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Effect of Selected Hydrocolloids on Bread Staling as Evaluated by DSC and XRD
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Abstract: The influence of the selected hydrocolloids (Guar gum, Locust bean, Xanthan and Carboxy Methyl
Cellulose (CMC) with ratio of 1% flour basis on the quality of Lavash bread was tested by using two different
techmiques X-Ray Diffraction (XRD) and Differential Scarming Calorimetry (DSC)). The samples after baking
were stored in polyethylene bag for 1, 5 and 7 days and then this method were used for evaluation. The greatest
enthalpy of retrogradation (AH) after 1, 5 and 7 days was observed for breads containing locust bean and
control sample, respectively. The lowest AH was observed for breads containing guar gum. Generally the
control sample had the greatest differences and highest staling in all days. The Guar gum, Xanthan, CMC and
locust bean treated samples had the least staling rate as against the control, respectively. The results show that
breads containing hydrocolloids had better quality than control sample.
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INTRODUCTION

Staling 1s the general term that describes the textural
and flavor changes in bread. Bread staling is due to
rearagement in the starch fractions. These starch
trans formations include gelation and crystallizing is called
retrogradation’. The formation of crystallizes is
considered to be the interchaim association of the amylase
and amylopectin fraction'®. However, other studies
describe the gluten-gluten and gluten-starch as the main
causes of bread firming™.

Hydrocolloids are used as anti-staling agent in bread
making. In the bakery foods, hydrocolloids were used for
adjustment of dough and bread. Davidou et ol found
that, among locust bean gum, alginate (presumably
sodium alginate) and xanthan, only locust bean gum
reduced the rate of dehydration. However, any increased
of breads, if the moisture is
available to the starch molecules, mcreases the rate of
retrogradation™. Schiraldi ef al!? studied the effects of
added hydrocolloids (pentosans, modified pentosans,
galactomannans, whey protemn) on bread and reported
that guar and locust bean gums retarded starch
retrogradation, but did not have any clear antistaling
activity. They also found that all the hydrocolloids they
used generally improved quality and those with higher
water-holding capacity increased crumb firmness. In
contrast, Davidou et al™ reported that both degrees of
crumb firmness and the rate of staling during storage were
reduced by addition of locust bean gum, alginate

on moisture content

(presumably sodium alginate) and xanthan. They
proposed that the gums modified the organization of the
amorphous part of the crumb, perhaps by inhibiting
gluten-starch interactions, in the
proposed for dextrin’s™. They also reported that only
locust bean gum affected water retention. Carboxy Methyl
Cellulose (CMC) and hydroxpropylmethylcellulose
(HPMC, 0.3%) also decreased initial firmness!™.

Thermal analysis has been used extensively to study
starch retrogradation as well as bread staling®™".
Differential scannming calorimetry has proven to be the
most useful m providing basic mformation on starch
retrogradation™. When aged bread samples are heated in
a DSC pan, an endotherm is observed as reordered
amylopectin reaches 1its glass transiion  and/or
melting temperature and the enthalpy change associated
with this transition can be measured. Because the time
scales for endotherm development and for the increase in
crumb firmness are broadly similar in magmtude, DSC can
be wused to measure the rate of bread staling
quantitatively?”. However, there are overlapping
transitions over a wide temperature range because of the
variety of components and range of structures present,
which  cause difficulty in analysis"™.  X-Ray
crystallography has been used to examine bread staling!”
specifically the crystalline nature of the starch mn the
system, which can be related to the firmness of the
product™, Starch in freshly baked bread is mostly
amorphous, but slowly reorders during storage. The re
crystallization 1s reflected in X-Ray Diffraction (XRD)
patterns'"”. Therefore, X-Ray crystallography can be used

same  manner as
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to determine the molecular organization of starch in
bread™. X-Ray crystallography has been compared with
DSC for determimng the increase in crystallinity during
storage of Arabic bread'” and used in conjunction with
DSC in the analysis of the effect of various antistaling
additives on wheat bread™.

The objective of the present study was to evaluate
the effect of hydrocolloids on the quality of bread using
two powerful techniques DSC and XRD.

MATERIALS AND METHODS

Wheat flour was used for preparation Lavash bread
obtained from local market. The wheat flour had moisture,
ash and protem content of 13.42, 1.10 and 11.57%,
respectively. The Zeleny number was 19 mL. Xanthan
(XG2 71478, France), guar gum and locust bean were
obtammed from RADO Company (France). Carboxy Methyl
Cellulose (CMC) was obtained from Dow chemical
Company (K4AM, TISA). Dried baker’s yeast was obtained
from Fariman yeast Company (TRAN).

Procedure for bread making: Hydrocolloids were
incorporated at 1% level (flour weight basis) to the flour
befor the mixing. The lavash dough consisted of 590 g of
premixed wheat flour, water (up to optimum consistency
of 500 Brabender umts) and, 5 g of baker's yeastand 5 g
of table salt. The mixed ingredients were left at 30°C fora
time of 1 hr. Doughs were mixed and further incubated for
10 min at 30°C. Control lavash dough was prepared in the
same manner without hydrocolloid. Loaves of 32 g each
were baked on a rotary baking machine for 2 min and
air-cooled for another 1 min. Breads were packed in
polypropylene bags and evaluated after 1, 5 and 7 days.
Water absorption of hydrocolloids applied dough was
presented in Table 1.

Differential Scanning Calorimetry (DSC): DSC studies
were carried out on a DSC-7 (Perkin-Elmer). About
30-40 mg of stored bread was weighted directly mto DSC
stainless steel pan. After sealing, stored bread (1, 5 and
7 days) was heated at rate of 10°C/min from 25-200°C. The
equipment was calibrated with indium and an empty pan
was used as reference. The parameters measured were the
onset temperature (To), the peak temperature (Tp) and the
conclusion temperature (Tc). Straight lines were drawn
between To and Tc and enthalpy associated with starch
retrogradation (AH) was calculated as the area enclosed
by the and straight line and the endotherm curve. It was
expressed m J/g of dry sample. Three replicates were run
for each sample.
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Table 1: Water absorption of hydrocolloids applied dough

Sample ‘Water absorption (%0)
Control 50.4
CMC 63.4
L.ocust bean 61.8
Guar 60.6
Xanthan 64.8

X-Ray Diffraction analysis (XRD): A Siemens D 5005
X-Ray diffractometer was used (Cu Ko radiation
A =1.540). Operating parameters were 45 kV and 40 mA.
Aliquots of 0.5 g of ground sample that for stored 1, 5 and
7 days were pressed to a thickness of 1 mm in the XRD
holder. Samples were scanned from 5 to 60 2-6 (0.1, 2 sec).
Three replicates were run for each sample.

RESULTS AND DISSCUSION

Effect of hydrocolloids on the DSC parameters:
Investigations starch  retrogradation
complemented by DSC measurements. Retrogradation of
amylopectin can easily be followed and cuantified by

on Wwere

DSC, whereas retrogradation of amylose 1s difficult to
follow by DSCM. Influence of 1% hydrocolleids on the
retrogradation of amylopectin on aged bread was
presented on Table 2. During aging, melting enthalpy
(AH) of retrograded amylopectin increased continuously
as a function of aging time in control sample and 1n bread
with  hydrocolloids. The  greatest enthalpy of
retrogradation after 1, 5 and 7 days were observed in
bread containing control sample. The lowest AH m all
days was observed in Guar gum. The effects of
hydrocolloids on the enthalpy (AH) and Tp (Peak
temperature) were shown in (Table 2). The Tp of all
modified breads (by adding hydrocolloid) has
decreasing trend. The increment of the bread storage time
altered the amylopectin retrogradation peak whose area
was also increased, in agreement with other authors!™"!,
The results in the retrogradation rate of amylopectin

revealed that the hydrocolloids has the ability to delay the
bread staling and that might be due the major water

a

content of the bread containing hydrocolloids. Similarly,
Davidou et al*lsuggested that the hydrocolloids affect
the retrogradation level by limiting both the diffusion and
the loss of water from bread crumb. In additiory other
possible mechanism for explaining the antistaling effect is
that the stabilizing effects of the hydrocolloids on starch
retrogradation result from the interactions of them
cooperatively with water as well as with starch chaing in
the mixture™™, therefore the water content and its mobility
have strong participation in this process™*,
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Table 2: Thermal propetties of 1, 5 and 7 days stored Lavash bread as affected by hydrocolloids

Tp (C) 4H (i/g)
Sample lday Sday Tday lday Sday Fday
Cuar sda 453 s0a dcd the ad
Hanthan stih 50k 44h Sdh 6. 7h 12c
CLIC fidd fiZed S6d Tc 9.2k 12.5he
Locust bean Glc 55¢ 50c 6.5ah 10.5a 12
Cantrol 65de dle 58d 3a 9% l4a
SEM £ 1.5 2.4 2.3 0.05 0.d3 0.24

Tp: peak temperature, AH: Retrogradation enthalpy. Different letters within a column mean significant differences (p<0.05)

600 hydrocolloids addition and relative intensity of 1, 5 and
7 days stored Lavash bread as affected by (1%)

hydrocolloids are presented in Fig. 1 and 2.
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Diffractograms of all samples in first day were similar.
However, diffractograms of control sample in 7 days
represented the highest. The least difference in

diffractograms in 7 days was in bread containing Guar
sum.

Generally, the control sample showed the greatest
differences and highest staling in all days. A descending
order in staling, Guar gum > Xanthan > CMC > locust
bean was observed for retarding the staling rate of
different breads. These differences between treatments
were because of properties of hydrocolloids. These
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Fig 1: Diffractograms of 5 days stored lavash bread. (a)

control, (b) CMC, (c) locast bean, (d) xanthan, (e)
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2: Relative intensity of 1, 5 and 7 days storedlavash
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Effect of hydrocolloids on the XRD parameters: XRD has REFERENCES
been used to siudy various existing starch crystal
types™ the extent of starch melting and gelatinizati on™?
and the extent of retrogradation™"] Different crystal
types give their own specific diffractogram and peak
intensities are amount of crystalline material. It has been 2.
demonstrated that fresh baked bread apparently shows

only the WV-iype structure, indicative of amylose
complexation with fatty acids to form helical clusters.

With aging, the B-type structure increases, while the V- 3.
type structure remains  virtually  unchanged®?.
Diffractogram of aged bread for 5 day with and without
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