Changes in technological quality of food wheat
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ABSTRACT

The evaluation of technological characteristics of food wheat (Triticum aestivum L.), grown in a four crop rotation (corn,
barley, pea, wheat) since 1994, is presented. Samples of grain, whole grain meals, and flours of the varieties Vlada and
Samanta were analyzed. The samples originated from field trials at aresearch base near Nitra. All important methods of
the assessment of the raw material technological quality (intended use for milling and baking) were applied. A total of
22 characteristics were evaluated (15 of them are shown in Table 1). The highest abundance of highly significant (signifi-
cance levels being results of both parametric and nonparametric methods) changes (a < 0.01) in quantity (grain and flour
yield) and quality (gluten and its properties, water-binding capacity of flour, a-amylase activity) was observed between
different years (7). The soil management methods (3; 2 + 1) had asignificant (a < 0.05) influence on the test weight
(grain volume mass) and gluten content. In interaction with the year (as afactor), they significantly influenced gluten
swelling number (Q-number) and highly significantly the activity of a-amylases. Highly significant differences were also
found between varieties (2; 1/1), significant ones in interaction with soil management. Fertilization (3) and other interac-
tions of factors were not statistically significant. Parameter means for factor levels (along with statistical significance of the
influence of particular factors) and simple quality coefficients (used for the ranking of factor levels) are shown in Table 1.
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The baker, as stressed by Hamer (1992), meets with
a bunch of problems, the fundamental one being the vari-
ations of parameters in her/his main ingredient — wheat
flour. The flours show batch-to-batch variations in pro-
tein and starch content, and enzymatic activity. This is
reflected in the water-binding capacity (WBC), dough
behavior during processing, curing and rising time,
which affects the volume of products. As an example,
starch amylolysis leads to the loss of bound water —
a positive effect to some extent. Higher water losses com-
monly accompanied by an increased production of dex-
trins result in less favorable dough (Drapon and Godon
1987, etc.). Moreover, not every wheat grain yields flours
of equal quality at equal milling conditions (Muchova
2001). Thus, wheat separation is the first necessary step
towards quality flours. The isolation of individual pas-
sages provides millers with the ability to perform econom-
ical mixing of wheat that, together with the online control
of middlings at critical points of technological operations
and final products as well, substantially enhances the
probability of obtaining a flour of requested fixed prop-
erties (Sugden 1997, 1999, Schifer 1999). Consequently,
we were interested in changes in the technological qual-
ity of food wheat grown (for a long-term) in a four crop
rotation: corn — barley — pea — wheat.

The milling and bakery-processing simulations under
laboratory conditions were performed by trial milling and
baking.

MATERIAL AND METHODS

The investigation of changes in wheat technological
quality was based on multi-factor field trials at an exper-
imental base of the Slovak Agricultural University near
Nitra (climatically warm, moderately arid region of corn
production type; soil — Orthic Luvisol with good supply
of accessible N, P, and K) in the period of 1994-2000. The
factors investigated were as follows: 2 (1/1) varieties (Vla-
da, 1994-1998 and its replacement Samanta, 1999-2000),
3 (2 + 1) types of soil management (B1 — tillage to the
depth of 0.2 m + surface cultivation of the soil, B2 — soil
preparation by disk harrow and combined cultivator, B3 —
combined cultivator and rotary plow; the last one since
1997), and 3 fertilization variants (0 — unfertilized, IF —
industrial fertilizers with doses calculated by the balance
method for planned yield of 6 t/ha, RIF — incorporation
of all after-harvest plant remnants combined with doses
of industrial fertilizers calculated by the balance method).

The evaluation methods included the common ones for
determination of test weight (grain volume mass, TW [g/1]),
thousand grain weight/mass (TGW [g]), percentage of
complete grains (PCG [%]); special ones —trial milling with
the determination of flour yield (fractions I and IL, Tall [%])
and properties of the main milling fractions. From the chem-
ical and physical analytical methods, we used standard
methods of determination of the dry [%], gluten (G0, G30
[%]; 0—in the whole grain meal, 30 — in flour), gluten swell-
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ing number (QO0, Q30 [ml]), and rapid assessment methods

as SDS-test (SDS, SDSiF [ml]; iF — in flour) and falling

number (FN, FNiF [s]); furthermore the determination of
rheological properties (valorigraphic value VV among
them) of the dough and trial baking were carried out.

Parametric and nonparametric methods (exact or esti-
mated significance levels were computed) were used (in-
dividual analysis of variance, Kruskal-Wallis and
Friedman tests followed by the analysis of contrasts —
t-tests, Wilcox test; correlation analysis by Spearman,
Kendall, and Pearson methods; normality assumptions
for parametric methods were checked, as well as the ap-
plicability of each method) in the process of statistical
evaluation (see e.g. Honerkamp 1990; R-Core Team,
2000-2002 and references therein) of the results. The
means for factor levels of the investigated parameters are
presented in Table 1 along with the significance of fac-
tors for each of the 15 quality characteristics (appropri-
ate significance levels were chosen by a conservative
approach — in the case of doubt the output of the method
giving the worst values was taken). The data in Table 1 are
rounded means (to reproduce/verify the grand mean, if
wanted, up to rounding error, it is necessary to calculate
weighted average according to the experimental design
above, i.e. for year means: 1994—1996 must be multiplied
by product 1*2*3, for 1997-2000 by 1*3*3 before sum-
ming up and dividing by 54 — the total number of combi-
nations/data points for a parameter; for variety means:
Vlada by 3*2*3 4+ 2*3*3, Samanta by 2*3*3; for soil man-
agement means: Bl and B2 by 1*7*3, B3 by 1*4*3; for
fertilization means: all by 1*3*2 + 1*4*3; the numbers in
preceding weights are in the following order:
varieties*years*soil-management*fertilization — the ac-
tual factor used to calculate the grand mean is, of course,
always skipped and the summing-up and dividing-step
is shared by all factors), but all the calculations were
performed with the exact raw values; such data sets can
effectively be represented by graphical means like scatter-
plots (R-Core Team, 2000—2002 and references therein) if
desired (see e.g. Muchova 2001 for examples with simi-
lar, large data-sets).

We also performed some simple quality calculations.
The quality measure was designed to represent a devia-
tion (relative difference) from the chosen optimal values
for particular parameters. Total quality (K) was calculat-
ed by taking the arithmetic mean of the individual devia-
tions, i.e. K = SUM(DEV)/COUNT(DEV). A deviation
(DEV) for a parameter, say P, is given by:

—DEV =D(ABS((MEAN(P) —

TO_POINT(reference for_P)))/SCALE for_P.

The MEAN in the last expression is the arithmetic one,
and ABS means absolute value. The TO POINT func-
tion equals:

—tothereference valuefor Pif it is point-wise, e.g.
reference_for_P =230, then
TO_POINT(reference_for_P) =230

—tothelower bound if the referenceis minimum-like,
e.g. reference_for_P: min. 40, then
TO_POINT(reference for_P)=40
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—tothe upper bound if the referenceis maximum-like,
e.g. reference for_P: max. 160, then
TO_POINT(reference_for_P) =160

—the arithmetic mean (this leads to apparent stretching
of values close to but not quite equal to the reference
ones, thus allowing for their separation) of the lower
and upper bound if the reference was given as an
interval, e.g. reference_for_P: min. 40 —max. 160, then
TO_POINT(reference for_P) = (40 + 160)/2 = 100.

The function D returns:

—itsargument, e.g. D(ABS(5-100)) =95, if MEAN(P) is
not in the reference interval, it does not equal the
referencevalueif it ispoint-wise, or the argument is
not bigger thanthe TO_POINT (reference _for_P)

—zeroif theMEAN(P) isinthereferenceinterval (i.e. no
deviation), e.g. ABS(45-100) =55 but 45>40alsoD =0

—TO_POINT (reference for_P) if theargument of D is
bigger than TO_POINT (reference_for_P), this
representsthe valuesfar off optimum, e.g. ABS(1000—
100) =900 > 100 hence D = 100 —i.e. nothing can be
worse than absolutely unacceptable.

The parameter SCALE for P ensures that all devia-
tions are relative and thus comparable — bound to the
interval <0,1>. With the above choices SCALE for P can
be set equal to TO POINT(reference for P), i.e.
SCALE for P=TO POINT(reference for P).

The individual relative deviation (e.g. reference for P:
min. 40 —max. 160, MEAN(P)=5,D=95,SCALE for P=
TO_POINT(reference for P)=100, then DEV =0.95)is
a normalized distance from a given value(s) indicating
how far the actual parameter is from the desired state (0 or
0% is equivalent to optimum, 1 or 100% is equivalent to
something like absolutely unacceptable result). One in-
dividual relative deviation can be represented graphical-
ly (if desired) by a ray in a starplot, or by a cell in a table.
The sum of all rays (divided by their number to bind K to
the interval <0,1>) or the shape of a star is equivalent to
the above defined total quality — we sometimes call it star
quality coefficient K. Star quality coefficient K can be
understood as the equivalent portion (percentage) of
criteria not met (see also Ivanova 2002 for a similar ap-
proach to a different topic), or as an average relative de-
viation of each parameter (the closer to one/hundred the
worse, see above), e.g. K =0.20 would mean in our case
— 15 parameters that the quality is as if three of the crite-
ria were unacceptably missed or that the deviation of all
criteria from their respective references is on average
20%. The interpretation is thus straightforward 0 — ex-
cellent quality, 1 — bad quality, values in-between ac-
cordingly (as a classification system that can be
different for different purposes). In this contribution,
reference values are chosen to represent the desired
optima (yield — min. 8 t/ha, TGM - min. 45 g, GVM -
min. 780 g/1, PCG - min. 85%, GO - min. 25%, Q0 -
min. 12 ml, SDS - min. 45 ml, G30 - min. 30%, Q30 -
min. 15 ml, SDSiF - min. 80 ml, FN - 220-250 s, FNiF
- 250-280s, Iall — min. 69%, WBC - 58-64%,VV -
min. 70 points). The quality coefficients are summarized
in Table 1. They are used to establish the ranking of lev-
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els for particular factors by objective means in this pa-
per (see also e.g. HuSek and Maias 1989, R-Core Team
2000-2002 for more details on the multicriterional eval-
uation of variants).

RESULTS AND DISCUSSION

The grain yield (yield), thousand grain weight/mass,
test weight (grain volume mass), flour yield, gluten con-
tent in flour and its swelling number, water-binding ca-
pacity and sedimentation were influenced highly
significantly (a < 0.01) by the annual dynamics; gluten
content in grain and 0-amylases activity in flour only sig-
nificantly (a <0.05), see also Table 1. The highest mean
grain yield (highly significant) was achieved in the years
1994 (8.15 t/ha) and 1997 (8.11 t/ha); the lowest one in the
year 2000 (4.62 t/ha), see Table 1. A significant difference
in grain yield was observed for most of the combinations
of year pairs (15 of 21).

For the formation of technological quality (gluten prop-
erties, rheological properties of dough, results of baking
trials), the year 1996 was the most beneficial one (Table 1;
K 0J0.104, equivalent portion of 10.4% criteria, i.e. almost
two, were not met or deviation of each parameter was on
average off the optimum by this value).

The different soil management systems (see also Ta-
ble 1) exerted a significant influence on the test weight
(grain volume mass) and gluten content only (in both
flour and whole grain meal). The highest values of those
parameters were recorded for the B1 variant. Highly sig-
nificant differences between this variant and the B3 one
(see also Table 1) were also observed for the valori-
graphic value in addition to the mentioned (characteris-
tics) and significant ones for flour yield, activity of
o-amylases and gluten swelling in flour. The differences
between B2 and B3 (Table 1) are highly significant for
test weight (grain volume mass), gluten content and
swelling number in flour, significant for flour yield and
the a-amylase activity in flour. According to the total
quality (the portion of requested criteria not met/the
average relative deviation from optimum), the ranking
(Table 1) of soil management systems is as follows: B1,
B2, B3 (values of K being [10.085, 0.088, and 0.104, re-
spectively).

Vlada/Samanta varieties’ differences were highly sig-
nificant for the grain yield, thousand grain weight/
mass, seditest in the whole grain meal, water-binding
capacity of flour, flour yield, and significant for test
weight (grain volume mass), gluten content and swell-
ing number (determined) in flour, and the activity of
o-amylases mainly favoring Vlada (see also Table 1).
The influence of the interaction with the used soil man-
agement type appeared to be significant for SDS-tests
in the whole grain meals.

The types of fertilization did not show any statistically
significant effect. The quality ranking in this case would
be RIF, IF, O (Table 1, values of K being ~0.0841, 0.0845,
0.089).
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After 7 years, the soil structural state improved, Mucha
(2001), compared with the initial one (1994). The positive
agronomic influence of the (mainly) water-resistant soil
structure seems to be confirmed. Such (favorably struc-
tured) soil releases the reserves of water and nutrients
more efficiently than the soil with high percentage of
micro-aggregates.

The calculated correlation tests show that the grain
gluten content appears to have a highly significant, pos-
itive relation to gluten content in flour, seditest value in
the whole grain meal, low activity of a-amylases in flour,
and a negative one to seditest and gluten swelling num-
ber in flour.

Considering the gluten content in flour, there were
found similar, highly significant, negative correlations as
above; additional positive correlations to flour yield and
water-binding capacity of flour appeared. Highly signif-
icant, negative correlations were observed between the
Q-number values and the a-amylase activity in both flour
and whole grain meal, the flour yield and the water-bind-
ing capacity of flour.

The relations between the water-binding capacity of
flour and the other rheological characteristics — dough
rising and stability times [minutes], its softening [FU] —
were in favor of Vlada in the case of high water-binding
capacity values (58—62%): dough rising and stability in
excess of 4 minutes, softening degree after 12 minutes
under 60 FU.

Products with a higher volume (more than 455 m1/100 g
of flour), uniformly porous and elastic crumb were ob-
tained in baking trials.

The presented results suggest that the conventional
soil management (B1) combined with incorporation of
after-harvest remnants + use of well dosed industrial fer-
tilizers (RIF) can lead to a decrease in the variety differ-
ences for some characteristics (grain volume mass, flour
yield, gluten content) but the specific properties (water-
binding capacity of flour during dough production, its
stability and body) were better for the variety Vlada with
the agro-technical interventions being not really signifi-
cant, but in combination with the varying weather condi-
tions in individual years.

The facts presented in this contribution are in a good
agreement with those found for a broader pool (10) of
varieties in 19861990, for 3 fertilization variants (not
identical with the mentioned ones) after the same pre-
crop —pea (Muchova 1992). The varieties Ilona and Hana
gave the best results that time. These varieties, accom-
panied by Vlada, have been replaced by new, more pro-
ductive, but lower-quality ones in recent years.

A certain promise of the better structure of varieties
used in future — as a base of the production of sufficient
amounts of quality food wheat in the SR, also taking
into account unstable weather conditions — is the mod-
ification of the technical standard for food wheat (STN
461100-2, 2000) requiring the following 4 class grading
according to quality and intended use: E (elite),
A (good quality), B (standard), P (for baker’s goods,
biscuits).
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Zmény technologické kvality potravinaiské pSenice ve ¢tyFhonném osevnim postupu

Byly hodnoceny zmény jakostnich znakl technologické kvality potravinaiské pSenice (Triticum aestivum L.), péstované od
roku 1994 ve ¢tyfhonném osevnim postupu (kukufice, je¢men, hrach, psenice). Byly analyzovany vzorky zrna, celozrn-
nych §rotl a mouk odrud Vlada a Samanta z polnich pokust na vyzkumné-experimentalni bazi nedaleko Nitry. K hodnoceni
byly pouzity vSechny dilezité metody pro posouzeni technologické kvality suroviny pro mlynsko-pekaiské vyuziti. Cel-
kem bylo vyhodnoceno 22 znaki (15 z nich je prezentovano v tab. 1). Nejvice vysoce vyznamnych (hladiny vyznamnosti
jsou vysledkem jak parametrickych, tak i neparametrickych metod) zmén (o < 0,01) v kvantité (4roda zrna, vytéZnost mouk)
i kvalité (lepek a jeho vlastnosti, vaznost vody moukou, aktivita a-amylaz) bylo zji§t€éno mezi ro¢niky (7). Rozdilné zpi-
soby obdélavani pudy (3; 2 + 1) vyznamné (o < 0,05) ovlivnily objemovou hmotnost zrna a mnozstvi lepku, v interakci
s ro¢nikem rovnéz bobtnani lepku a vysoce vyznamné aktivitu a-amylaz. Vysoce vyznamné rozdily byly zjistény rovnéz
mezi odrudami (2; 1/1), vyznamné v interakci s obdélavanim piady. Hnojeni (3) a dalsi interakce se statisticky vyznamné
neprojevily. Priméry hodnot parametrii na hladinach faktord (spolu s vyznamnosti vlivu faktorti) a jednoduché koeficienty
kvality (pouzity na urceni pofadi podle kvality) jsou uvedeny v tab. 1.

Klicova slova: ¢tyfhonny osevni postup; potravinaiska psSenice; ro¢ni trendy; obdélavani pudy; hnojeni; kvalita
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