94 ± 0.60
Barley (Hordeum vulgare) 11.8 ± 0.9
Oat (Avena sativa) 11.3 ± 0.8
Rye (Secale cereale) 10.7 ± 0.7
Spelt (Triticum spelta) 16.3 ± 1.0
Pearl millet (Panicum miliaceum) 11.4 ± 0.7
Sorghum bicolor (Kalblank) 8.87 ± 0.50
Sorghum bicolor (DK 34 – Alabama) 5.37 ± 0.20
Sorghum (Orissa – India) 7.93 ± 0.40
Millet (Orissa – India) 4.50 ± 0.20

a Values are averages from three separate determinations and were calculate
b Determined by HPLC analysis after alkaline hydrolysis of flours.
value (187 mg/100 g dry wt) similar to those of wheat
and spelt (195 and 191 mg/100 g dry wt, respectively), but
much higher than the other cereals (Table 1). The lowest
value was obtained for maize flour (44 mg/100 g dry wt),
while the two sorghum hybrids show different values, sor-
ghum bicolor Kalblank being richer than sorghum bicolor
DK 34 – Alabama (99 and 60 mg/100 g dry wt, respec-
tively). Similarly, the proteic tryptophan in sorghum from
Orissa was low (61 mg/100 g dry wt). Also pearl millet
(Panicum miliaceum) contains more proteic tryptophan
than millet from Orissa (110 and 74 mg/100 g dry wt,
respectively).

Considering the values of proteic tryptophan as mg/
100 g of protein (Table 1), quinoa flour contains greater
amounts of tryptophan (1142 mg/100 g protein) compared
with maize and rye flours (491 and 823 mg/100 g protein,
respectively), but similar amounts compared to those in
flours of other cereals (wheat: 1160; rice: 1221; spelt:
1173; barley: 961; sorghum bicolor Kalblank: 1116; sor-
ghum bicolor DK 34 – Alabama: 1123, pearl millet: 970;
oat: 977 mg/100 g protein, respectively). Proteins of the
millet flour from Orissa appear to be particularly rich in
proteic tryptophan (1644 mg/100 g protein). However, this
millet is poor in protein.

Free and nonprotein-bound tryptophan contents, pres-
ent in aqueous extracts of flours, are reported in Table 2.
Quinoa flour contains a free tryptophan amount
(2.97 mg/100 g flour, dry wt) similar to that of wheat,
oat, and sorghum Kalblank (3.51, 3.57, 3.61 mg/100 g
flour, respectively), but lower than in barley, spelt, and
pearl millet (5.88, 7.79, 4.87 mg/100 g dry wt flour, respec-
tively). However, the content of free tryptophan in quinoa
flour is higher than in rice, maize, rye, sorghum DK 34 –
Alabama, Orissa sorghum, and Orissa millet (0.30, 0.66,
2.06, 1.66, 0.93, 1.02 mg/100 g flour, respectively).

Table 2 also reports the contents of protein-bound tryp-
tophan in quinoa and cereal flours expressed as mg/100 g
and g/100 g protein) in flours of Quinoa and common cereals (mean

Proteic tryptophanb

mg/100 g dry wt mg/100 g protein

187 ± 6 1142 ± 36
195 ± 7 1160 ± 42
97 ± 2 1221 ± 26
44 ± 2 491 ± 17

113 ± 5 961 ± 40
110 ± 5 977 ± 47
88 ± 2 823 ± 19

191 ± 5 1173 ± 32
110 ± 4 970 ± 31
99 ± 3 1116 ± 34
60 ± 2 1123 ± 33
61 ± 2 769 ± 22
74 ± 0.9 1644 ± 18

d using 6.25 as nitrogen:protein conversion factor.



Table 2
Comparison of the values (means ± SE) of the free and protein-bound tryptophan (Trp) among the flours of Quinoa and common cereals

Flours Free Trp (mg/100 g
floura)

Total protein-bound Trpb, H2O
soluble fraction (mg/100 g floura)

Protein-bound Trp, buffer fraction,
pH 8.9 (mg/100 g floura)

Quinoa (Chenopodium quinoa) 2.97 ± 0.24 4.03 ± 0.13 1.50 ± 0.05
Wheat (Triticum aestivum) 3.51 ± 0.22 5.10 ± 0.20 1.36 ± 0.09
Rice (Oryza sativa) 0.30 ± 0.02 0.34 ± 0.01 0.13 ± 0.01
Maize (Zea mays) 0.66 ± 0.04 0.68 ± 0.01 0.33 ± 0.01
Barley (Hordeum vulgare) 5.88 ± 0.18 6.03 ± 0.24 1.85 ± 0.06
Oat (Avena sativa) 3.57 ± 0.32 4.12 ± 0.10 0.79 ± 0.03
Rye (Secale cereale) 2.06 ± 0.20 3.65 ± 0.35 0.50 ± 0.04
Spelt (Triticum spelta) 7.79 ± 0.52 19.33 ± 0.36 2.29 ± 0.20
Pearl millet (Panicum miliaceum) 4.87 ± 0.29 4.95 ± 0.21 1.51 ± 0.11
Sorghum bicolor (Kalblank) 3.61 ± 0.25 3.63 ± 0.14 1.52 ± 0.04
Sorghum bicolor (DK 34 – Alabama) 1.66 ± 0.10 2.08 ± 0.08 0.74 ± 0.02
Sorghum (Orissa – India) 0.93 ± 0.03 1.01 ± 0.03 0.29 ± 0.01
Millet (Orissa – India) 1.02 ± 0.03 1.09 ± 0.04 0.42 ± 0.03

a On dry matter.
b Free + protein-bound Trp (water soluble fraction).
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dry wt flour ± SE. As it appears from Table 2, protein-
bound tryptophan is present both in the water soluble frac-
tion and in the fraction obtained by extraction at pH 8.9.

With regard to the water soluble fraction, protein-bound
tryptophan content in quinoa (4.03 mg/100 g flour) is sim-
ilar to that in oat, rye, and sorghum Kalblank (4.12, 3.65,
3.63 mg/100 g dry wt flour, respectively), lower than in
wheat, barley and pearl millet (5.10, 6.03, 4.95 mg/100 g
dry wt flour, respectively), and much lower than in spelt
(19.3 mg/100 g flour). In contrast, rice, maize, sorghum
Alabama, Orissa sorghum and Orissa millet flours show
the lowest values (Table 2).

Tryptophan is also bound to proteins extracted at pH
8.9. In comparison with cereals, quinoa presents a content
of protein-bound tryptophan (pH 8.9 fraction) similar
(1.50 mg/100 g flour) to that of wheat, pearl millet, and sor-
ghum Kalblank (1.36, 1.51, 1.52 mg/100 g flour, respec-
tively), lower than spelt and barley (2.29 and 1.85 mg/100
flour, respectively), but higher than rice, maize, oat, rye,
sorghum Alabama, Orissa sorghum, and Orissa millet
(0.13, 0.33, 0.79, 0.50, 0.74, 0.29, 0.42 mg/100 g flour,
respectively).

4. Discussion

Tryptophan is an essential amino acid in mammals. It is
an indispensable precursor for biologically important com-
pounds, such as the neurotransmitter serotonin and the
hormone melatonin, and it is involved in the regulation
of several biological processes (Musajo & Benassi, 1964;
Wolf, 1974). It is required for protein synthesis and is the
major source of body stores of the nicotinamide-containing
coenzymes NAD and NADP (Bender & McCreanor, 1982)
involved in almost all biogenetic and biosynthetic path-
ways of the body.

Tryptophan is the only amino acid that in man is bound
to circulating plasma albumin in amounts ranging between
80% and 90% (McMenany & Oncley, 1958). The small free
fraction (20–10%), the only one able to enter the brain, has
great functional importance, since its availability appears
to be vital in controlling synthesis of serotonin (Gessa &
Tagliamonte, 1974; Knott & Curzon, 1972; Tagliamonte,
Biggio, Vargiu, & Gessa, 1973).

It is known that tryptophan is the less represented
amino acid in the proteins of cereals which, together with
legumes, constitute the main sources of protein used for
human food. Currently, nutritionists are evaluating quinoa
as an alternative to cereals in the human diet for its nutri-
tional value, being that its nutritional profile is better than
that of common cereals (Kozioł, 1992; Schlick & Buben-
heim, 1993) and makes quinoa a crop of considerable value
and an ideal candidate crop for NASA’s Controlled Eco-
logical Life Support System (Schlick & Bubenheim,
1993), meeting the needs of humans on long-term space
missions. One of the problems in connection with utilizing
of quinoa in human diets is its bitter taste due to the pres-
ence of saponins (De Simone et al., 1990; Dini et al., 2001;
Dini, Tenore et al., 2001; Mizui et al., 1990). However, it
was found that quinoa cultivated in the area of Sajama
(S. Juan Altoplano, Bolivia) is free of saponins, as also
reported by Schlick and Bubenheim (1993) and can be pro-
cessed directly for food (Food & Agriculture Organization
of the United Nations, Rome, 1989).

Our results show that, on a dry matter basis, quinoa
flour contains more protein compared with rice, maize,
barley, oat, rye, millet, sorghum, and similar content to
that of wheat and spelt, and that the value is similar to that
reported in the literature (Kozioł, 1992). Our protein con-
tents in rice and barley are similar but, for wheat and maize
they are different in respect to those reported by Duke and
Atchley (1986).

As regards the analysis of proteic tryptophan, we chose
alkaline hydrolysis that appears to be the most widely used
method in food and foodstuffs (Friedman & Cuq, 1988).
Proteic tryptophan, too, is higher in quinoa than in the
common cereals analyzed (Table 1) with the exception of
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wheat and spelt, which show similar contents. The lowest
content of proteic tryptophan has been found in maize,
in which tryptophan is a nutritionally second-limiting
amino acid after lysine (Benevenga & Cieslak, 1978; Bozz-
ini & Silano, 1978; Hassen et al., 1986).

Regarding nonprotein tryptophan, our data indicate
that quinoa and cereals contain both free and protein-
bound tryptophan. Free tryptophan content in quinoa is
quite similar to that of wheat, oat, sorghum (Kalblank)
and higher than that of rice, maize, rye, sorghum (DK 34
– Alabama). However, the values of free tryptophan in qui-
noa are much lower than those of barley, spelt, and pearl
millet. Rice and also maize showed to have the lowest con-
tent of free tryptophan. In addition, pearl millet contains
much more free tryptophan than millet from Orissa and
sorghum bicolor (Kalblank) much more than sorghum
DK 34 – Alabama and sorghum from Orissa.

Protein-bound tryptophan is present in quinoa and, in
all cereals analyzed, both linked to the protein water solu-
ble fraction and to the protein fraction extractable at pH
8.9. Spelt flour shows the highest levels of tryptophan
linked to both water soluble and buffered protein fractions,
with respect to quinoa and other cereals. Barley, wheat,
pearl millet, oat, quinoa, and sorghum (Kalblank) present
intermediate values, whereas rice contains the lowest
amount of protein-bound tryptophan of the other crops
considered.

Very little tryptophan is linked to proteins in the frac-
tion at pH 8.9. Spelt shows higher concentrations with
respect to quinoa and other cereals, whereas the lowest
content has been observed in rice.

Comparing the levels of nonprotein and proteic trypto-
phan among the crops analyzed, it appears that they are
higher in quinoa, wheat and particularly in spelt than in
most other cereals.

The nutritional value of a food is determined by its rela-
tionship with protein quality which depends first of all on
its amino acid content, digestibility, influence of anti-nutri-
tional factors, and the ratio of tryptophan to large neutral
amino acids. Quinoa appears to have not only a high pro-
tein content, but also a desirable amino acid composition,
as reported in the literature, and a high concentration of
tryptophan, usually the second most deficient amino acid
in cereals, which are an essential part of daily nutrition.

In addition, the high content of nonprotein tryptophan,
more easily absorbable, could have the effect of increasing
the availability of this amino acid to the brain, thus influ-
encing the synthesis of the neurotransmitter serotonin.

Our previous studies (Zanardo, Stocchero, Biasiolo,
Costa, & Allegri, 1987) indicated that serum levels of total
tryptophan in newborn babies fed at the breast or with
bovine milk and soybean formulas were similar on days 2
and 6 after birth, in spite of the higher content of this
amino acid in human milk. However, the levels of the
serum free form of tryptophan were significantly higher
in breast-feeding infants than those obtained in infants
fed with bovine milk formula.
In fact, colostrum contains much more nonprotein tryp-
tophan than mature human and bovine milk and soybean-
formula (Allegri, Biasiolo, Costa, Bettero, & Bertazzo,
1993). Therefore, nonprotein tryptophan could guarantee
a greater amount available for uptake by the central ner-
vous system.
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