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ABSTRACT

Five cultivars of spelt wheat (Rouquin, Bauléander Spelz, Schwabenkorn, Franckenkorn and Holstenkorn) have been eval-
uated for baking quality by means of direct and indirect indicators. Three-year values of the indirect indicators have been
statistically processed by the analysis of variance. Based on the results obtained we can say that all evaluated indicators
except the extensibility of gluten were significantly influenced mainly by the year of growing. The cultivar itself was
aless important source of variance, although some values of important indicators differed significantly according to culti-
vars. Based on indirect indicators such as the content of wet gluten, its extensibility and swelling, the content of N-sub-
stances, the sedimentation test in the modification with SDS, the falling number and the content of starch, the cultivars
Schwabenkorn and Rouquin are considered as the most suitable and of the highest quality. In general all the cultivars of
Triticum spelta L. showed high contents of N-substances (X = 15.46%) and wet gluten contents (X = 37.12%). Their
disadvantages are lower swelling values (x = 9.3 ml) and lower sedimentation values (X = 37.4 ml) which have a negative
influence on the bread volume and the specific volume (under 310 ml.100 g). The predicted good baking quality of
Schwabenkorn has been comfirmed in a baking experiment (direct method of evaluating the baking quality). There were
good baking quality results for Baulander Spelz as well. Unexpectedly bad results have been found with Rouquin, which
showed the lowest water absorbing capacity of flour, the lowest bread volume, specific volume and baking extraction.

The bread was just acceptable as far as taste is concerned. The baking from Holstenkorn was evaluated as excellent.
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Spelt wheat (Triticum spelta L.) is a chaffy wheat which
is an alternative culture with undemanding growing re-
quirements. It shows a very good adaptability (Laghetti et
al. 1999), and at higher elevations it can yield better than
Triticum aestivum L. (Ruegger and Winzeler 1993). Accord-
ing to Hap (1995) spelt wheat belongs to the ecological
crops and it is advisable to grow it in water protected ar-
eas. Even with low fertilizing spelt wheat gives a good
harvest and has a better minerals uptake in comparison
with Triticum aestivum L. (Moudry and Dvoracek 1999).

In prehistorical times spelta was grown mainly in the
Near East. Currently it is more grown in the European
countries. The widest spread of spelt wheat as agricul-
tural crops is traditionally found in southwestern Germa-
ny and in Switzerland. It is used for food products such
as pasta products, muesli and flakes.

The nutritive value of spelt wheat is high and it contains
all the basic components which are necessary for human
beings such as saccharides, proteins, lipids, vitamines and
minerals (Bognar and Kellermann 1993, Michalova et al.
2000). Bognar and Kellermann (1993) and Abdel et al. (1995)
determined, however, that protein, fiber, vitamin and the
mineral composition of spelt flours (grains) were similar to
those of common wheat flours. Spelt wheat is reported to
have a higher protein content too: thanks to the higher
portion of aleuron layer Triticum spelta L. contains more
proteins (16—17%) than Triticum aestivum L. There are no
important differences in the aminoacid composition
(Smolkova et al. 2000), this means that products from spelt
wheat as well as Triticum aestivum L. are not suitable for
people with celiac disease (Kasarda and D’Olivio 1999).
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The use of Triticum spelta L. in bread production is
possible: bread with the addition of spelt flour is charac-
terised by a strong bread smell, big volume, excellent taste
and it stays longer fresh and soft (Michalova et al. 2000).
Abdel et al. (1997) made bread from spelt flour only, but
such bread had worse volume, texture and crumb colour in
comparison to bread made from hard red spring wheat. The
sensory aspect of such bread was evaluated as average.

Bonafacia et al. (2000) reports that bread (or dough)
made from spelt flour has a different saccharide and pro-
tein complex (more rapidly digested starch, less rapidly
digested proteins) in comparison to bread made from
wheat flour (Triticum aestivum L.). Dough made from
spelt wheat flours is characterised by lower stability and
elasticity and higher extensibility and dissolubility.

From the point of view of the baking quality, the con-
tent of proteins and wet gluten are important indicators.
The content of gluten is higher in Triticum spelta L. in
comparison to Triticum aestivum L. (Moudry and Vlasak
1996, Stehno et al. 1998 and others) but gluten is more
dispersed with less flexibility. Abdel et al. (1998) suggest
to use spelt flour for making two-layer flat breads. Spelt
flour is most often used in a mixture with wheat flour.

MATERIAL AND METHODS
In the framework of the research VEGA 1/6124 during
the years 1998—-2000 we analysed selected indicators for

the milling and baking quality of five cultivars of Triti-
cum spelta L. — Rouquin, Bauldnder Spelz, Schwaben-
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korn, Franckenkorn and Holstenkorn grown in an ecolog-

ical system of the locality Dolna Malanta near Nitra. In

this article we present the indicators of the baking qual-
ity of the cultivars evaluated in three-years study.

The samples were dehulled and the hull-free grains
analysed. We determined the moisture in crushed grains
and — as indirect indicators for the baking quality — the
wet gluten content (Go), the extensibility of gluten (To),
the swelling of gluten (Qo), the content of N-substances
(%N % 5.7), the sedimentation test in modification with
sodium dodecyl sulphate (SDS), the falling number, the
starch content and the ash content.

For the baking experiment the dehulled grains were
milled in the mill (M3), a combination of a disc and roll
mill which is milling and separating in one working pro-
cess. During milling three fractions were separated:

— crude (rough) bran, which remains on a sieve with me-
shes of 475 pm; was not used in further processing

— soft bran, which formed siftingsin case of a sieve with
meshes of 475 pm and remains on a sieve with meshes
of 275 pm (we used it as a mixture with wheat flour in
another baking experiment)

— flour (medium — ground), which formed siftings with
meshes of 275 pm; we used thisflour in a baking experi-
ment for preparing loaves according to methods ap-
plied in our department
From flour (under 275 pm) obtained by milling dehulled

grains of five cultivars of spelt wheat in 2000, we prepared

dough (100 g spelt flour + additives = two pieces of
dough) which we kneaded for 5 minutes, it swelled for

30 minutes and baked it for 15 minutes in a bread oven.

The baked loaves were evaluated by means of sub-
jective and objective criteria: water-absorbing capacity
(%), bread volume (ml), cambering (height/width ratio),
specific volume (ml.100 g' of loaf), bulk productivity
(ml.100 g! of flour), baking extraction (%), baking loss
(%), crust colour (pale chestnut, chestnut, dark chest-
nut) crumb porosity (according to Dallmann 1981),
crumb colour and crumb flexibility, smell, taste and com-
plex evaluation.

RESULTS AND DISCUSSION

The results of the three-year research on crushed spelt
grains are given in Table 1. These were statistically evalu-
ated by an analysis of variance followed by an LSD test
(low significant differences). The average values for the
observed indicators in different Triticum spelta L. cultivars
during three years as well as the average values for the
observed indicators in specific years (Table 2) are given.

For evaluating the baking quality of spelt wheat, we
relied on our experience with evaluating wheat for human
consumption.

The amount of wet gluten as an indicator is closely
connected with the baking quality of bread grain. For
food wheat the demand is minimum 25% of gluten. The
gluten content of the spelt wheat samples ranged from
30.6% to 51.8%. Statistically this amount was significant-
ly influenced by the year of growing, it means, in fact, by
the climatic conditions. In the year 2000, which was ex-
tremely dry, the gluten content in our samples was aver-

Table 1. The indicators of a baking quality of spelt wheat (Zriticum spelta L.)

Year Cultivar Moisture Gluten N-substances Sesd[i)tsest :s:r?l?egr csot;ltrgzt coi:c}:]nt
(%) Go (%) To(em) Qo (ml) N57 () (i ) ) %)

1998 Rouquin 9.48 30.9 12 11 12.97 32 295 66.5 1.88
Bauldnder Spelz 9.11 30.8 10 13 12.49 33 295 67.4 1.83
Schwabenkorn 9.04 34.1 15 11 12.96 33 299 66.7 1.79
Franckenkorn 9.1 36.3 19 9 13.74 34 304 66.8 1.89
Holstenkorn 9.05 30.8 16 7 13.6 32 279 61.6 1.95

average 9.16 32.6 14.4 10.2 13.15 33 294 65.8 1.87

1999 Rouquin 9.7 32.97 14 12 14.72 38 349 58.79 2.14
Bauldnder Spelz 9.1 30.6 16 10 14.55 36 338 59.37 2.36
Schwabenkorn 9.1 34.07 15 12 14.39 40 327 62.07 2.18
Franckenkorn 8.95 30.59 18 10 12.85 31 381 49.03 2.21
Holstenkorn 9.35 30.71 16.5 10 13.92 32 374 59.91 2.2

average 9.24 31.78 15.9 10.8 14.09 35.4 353.8 57.83 2.22

2000 Rouquin 9.5 48.32 18 7 19.33 46 294 46.07 2.21
Baulédnder Spelz 8.2 47.12 13 4 19.43 43 288 48.33 2.11
Schwabenkorn 8.3 51.8 17 8 19.48 46 286 48.29 2.17
Franckenkorn 8.8 42.88 18 7 18.98 43 331 49.69 2.31
Holstenkorn 8.6 45 16 8 18.57 42 319 57.45 2.23

average 8.68 47.02 16.4 6.8 19.16 44 303.6 49.97 2.21

Go — wet gluten content, To — extensibility of gluten, Qo — swelling of gluten
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Table 2. The average values of the indicators of a baking quality of spelt wheat (Triticum spelta L.)

Moisture Gluten N-substances Seditest Falling Starch Ash

S number content content
(%) Go (%) To(em) Qo (ml) NS57 (%) (i ®) %) (%)
Cultivar Rouquin 9.56 37.39 14.66 10.00 15.67 38.66 312.33 57.12 2.07
Baulédnder spelt 8.80 36.17 13.00 9.00 15.49 37.33 307.00 58.36 2.10
Schwabenkorn 8.81 39.99 15.66 10.33 15.61 39.66 340.00 59.02 2.04
Franckenkorn 8.95 36.59 18.33 8.66 15.19 36.00 338.66 55.17 2.13
Holstenkorn 9.00 35.50 16.16 8.33 15.36 35.33 324.00 59.65 2.12
average 9.02 37.13 15.56 9.26 15.46 37.40 317.20 57.86 2.09
1998 9.16 32.58 14.40 10.20 13.15 32.80 294.40 65.80 1.87
1999 9.24 31.78 15.90 10.80 14.08 35.40 353.80 57.83 2.22
Year 2000 8.68 47.02 16.40 6.80 19.15 44.00 303.60 49.96 2.21
average 9.03 37.13 15.68 9.27 15.46 37.40 317.27 57.86 2.10

Go — wet gluten content, To — extensibility of gluten, Qo — swelling of gluten

aging 47%. The cultivar was not an important source of
variability although there were significant differences in
the gluten content among the evaluated cultivars. The
highest gluten content was in Schwabenkorn (40%), the
cultivar Holstenkorn had a significantly lower gluten
content (35.5%).

The extensibility of wet gluten was not influenced by
the seasonal conditions. Our tests showed significant
differences among some evaluated cultivars. The high-
est extensibility was found in Franckenkorn (18.3 cm),
the lowest one in Bauldnder Spelz (13 cm). For baking
purposes the wheat with middle extensibility is the best.
Gluten with an extensibility of more than 15 cm is more
difficult to process, the dough is sticky (Hap 1995), and
is mainly suitable for biscuits with a potential applica-
tion in for example two-layer flat breads (Abdel et al.
1998).

The quality of bread wheat gluten depends on its
swelling. For very good wheat this value should be more
than 13 ml. In samples of spelt wheat the swelling varied
between 4 and 13 ml (the average value in three years was
9.3 ml). In 2000 the average value was 6.8 ml (which is
lower than the requirement for baking quality) although
the amount of gluten was extremely high. Because of the
low swelling ability of gluten spelt wheat would be more
suitable for pasta production. There were no significant
differences in the swelling of gluten among the evaluat-
ed cultivars, only the cultivars Schwabenkorn and Rou-
quin had a swelling of more than 10 ml on average over
the three years, which was confirmed by a baking exper-
iment. The swelling of gluten as an indicator in case of
spelt wheat did not correlate positively with the sedimen-
tation test (SDS) values although such a correlation ex-
isted for common wheat (Bojnanska 1995). Zanetti et al.
(1998) found out the correlation between Zeleny values
and the quality and quantity of gluten in spelt wheat.

The sedimentation test is an important and quick indi-
cator, which can be determined with different modifica-
tions. The sedimentation test values in a modification
with sodium dodecyl sulphate (SDS) according to the
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Slovak technical norms 46 1100-2 for food wheat should
be minimum 45 ml for bread-making wheat marked by let-
ter B. In the evaluated samples of spelt wheat the SDS test
values varied between 31 and 46 ml. Significantly high
values were recorded in the dry year of 2000 (x = 44 ml)
although the values did not reach the level of good qual-
ity bread wheat (7riticum aestivum L.). Statistically the
amount of wet gluten and the SDS values were signifi-
cantly higher in Schwabenkorn in comparison to Holsten-
korn. The content of N-substances was significantly
influenced by the year of growing. The cultivar influence
was not significant (Table 5). The N-substances content
was positively correlated to SDS values (»=+0.940"") and
the wet gluten content (» =+0.944"") and negatively cor-
related to the swelling of gluten (» = —0.742"") and the
starch content (r = —0.777*"). There was a high N-sub-
stances content in the climatically exceptional year 2000
(x=19.16%) in comparison to the years 1998 and 1999.
According to some authors the high N-substances con-
tent in spelt wheat is not exceptional. Marconi et al. (1999)
reports about 17.7%, Moudry (1996) even 18.2%, Hap
(1995) between 12.7 and 19.0%.

The falling number, which is the indicator of the enzy-
matic activity, was influenced mainly by the year of grow-
ing. The highest values of the falling number were found
in 1999, which means that the enzymatic activity of 7riti-
cum spelta L. was the lowest in that year. In the other
evaluated years the falling number values did not de-
crease under the requested value (that means that the
enzymatic activity was not high). Similar data are report-
ed by Hap (1995). Based on this it can be said that the
enzymatic activity of the evaluated spelt wheat was sat-
isfactory although values above 300s are considered as
too high. A shortage of activity can be solved techno-
logically by adding amylolytic enzymes. Certain statisti-
cally significant differences were confirmed among the
cultivars (Table 5). From all evaluated samples, the culti-
var Franckenkorn had the lowest enzymatic activity. The
product made from it had a low bread volume but a very
good height/width — cambering effect (above 0.7).
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Figure 1. Total evaluation based on four
indicators of the baking quality
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The content of starch was statistically influenced to
a great extent by the year of growing. The highest starch
content was found in 1998 (65.8%), the lowest in 2000
(49.9%) — a difference of nearly 16%. There were no sig-
nificant differences in the starch content among the cul-
tivars.

The content of ash reached significantly lower values in
1998 in comparison to the two other years (Tables 1 and 2).

The complex evaluation based on four indicators of
the baking quality (gluten content, swelling of gluten,
N-substance content and the values of the sedimenta-
tion test) is shown in Figure 1. We predicted that the
cultivar Schwabenkorn offers wheat of the best quality
from the baking point of view, then Rouquin and Holsten-
korn being the worst. Lacko-Barto$ova et al. (2000) de-
termined the Glu-score (in direct correlation with the
bread-making quality) in a collection of 33 spelt wheat
cultivars and found out that the higher values for the Glu-
score (food quality wheat) are also found in Bauldnder
Spelz, Franckenkorn, Holstenkorn, and Rouquin.

Based on a baking experiment (Tables 3 and 4) we can
claim that there were considerable differences among the

80.00

O N-substances (% N.5.7)

100.00 120.00

Sedimentation value (ml)

evaluated cultivars of Triticum spelta L., mainly as far as
objective indicators are concerned (Figure 2). The water-
absorbing capacity of flour varied between 53 and 64.4%.
The highest value was found for Schwabenkorn. For
Schwabenkorn we measured the highest weight of loaves
after baking, the highest baking extraction of loaves, but
also the highest baking loss. The loaf volume (bread
volume) and its specific volume or specific weight or bulk
productivity (the volume of bread from 100 g of flour) are
very important indicators for the bread-making quality.
Loaves made from Schwabenkorn and Baulénder Spelz
had the highest volume, loaves from Rouquin the lowest
although the indirect parameters for the bread-making
quality (Figure 1) were favourable for Rouquin. The val-
ue for the specific volume for 100 g bread should be as
high as possible. Lower values than 210 ml for 100 g are
considered as unsatisfactory and to this category be-
longed the loaves made from Rouquin (199.2 m1.100 g™).
Loaves made from all other cultivars of spelt wheat had
a low specific volume (from 211 to 310 m1.100 g'). The
highest specific volume had loaves made from the culti-
vars Bauldnder Spelz and Schwabenkorn (Table 3).

woisenkom 772 % ] s N

———"

0.0 100.0 200.0 300.0 400.0

Weight before baking (g) M Bread volume (ml) [ Baking extraction (%)
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Figure 2. The evaluation

Cambering (high/width x 100) of the baking quality
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Table 3. The results of a baking experiment (five cultivars of spelt wheat)

Before baking  After baking Bread Specific Cambering Baking Baking

Cultivar weight weight volume volume heigh/width  extraction loss
(@ (€ (ml) (ml/100 g) (%) (%)

Rouquin 160.0 133.0 265 199.2 0.65 133.0 16.9
Baulénder Spelz 165.5 138.1 340 246.2 0.65 138.1 16.6
Schwabenkorn 171.4 141.0 340 241.1 0.60 141.0 17.7
Franckenkorn 162.7 135.8 300 220.9 0.71 135.8 16.5
Holstenkorn 164.2 135.3 315 232.8 0.71 135.3 17.6
Average 164.8 136.6 312 228.0 0.66 136.6 17.1
Table 4. Sensoric evaluation of a baking experiment (five cultivars of spelt wheat)
Cultivar Crust Crumb Crumb Crumb  Appearance Smell Taste Complex

colour  porousness  colour flexibility evaluated
Rouquin chestnut good creamy good very good pleasant satisfactory satisfactory
Bauldnder Spelz chestnut good creamy good very good pleasant good good
Schwabenkorn chestnut good creamy good very good pleasant good good
Franckenkorn chestnut good creamy good very good pleasant satisfactory satisfactory
Holstenkorn chestnut good creamy good very good pleasant excellent excellent

These values are lower in comparison with the vol-
ume of loaves made from Triticum aestivum L. cultivars
during long-term experiments in our department. For ex-
ample, for the cultivar Ilona with a high protein content
(13.8%) and gluten content (36%) and with good swell-
ing (19 ml), Muchova (1992) found a bread volume of
345 ml. For the cultivar Hana the bread volume was 320 ml.
For the other tested cultivars (Vlada, Jubilejna, Kosut-
ka), the value of bread volume amounted to 350 ml (Mu-
chova 2001).

In our experiment, the volume of efficiency is equal to
the baking extraction and this varies in a scale between

133 and 141% (the highest value had Schwabenkorn, the
lowest Rouquin). In relation to the height/width ratio
(cambering) of the loaf however, we found the lowest
value for Schwabenkorn. This means that this cultivar
with a big volume had loaves with a weakly cambered
form. A very good height/width ratio was found for
Franckenkorn and Holstenkorn, and a good ratio for Rou-
quin and Bauldnder Spelz.

No considerable differences were found during the
sensory evaluation of the baked loaves (Table 4). The ac-
ceptability of spelt breads in the sensory test was good
and the loaves made from Holstenkorn, Schwabenkorn

Table 5. Analysis of the variance of the technological quality indicators

Gluten N-substances Seditest Falling Starch Ash

Indicator SDS number content content

Go (%) To (Cl’l’l) QO (1’1’11) N.5.7 (%) (Il‘ll) (S) (%) (%)
Year ++ - + ++ ++ ++ ++ ++
Cultivar - - - - - - - -
1998 -b - -b -b -b a— a ab
1999 a— - a— a— a— ab a a—
2000 ab - ab ab ab -b a -b
Rouquin - a— - - - — - -
Bauldnder Spelz - -b - - - a— - -
Schwabenkorn a — - - a -b - -
Franckenkorn - ab - - - ab - -
Holstenkorn a - - - a —— - -
Go — wet gluten content, To — extensibility of gluten, Qo — swelling of gluten
++ highly significant, + significant, — not significant
Differences between mean values designated with the same letters are significant
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and Baulénder Spelz were evaluated as the best ones ac-
cording to the taste evaluation.

Capouchova (1996) states that — for the technological
treatment — flour from spelt wheat requires in comparison
with flours from common wheat the addition of ascorbic
acid because of the strength of the gluten structure and
the reduction of the dough extensibility. Abdel et al. (1997)
found out that with the addition of only 15 ppm of bromate
to the spelt wheat resulted in breads with loaf volumes
similar to those of common wheat breads.

CONCLUSION

A three-year research based on the evaluation of direct
and indirect indicators of the baking quality of five Triti-
cum spelta L. cultivars showed the following results:

Our research proved that the selected indicators were
significantly influenced by the year of growing (except
for the extensibility of gluten). The cultivar itself was
a less important source of variance although statistical-
ly some important indicators differed significantly accord-
ing to cultivar.

Based on the indirect indicators we consider the culti-
vars Schwabenkorn and Rouquin as the most suitable and
of the best quality from the baking point of view. In gen-
eral, all cultivars had high contents of N-substances (x =
15.46%) and wet gluten (x = 37.12%). They had lower
swelling of gluten (x = 9.3 ml) and lower SDS sedimenta-
tion values (x =37.4 ml).

In a baking experiment (direct method of evaluating the
baking quality), a correlation was found between the swell-
ing of gluten and the bread volume. The bread volume and
the specific volume were low (under 310 m1.100 g ™).

The predicted good baking quality of Schwabenkorn
(based on indirect indicators) has been confirmed. There
were also good results with relation to the bread-making
quality for Bauldnder Spelz. Unexpectedly bad results
have been found with Rouquin, which showed the low-
est water absorbing capacity of flour, the lowest bread
volume, specific volume, and baking extraction. More-
over, the bread was just acceptable as far as taste is con-
cerned. The baking from Holstenkorn was evaluated as
having an excellent taste with a very good cambering as
well.
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ABSTRAKT
Moznosti vyuZiti pSenice Spaldy (Triticum spelta L.) pro pekaiské ucely

Pét odrud pSenice $palda (Rouquin, Bauldnder Spelz, Schwabenkorn, Frackenkorn a Holstenkorn) bylo hodnoceno pomoci
pfimych a nepfimych znakt pekatské jakosti. Ze statistického hodnoceni tfiletych vysledki metodou analyzy rozptylu
u nepiimych znakt vyplynulo, ze je prukazné ovliviioval pfedevsim roénik péstovani (s vyjimkou taznosti lepku). Méné
vyznamnym zdrojem proménlivosti byla odrida, avSak mezi nékterymi odridami byly nalezeny statisticky prukazné roz-
dily dalezitych ukazateld. Na zakladé nepfimych ukazateli (obsah mokrého lepku, taznost a bobtnavost lepku, obsah dusi-
katych latek, sedimentaéni test v modifikaci SDS, ¢islo poklesu, obsah skrobu) jsou za nejkvalitnéj$i povazovany odrudy
Schwabenkorn a Rouquin. VSeobecné se vSak vSechny odriady Triticum spelta L. vyznaCovaly vysokym obsahem N-latek
(x = 15,46 %) a mokrého lepku (x = 37,12 %). Nevyhodou vsak byla mensi bobtnavost lepku (x = 9,3 ml) a nizsi hodnota
sedimentaéniho SDS testu (x = 37,4 ml), coZ pfi nasledném hodnoceni potvrdil i pekaisky pokus, nebot’ objem peciva, resp.
mérny objem byl nizky (pod 310 ml.100 g!). Pfi hodnoceni pekaiského pokusu (ptima metoda stanoveni pekatské kvality)
byla potvrzena predikovana pekaiska kvalita u odridy Schwabenkorn a dobré vysledky byly ziskany i u odrudy Baulédnder
Spelz. Neocekavané Spatné vysledky byly zjistény u odridy Rouquin, kterd méla nejnizsi vaznost mouky, objem peciva,
mérny objem i vytéznost pefiva a rovné€z chutové charakteristiky byly pouze uspokojivé. Chutoveé nejvyrazngjsi pecivo,
hodnocené jako vyborné, poskytovala odrida Holstenkorn.

Kli¢ova slova: psenice Spalda (Triticum spelta L.); technologicka kvalita; pekaiska kvalita
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