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The bread-making quality of forty commercial winter wheat samples, grown in the western region of the Czech Republic, and their
flours (white flourswith ash content of about 0.5%) prepared in acommercial mill was studied. Standard analytical methods (ash
and protein content, wet gluten), amylolytic activity measurement (falling number), rheological investigation (alveograph, gluten
index), sedimentation test and laboratory baking test were used for characterization of wheats and flours. In addition NIR method
was used to calculate ash, wet gluten, sedimentation value and protein content. Statistically significant correlations were found
practically between all tested quality parameters of wheat and corresponding flour samples. However, the strongest correlation
(r = 0.69-0.70) significant at 0.01 level exists between specific bread volume and protein and wet gluten content, determined

both by standard or by NIR methods.
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Baking quality of wheat flour described by means of
analytical and rheological parameters is influenced mostly
by wheat characteristics and milling process. Wheat qual-
ity depends on cultivar, climatic conditions, year and pro-
cess of harvest and storage attendance (PRTHODA 1980;
HUBIK & NOVOTNY 1997). The mill industry requires
uniform grain lots to predict milling and baking product
quality and therefore the wheat parameter standardiza-
tion before milling needs permanent examination.

Standard methods of wheat quality determination are
mostly time-consuming and do not conform to a mill pro-
cess. Screening methods are used to assess many quality
parameters from a small amount of samples in a short time.
NIR analysis of wheat and flour is aimed at the determina-
tion of moisture, ash, protein, wet gluten content and some
quality characteristics (HRUSKOVA 1995a). Most cereal
laboratories are equipped with reflectance instruments
using filter wheels or tilted filters. The disadvantage of
filter instruments is their limited ability to use different
spectral regions that correspond to the known absorp-
tion bands of common constituents of the material.

One of the aims of cereal research is to describe wheat
technological quality by the number of parameters as
small as possible to accelerate the process of wheat eval-
uation during mill supply (MANEV et al. 1994). There-
fore, replacement ability of quality parameters and

relations between wheat, flour and end-use product qual-
ity are essential for the cereal industry (TIPPLES et al.
1974; RUBENTHALER & POMERANZ 1984; BRANLARD ef
al. 1991; HUBIK & NOVOTNY 1997). Prediction of baking
product quality directly from wheat parameters helps to
exclude unsuitable batches and to prepare an optimal stor-
age and mixing system before the milling process.

Several reports were published concerning the relations
between quality of wheat and corresponding flour but
their generalization was limited by dependence on ori-
gin, growth year and cultivar. In addition, the results ob-
tained in laboratory conditions or in a set of samples of
wheat variety only were mostly different from the results
of industry testing of commercial wheat.

BRANLARD et al. (1991) found a conclusive relation
between sedimentation (SDS) value of wheat and baking
volume of bread at 46 samples of French soft wheat.
PERTEN et al. (1992) described a significant correlation
between wheat protein content and flour wet gluten con-
tent. The dependence between wheat gluten quality and
flour gluten quality determined by means of Glutomatic
(expressed as Gluten Index — GI) was not proved (PERTEN
1990). MANEV et al. (1996) evidenced a negative relation
between GI of Czech wheat and flour wet gluten content.
These results agreed with the investigations of HOMMO
etal. (1991), who found a negative correlation of wheat GI
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to baking bread volume in two sets of Finnish wheat sam-
ples. Wheat protein and wet gluten content significantly
correlated with specific bread volume (TIPPLES et al. 1974;
PRIHODA 1980; RUBENTHALER et al. 1987; OHM et al.
1998). The evidence of relations depends on the testing
methods used, above all on baking test.

As for rheological tests, PRIHODA (1980) proved pos-
itive correlations of farinograph water absorption and ex-
tensigraph extensibility to specific bread baking volume
in Czech flour samples from harvests 1978 and 1979.
BRANLARD ef al. (1991) reported an important positive
correlation between bread volume and alveograph ener-
gy in French winter wheat. Relations between SDS value
of wheat and Zeleny value of corresponding flour were
also demonstrated (HRUSKOVA et al. 1998).

The objective of this study was to monitor relations
between wheat and corresponding flour composition,
rheological behaviour, and experimentally baked prod-
ucts in conditions of a Czech commercial mill.

MATERIALS AND METHODS

Forty samples of winter wheat from the harvest 1999
were taken from a commercial mill during five months.
Wheat sampling was done every day at the same time
before the first milling machine. White fine flour pro-
duced from this wheat was received by daily containers
with time delay necessary for the milling technological
process. The schedule of sampling made sure that sam-
ples of flours corresponded to samples of wheat with ac-
curacy consistent with the technical and technological
possibilities of the mill.

Wheat and flours were analysed on the same day as the
sampling. Wheat and flour quality was determined ac-
cording to Czech standard methods (wet gluten, its ex-
tensibility and elasticity — after hand washing and wet
gluten including GI —according to ICC 155 at Glutomatic

22000 (Perten, Sweden), Falling Number according to ISO
3093 at FN (Perten, Sweden), SDS value — according to
Czech standard 460102 at SEDI-tester and by means of
NIR spectrophotometer Inframatic 8600, Perten (ash, wet
gluten and protein content — according to Czech standard
methods).

The rheological properties of flour were evaluated by
means of alveograph MA 95 (Tripette, France) accord-
ing to ISO 55 30.

The baking test was performed according to RMT meth-
ods with modifications (the used prescription was: flour
100%, dried yeast 0.8%, salt 2%, sugar 0.5%, vegetable
oil 3% and water necessary for optimal consistency).

The dough from 2000 g of flour was prepared in mixer
Diosna SP 24 (Dierks, Germany). Dough dividing into
sixty pieces was made in Fortuna divider (Schoder, Ger-
many). Czech machines were used for roll shaping and
baking at 230°C for 12 min.

Bread volume was determined after two hours of cool-
ing by means of rape seeds.

The prediction of specific bread volume from wheat
and corresponding flour was made by NIR instrument
too (Czech standard method).

At least two independent measurements per sample
were made for each quality parameter tested, and the val-
ues were averaged for standard statistical analyses. The
dependence between quality parameters of wheat and cor-
responding flour was evaluated using correlation coeffi-
cient r (critical value =0.393 for forty samples). The mean
standard of dependence was determined in the range » =
0.5-0.8.

RESULTS AND DISCUSSION

Wheat quality parameters determined by standard meth-
ods are reported in Table 1 and by NIR measurement in
Table 2. Wheat quality was very similar in the test period

Tablel. Average values of wheat quality parameters determined by standard methods

Parameter Average Minimum Maximum S.D. Variation
OH (g/ml) 797 780 815 7.883 0.99
FN (s) 280 209 372 40.253 14.38
SDS (ml) 63 58 69 3.032 4.81
G, (%) 26.6 24.9 29.9 0.972 3.65
T, (mm) 115 85 145 15.325 13.33
P, (cm) 3 2 4 0.675 22.49
GG (%) 28.1 24.6 30.6 1.142 4.06
GI 67 52 83 8.085 12.07

OH - test weight
SDS — sedimentation value

T, - wheat gluten extensibility
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Table 2. Average values of wheat parameters determined by NIR spectroscopy

Parameter Average Minimum Maximum S.D. Variation
Pop (%) 1.45 1.28 1.83 0.113 7.81
SDS (ml) 60 54 66 2.378 3.99
G, (%) 24.9 23.8 26.0 0.627 2.52
N (%) 11.7 11.3 12.1 0.239 2.04

Pop — wheat ash content
Go — wheat wet gluten content

and average values were typical of the Czech production
environment (wheat test weight 780-815 g/l, protein
11.3-12.1%, wet gluten 24.9-29.9%). Wet gluten con-
tent assessed by Glutomatic was approximately about 5%
higher than by hand washing. On the other hand, NIR
values of wet gluten were found lower in all samples.
These differences, as reported previously (PRIHODA et
al. 1994), were due to a degree of washing and surface
water removing by the reference method used for NIR
gluten calibration. SDS value was measured with the ac-
curacy which is suitable to predict from spectral analy-
ses. PEKARKOVA & HRUSKOVA (1999) determined three
millilitre differences between the measured and comput-
ed data of wheat SDS value in NIR System 6500. Ac-
cording to GI (average 67 units) and SDS (average 63 ml)
parameters the average wheat protein quality was evalu-

SDS — sedimentation value
N - protein content (N x 5.7)

ated as satisfactory for the environmental factors of 1999
harvest.

The flour quality parameters determined by standard
methods (Table 3) and by NIR measurement (Table 4)
appeared to be optimal for the manufacture of yeast leav-
ened dough in an industrial bakery (ash 0.53-0.62%, wet
gluten 30.3-35.6%, GI 68-97 units, FN 193-297 s). The
flour rheological properties measured with an alveograph
(Table 5) appeared to be well balanced as far as extensi-
bility and elasticity are concerned. According to alveo-
graph energy, the tested flour samples were suitable for
bread baking (average 188). As a result, the nearly same
specific bread volumes were obtained by a laboratory
baking test (average 575 ml per 100 g of flour) and by
NIR calculated from flour samples (average 576 ml per
100 g of flour) (Table 6). In the case of NIR prediction

Table 3. Average values of flour parameters determined by standard methods

Parameter Average Minimum Maximum S.D. Variation
FN (s) 247 193 297 27.981 11.34
G, (%) 32.8 30.3 35.6 1.286 3.92
T,, (mm) 134 100 170 16.757 12.51
P, (cm) 2 1 4 0.819 40.97
GG (%) 29.9 26.4 34.7 1.590 532
GI 82 68 97 7.093 8.65
FN — falling number G,, — flour wet gluten content

T, — flour gluten extensibility P, — flour gluten elasticity

GG — glutomatic wet gluten content GI — gluten index

Table 4. Average results of flour quality according to NIR spetroscopy

Parameter Average Minimum Maximum S.D. Variation
Pop (%) 0.57 0.53 0.62 0.026 4.54
G, (%) 313 29.4 332 0.926 2.96

Pop — flour ash content

G, — flour wet gluten content
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Table 5. Average results of alveograph parameters

Parameter Average Minimum Maximum S.D. Variation

P (mm) 72.1 51.0 83.6 6.907 9.58

L (mm) 69 54 90 8.607 12.47

P/L 1.07 0.57 1.55 0.198 18.54

W 188 151 232 18.244 9.70

P — alveograph elasticity L — alveograph extensibility

W-— alveograph energie

Table 6. Average results of bread volume from baking test and NIR spetroscopy

Parameter Average Minimum Maximum S.D. Variation

Mopp 575 420 672 55.007 9.57

Moy r 576 556 599 9.933 1.72
m

MON]RP 656 631 678 10.805 1.65

Mo — specific bread volume (ml/100 g flour or groat) Mopp — from standard baking test

Moy gy, —from flour according to NIR measurement

from wheat groats, bread volume was higher approximately
by 14% than the same characteristics obtained from cor-
responding flour. The difference can be explained by
NIR instrument calibration, which depends on a special
reference baking test for ground wheat. The bread vol-
umes are important for wheat mixing before milling.
Wheat and corresponding flour quality parameters were
assessed in order to find the ability to replace each other

——  wheat

Wet gluten content (%)

%+

MoNIRP— from groat according to NIR measurement

and a possibility to predict main flour characteristics from
the wheat ones in conditions of a commercial mill. The
substitute characteristics of wheat and flour can be deter-
mined from their statistical correlations. A statistically
significant correlation was found between wheat and cor-
responding flour wet gluten content (r = 0.44, Fig. 1) as
reported by PRIHODA (1980). Wet gluten quality de-
scribed by GI value is a significant characteristic for wheat

—0— flour
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Fig. 1. Wheat and flour wet gluten content according to standatd method (hand washing) (» = 0.44)
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Fig. 2. Wheat and flour Gluten Index on Glutomatic 2 2000 (r = 0.44)

and flour, but their values differed approximately by 15 % 2. positive correlation between wheat Gl and alveograph

(Fig.2). ratio (r =0.52)

Significant correlations were found practically between 3. positive correlation between wheat wet gluten accor-
all tested quality parameters of wheat and corresponding ding to Glutomatic measurement and bread volume ac-
flour samples at 0.01 level: cording to NIR measurement (r = 0.54)

1. negative correlation between elasticity of wheat wet 4. wheat ash content and bread volume from wheat groats
gluten and extensibility of flour wet gluten (r =—0.53) according to NIR measurement (r = 0.59)
4w -
—{— wheat —— flour
[]
[]
[]
3% £
]
o O

B am | ]

g 3 0

E N A mamis

2 A

2 - R Naea

£ 2 n

B 250 + A Al

L A X A A

[ B
X
200 + A
150 e I e — ;

Fig. 3. Wheat and flour falling number (» = 0.76)
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5. wheat wet gluten content and flour wet gluten con-
tent according to NIR measurement (r = 0.68)
6. wheat wet gluten content and bread volume accor-
ding to NIR measurement (r = 0.69)
7. flour protein and wet gluten content according to NIR
measurement (r = 0.69)
8. wheat wet gluten content and bread volumefrom gro-
ats according to NIR measurement (r = 0.70)
9. wheat protein content and bread volume from groats
according to NIR measurement (r = 0.71)
10. wheat wet gluten and bread volume from flour ac-
cording to NIR measurement (r = 0.71)
11. falling number of wheat and flour (r = 0.76).

Bread volume from groats and flour were highly influ-
enced by both protein quantity and protein quality, as re-
ported previously. The correlation coefficient depends on
the set of samples and methods of analysis (comparison
of the determination of wet gluten and protein content by
reference and NIR tests). The negative relation between
wheat wet gluten elasticity and flour wet gluten extensi-
bility was reported by MANEYV et al. (1994) in wheat vari-
ety samples.

The correlation of wheat GI characteristics with alveo-
graph ratio describing the flour viscoelastic behaviour
was mentioned by BRANLARD et al. (1991).

The relationship between wheat ash content and bread
volume from groats according to NIR measurement ap-
pears to be important for wheat breeding where ash is an
indicator of the proportion of bran in grain.

The relation between wheat falling number and flour
falling number was evident, but the differences between
them depend on the grinding process (HRUSKOVA 1995b)
(Fig. 3).

Significant correlations between wheat and flour qual-
ity parameters were used for their replacement and to sim-
plify the quality control system in an industrial mill.

Conclusions

Wheat technological quality and parameters of corre-
sponding white flour obtained in a commercial Czech mill
were described by means of usual analytical and rheo-
logical methods including a laboratory baking test. The
relationships between the results of measurements were
analysed with an objective to quickly predict bread vol-
ume from commercially prepared flour. The correlation
coefficients were calculated between wheat and corre-
sponding flour analytical and rheological characteristics
and volume of experimentally baked product. A signifi-
cant, positive correlation was determined between pro-
tein content and specific bread volume regardless of their
measurement. Similar results were obtained for wet glu-
ten content although the correlations were slightly lower
in magnitude. Based on wheat composition and wheat
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gluten quality, corresponding flour and end-use product
quality can be estimated.
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Souhrn

HRUSKOVA M., HANZLIKOVA K., VARACEK P. (2000): Vztahy jakosti potravina¥Fské pSenice a pSeniéné mouky zjisténé
v podminkach pramyslového mlyna. Czech J. Food Sci., 19: 189-195.

Soubor 40 vzorkl potravinaiské pSenice a z ni vyrobené pekaiské mouky special hladké v podminkach primyslového mlyna je
charakterizovan analytickymi a reologickymi ukazateli, které byly zjistény referenénimi metodami a pomoci NIR spektrofotometru
Inframatic 8600. Jakost mouky je také hodnocena mérnym objemem peciva stanovenym modifikovanou RMT metodou. Mezi
jakostnimi znaky pSenice a mouky bylo zjisténo 11 statisticky pritkaznych korelaci linearniho charakteru. Obsah bilkovin a mokrého
lepku pSenice nejvice ovliviiuji objem peciva.

Klicova slova: potravinaiska pSenice; jakostni znaky; pSeni¢na mouka; mérny objem peciva; korelace
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