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Abstract: The aim of the present paper was to provide imfdgiron about the way in which physical,
biochemical and technological properties of theftyar influence its baking quality. We analyzee tinfluence
of granularity, pentosans content, gelling propgertf the starch antamylase activity on the quality of the rye
bread. Four different varieties of Romanian ryeseamilled through Buhler MCK-6188F laboratory aggpate
using a modified technical scheme. Our resultscagi that the specific volume of the bread is dyec
correlated with the percentage of soluble pentosansater (r=0.973) and with the peak of amylogiaph
viscosity (r=0.956). An indirect correlation wastaibed between the elasticity of the crumb aramylase
activity (r=0.962). The coarse fractions contaighgr pentosans quantities while the fine ones Hagker
contents of starch

INTRODUCTION

Baking properties of the rye flour are influendayl the functional properties of the
main rye components such as starch, proteins antbgens. The gelling properties of the
starch together with the highamylase activity represent a critical factor foe trye baking
technology.

The evaluation of the baking quality of the ryeufl is usually made by studying the
rheological behavior of the flour suspension inewan certain condition of dynamic regimes
of temperatures. Starch gelling and the grade iiclwithis process is influenced by the
hydrolytic enzyme are reflected on the falling nemtand amylographic curve (Weipert,
1995, Zwingelbergt.al, 2002).

Experimental studies performed in the last ten s/@ar several variety of rye from different

zones, especially from Germany (Weipert, 1995) atack a direct correlation between the
high content of pentosans, particularly the watdulde pentosans fractions, and rye baking
quality.

Generally, the quality standards for rye flourersfto the ash and moisture contents,
acidity, granularity andi-amylase activity. There is only one type of rny@ufi, 1200 — STAS
1259/87, that is produced in Romania. The qualigndards of the rye flour require
appropriate sensorial properties, certain grartidarand minimum contents of ash, moisture
and acidity.

The aim of the present study was to analyze thkieince of biochemical and
technological properties of four types of rye flown its baking properties. The flours were
obtained by milling the four Romanian varieties iy using the Bihler MCK-6188F
laboratory aggregate through a modified scheme.
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MATERIAL AND METHODS

Materials

We tested the following varieties of ry@rizont, Gloria, Suceveangautumn varieties),
Impuls (spring variety). The rye was milled on the BUhMICK-6188F laboratory aggregate
using a technical scheme made up by one pre-grpasshge, three break roller passages, and
three reduction passages; this technical schemkesng bran reduction also (Fig. 1) (Banu,
2004).
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Fig. 1 Technical scheme for rye milling

Methods:
— Ash content was determined according to STAS @048 calcination at 725...750°C, in
the presence of ethanol;
— Falling number was determined according to ththowelCC 107/1 (1995);
— Falling number with AgN@added (100mg/kg sample) was determined accordiribet
method proposed by Kuracieaal (1987);
— Maltose index was determined according to STAB&0
— Granularity/sharpness module was determinedrdicap to the method proposed by
Godon and Willm (1994);
— Total and water soluble pentosan contents wetermdaed according to the method
proposed by Hashimoto (1987) and modified by Del¢®089);
— Amylographic curve was determined according #rttethod ICC 126/1 (1992);
— Baking test was done using the two phase metleadgn, dough) by adding lactic acid
according to the method proposed by Szili and Kzir@989);
— The bread volume and specific volume and the brgtasticity and porosity were
established according to STAS 90/88.
Each test was performed three times and the tstatisanalysis of the results was
realized usingstatistica for Windows versiunea 4.3

REZULTS AND DISCUSSION

The flours obtained by milling the mentioned ryarigties had ash contents ranging
between 0.74 and 0.77%.

For the same milling conditions, flours had difier granulometric compositions
established by evaluating the sharpness modulelranplassthroughsieve of 90 mesh test.
We obtained a sharpness module ranging between dnd62 for Orizont, Gloria and
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Suceveana rye varieties, while in the case of Impariety the sharpness module was 2.43
(Table 1). Concerning the granularity of the flowe could separate particles having the size
smaller than 90 mesh for Orizont, Gloria and Suaegevarieties (autumn varieties), while in
the case of Impuls variety (spring variety) we ai#d mainly particles with sizes ranging
from 125 to 90 mesh.

Table 1. Physical - chemical properties of theflyer

Rye variety | Ash, % Sharpness Pass through sieve Total Water soluble
' module, % of 90 mesh pentosans, % pentosans, %
Orizont 0.77 2.00 48 2.63 1.72
Gloria 0.74 1.91 55 2.36 1.43
Suceveana 0.75 1.76 58 2.41 1.59
Impuls 0.74 2.43 31 2.85 1.50

The granulometric composition of the flours isiaportant factor which influences the
baking technology by controlling the water bindoapacity.

The results of our study showed that there is aifsignt indirect correlation (p<0.05)
between output of the pass though sieve of 90 nj@gf) and total pentosan conterRT)
described byPT=3.4206-0.179-65, r = -0.96. Our results agree with the observation
Bushuk (1976) who noticed that the course fractiomstain higher pentosan contents, while
the fine ones have a higher content of starchase of the starch quality degradation caused
by a higha-amylase activity, the importance of the starclpasicipant to the crumb structure
formation decreases. The role of the starch ofibgqndater during the dough preparation step
is taken over by the pentosans; they cause a slewelting and a higher consistency of the
dough.

The statistical analysis of the results was redlin terms of the correlation matrix of
the quality indexes characterizing the analyzedrfavhich gives indications about the direct
correlation between the sharpness module, totabpan content and water absorption index
(Table 2.).

Table 2. The correlation matrix of the quality inde characterizing the analyzed flours

Quality indexes| Ml FN FN/AG | FN-FN/Ag | Vmax SM WAI PT PS

M 1.00 - - - - - - - -

FN -0.79| 1.00 - - - - - - -
FN/Ag" -0.88| 0.98 1.00 - - - - - -
FN-FN/ Ag' 0.52 | -0.91 -0.81 1.00 - - - - -
Vmax -0.90| 0.46 0.58 -0.16 1.00 - - - -
SM 0.18 | -0.33 -0.19 0.56 -0.17 1.0( - - -
WAI -0.21 | -0.42 -0.24 0.72 0.57 0.40 1.0( - 1
PT -0.21| -0.07 0.11 0.42 0.22 0.92 0.56 1.00 -
PS -0.86| 0.39 0.51 -0.10 1.00 -0.2D 0.6/L 0.08 1.00

MI-maltose index, FN-falling number, FN/Adalling number with AgNQ@ added, Vmax-amylographic viscosity peak, SM-shasgn
module, WAI-water absorption index, PT-total peatosontent, PS-water soluble pentosan

Analyzing the results presented in table 1 it banseen that the flours obtained by
milling the four rye varieties have a total pentosantent of 2.36-2.85%, from which 65.4 —
52.6% are water soluble. The statistical analysith® experimental data depicted in table 3
indicate a direct correlation between the speeifiluime of the breadvsp and water soluble
pentosan contenP§ described bywsp = -0.1949+1.2723-P§<0.05) having a correlation
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coefficient of r=0.973. According to Delcour (19%his correlation can be due to the fact
that water soluble pentosans increase the stalmfitthe liquid films which surround gas
bubbles, improve the stability and resistance efdhs bubbles at pressure into the oven by
preventing their association. It is believed thas stabilization can be explained also by the
interactions between molecules of ferulic acid witelf or with other molecules such as
pentosans and proteins.

Table 3. Quality indexes of the rye bread

Rye variety Specific volume, ci100g Porosity, % Elasticity, %
Orizont 2.00 47.1 72.8
Gloria 1.66 44.2 69.8
Suceveana 1.97 49.0 75.0
Impuls 1.69 454 72.4

Another important factor for the baking qualitytb€ rye flour is the gelling property of
starch estimated by amylographic curve plottinge Tiye starch gelling starts at lower
temperatures than in the case of the wheat starch. maximum viscosity of each gel
obtained from the analyzed flours varied betwee@ W8 (Gloria) and 375 UB (Orizont)
corresponding to the gelling temperatures dfand 67.5C, respectively (Table 4). The
a-amylase activity, most probably coupled with thghhcontent of deteriorated starch, causes
an advanced enzymatic hydrolysis of a higher stquantity, lowering in this way the gelling
temperature corresponding to the maximum viscosity.

We estimated the capacity of the flour to form lowlecular weight sugars through
enzymatic hydrolysis of the starch, by determinimg maltose index (Table 4). According to
our results, the flour obtained from Gloria varidtgs the highest maltose index (2.61 g
maltose/100 g flour) while the lowest maltose ind&aracterize the Orizont variety (2.09 g
maltose/100 g flour).

Table 4. Technological properties of the rye flour

Rye variety Maltose index, Falling Falling number with Amylographic viscosity
g maltose/100 g flour number, s AgNO; added, s peak, UB

Orizont 2.12 208 335 375

Gloria 2.61 185 311 180

Suceveana 2.09 253 359 300

Impuls 2.33 211 336 240

Thea-amylase activity was estimated by determiningfétieng number. Gloria variety
displayed the highest amylolytic activity, havingfalling number of 185 s. In order to
establish the contribution of the-amylase activity to the value of the falling numbe
determined through the standardized method, weopeed the same analysis using a
modified method based on enzymes inactivation WigiNO3 (Kuracina, 1987). The second
mentioned method gives indications about the ingyae of the starch structure on baking
properties of the rye flour. Comparing the valuéthe falling numbers obtained through the
two methods (Table 4) we could note that dhk@mylase inactivation induced the increase of
the falling number. The achieved overall value lo¢ falling number in case of enzyme
inactivation was 335124 s.

The correlation (r=0.978) between the falling nurshabtained through the two methods was
described b¥N = -259.4 + 1.4129-FN/Ag (p<0.05).
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The gelling properties of the starch ardmylase activity influence physical properties
of the bread crumb. We could note a significantregat correlation (r=0.962) between the
crumb elasticity El) and falling numberKN) which gives indications about the amylolytic
activity (El = 56.984 + 0.0742-FNp<0.05) and a direct correlation (r=0.956) betwése
specific volume of the brea$p and amylographic viscosity peakénfay (Vsp = 1.2764 +
0.00188-Vmaxp<0.05).

CONCLUSIONS

The present study revealed that granularity, gamaontent, gelling properties of the
starch andx-amylase activity influence the quality of the tyead. Our results indicate that
the specific volume of the bread is directly catetl with the percentage of soluble
pentosans in water (r=0.973) and with the peak raflegraphic viscosity (r=0.956). A
significant indirect correlation was obtained betwethe elasticity of the crumb and
amylase activity (r=0.962). The coarse fractionstaim higher pentosans quantities while the
fine ones have higher contents of starch.
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