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In the years 1999 to 2000 on two localities of Ceské Budgjovice (CB) and
Humpolec (HUM) under low input conditions five spelt wheat varieties (7.
spelta L.) — Altgold (CH), Lueg (B), Rouquin (B), Ostro (Germany) and
Oberkulmer Schwarzer (Germany) were cultivated. Two Czech common wheat
varieties Brea and Samara cultivated on the locality Ceské Budg&jovice were
chosen as reference varieties. TKW, crude protein content, and contents of
three protein fractions (1 — albumins and globulins, 2 — gliadins, 3 — glutenins)
obtained by the method after Osborn, measured by the standard method after
Kjeldahl, were studied on hulled grain. Electrophoreogram of different frac-
tions was done for three selected varieties: Altgold, Rouquin and common
wheat Brea in PAGE conditions according to the international method ISTA-
SDS and the percentage of different fractions was evaluated densitometrically.
The results obtained confirmed a marked influence of medium as well as
genetic conditionality on percentage of different protein fractions. The capacity
of spelt wheat to accumulate crude proteins significantly and their fractions,
even under conditions of low inputs, was confirmed. Gliadin fraction that will
evidently limit its utilisation for gluten-free diet was proved. In view of quan-
titative comparison of extracted fractions found by the method after Kjeldahl
and preliminary densitometric measurement on gel, mutual irreplaceableness
of both methods follows. Nevertheless, densitometric and spectrophotometric
evaluation, respectively, should be a suitable complement to evaluate both
nutritional and technological qualities in view of evaluation of protein mole-
cules only.

spelt wheat; common wheat; protein fractions; electrophoresis; gluten-free diet
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INTRODUCTION

Grai{l crops are an important source of energy and proteins in nutritiq
population. In view of cover of need of proteins in food cereals are Onn i
second place in the Czech Republic after meat with 30 per cent (B oji g
ska, 1993). A low share of albumin fraction, above all in common Whan-
leads generally to conclusion to evaluate a wheat protein as n0n~fu1]-V:1at’
one. Limiting amino acids in common wheat are as follows: lysine, treonir:le
tryptophane and sulphur amino acids. In this respect higher representation :%
nutritionally higher quality spelt wheat should be suitable (Grela, 1996)

Spelt wheat (Triticum spelta L.) means older form of hulled hexaploid
wheat cultivars in its development with a genetic structure AA BB Dp
(Kling, 1988). Winzeler and Riigger (1990) report that initial inde-
pendent form of hexaploid cultural wheats is spelt wheat, but not a hexaploid
hulled form of Triticum aestivum.

Many varieties have been tested in the Czech Republic since 1990 and
areas of cultivation on ecological farms reached about 600 hectares
(Vlasak, 1995).

The crude protein content in spelt wheat is given in a relatively great range
(12-20%) (Cubbada, Marconi, 1994). Grela (1996) in comparative
experiments between spelt wheat, common wheat and triticale found higher
average content of crude protein in spelt wheat (14.5%). Similar values were
recorded by Jorgensen et al. (1996) under fertilisation 100 kg N.ha™.
Cubbada, Marconi (1994) report average crude proteins content in
spelt wheat grain over 20%. Grela (1996), Ranhotra et al. (1995),
Hein (1997), Jorgensen et al. (1996) and other authors presented that
crude protein content in spelt wheat grain shows a relatively great variability
during the years under study.

Despite this variability some spelt wheat varieties (Ostro, Oberkulmer,
Loge) predominated over other spelt wheat and common wheat varieties
(Hein, 1997; Kontturi, 1997) statistically significantly by their crude
protein content.

Except small modifications of extraction agents, an original Osborn’s
method of 1907 is still used for fractionation of proteins of cereal grain, based
on the principle of their different solubility (Kréalova, 1991). Albumins
and globulins are soluble in 0.1 M Na-phosphate buffer with 1 M NaCl
Gliadins can be solved in 70% ethanol and form some 35-45% of prOtein
component of wheat grain. Glutenins are soluble in 0.02 M NaOH or 0.05 M
of ac'etic acid and their quantitative percentage from the content of crude
protein amounts to about 20-30% (Kralové, 1991; Prugar, Hra3ka,
1986; Bojnanska, 1993).

prugar and Hraska (1986) consider a year as a significant factor
Jffecting representation of different fractions. Generally, original wheat va-
feties showed lower variability in the year compared to their hybrids. The

ercentage of gliadin component for utilisation of spelt wheat for food suit-

able for those affected by coeliac disease was studied most frequently in
quamiﬁcalion of spelt wheat fractions. The contents of these fractions ranged
petween 5 and 7% of the total grain dry matter (Grela, 1996; Abdel-
Aal, 1996). Storage proteins of wheat grain find their marked utilisation as
markers of economically important traits also in legal protection of varieties.
Their similar utilisation like in spelt wheat is presupposed (Safek,
Cerny, 1997).

Though Osborn’s classification of protection is well known and much used
almost a century, a lot of studies prove that transitions between different
fractions are not so sharp and are much dependent on temperature, time of
extraction and even upon an intensity of shaking (Byers et al, 1983).
Transition from heavy fraction of high-molecular weight glutenins into gliad-
ins spectra has been often manifested, together with overlapping of lighter
glutenin spectrum of light-molecular weight with alpha, beta and gamma
gliadins in the medium SDS-PAGE (Ab del-Aal et al, 1996). Mosse
and Baudet (1963) mention that at the temperature of 22 °C as much as
50% of grain protein passed into the first fraction. It follows from this that
relatively marked portion of other fractions at this temperature was a part of
albumins. In additions, the change of electrophoretic spectra can be affected
by the effect of external factors of medium, such as cultivation of one of two
identical varieties under the conditions of low content of sulphur in soil,
eventually when reduction detergents (e.g. dithiotreitol during extraction)
were used (Kim, Bushuk, 1995; Pomeranz et al, 1989).

MATERIAL AND METHOD

In the years 1999 to 2000 on two localities of Ceské Budgjovice (CB)
(380 m above sea level), soil — acid cambisol, gleyic, sandy-clay) (Table )
and at Humpolec (Table II) (HUM) (575 m above sea level) under low input
Conditions five spelt wheat (T. spelta L.) varieties — Altgold (CH), Lueg (B),
Rouquin (B), Ostro (Germany) and Oberkulmer Schwarzer (Germany) were
Cultivated. Two Czech common wheat varieties Brea (E — elite baking qual-
1ty) and Samara (C — unsuitable for baking utilisation) cultivated on the
lOCaiity in Ceské Budg&jovice. Legume-grain mixture was used in both cases
a a forecrop.

TKW, crude protein content, and the contents of three protein fractions
(I - albumins and globulins, 2 — gliadins, 3 — glutenins), obtained by the
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method according to Osborn of 1907, measured by the standard Methgg
according to Kjeldahl and using the protein converting factor 5.7, were fing.
ing in hulled grain. In both selected spelt wheat varieties — Altgold, Rouquiy
and common wheat Brea electrophoreogram of different fractions under
PAGE conditions was made according to the international method ISTA-SDg
(Linsekns, Jackson, 1992) and percentage of different fractions Using
the program Bio Profil was evaluated densitometrically.

Fractionation of protein from meal

Albumins and globulins were separated using 1 M NaCl in the medium
Na-phosphate buffer at pH 7, overnight and at 4 °C. Separation itself occurred
after 15-minute centrifugation at 6500 revolutions. The solution was analysed
by the standard method according to Kjeldahl.

Gliadins were separated using 70% ethanol for 4 hours at the room tem-
perature. The separation itself carried out in the same way like in the case of
albumins and globulins. Extraction solution 25% 2-chlorethanol was used for
evaluation of gliadins on electrophoreogram.

Glutenins were separated by 0.02 M NaOH at the temperature 4 °C for
4 hours. Further procedure is identical with the above procedure.

Protein fractions devoted for electrophoresis were prepared by the above
procedure and lyophilised for 6 hours. Lyophilised material was processed
by the standard method ISTA-SDS.

Statistical evaluation was done using the program Statistika 6.0 in tWO
subsequent steps. In the first part spelt wheat varieties were evaluated sepa-
rately on both localities and subsequently the locality in Ceské Budgjovice
(CB) was evaluated individually, including both reference varieties of com=
mon wheat.

RESULTS AND DISCUSSION

Spelt wheat showed markedly higher crude protein content during the
period under study compared with both reference varieties. The highest cot”
tents were found in original obsolete spelt wheat varieties Altgold (CB) ~
18.53%, Ostro (HUM) — 18.07%, Oberkulmer Schwarzer (CB) - 17~82%
from the year 1999. On the contrary, the lowest values were found in bot
reference varieties Brea (10.54% or 11.87%, respectively) and Samara a i
or 13.04%, respectively) in both the years under study. High statistical $1&°
nificance of all studied factors follows from resulting statistical analyse®
(Table IIT and Fig. 1) both in the case of evaluation of spelt wheat 01 tW‘f
localities and in evaluation of spelt wheat varieties with both reference 4

1 Evaluation of crude protein content in spelt and common wheat on the locality Ceské
Bu'déiovicc in the years 1999 and 2000

T T I

‘ effect effect error error F P-level nTﬂucnce/of ‘
factor (%)
I 6

| 1133 | 10 001 | 85288 | 0.0 ‘ 35.49 ‘\

| |
2 1 ‘ 19.56 ‘ 10 ‘ 0.01 ‘ 1472.00 ‘ 000 | 6020

12 L 6 | 159 | 10 | 00L | 11984 | 000 489 |

| - variety, 2 — year

rieties on the locality Ceské Budgjovice. Nevertheless, the highest per cent
effect on the studied content of crude proteins had the year in both cases.

The contents of albumins and globulins in the studied years ranged be-
tween 2.1% (Samara, CB, the year 2000) and 4.2% (Lueg, HUM, the year
2000). The growth of this fraction in evaluated spelt wheat varieties in 2000
can be seen in Fig. 2 compared with the year 1999. The variety Lueg in Ceské
Bud&jovice is the only exception that manifested falling trends together with
both reference common wheat varieties. In evaluation of spelt wheat varieties
on different localities (Fig. 2) only the year was significant, the effect of
variety and locality was not confirmed. On the contrary, it follows from an
independent evaluation on the locality Ceské Budgjovice with both reference
varieties that the effect of variety and significance of the year was removed,
what tells about statistically significant difference in the content of this frac-
tion between spelt wheat and reference varieties.

The content of gliadins was not so fluctuating in both studied years com-
pared with the previous fraction. While on the locality Ceské Budgjovice in
2000 there was a general trend of the fall of the content of gliadins, the course
was opposite on the locality Humpolec and in 2000 an increase in the content
9f this fraction was recorded in all studied varieties (Fig. 3). The highest value
n the content of gliadins was found in the variety Altgold (HUM, the year
2000) — 8.18%, the lowest one in the content of gliadins was found in the
Teference variety Brea in 2000 — 4.67%. The effect of variety and year was
Statistically significant in view of statistical evaluation of all studied spelt
Wheat varieties. On the contrary, the effect of locality was not statistically
Significant. Highly statistically significant effect of both studied factors —
Yari§ty and year — was proved from partial statistical evaluation on the local-
1ty Ceské Budgjovice and from evaluation of reference varieties. In both cases
°f evaluation the year was the most marked factor (per cent effect of factor —
33% or 42.5%, respectively). Nevertheless, neither the factor of variety was
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negligible (per cent effect of factor — 10.28% in case of independent evaly.
ation of spelt wheat varieties).

The content of glutenins fluctuated in different years and within testeq
varieties as affected by the year. All evaluated spelt wheat varieties idengj.
cally on both localities manifested in 2000 a considerable increase in the
content of glutenins compared with the year 1999. On the contrary, in refey.
ence varieties of common wheat this effect was opposite and a slight decreagg
in the content of this fraction occurred in 2000 (Fig. 4). The highest conteng
of glutenins was found in the variety Ostro (HUM, 2000) — 5.14%, the lowest
contents were found in the reference variety Brea (1.67% or 1.87%, respec-
tively — Tab. IV, Fig. 4). Highly statistically significant effect of variety and
year follows from statistical evaluation, and in this case also the effect of
locality was statistically significant. Unambiguously greatest effect of year
(91%) on evaluated fraction follows from per cent share of different factors,
while the share of the effect of variety and site amounted to 2.25% or 1.17%,
respectively. Partial statistical evaluation on the locality Ceské Budg&jovice
with both reference varieties of common wheat was similar and the year was
the most important factor affecting the content of a fraction.

Protein spectra of albumins and globulins (Fig. 5) among spelt wheat
varieties or reference variety of common wheat, respectively, was very close
and corresponded by its character to the finding of American authors in the
spectrum of water-soluble proteins from two varieties of common wheat in
non-reducing conditions (Kim, Bushuk, 1998). However, the finding in
quality aspect of highly similar spectra of gliadins and glutenins inside the
studied varieties and mutual quantitative ratio of all three fractions by densi-
tometric measurement (Table V) is interesting. In congruency with Canadian
authors (Abdel-Aal, 1996) high-molecular spectra of bands that were
marked by Canadian authors as HMW-glutenin spectra, were found in gliadin
fractions in the zone 80—115 kDa. Another significant zones in gliadin frac-
tion of molecular weight 54-24 kDa and 16-3 kDa will be probably con-
posed of LMW (light molecular weight) — fraction of glutenins and gliadins.

The greatest percentage of fraction of albumins and glutenins was fou'nd
from mutual quantitative evaluation of fractions on gel in all three studied
varieties and ranged between 42 and 52%. Glutenin fractions with percentag®

3-25% showed the lowest values. Reasons for this disproportion, compared
with quantitative measurements after the Kjeldahl method, should be
searched for in the chemical composition itself. While Kjeldahl’s metho
evaluates the content of total mineralizable nitrogen that is then in the cas®
of wheat converted by coefficient 5.7 into the content of crude protein, den-
sitometric evaluation is based on visualisation only of protein molecules by
specific coloration of Coomassie Blue R 250. Another reason is a prObably
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5 Eledmphoreogram of three

jt and common wheat pro-
56 fractions | .
1 ractl 2 il -
F” i . @
ins and globulins “

alb - albumins and g

gli — gliadins

gu — glutenins

T, Altgold (T- spelta L.)
2. Rouquin (T. spelta L.)
3. Brea (T aestivum L.)

lalb. lglhi. iglu. 2alb.  2gli 2glu. 3alb.  3gli. 3glu M

different affinity of this colour to different protein fractions of spelt and
common wheat fractions. o
The fact of overlapping of LMW glutenins and gliadins or the p0551b1l.1ty
of the transition of HMW, respectively — and partially also LMW — fraction
of glutenins into gliadins in the medium SDS-PAGE was published ab’un—
dantly (Pomeranz et al., 1988; Abdel-Aal etal, 1'996; Oves'na.et
al., 2000) and there is some historical development in th1§ aspect. Mifl in
and Shewry (1979) propose the name gliadin for proteins of wheat grain
endosperm, Field et al. (1982) classify proteins of endosperm in non-aggre-
gating and aggregating gliadin (present glutenin). Other studies based on
combination of more technologies (HPLC and SDS-PAGE electrophoresw),
eventually two-dimensional electrophoresis, genetic studies with monosomic
lines and studies of amino acids sequences of split fractions allowed to sepa-
rate different protein components and to locate on genome (Pomeranz et
al,, 1988). o
Relatively constant sum of extractive fractions in both referen.ce varieties
of common wheat was found in complex evaluation of protein fractlons
together with detection of higher average content of sum of extractive .fI'E'lC-
tions in 2000 compared with the year 1999 in all evaluated splet varieties
caused above all by great increase particularly of glutenin fraction on both
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V. Mutual per cent ratio of protein fractions obtained by densitometrical evaluation on electy
0~

phoreogram (Fig. 5)

Variety / Fraction gl]:l:l;;ii;‘: (d(;j Glié{]y;i)ins Gltzt(;;r)lins
Altgold (T. spelta) 46.29 28.83 ) 727478787\
Rouquin (7. spelta) 41.79 34.06 24.15

B Brea (T. aestivum) 51.65 35.16 | 13.19

VI. Evaluation of albumin and globulin fractions in spelt and common wheat on the locality
Ceské Budégjovice in the years 1999 and 2000

Df MS df MS
effect effect error error F P-level influensE
- factor (%)
1 6 0.57 14 0.14 4.05 0.61 45.97
2 1 0.00 14 0.14 0.01 0.93
12 6 0.53 14 0.14 3.81 0.02 42.74

1 — variety, 2 — year

VII. Evaluation of gliadin fractions in spelt and common wheat on the locality Ceské Budgjovice
in the years 1999 and 2000

_ : =
Df MS df | MS
effect effect error error F P-level iqﬂuence o
| factor (%)

- ]
1 6 2.23 14 0.04 52.19 0.00 39.33
2 1 2.41 14 0.04 ‘ 56.22 0.00 42.50
12 | 6 0.99 14 0.04 | 23.03 0.00 17.46

1 — variety, 2 — year

localities. Great importance of the year was confirmed on representation of
different fractions (Prugar, Hrafka, 1986) and higher plasticity of spelt
wheat to these conditions. Positive effect on higher percentage of protein
fractions in 2000 should have higher average temperature by 2 °C in the
period from April to June as well as good moisture reserve caused by highet
precipitation in March compared with the previous year. More compact it

balanced stand in 2000 and more favourable weather in August of 2000
(Tables I and II) have a positive impact on better ripening of the stand and
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vIIL Evaluation of glutenins fractions in spelt and common wheat on the locality C. Budgjovice
in the years 1999 and 2000

e — I —
{ 7 | b EML df \7 . MS - 7“‘
‘ ‘ ) ‘ ‘ w influence of ﬁ

‘ effect ‘ effect | error BN error | F | P‘lid, ‘ Factor (%) 7 ‘
B Ti 6 ‘ 1.91 ‘ 4 | 007 | 2924 | 0.00 ‘ 13.01 H
‘ 2 ‘ 1 ‘ 11.74 ‘ 14 \ 0.07 ‘ 179.76 ‘ 0.00 ‘ 79.97 ‘
‘lez:j:::é% 096 | 14 | 007 | 1469 | 000 | 654 \

| — variety, 2 — year

[X. Evaluation of factors influence in tested protein fractions in spelt wheat (on 2 localities in
2 years — see Figs. 1, 2,3, 4)

TAlbumins an;i ‘ o ‘ o H

Faslad 1 globulins ’ Gliadins | Glutenins “ Crude protein ‘
‘ Fraction influence ‘ influence ‘ influence “ influence |
‘1,,, | of factor (%) ‘  of factor (%) | of factor (%) | of factor (%) H
\ 1 ‘ ‘ 10.28 | 225 ‘ 2.92 H
y) ‘ 1.17 1.62 H
‘ 3 ‘ 57.03 32.98 ‘ 90.92 ‘ 34.58
‘ 12 ‘ 4.68 ’ 7.67 ‘ 1.40 ‘ 5.79 H
h 13 ‘ 2.34 ’ 3.30 ‘ 2.19 ‘ 1.64 H
|23 ‘ 29.33 ’ 42.64 ‘ 50.05 H
\‘ 123 5.50 \ ‘ 1.56 | 3.38 |

I — variety, 2 — locality, 3 — year

probably had the greatest effect on higher percentage of extractable protein
fractions compared with the year 1999. The content of crude protein was on
the locality Humpolec similar in both years. On the contrary, on the locality
Ceské Budé&jovice was considerably lower. The content of crude protein cor-
responded by its range to the finding of Italian authors Cubbada and
Marconi (1995). In this connection in further similar studies it will be
necessary to investigate also seasonal fluctuations of nitrogen in soil.

High percentage of insoluble protein fraction in the year 1999 should be
explained probably by lower degree of ripeness of spelt wheat during harvest
and on the locality in Ceské Budgjovice also by lower stand density what led
to formation of greater number of fertile tillers with uneven degree of ripe-
ness. Unfinished process of ripeness thus should cause a great share of struc-
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variety, locality, year

6. Content of protein fractions in spelt and common wheat

proteins with lower representation of storage proteins (Pelikdn,
a, 1978). Nevertheless, it is necessary to mention that according to

d Hradka (1986) biosynthesis of storage proteins takes place
hich are not their

qral

Lisk
prug ar an
py their proper way independent on protoplasmic proteins, W

predecessors.

CONCLUSION

The results obtained confirmed a considerable effect of medium together
with genetic conditional character regarding different protein fractions. The
ability of spelt wheat to cumulate significantly crude proteins and their frac-
tions has been confirmed, even under conditions of low inputs. Gliadin frac-
tion was proved in spelt wheat that will evidently limit its utilisation for
gluten-free diet. The fact of 1999 is interesting when spelt wheat cumulated
unusually high percentage of crude protein outside extractable protein frac-
tion. The question is how great influence should be given to soil and climatic
complex on one side, and to lower degree of spelt ripeness and difference
caused by the possibility of mutual intermingling and transition of protein
fractions on the other side.

In view of quantitative comparison of extracted fractions found by the
classic method after Kjeldahl and preliminary densitometric measurement on
gel, mutual irreplaceableness of both methods follows. Nevertheless, densi-
tometric and spectrophotometric evaluation, respectively, should be a suitable
complement to evaluate both nutritional and technological quality in view of
evaluation of only protein molecules only.

The principle of Osborn’s classification of p
boundaries of protein solubility in the given solvent, should be specified in
the future very exactly by the used extraction agents and reaction conditions
and view of nutritional and technological qualities we cannot eliminate direct

protein analyses.

rotein fraction, based on firm
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