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Abstract

HRUSKOVA M., MACHOVA D. (2002): Changes of wheat flour properties during short term storage. Czech J. Food Sci.,

20: 125-130.

Two samples of commercial wheat flour from the last year’s harvest were stored for three months (in the period from November
to April) under different conditions. The ambient temperature and humidity varied during the storage in the dependence on the
year season. Certain analytical characteristics (moisture, wet gluten and itsextensibility, acidity and falling number) and aveograph
behaviour of flour were determined at regular intervals. Flour moisture, acidity, and falling number changed with the time of
storage but no explicit influence of the storehouse conditions and theinitial flour properties was proved. Viscoelastic properties
of weaker flour samples changed during storage more markedly than those of stronger flours in the sense of a significant

improvement of their quality.
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Wheat flour bread-making quality was estimated on the
basis of the characteristics and content of protein, the
condition of starch (damage) and the flour enzymatic ac-
tivity. These parameters of flour which depend on the
wheat variety, the year and the conditions of harvest, and
the milling technology areimportant for the use of flour in
bakery and the quality of the final products.

The storage time and conditions have an influence on
thetechnological quality of wheat and result in modifica-
tions of the flour parameters. LUKOW and WHITE (1997)
studied changes of the milling and baking parameters of
US wheat during 15 months storage at temperatures in
therange of —4°C and 25°C, and air humidity in therange
of 28% and 73%. Four wheat propertieswere affected by
the storage under these conditions. The yield of flour
decreased mildly during laboratory milling. Farinograph
stability increased and the dough handling quality im-
proved. But the wheat strength was negatively affected
as shown by a lower Zeleny sedimentation value and a
higher falling number.

Flour properties change during the process of matur-
ing. PYLER (1973) described complex biochemical chang-
es which started 4 or 5 days after milling and lasted
approximately 3 weeks. Thetime of maturation isimpor-
tant for the achievement of the optimal flour bread-mak-
ing quality although this period is affected by many

factors. Thetime required for the optimal maturation de-
pends both on the flour characteristics and on the stor-
age ambient conditions. Weaker flours need alonger time
but flourswith higher ash contents reach the optimal char-
acteristics sooner.

The changes of the rheological dough properties are
connected with the gluten quality and its alterations dur-
ing maturation. Gluten extensibility mostly decreasesand
its elasticity increases (CENKOWSKI et al. 2000). As a
rule, dough becomes less sticky and its ability to hold up
fermentation gases increases. During the flour matura-
tion water absorption also increases, the amylolytic ac-
tivity becomes lower and the temperature of starch
gelatinization increases (LINFENG-WANG & FLOTES1999).
An improved dough handling and a better quality of prod-
ucts are caused by the changes mentioned above (HAMPL
& PRIHODA 1985).

Wheat flours continueto beliving biological stuffsalso
during the ensuing storage. All processes connected with
maturation work on for several daysafter milling and their
influence on the flour quality depends on the ambient
storage conditions. Flour is a very hygroscopic material
and its moisture changes with the changesin temperature
and humidity of the store environments. Flour moisture
changes can support the acidity alterations caused by
the enzymatic breaking of fytin by fytase, lipolytic fat
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hydrolysisand proteolysis(HANSEN & ROSE 1996). Chang-
es in the protein—protease complex of wheat flour as re-
flected in elasticity and extensibility of gluten can exert a
positive or anegativeinfluence on the dough bread-mak-
ing characteristics. During a longer storage time, flour
properties change by the effect of nonsaturated fatty ac-
ids which can reduce gluten swelling and water absorp-
tion, and increase starch resistence against gel atinization
(CHEN & SCHOFIELD 1996). Thisresultsin alower amy-
lolytic activity and alower gas production ability of flour
(SRIVASTAVA & HARIDAS-RA0 1992).

Flour changes become less pronounced during storage
at low temperatures. Y ONEYAMA et al. (1970) proved that
during two-year storage at 0°C, flour characteristics did
not change significantly.

The objective of thisstudy wasto estimated the chang-
es in the analytical and alveographic characteristics of
fine commercial wheat flours during short time storage
under different conditionsin industrial bakery.

MATERIALS AND METHODS

Two fineflour samples(marked M 1 and M2) from acom-
monly grown wheat variety (harvested in year 2000) pre-
pared in an industrial mill were obtained for this study.
The storage period was three months, in the term of No-
vember—January for sample M1, and of February—April
for sample M 2. Theflourswere stored in jute sacksin two
storehouses of an industrial bakery plant. The storage
took placein different locationsand under different ambi-
ent conditions which changed with the season. As con-
dition P1, the location with low temperature was marked
wherethe air temperature wavered in the range of approx-
imately 10°C. The temperature for sample M1 dropped
and that for sample M2 grew up depending on the out-
door atmosphere. Condition P2 was characterized by a
higher temperature and the conditions did not change
significantly during the storage term. Air humidity in both
locations was also different.

The stored flours were analysed two or three times ev-
ery week for moisture, wet gluten content and its extensi-
bility, acidity, and falling number (according Czech
methods, respectively | SO 3093). Therheological proper-
ties of the flours were evaluated by means of alveograph
MA 95 (Tripette, France) according to 1SO 5530-4. The
results obtained are summarized and averaged at ten days
intervals for the evaluation of the changes. Therelations
between singleflour quality characteristicswere eval uat-
ed by F- and t-tests.

RESULTS AND DISCUSSION
Flour quality parameters (analytical and alveograph)

before storage as determined by standard methods are
reportedin Table 1. They corresponded to the Czech stan-
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Table 1. Evaluation of wheat flours quality

Analytical properties  Units Flour M1  Flour M2
Moisture (%) 14.1 14.1
Ash (%) 0.5 0.5
Wet gluten (%) 323 29.1
Gluten extensibility  (cm) 12 12
Acidity (mmol/kg) 334 32
Falling number (s) 217 215
Alveograph properties

Elasticity (mm) 70 66
Extensibility (mm) 73 52
Ratio P/L 1 1.3
Energy (10E-4 J) 190 140

dard as fine type for bakery products. According to the
characteristics obtained, flour M2 was evaluated aswesker
with alower wet gluten content and al veographic energy.
Doughs prepared from these flours before storage had
optimal viscoelastic behaviour asidentified by awell-bal-
anced ratio of gluten elasticity and extensibility.

The storage conditions (marked as P1 and P2) charac-
terized by the temperature and humidity of theambient air
of the bakery storehouse were different for flour samples
M1 and M2. While the highest temperature under condi-
tion P1 was 15.6°C and it varied in the dependence on the
season during both storage tests, the temperature in lo-
cation P2 changed only alittle; during both tests, howev-
er, it was higher than it has been recommended for flour
storage.

The analytical and alveographic properties of flours
stored under conditions P1 and P2 are shown in Tables 2
and 3, respectively. The results of the appurtenant deter-
minations expressed by average for each storage decade
(approximately 5 tests) varied, as expected, with the stor-
age conditions, which applies especially to moisture, acid-
ity, and falling number. Different extentsof their dependence
were proved by F- and t-tests. The content of moisture
increased under condition P1 by approx. 1.1% and 1.2%,
respectively, in sasmples M1 and M2. Storage under con-
dition P2 resulted in aloss of the flour moisture, the con-
tent of moisture being lower inflour M1. The changesin
the moisture contents depended on the short time stor-
age conditionsand had adifferent time courseintheindi-
vidual locations. Wet gluten content tended to decrease
with time but the differences did not seem significant for
the flour quality. Gluten extensibility had the same ten-
dency; amore marked decrease was found in the weaker
flour M2 in agreement with LUKOW and WHITE (1997).
The acidity of both flours significantly increased with
timeregard less of the storage locations; differenceswere



125-130

\ol. 20, No. 4

Czech J. Food Sci.

¥86¢€°0 L8500 €090°0 SYLO0 8200 C9LLOO 6¥8¢°0 €50°0 1000°0 0 €000°0 Gs1)d
88°0 (41 80°C 7686°1— 6CIS T 68T°0 ¥¥68°0— 94N €IIL’S (Y44 ad! L6S6°S— onfeA-J
Td "SA Id — $189)7
6Ll [N 0L <L 9¢C €LE 01 v1e ! 1'0¢ X1
781 ¥0'1 1L YL 1€T §9¢ 01 43 L'el IS 81 TIA
sol 60 oL 0L £ec 8'6¢ 01 gTe §cl I'LT TIA
L1T (43! 19 €6 9¢C 6'¢e Il €€ el IS €Ll A
01¢ 14! ¥9 16 8¢€T 6'¢e 11 See vel €81 A
£0¢ 18°0 98 0L 4 %4 8'C¢ 11 gee Sel IS 1'81 ‘Al
961 L0 16 ¥9 Y44 1443 4! [43 Sel 8¢ 781 T
1414 80 06 YL 6¢CC g€le 4! le 9'¢l €S 781 I
SI¢ L8°0 v8 €L 44 6'1¢ 4! 6'1¢ 6'¢l 99 96l T
(41
01¢ SL0 S8 79 4 %4 I'Le 01 8'0¢ (49! 1L €T X1
L0T [4:30] 14 69 [4%4 ¢9¢ 01 6'1¢ I'ST 9T TIA
90T 6L°0 16 <L €eC €9¢ Il 8'1¢ €¢I 0L LT TIA
00T 860 YL €L 9TC I've 11 gle 6'vl I'v A
60T ¢80 c8 €L €CC 1443 I SIe 8yl L €8 A
80T 180 98 0L (444 143 01 {43 Lyl 0L [4aN! Al
sol LLO €8 79 14X (43 01 9'1¢ (4! Sl Bl
60T Lo 6 99 01¢ gTe 11 {43 (44! 0L 8¢l I
80T SL0 16 89 90T 6'Ce 4! Iee I'vl IL Syl 1
Id
[ p-901 () (vuru) (s)  (Byoww) (wo) (%) (%) (%) (Do)
A310u0 1/d onel Aypqisuaixe Kyonse[o NA Kyproe Anpqisuaixe  u9Inj3 jom aImsiowt Kypruny armjerodwoy (opeoop)
sonsujoeIeyd yder3oaAe oy sontodoid JeonAreue o uonIpuood 93810} SpOLI™d

o a3e10)s Jumnp sanrodosd nopy pue Jre o8eIoAe — [N O[] "7 d[qeL

127



Czech J. Food <ci.

\Vol. 20, No. 4: 125-130

YELO SI8°0 6L£6°0 €S1€0 €110 $6L6°0 20000 YeST0 0 1€€0°0 0 s1Dd
8SYe0- LLET O~ €6L0°0 6€0°'[— LS89 1~ 1920°0— (444 8Y0S°1 [CI8CI 69LYV T L6E9 T~ onfeA-;
d "SA Id — 838937
061 S0 0?I 14 44 6'6€ I LT ¢l 0T XI
P81 90 L6 8¢ € oy It §'9¢ Lcl €e col THA
981 €9°0 ¥6 6S X414 ¢8¢ I 8'9¢ 6°Cl €81 TA
€81 L90 [ 9 LTC 9¢ I 6'9¢ 6°Cl €€ IC A
S8l 650 66 8¢ 1274 e 4! 9°9¢ I'el 1’61 A
(4] 990 16 09 144 43 8! 8'LT 8¢l 8¢ 8l ‘AL
60¢ §9°0 01 L9 6¢CC 8'C¢ I L'8¢ I'el 33 8l Bl
961 660 LL 9L y1¢C 143 ! €8¢ 9Tl 8¢ L6l I
44! €0'1 69 1L €Ic €Ce 8! '8¢ cel 8¢ 0T 1
u
861 6£0 eel [49 LTT 'y 01 8'9¢ 8°Cl 0€ Sol XI
981 LSO 001 LS 61¢ €y 0l L9t ['Sl 0¢ gol TIIA
I6l1 LSO 01 8¢ LIT cLE 0l §'6C 49! [43 6°Cl TIA
091 ¥9°0 ¢8 99 SI¢ Lce 0l 1'8¢C st 141! A
P81 S0 LO1 9¢ ¥CC 143 01 LT ¢Sl 33 ['01 A
8LI L90 16 19 61¢ 9'¢e I §'LT 'Sl 143 Y0l ‘Al
Y61 SLO 78 €9 81¢C €€ 01l 8'8¢ st 98 Bl
v61 9L°0 88 L9 81¢C €€ 0l 8'8¢ Sl 123 €L I
ovl 6l'1 LS 89 0I¢c €7Ce I §'6C ad! 9 1
80T SLO 16 89 90¢ 6'CE 4! 1'ce I'vl IL Syl 1
Id
[ 7301 (wiur) (i) () @yoww) (wo) (%) (%) (%) (Do)
A310u9 1/d onel Aypqrsuaixa Kyonse[d NA Kyproe Aqisuoixe  udn[s jom ormsiow Kypruny armjerodwoy (opeoop)

sonst1ajoeIeyd ydei3oaafe moj g

sonadoad eonAjeue oy

uonIpuod 938101 SpoLIad

owry 95e103s Surmp sontodord Inojy pue Jre 95eIdAR — ZJA INO[ "¢ 9[qe],

128



Czech J. Food Sci.

\ol. 20, No. 4: 125-130

Table 4. Coefficients of correlation for air and flour properties during storage time

Correlation Days — Wet . iensibility Acidity FN Alveograph
coefficient* of storage  gluten elasticity extensibility = ratio P/L  energy
M1

Wet gluten —0.18

Extensibility -0.73 0.13

Acidity 0.94 -0.23 —0.64

FN 0.7 0.22 -0.3 0.44

Alv. elasticity 0.12 0.52 0.12 0.01 0.5

Alv. extensiblity — —0.49 -0.34 0.35 -0.31 -0.57 —0.76

Alv. ratio P/L 0.29 0.49 —-0.09 0.15 0.54 0.95 -0.92

Alv. energy —0.44 0.13 0.48 -0.37 -0.12 0.3 0.24 0.08
M2

Wet gluten —0.66

Extensibility -0.19 -0.27

Acidity 0.85 -0.54 -0.21

FN 0.48 -0.6 0.34 0.23

Alv. elasticity —0.85 0.55 0.27 -0.58 —0.48

Alv. extensibility 0.81 -0.54 -0.21 0.63 0.71 -0.74

Alv. ratio P/L —0.86 0.58 0.24 -0.58 0.7 0.86 —0.93

Alv. energy 0.36 -0.14 —0.15 0.3 0.57 -0.16 0.64 —0.58

*P < 0.01 and 0.05; r = 0.47 and 0.59

greater in samples M 2. However, this process had no neg-
ative effect on sensoric value of flours according to the
storage tests. The falling number indicationg the starch
damage as well as the enzymatic activity increased over
the storage period. An increase of about 28 sand 17 s for
samplesM1 and M2, respectively, were found under con-
dition P1. In the case of thelocation with ahigher storage
temperature, lower differences occurred in the values of
the flour falling number. The changes in acidity and in

falling number were marked as significant on 99% statisti-
cal level (Table 4). The correlation between these flour
parameters and the storage temperature was mentioned
by SRIVASTAVA and HARDIS-RAO (1992).

Wheat dough rheological properties changed during a
short term storage in the dependence on the initial char-
acteristics of flour. Alveograph behaviour of the stronger
flour M1 stored under the colder condition (P1) did not
change significantly but in the case of storehouse with a
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Fig. 1. Changes of relative average alveograph
extensibility in two storages
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higher temperature a slight decrease of alveograph exten-
sibility and energy was found. On the other hand, alveo-
graph extengibility of theweaker flour M2 increased (Fig. 1)
and its breadmaking quality improved as judged by aveo-
graph energy. Properties of dough from weaker flours
stored for several months were reported by LINFENG-
WANG and FLOTES (1999) and CENKOWSKI et al. (2000).

Conclusion

Wheat flour analytic and alveographic parameterswere
influenced by short term storage under real conditions of
industrial bakery in the dependence on their initial char-
acteristics and the ambient environments. The moisture
of flour samples depended significantly on the tempera-
ture course during the storage period. Wet gluten con-
tent changed only alittleand differencesin itsextensibility
were not proved statistically. Flour acidity and falling
number values increased markedly but the influence of
the storage conditions was not unambiguous. Dough al-
veographic characteristics of the weaker flour indicated
an improvement of the bread-making properties depend-
ing on the duration and the conditions of storage.
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HRUSKOVA M., MACHOVA D. (2002): Zmény vlastnosti pSeni¢né mouky p¥i kratkodobém skladovani. Czech J. Food Sci.,

20: 125-130.

Dva vzorky pseni¢né mouky hladké primyslové vyrobené z potravinatské psenice ze sklizné roku 2000 byly skladovany po
dobu tfi mésicl v obdobi listopad—duben za podminek prostiedi s riznymi teplotami a relativni vlhkosti vzduchu. V pravidelnych
intervalech byly sledovany zmény analytickych vlastnosti (vlhkost, mokry lepek a jeho taznost, kyselost a ¢islo poklesu)

a reologickych znaki pomoci alveografu. Vlhkost, kyselost a ¢islo poklesu mouk se vyrazné méni dobou skladovani, ale vliv zmén

podminek prostfedi a vstupnich parametrii mouky nebyl jednoznaény. Viskoealastické vlastnosti pSeni¢nych tést se skladovanim

meéni vyrazné&ji u pekai'sky slabsi mouky ve smyslu zlepseni kvality.
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Corresponding author:

Ing. MARIE HRUSKOVA, CSc., Vysoka §kola chemicko-technologicka, Ustav chemie a technologie sacharid, Technicka 3,

166 28 Praha 6, Ceska republika

tel.: + 420 02 24 35 32 06, fax: + 420 2 33 33 99 90, e-mail: Marie.Hruskova@yvscht.cz

130



