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Cereal Quality Control Program at the
Centro Internacional de Mejoramiento de
Maiz y Trigo

EVANGELINA VILLEGAS M.

Head of the Service Laboratories
Centro Internacional de Mejoramiento de Maiz y Trigo
Londres 40, I er Piso, México 6, D.F.

Abstract Plant breeding to develop new cultivars and to improve yield must be
based on properly analyzed germ plasm to ensure crops of a high nutritional value.
Screening techniques for protein, lysine, and tryptophan are described. The dye-binding
capability (Disc) method of screening for protein content is also discussed as well as
the need for establishing appropriate and efficient biological assays that can be used in
the development of cereals with higher nutritional quality.

Résumé La phytosélection, dont le but est de créer de nouveaux cultivars et d'amé-
borer les rendements, doit 'are basée sur du matériel génétique soigneusement analysé et
ce, afin de faire en sorte que les produits récoltés auront une valeur nutritive élevée. L'auteur
décrit des techniques de recherche des teneurs en protéines, en lysine et en tryptophane.
Il évoque également les méthodes de testage de fixation du colorant (TFc ) afin de déter-
miner la teneur en protéines, et affirme le besoin de (Ignition d'essais biologiques appro-
priés et efficaces que soient utilisables pour la création de variétés de céréales à valeur
nutritive élevée.

As the human population increases in the
world, the pressure for efficiency and higher
productivity of agriculture will continue. Pro-
ducing adequate quantities of highly nutritious
food is even more demanding.

World food shortage continues despite the
development of new technology capable of
greatly increasing yields in certain crop culti-
vars, i.e. high-yielding varieties, proper ferti-
lization practices, and control of diseases and
pests.

In the developing countries 60-80% of the
total population is tied to small plots of land
in an inefficient, subsistence level of agricul-
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ture. Therefore food and especially animal
proteins are always in short supply and ex-
pensive, costing the average consumer 60
80% of his income in normal times, and when
drought, floods or disease reduce the harvests,
all of his earnings. Still the consumer is unable
to buy what he needs. Most low-income
people, both urban and rural, suffer protein-
calorie malnutrition.

Protein Sources

Currently 71% of the world protein comes
from plant sources and 29% from animal



sources (Table 1). Cereal grains represent
approximately 50% of the plant protein sup-
ply, which is nearly four times greater than
that supplied by either the pulses, oilseeds,
and nuts, which constitute 13% of the total.
The protein obtained from vegetables and
fruits, and from starchy roots, represents 3
and 5%, respectively, of the human intake.

Among the animal proteins, meat and
poultry are the most important sources, rep-
resenting 13% of the human protein intake.
Dairy products constitute 11% of the intake,
followed by eggs and fish which represent 2
and 3% respectively.

Unfortunately a great disparity in distribu-
tion of the well-balanced animal proteins oc-
curs between different countries of the world,
and also between groups with different in-
come levels within the same country.

Animal proteins are more expensive than
plant proteins, so cereal grains are mainly
eaten constituting the main source of dietary
protein in developing countries. The reason
for this dilemma becomes readily apparent
when one considers the conversion factor re-
quired to transform cereal grains to animal
proteins. It requires under good scientific
management the following:

2.5 kilos of cereal grain to produce 1
kilo of chicken meat.
4.0 kilos of cereal grain to produce 1
kilo of egg.
4.5 to 5.0 kilos of cereal grain to pro-
duce 1 kilo of pork.
6.5 to 7.0 kilos of cereal grain to pro-
duce 1 kilo of prime beef.

The widespread bad weather and consequent
low grain production for human and animal
consumption in 1973 requires that we urgently

TABLE 1. Sources of protein in the human diet.

104

expand production of all our current major
sources of proteins, and at the same time
attempt to exploit certain new scientific dis-
coveries that now appear promising.

Improving Amino Acid Balance
of Cereal Proteins

In general, cereal proteins are deficient in
one or more of the essential amino acids re-
quired in the diet of humans and monogastric
animals. All are especially deficient in lysine,
and maize is also deficient in tryptophan.

Maize

Maize protein quality is of primary impor-
tance for food and feed in many countries.
Common maize is normally low in food value
because of its low protein and unbalanced
amino acid content.

The maize mutants opaque-2 and floury-2,
whose superior protein quality was recognized
in 1964, opened the door to new horizons in
the improvement of the nutritive value of
cereal proteins. The opaque-2 mutant maize
contains more than double the levels of lysine
and tryptophan present in normal maize
Mertz et al. 1964 (Table 2).

Growth rates of rats and swine fed
opaque-2 maize demonstrated the greatly su-
perior protein quality of this mutant over
normal maize (Mertz 1966; Picket 1966).
Children in advanced stages of protein-calorie-
malnutrition were fed opaque-2 maize as the
only source of protein and recovered spec-

TABLE 2. Content of protein, lysine, and trypto-
phan of normal maize and its Opaque-2 counter-

part.

Animal sources Vegetable sources

%
Meat 13 Grains 50
Dairy products 11 Pulses, oil seeds nuts 13

Eggs 2 Vegetables and fruits 3

Fish 3 Starchy roots 5
Total: 29 71

Protein %
(N X 6.25)

Tryptophan
(g/100 g
protein)

Lysine
(g/100 g
protein)

Tuxpefio Normal
(W.K.) 10.22 0.65 2.45
(End.) 9.75 0.42 1.91

Tuxpeilo-Opaque-2
(W.K.) 10.75 1.00 4.08
(End.) 8.72 0.81 3.76



tacularly (Bressani et al. 1970; Pradilla et al.
1969).

However, the original opaque-2 maize had
several agronomic shortcomings. The kernels
were less dense than their normal counter-
parts which affected test weight, and yield was
lower in most cases. Another drawback was
the susceptibility to diseases and insect attack
both in the field and on the stored grain. How-
ever, due to genetic variability in some popu-
lations of opaque-2 materials, there was a
tremendous variation in the vitreousness of
the kernel. The presence of varying degrees
of vitreousness in the opaque-2 kernels re-
sults from the action of a number of modify-
ing genes affecting the opaque-2 locus.

To learn more about the biochemical be-
haviour of these modifiers, hard and soft frac-
tions of endosperm in different modified
phenotype opaque-2 lines were analyzed sep-

TABLE 3. Protein, lysine, and tryptophan content in whole endosperm and in hard and soft fractions
of the endosperm in modified phenotype Opaque-2 lines.

11 J

% Protein (N x 6.25) % Tryptophan in protein
End. fraction

TABLE 4. Protein, tryptophan, and lysine content in the whole kernel of normal, Opaque-2 and
modified phenotype of maize.
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arately for protein, tryptophan and lysine
content (Table 3). Hard fractions of endo-
sperm had a higher protein content. The per-
cent of tryptophan and lysine in protein was
higher in the soft fractions of opaque-2 than
in the hard fractions. However, in some
opaque-2 populations such as the Veracruz
181-Antigua Grupo 1-Venezuela, no difference
in lysine and tryptophan content has been ob-
served between the opaque-2 and modified
hard endosperm phenotypes. In fact, the modi-
fied type showed a slightly higher level. It
would seem from the data in Table 4 that pro-
tein and amino acid content are influenced by
a modifying gene complex and its action is
different in different genetic backgrounds.

Therefore it has been clearly shown that
through effective breeding and selection after
chemical evaluation, it is quite possible to com-
bine protein quality and desirable agronomic

% Lysine in protein

End. fraction End. fraction

Line Whole Hard Soft Whole Hard Soft Whole Hard Soft

Tropical Opaque-2 10.9 11.6 11.2 0.76 0.63 0.85 2.98 2.87 3.65
Composite

Pob. Crist. #1- 9.4 10.2 8.4 0.73 0.55 0.72 2.73 2.43 3.36

PD (MS) 6 Eto-Cuba 9.9 10.0 7.7 0.70 0.63 0.83 2.67 2.22 2.88

Veracruz 181
Antigua Gpo. 1
Venezuela

Normal 10.50 0.63 2.54

Opaque-2 11.07 0.93 3.73
Soft phenotype
Opaque-2 10.75 0.96 3.98
Hard or modified
phenotype

% Protein % Tryptophan % Lysine
Sample (N x 6.25) in protein in protein



characteristics in such a way as to overcome
the original drawbacks of high-quality maize.

Barley

In 1968, Swedish workers reported the first
positive variation in amino acid composition
in a primitive Ethiopian barley variety recov-
ered from the World Barley Collection (Hag-
berg and Karlsson 1969; Munck 1971). Since
the content of protein and lysine was high, the
name "Hiproly" was suggested for this variety.
Munck (1972) used experimental animals to
prove the high nutritive value of this variety.

The recessive gene (lys) found in Hiproly
controlling high lysine is being used in barley
breeding programs in many countries in order
to produce high nutritive barleys for feed and
food. CIMMYT'S research group is interested
in using this gene to develop naked high-
yielding barley varieties with high nutritive
value. They would be used for human food in
low rainfall areas that are marginal for wheat
production and in areas at high altitude char-
acterized by a short frost-free period. The
amino acid content of the Hiproly is com-
pared with a normal barley strain in Table 5.

Triticale

This hybrid is a man-made cereal grain
derived from crossing wheat and rye. CIMMYT'S
team in collaboration with a group of scien-
tists at the University of Manitoba, have
worked during the past 7 years to produce

106

this new cereal crop. Triticale, in addition to
its grain yield potential, has a considerable
potential from the nutritional standpoint. The
earliest developed triticales showed high con-
tent of protein that ranged from 11.7 to 22.5%
with an average of 17.5%. Lysine, which is
the most limiting amino acid in most cereal
proteins, varied from 2.5 to 3.7% with an
average of 3.2%. However, these triticale lines
usually had severely shriveled kernels, suffered
from infertility, and lodged badly. These fac-
tors prevented its acceptance as a new cereal
grain. Triticales developed during the last 3
years have been improved greatly. At the
present time, there are lines with complete fer-
tility and shorter stature and grain yield has
risen rapidly (Zillinsky and Lopez 1973). In
addition, these lines have been submitted to
intensive selection pressures for plumper ker-
nels and higher grain yield. With the improve-
ment of kernel type the grain protein content
has decreased but the lysine content in the pro-
tein has increased, providing an overall im-
provement in the nutritional quality of triticale
protein (Table 6).

The negative correlation between crude pro-
tein and lysine in the protein due to variety and
environment, is general in most cereals. The
negative correlation is due to a greater relative
synthesis of storage proteins low in lysine and
other essential amino acids at the higher levels
of protein in the seed.

In preliminary feeding trials with animals
and in human studies, Kies (1970) showed
that the quality of triticale protein is superior
to wheat. Up to now, no lines or varieties of
wheat have been identified with a significantly

TABLE 6. Amino acid content in two triticale
strains (g/100 g protein).

TABLE 5. Content of amino acids in a normal
barley strain and a high lysine barley strain.

Amino acids

Barley

Normal High lysine

g/100 g protein
Lysine 3.3 4.0
Leucine 6.5 7.9
Isoleucine 3.6 4.0
Methionine 1.2 1.8

Phenylalanine 6.0 6.5
Threonine 3.3 4.0
Valine 4.5 5.6
Protein (N x 6.25) 14.2 14.8

Lysine 3.6 3.0
Leucine 7.0 10.6
Isoleucine 3.5 3.7
Methionine 1.2 1.3

Phenylalanine 4.9 5.8
Threonine 3.6 3.4
Tryptophan 1.2 1.0
Valine 4.5 4.7
Protein (N X 6.25) 13.7 16.3



higher level of lysine. Consequently, the major
effort to improve the nutritional value of
wheat is through the development of varieties
with higher levels of protein.

Despite the problems encountered in the
development of triticale, it is a promising crop
with good potential for use as both human
food and animal feed in many areas of the
world.

However, breeding programs must develop
new varieties with improved agronomic char-
acteristics to produce higher yields and higher
nutritional quality as well. To improve the
nutritional value of cereal grains the breeders
must rely on chemical evaluation of early
materials and chemical and biological evalua-
tions in the more advanced materials.

Screening of early materials requires tech-
niques that are simple, rapid, reproducible, in-
expensive, and reliable, so they can be em-
ployed in the analysis of thousands of samples
in a relatively short period of time. In the
selected material a more accurate and com-
plete evaluation can be made, since the num-
ber of samples has been reduced drastically
after the preliminary mass screening.

Chemical methods are used that permit the
mass screening for quality in the materials
emerging from the breeding programs. It is

very important that the geneticists and breed-
ers make proper use of the laboratory reports
in selecting the germ plasm for their breeding
programs.

CIMMYT Screening Procedure

Protein Total nitrogen determination by
the conventional Micro-Kjeldahl technique is
used for crude protein estimation. The con-
version factor employed is based on the nitro-
gen of the protein of each cereal grain. We
use the factor 5.7 for wheat and triticale; 6.25
is used for maize, barley, and rye.

To accelerate the numerous determinations
for protein that are necessary, the Kjeldahl
digestion has been speeded up through the use
of a test-tube digestor rack of 40 tubes on a
metal block at 375 ±- 1°C. After digestion, the
samples can be distilled and the released am-
monia titrated.
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The digested sample can then be diluted to
75 ml, and in the automated Technicon auto-
analyzer the ammonia is determined calori-
metrically. The Alkaly-phenol-hypochloric
acid reaction is used. 60 samples are recorded
on a graph in 1 hr with very good reproduci-
bility between duplicates. Approximately 250
nitrogen determinations can be performed
each day with this method.

Lysine The most satisfactory method for
determining lysine is by ion-exchange chroma-
tography, using automated amino acid analyz-
ers. However, the apparatus is quite expensive
and not suitable for screening the large num-
bers of materials necessary to evaluate lines in
the breeding programs. Therefore, we have
adopted the colorimetric method proposed by
Tsai et al. (1972) with a few modifications
(Villegas and Mertz 1971). The method uti-
lizes 2-chloro-3, 5-dinitropyridine as a reagent
for the E-amino group of lysine after enzymatic
hydrolysis of the proteins and blocking of the
a -amino groups of the free amino acids
with copper. After acidification, the excess of
2-Chloro-3, 5-dinitropyridine is extracted with
ethylacetate and the absorbance is determined
at 390 m - on a Bausch and Lomb Spec-
tronic 20. The results obtained using this
method are in good agreement with those ob-
tained using the amino acid analyzer. Up to
180 determinations of lysine can be performed
in a working day using the calorimetric
method.

Tryptophan The Opienska-Blauth et al.
calorimetric method modified by Hernández
and Bates (1969) has been used at CIMMYT to
estimate tryptophan. In maize quality screen-
ing, we used tryptophan determination as a
single parameter because of the high relation-
ship observed in the endosperm protein be-
tween tryptophan and lysine. We use the tryp-
tophan determination only in the mass-screen-
ing evaluation of populations and segregating
material produced in the maize breeding pro-
gram. For those materials on which we want
exact measurements, we determine the content
of lysine following the calorimetric method
using 2-chloro-3, 5-dinitropyridine, and never
predict the content of lysine simply on the
content of tryptophan found.



The colorimetric determination of trypto-
phan is performed on a papain hydrolysate.
The method is based on the formation of a
coloured compound resulting from a reaction
between tryptophan, acetic acid containing
iron ions, and sulfuric acid. The method per-
mits the determination of free and bound
tryptophan, and we are able to perform up to
240 determinations per day.

DBC Method

Dye-binding capacity (osc) has been
widely used for rapid mass screening in the
evaluation of cereal grains for high protein
content as well as for high content of basic
amino acids (Mossberg 1969).

The evaluation procedure used in CIMMYT
in the evaluation of barley, triticale, and wheat
materials is as follows: 500 mg of finely
ground sample is shaken with 25 ml of mono-
sulfonic azo dye, acid orange 12 for 1 h. The
dye is absorbed by the basic imidazol, guani-
dine, and amino groups of the proteins. These
groups may originate from the basic amino
acids histidine, arginine, and lysine as well as
from free amino end groups of the protein
chains. Since the proportion of basic amino
acids in the proteins is reasonably constant,
the correlation obtained between DBC and
crude protein content is high, so we select the
higher DBC values (percent transmission of
unbound dye). The high Dsc values can be
due to high protein or to a high content of
basic amino acids in the protein. In those
samples showing high DBC we determine the
protein content by using the Kjeldahl pro-
cedure. Then a variable quantity of sample,
depending on the content of protein is weighed
in order to have a constant amount of protein
(60 mg) in all samples. The dye-binding re-
action is repeated, shaking for 1 hr with 25 ml
of dye. The percent of light transmission indi-
cates the quality of the protein (level of lysine
in the protein). In the selected material the
full lysine determination is performed.

Plant breeders, therefore, can develop cul-
tivars having improved quality if there are
available techniques for screening segregating
materials permitting the efficient selection of
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lines with favourable characteristics. How-
ever, there still remains a problem in devising
biological assays that can be used in mass
screening using small animals to evaluate the
products for ultimate human consumption.
The main drawbacks in the biological ap-
proach are that most of them are time con-
suming, expensive, and require large samples.
There is a great need for further research to
establish appropriate biological assays that can
be used efficiently in the development of
cereals with improved nutritional quality.

The efficiency and productivity of agricul-
ture has increased greatly in the developed
countries as a result of the coordinated effort
of plant breeders, phytopathologists, ento-
mologists, agronomists, physiologists, biochem-
ists, food scientists, etc. In many developing
countries, however, we still have low yields,
low production, and inferior quality.
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