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ABSTRACT Cereal Chem. 73(6):779-784

The quality of flours obtained from 10 triticale cultivars and its use- with flours exhibiting low protein content, high prolamine percentage
fulness in the manufacture of cookies were studied. Factors affecting with a high proportion of species with a molecular mass =34 kDa, low
cookie quality were also analyzed. The results obtained show that triti- glutenin content with a low proportion of species with a molecular mass
cale flours are suitable for cookie manufacture. Best quality is related <30 kDa, and low content of free sulfhydryl groups.

Triticale (x Triticosecale Wittmack) is a hybrid resulting from
the crossing between wheat (Triticum sp.) and rye (Secale sp.). In
areas of the world where diseases or untoward soil conditions
restrict wheat production, triticale has proved to be an alternative
crop for human consumption. The main disadvantages for its cul-
tivation are susceptibility to certain diseases, sensitivity to light
period, germination in spike, and presence of wrinkled grains
(Bushuk and Larter 1980, CIMMYT 1985, Varughese 1991).
Triticale flours have been found to be more suitable for the manu-
facture of products that may be prepared with a gluten of lower
tenacity than that needed in bread manufacture. Thus, these flours
have been used in the experimental preparation of waffles and
pancakes (Rodgers 1973), crackers (Tsen 1974), cakes (Pefia and
Amaya 1980), and cookies and tortillas (CIMMYT 1980).

Spring triticales are cultivated in Argentina. These cultivars
usually have the rusticity and tolerance to weather conditions that
are harmful to rye. However, good industrial quality grains have
not been obtained as yet. Several programs aimed at improving
grain quality are being conducted at present. Features to be im-
proved include soft endosperm, shriveling of grain, low test
weight, and scarce gluten content (Amaya and Pefia 1991). Culti-
vation of soft wheats is not permitted in Argentina. Consequently,
cookies are manufactured with flours of poor baking quality from
Triticum aureus, which are inappropriate for producing bread. Use
of triticale in the manufacture of these products appears to be an
interesting alternative.

The objective of this study was to determine the quality of
flours obtained from 10 advanced experimental lines and cultivars
of triticale, and to analyze both their usefulness in the manufacture
of cookies and the factors that are more likely to affect the quality
of the manufactured cookies.

MATERIALS AND METHODS

Plant Materials
Triticale cultivars and advanced experimental lines of different

regions were used (Table I). Cananea, Eronga, Currency, and Tatu
were the parental material of the breeding program. They were
provided by CIMMYT and have been selected by successive
sawing and harvesting at the experimental field of the Facultad de
Ciencias Agropecuarias of the Universidad Nacional de C6rdoba,
Argentina. They could be introduced to the local market as re-
gional selections of the original cultivars. La 24 Bve, La 20 FCA,
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and LA 83 FCA are advanced lines of our breeding program.
Tehuelche, and Yagan and Quifie are currently cultivated varieties.
Crops were grown in mid-level fertility soils at Campo Experi-
mental of the Facultad de Ciencias Agropecuarias of the Univer-
sidad Nacional de C6rdoba, Argentina.

Lines and cultivars under study were sowed by hand at the end
of May in 3-m2 parcels. No watering or fertilizing was used. Har-
vest was performed by hand during December as each line and
cultivar reached the optimal level of harvesting, i.e., the plants
were totally yellow and the grains obtained were hard and dry.
Material harvested from each line and cultivar was threshed with a
Forti Trituradora Estatica de Gavillas (Argentina).

Preparation of Flours
Kernels were milled to 54-64o% flour yield on a Brabender

Quadrumat Jr. mill (Duisburg, Germany). Each of the fractions
divided at threshing was ground separately, providing three sam-
ples that were used as replicates.

Chemical Analysis of Flours
Moisture, ash, and protein contents were determined by the

standard methods (AACC 1995). Lipid content was determined by
extraction in hexane and further elimination of the solvent by
heating (IRAM 1980). Starch content was calculated by subtrac-
tion. The results were expressed of wet weight basis.

Determination of Flour Quality
Alkaline water retention capacity (AWRC) was determined

according to Yamazaki et al (1968). White flour (1 g) was sus-
pended in 5 ml of 0. IN NaHCO3 , hydrated for 20 min and centri-
fuged at 700 x g for 15 min at room temperature. The precipitate
obtained was weighed and AWRC was calculated as weight of the
precipitate x 100.

Sodium dodecyl sulfate sedimentation index (SDS-SI) values
were determined using 1 g of flour moistened in a 25-ml cylinder
with 8 ml of Coomassie Blue solution. The sample was let to
stand for 3 min, 40 sec; vortexed for 5 sec; let to stand for 1 min,
55 sec; and vortexed again. SDS and lactic acid (12 ml) were
added immediately and agitated for 1 min in a horizontal agitator.
The resulting suspension was let to stand, and the volume of
moistened flour was measured. Results were expressed in milli-
liters (Dick and Quick 1983).

Wet and dry gluten content was determined according to the
standard methods (AACC 1995). A Glutomatic 2200 and a Glu-
tork 2020 (Huddinge, Sweden) heating surface were used.

Extraction and Solubility of Flour Proteins
Protein fractionation was performed according to a modification

of the sequence used by Lupano and Afn6n (1985). Extraction was
performed from 1 g of flour using three solvents: 1) 10 ml of 5%
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NaCl, for 2 hr with permanent agitation at 40C (albumin and
globulin fraction); 2) 10 ml of 70% isopropanol for 2 hr with con-
stant agitation at 40C (prolamin fraction); 3) 10 ml of tris-HCl-
SDS (2%) (pH 8) for 2 hr with constant agitation at 40C (glutelin
fraction). Protein concentration of each fraction was determined
by acid digestion of the dehydrated samples in a Technicon BD-40
mineralizer. The resulting ammonium was evaluated by the phenol-
hypochlorite reaction using (NH4)2SO4 as the nitrogen standard
(Leon et al 1992).

Electrophoresis
Layer electrophoresis under dissociating conditions was per-

formed in polyacrylamide SDS gels, according to the Laemmli
discontinuous buffer system (Laemmli 1970): 0.125M tris-HCl
(pH 6.8) 1% (w/v) SDS for the stacking gel; 0.375M tris-HCl (pH
8.8) 1% (w/v) SDS for the separating gel; and 0.025M tris-HCl,
0.192M glycine and 1% (w/v, SDS) (pH 8.3) for the running
buffer. The separating gels were prepared with 10% (w/v) acryla-
mide. Protein samples (prolamin and glutelin fractions) were dis-
solved in 0.125M tris-HCl (pH 6.8), 20% (v/v) glycerol, 1% (w/v)
SDS, and 0.05% (w/v) bromophenol blue. The electrophoresis
were conducted for 1 hr at a constant voltage of 200V. A Mini
Protean II Slab Cell (Bio-Rad laboratories, Richmond, CA) was
used. Molecular mass standards were: bovine serum albumin (67
kDa), egg albumin (43 kDa), and carbonic anhydrase (30 kDa).

Gels stained with Coomassie Brilliant Blue R-250 were
scanned in a Shimadzu dual wavelength TLC Scanner CS-910
(wavelength for sample was 570 nm; wavelength for reference
was 395 nm) joined to a C-RIA Chromatopac Shimadzu integrator
(Kyoto, Japan).

Determination of free sulfhydryl groups (SH) was performed as
described by Ellmans (1959) and adjusted for cereals by Chan and
Wasserman (1993). Results were expressed as micromoles of
SH/g.

TABLE I
Advanced Lines and Cultivars of Triticale Samples

Sample Name Origina

1 Cananea CIMMYT Mexico
2 Currency CIMMYT Australia
3 Eronga CIMMYT Mexico
4 LA 24 Bve INTA Argentina
5 LA 20 FCA FCA-UNC Argentina
6 LA 83 FCA FCA-UNC Argentina
7 Tatu CIMMYT Mexico
8 Tehuelche INTA Argentina
9 Quinie FAV-UNRC Argentina
10 Yagan INTA Argentina

a CIMMYT = Centro Internacional de Mejoramiento de Maiz y Trigo, Mdxico.
INTA = Instituto Nacional de Tecnologia Agropecuaria, Argentina. FCA-
UNC = Facultad de Ciencias Agropecuarias. Universidad Nacional de
C6rdoba, Argentina. FAV-UNRC = Facultad de Agrononmfa y Veterinaria.
Universidad Nacional de Rio Cuarto, Argentina.

TABLE II
Chemical Composition (%) of Triticale Floursa

Flours Proteins Starch Lipids Ash Humidity

Cananea 12.7 ± 0.1 70.7 ± 1.1 1.5 ± 0.0 1.9 ± 0.2 13.9 ± 0.0
Currency 12.6 ± 0.1 71.2 ± 1.0 1.1 ± 0.0 1.3 ± 0.1 13.9 ± 0.0
Eronga 13.2±0.1 70.7±0.9 1.0 ±0.1 1.3±0.1 13.4±0.0
LA 24 Bve 11.9 ± 0.2 71.1 ± 1.4 1.0 ± 0.0 1.6 ± 0.1 13.9 ± 0.0
LA 20 FCA 13.5 ± 0.1 70.3 ± 0.8 1.3 ± 0.0 1.3 ± 0.2 13.6 ± 0.0
LA 83 FCA 12.3 ± 0.1 72.0 ± 0.9 1.3 ± 0.1 0.7 ± 0.1 13.7 ± 0.1
Tatu 12.1±0.0 72.0±0.7 1.2±0.1 0.7±0.1 13.9±0.1
Tehuelche 13.2 ± 0.1 69.9 ± 0.9 1.3 ± 0.0 1.8 ± 0.1 13.8 ± 0.0
Quifie 14.0 ± 0.1 69.6 ± 1.0 1.4 ± 0.0 0.9 ± 0.1 14.0 ± 0.0
Yagan 13.5 ± 0.1 68.2 ± 1.1 1.4 ± 0.0 3.0 ± 0.2 14.0 ± 0.0

a Mean ± standard error. (n = 3).
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Preparation of Cookies
Cookies were prepared according to micromethod Ill described

by Finney et al (1950) and modified at CIMMYT. Ingredients
used were: flour (45 g); caster sugar (27 g); 20:20 vegetable fat
and powdered milk (2.25 g); NaHCO 3 (0.50 g); NaCl (0.42 g);
water (8.5 ml). Cookies were baked at 200 0C for 10 min.

The term "cookie factor was introduced to determine cookie
quality as the ratio between the width and height of four cookies
taken at random. This ratio was expressed as percentage related to
a standard provided by the Estaci6n Experimental Marcos Juarez
del INTA, Argentina, which was considered 100%. The standard
used was composed by a mix of soft wheats provided originally
by CIMMYT.

Statistical Analysis
Each value represents a mean of three determinations ± stan-

dard error. Data were subjected to statistical analysis by the MGLH
SYSTAT package. Correlation coefficients and significance level at
P < 0.05 were determined.

RESULTS AND DISCUSSION

Characterization of Flours
Table II shows the chemical composition of flours obtained

from the triticale lines and cultivars studied. Their protein values
were somewhat higher in comparison with those from cereals in
general. The triticales studied showed shriveled kernels with par-
tial filling, which implies incomplete storage of starch. Therefore,
the starch and protein ratio decreases, resulting in grains with
increased protein content. This assumption is supported by the
significant correlation at P < 0.05 between the test weight and its
starch content (r = 0.787) (Fig. 1).
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Fig. 1. Relationship between test weight and starch content for 10 triticale
cultivars and advanced experimental lines (r = 0.787, P •0.05).

TABLE III
Quality of Triticale Floursa

Flour FN (sec) AWRC (%) SDS-SI (cm3)

Cananea 69 ± 2 63.8 ± 1.2 8.4 ± 0.1
Currency 62 ± 0 60.7 ± 0.6 7.6 ± 0.2
Eronga 62±0 64.4±1.3 7.7±0.1
LA24Bve 62±0 62.8±0.9 7.8±0.1
LA20FCA 93±3 69.7±0.8 8.0±0.1
LA83FCA 72±2 68.4±1.1 5.8±0.1
Tatu 89 ± 6 63.1±0.4 6.1±0.1
Tehuelche 134 ± 2 71.9 ± 1.0 8.0 ± 0.1
Quifie 62±0 66.4±0.9 8.2±0.1
Yagan 62±0 65.4± 1.3 5.4±0.3

a Mean ± standard error. (n = 3). FN = falling number; AWRC = alkaline water
retention capacity; SDS-SI = sodium dodecyl sulfate sedimentation index.
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