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Abstract Response surface methodology was usddvestigatethe effects okanthangum,
extruded rice flour and corn staran the quality characteristics on gluten free bread.
rotatablecentratomposite design consisting thfree variablegxanthan gum, extruded rice

flour and corn stargh in a fivelevel patternwith 20 runs (gluteriree formulations), was
prepared over thre@locks. This design was useddevelopmodels for the specific volume,
crumb hardness and sensory score of the gluten free bread. Responses were mostly affected
by the specific eambinations of independent variable. The developed mathematical models
for themeasured responses could be successfully used for their prediction during baking.
Shelflife study of the optimized formulation exhibited lower crumb firmness and moisture
conten values, thusemained softer through storage period of five d8y=lflife analysis of

the optimized formulation over five days revealed that, as crumb firmness increased, crust
firmness and crumb moisture decreagad. optimized formulation deterned from the data
containel xanthan gum =0.74, corn starch =25.and pre gel rice flour of ZB% flour basis.

Keywords: Glutenfree, rice flour, specific volume, firmness, optimization, mathematic
modelling.

Introduction
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Glutenfree breads require polymergubstances that mimic thascoelastic properties of
gluten in bread dough.

Responsesurface methodology (RSM) is effectivetatistical method for relating the
relationship between and dependent and indepenpardgmeters RSM is particularly
appropriate for product development work. The effectiveness of response surface
methodology (RSM) in optimization of ingredient levels, formulatiomsd processing
conditions in food technology from raw tofinal products such as varieties of Eeoshict

have been deumented by different researcheRSM consists of a group of mathematical

and statisticaprocedures that can be used to study the relationshipsbetween one or more
responses (dependent variables) &awdors (independent variables) (Murphy et al., 2003).
RSM uses an experimentaldesign such as central composite design to fit a modelusing least
squares regression analysis. Adequacyaoproposed model is revealed by diagnostic
checkingprovided by analysis of variance (ANOVA) and residplats. RSMis alsoa useful

tool to minimize the numbers of triag;xd provide multiple regression approach to achieve
optimization.

At present, no studies on the optimization of fibkenulation of gluten free bread using pre
gelatinized rice flour combination of corn starahd xanthan gum have been published.
Therefore the objective of the study is to optimize the gluten free bread formulations using
RSM.

Material and methods

The dry ingredients were placed in a sespeed spiral mixer (Model KM 400) and mixed

for 1-2 min at 90 rpm. The yeast was dissolved in lukewarm wateB%%0), the resulted
solution was added to the dry ingredients, and finally the oil was added. The mixture was
blended at 90 rpm for 2 min and following at 180 rpm for 6 min. 240 g of the resultant dough
were placed irmluminiumbaking pans (measuring 13x6s#) and proofed at an incubation
chamber (Beks&B 1N) set at 3€ and 80% relative humidity for 40 min. Baking for each
sample was conducted in a laboratory oven with air circulation a€2b® 40 min. The
loaves were removed from the pans and cooledaath temperature.

Table 1Developed formulation for gluten free bread

Ingredient Amount
(9/1009)
Rice flour 100
Sunflower oil 4
Yeast 15
Citrifibre 2
Sugar , 3
Salt 2
Watef -
Xanthan Gum Variable
Pre gelice flour Variable

Corn Starch Variable




"Amount varied according to the experimental design (Tablei2)aried tomaintain same
dough consistency.
Preparation of pre-gelatinized rice flour

Rice flour (1 kg) was soaked inwater (10 L) for 30 min, #relsuspensiowas heatedh a
steamjacketed kettle at 96 for 15 min. The slurry was cooledto room temperatspeead
on stainless steel trays, and driedin ardaéft oven (Name of the oviat 110C for 15 hr.
The dried flakesvere gromd sieved to pasthrough 300um perforationsandstored at 4C
until used. The powderomposition wasThe powder composon was: protein (NX5.95),
6.39%; fat, 1.98%; moisture, 6.04%; ash, 0.47%; degree of gelatiniz&®Aa¥%6. It had a
particle size distribution of 165 um maximum; 50% of thdipkes were <140.43 um.

Bread Quality assessment

Breads were weighed (g) and then their loaf volume (mL) was determined bgeeghe
displacement. Specific volume (mL/g) was calculated by dividing volume by weight. The
moisture content of bread crumb aciist was determined by drying &g of sample in a
forced convection oven at 145 for 24 h. The samples were cooled in desiccators and
weighed by an analytical balance (sensitivity, 0.01 mg). Results were expressed on a wet
weight basis.

Crumb firmnesswas evaluated by the Textumalyser (TA-XTi2 Stable Microsystems,
Surrey, UK). The bread samples weleexl in the middle using a dble blade knife
(fabricated in house) to obtain uniform slices of 1 cm thickness. Adwoc |crirdbs
compression testas performed using the SMS PAIsminiumplaten probe (probe diameter

36 mm, probe surface area 10%rest speed Bim/s, penetration distance 15 mm). The peak
force of compression was reported as firmness (N) in accordance with the AACC méthod 74
09.

The shelf life of the optimized formulation was evaluated by determining crumb firmness
over afive day periodat the room temperature of ¥5and relative humidity of 60%The
average value of three measurements is presented. In the case of bread tieatggibcates
were from the same baking process but from different bread pieces

Experimental Design

In designing this experiment by response surface methodology (RSM), a central itempos
design was employed (Table).1Three quantitative controllable ctars (independent
variables) were used: level of xanthgum (X1), level ofextruded rice flour (X2) and level

of corn starch (X3). Three dependent variables were selected as responses for representing
the main parameters of GF bread qualityaf volume (Y1), crumb firmness (Y2), and
sensory score (Y3). After preliminary experiment, the upper and lower limits for the
independent variables were established. Xanthan levels were from 0i3.5 kg/100 kg
Extruded rice floutevelswere 1% 35 kg/100 kg and @n starch level from 35 kg/100 kg.

Five levels of each variable were chosen and twenty baking trials were performed for the
evaluation of the optimized formulation. Six replicates at the centre of the design were used



to allow for estimation of the parerror at sum of the square. The experimental data for each
response variable were fitted to teadratic Model. The regression parameters for the
eguations are calculated

Results and Discussion

The analyses of variance were performed to deterthimdack of fit and the significance of

the linear, quadratiand interaction effects of the independent variables ordéipendent
variables. The lack of fit test is ameasure of the failure of a model to represent data in the
experimental domain at which pasntvere not included in the regression. Coefficient of
determination is the proportion of variation in the response attributed to the model rather than
to random errorand was suggested that for good fit model. The results showed that the models
for all theresponse variables were highly adequate because thegatifactory levels dR?

of more than 80% and lack of fit is insignificant. The regression coefficients are shdven in
equationsfor each of the response variabtesuld bederived from the predied values of

each responseariable.

Table 2: Experimental design and response

Xanthan Pre-gel Corn  Specific  Crumb Over all
Gum rice flour starch Volume firmness acceptability
0.5 25 25 2.52 7.6 6.5
0.703 19.05 19.1 2.38 7.2 6.5
0.703 30.95 19.1 2.48 6.9 6.4
0.703 19.05 30.9 2.5 7.3 6.5
0.703 30.95 30.9 2.56 6.5 6.6
1 35 25 2.41 6.4 6.1
1 15 25 2.36 6.2 6.3
1 25 35 2.39 6.5 6.4
1 25 25 2.94 5.7 7.5
1 25 15 2.56 6.1 6.6
1 25 25 3.02 6 7.3
1 25 25 2.95 5.6 7.3
1 25 25 2.97 5.3 6.9
1 25 25 3.11 55 7.6
1 25 25 3.05 5.4 7
1.297 30.95 19.1 2.12 9 6.2
1.297 30.95 30.9 2.45 8.8 6.4
1.297 19.05 30.9 2.4 8.3 6.4
1.297 19.05 19.1 2.34 7.7 6.3
15 25 25 2.02 8.1 6.3

Response Surface Plots

Effect of Independent variables on Specific Volume



The relationship between the independent variable and specifim@akimentioned by the
equation and fig below.
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Fig 1 Response surface plot showing the effect of additive X ,Y and Z on specific volume.

Specific Volume =-6.00570+5.47168 * XG+0.29526 * Grf+0.21633 *-C923335 * XG *
Grf+0.013435* XG * Cs+8.13173H04 * Grf * Cs2.79077 * XG-5.82692E003 * Grf-4.92692E

003*C ¢
(R=093p éé6é6é6é6é6b6bbbbbbbbbbbbbbbbbebbebbcbdsdssd

66. (1)

Analysis of variancefor eachrespnseshowed that significant effect (P<0.05) wagound

for specificvolume, withregard to xanthan gum, pgel rice flour and corn starch. All the
three variables exhibiteg@ositive linearand negative quadraticeffect as seen from the
equation. The cobination of medium levels of three independent factors resulted in the
highest specific volume.

Addition of extreme levels of xanthan gum, pre gel rice flour and corn starch resulted in the
decrease in the specific volume of the gluten free bread. Re@spbe attributed to the fact

that interaction of xanthan gum with starch decreased gas retention capacity of the gluten free
batter and thus modified the rheological behavior of batter to the lower consistency of and
high plasticity of the structure.



Effect of Independent variables on Crumbfirmness

The resistance of the bread crumb to deformation is the textural attribute referasd
firmness and it is an important factor in bakery products since it is strongly correlated with
consumer s Ofbpadfresenpss.i on o

The relationship between the independent variable and crumb firmness can be seen from the
fig.2. Analysis of variance shows that a significant effect (P<0.05) is fdanccrumb
firmness, with regard to all the three independent vasabMd the variables exhibited
positive linearand quadratic effe¢equation?)

Crumbfirmness= 32.9416126.75737 * XG-0.68075 * GRF0.52843 *CS +
0.20506 * XG* GRFH0.049497 * XG * CS4.59619E003 * GRF *
CSt+11.02682 * XG"2+0.012067 * GRF'2+0.012@87 *CS2¢ ée ée éeé . . ( 2)

Addition of the corn starch, pre gel rice flour and xanthan gum at the extreme end decreased
the crumb firmness of the gluten free bread.

Fig 2 Response surface plot showing the effect of additive X ,Y and Z on crumb firmness.



