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a) Plot x2 versus x1. Vertonen beide variabelen een sterke samenhang ?

b) Beschouw het model y = (0 + (1 x1 + (2 x2 + (. Bepaal de parameters (0, (1 en (2 in dit model met meervoudige lineaire regressie. Ga na of elk van de afzonderlijke parameters significant is ((=0.05). Bepaal tevens op basis van de variantieanalyse tabel of het model als geheel significant is.

c) Beschouw ook de modellen y = (0 + (1 x1 + ( en y = (0 + (1 x2 + (. Bepaal de parameters (0, (1 , (0 en (1 in dit model met lineaire regressie. Ga na of (1 en (1 significant zijn ((=0.05).

d) Teken met behulp van Plot -> Scatterplots -> XYZ-Plot de variabele y als functie van x1 en x2. Lijkt een vlak dat rust op de getekende vertikale lijnen stabiel ondersteund ?

e) Onderzoek welk model geselecteerd wordt via stapgewijze regressie met voorwaartse selectie van de variabelen. 

2. 
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De smaak van kaas wordt sterk bepaald door de chemische samenstelling. De dataset bevat uitkomsten van een smaaktest waarbij de samenstelling van Cheddar kaas gevarieerd werd wat betreft de concentratie azijnzuur, H2S en melkzuur.

a) Onderzoek welke factoren afzonderlijk de smaakverschillen verklaren.

b) Maak een model dat de smaakverschillen beschrijft door alle 3 de factoren te gebruiken. Welke factoren zijn significant? 

c) Vind een verklaring voor de tegenstrijdige resultaten bij de onderdelen a) en b). Hint: maak strooidiagrammen waarin de afzonderlijke factoren tegen elkaar uitgezet worden.

d) Hoe heet het verschijnsel dat U bij c) gevonden heeft?

e) Wat is het beste model dat smaakverschillen beschrijft door 1 of meer van de 3 factoren te gebruiken? 

f) Onderzoek of het door U gekozen model aan de modelveronderstellingen (normaliteit, gelijke varianties e.d.) voldoet.
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Bij een droger worden drukvallen gemeten. Gemeten is de superficiële snelheid van de lucht in de droger en het vochtgehalte van de deeltjes in de droger. Onder de superficiële snelheid van de lucht vsup wordt verstaan het debiet van de lucht door de droger in m3/sec, gedeeld door het dwarsoppervlakte van de droger in m2. Onderzoek de volgende 2 vergelijkingen om de drukval over droger 3 te beschrijven:





(1)





(2)

Het berekenen van de intercept (0 kan bij meervoudige lineaire regressie in StatGraphics uitgezet worden door in het Analyse venster op de rechtermuisknop te klikken, te kiezen voor Analysis Options en in het venster dat verschijnt het vinkje voor “Constant in Model” uit te zetten:
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3. 
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Bij een onderzoek bij een vrachtwagenfabrikant is de geluidsproductie GP gemeten als functie van de variabelen DBG, DBL en DBV. Zoek voor deze gegevens het beste lineaire regressiemodel om de geluidsproductie GP te beschrijven. Beperk je onderzoek tot intercept, enkelvoudige termen, kwadratische termen en de enkelvoudige interactie termen.

4. 
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Bij deze opgave hoort een artikel uit het “International Journal of Food Science and Technology” 1996, 31, 345-351. Het artikel is getiteld “Optimization of ingredients and process conditions for the preparation of tandoori roti using response surface methodology”. Bij het onderzoek, beschreven in dit artikel, is gebruik gemaakt van een proefopzet. Als proefopzet is gekozen voor het Central Composite Design. De meetgegevens van de auteurs worden gegeven in tabel 2 op blz. 347. Deze meetgegevens zijn vervolgens door de auteurs uitgewerkt met een response surface model. Dit is een lineair model, waarbij de enkelvoudige termen, de kwadratische termen en alle interacties worden meegenomen, mits significant natuurlijk. De vraag is of je het eens kunt zijn met de modellen en conclusies, die gegeven worden in deze publicatie.
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Optimization of ingredients and process conditions for
the preparation of tandoori roti using response surface

methodology

Dharmesh C. Saxena & P. Haridas Rao*

Department of Milling and Baking Technology, Central Food Technological Research Institute, Mysore — 570 013, India

A model capable of predicting the product quality of randoori roti has been developed

using response surface methodology (RSM) and used to determine the optimum
processing conditions. The overall sensory score, which is an indicator of blister size,
colour, appearance, handfeel, texture, mouthfeel, taste and aroma, was used to assess the
product quality in the preparation of tandoori roti. The optimum conditions which were
attained for maximum sensory score (31.6) were: water level — 720 mL kg~' flour (the cor-
responding farinograph consistency ~ 800 BU at lever position 1:1), salt level - 11 g kg™
flour, mixing time — 3.7 min in a Hobart mixer at 58 r.p.m., baking time - 37 s, and

Summary

baking temperature - 425°C.
Keywords Baking, dough, flour, sensory quality.
Introduction

Tandoori roti is a staple food item of a large pop-
ulation in India and its neighbouring countries.
Of late. it is also gaining popularity among west-
ern countries. There is no scientific information
on this product, though considerable information
is available on chapati that is also a staple diet in
India (Rao, 1982). Tandoori roti is different from
chapati with regards to consistency of the dough,
shape and size, baking methods, type of oven, etc.
In appearance tandoori roti is similar to Arabic
bread. Information on tandoori roti is required
for mechanization of the preparation to enable
marketing in unit packs and to produce a consis-
tent quality product. A survey carried out on
dough as well as tandoori roti made in different
food centres indicated that the rotzi invariably
contained salt (Saxena & Rao, 1995).

In the preparation of tandoori roti, there are
five main independent variables: two ingredients,
water and salt; and three processing variables,

*Correspondent: Fax +91 821-521713.
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mixing time, baking time and baking tempera-
ture. Response surface methodology (RSM) is
reported to be an effective tool for optimizing a
process when the independent variables have a
joint effect on the desired response (Hunter,
1959). Several workers have used it for optimiza-
tion of cake formulations and fractionation and
reconstitution studies (Donelson & Wilson, 1960;
MacDonald & Bly, 1966; Kissel, 1967; Kissel &
Marshall, 1967). In RSM, tests are performed
using different combinations of levels of the
experimental factors according to a pre-deter-
mined design, and an appropriate model fitted to
the data by Least Squares. Three-dimensional
plots provide a useful visual aid for checking the
adequacy and fit of the model, and for examining
the behaviour of the response surface and loca-
tion of the optimum,

The objectives of this study were: (i) to estab-
lish the relationships between the factors affecting
the quality of tandoori roti such as dough consis-
tency and salt level, mixing time, baking time and
baking temperature and the responses that are
relevant to the quality (overall sensory score) and .
(i1) to establish a set of optimum processing con-
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ditions for obtaining tandoori roti with maximum

overall Sensory score. - -

Materials and methods
Materials

Medium hard wheat procured from the local
market was ground in a plate mill to obtain
whole wheat flour and used in the preparation of
tandoori roti.

Flour analyses

Sieve analysis was carried out on 200 g flour
using a Buhler Plan Sifter (Model-MLU 300,
Uzwil, Switzerland). The fractions collected over
each sieve after running for 5 min were weighed
and percentage overtailings calculated. Esti-
mation of moisture, ash. gluten and damaged
starch content of flour was determined according
to AACC (1983) methodology.

Experimental design

One response was measured: overall sensory score
(Y}, as the sum of the various quality character-
istics viz., blisters size, surface colour, handfeel,
mouthfeel, texture. taste and aroma (each had a
1-5 panel score on a hedonic scale). These scores
were given by a panel of seven members. A high
value of sensory score implies optimal product
quality. The experimental region extended from
— 2 to + 2 in terms of the coded independent
variables X;. The coding facilitated the computa-
tions for regression analysis and optimum search.
Five independent variables were studied: two
ingredients, water and salt, and three process
variables, mixing time, baking time and baking
temperature. The levels used for each variable are

given in Table 1 and were varied according to the
design shown in Table 2. The levels of the van-
ables in coded units were

X, = (water — 73)/2; X, = (salt - 1.0)/0.5;

X, = (mixing time - 3)/1; X, = (baking
time — 40)/15;

X, = (baking temperature — 425)/25.

These levels of variables were chosen based on
values encountered in practice, which were deter-
mined in a survey conducted for the commercial
product (Saxena & Rao, 1995). These survey val-
ues of variables were further confirmed in trial
laboratory experiments for their effect on product
quality. A central composite rotatable design
(CCRD), as shown in Table 2, was adopted
(Cochran & Cox, 1957). This design allows
efficient fitting and checks of a second order
model, and was chosen assuming that a quadrat-
ic polynomial would provide a reasonably good
approximation to the true relationship between
overall sensory score and the independent vari-
ables in the vicinity of the optimum. The CCRD
combined the vertices of a hypersphere whose co-
ordinates are given by the 2" factorial design
(runs 1-16) with the ‘star” points (runs 17-26).
The star points were added to the factorial design
to provide for estimation of curvatures of the
model (Joglekar & May, 1987). Six replicates
(runs 27-32) at the centre of the design were per-
formed. Experiments were randomized in order to
minimize the effects of unexplained variability in
the observed responses because of extraneous fac-
tors.

For analysis of the experimental design by
RSM, it is assumed that n mathematical func-
tions, f(k = 1,2,...n), exist for each of the
response variables, Y,, in terms of m independent
processing factors, x; (I = 1,2,...m), such as

Table 1 Variables and their levels

. . Symbol Levels
for the central composite design v
Variable Unit Coded Uncoded -2 -1 0 +1 +2
Water mL kg X, X, 690 710 730 750 770
Salt g kg X, X, 0 5 10 15 20
Mixing time (min) X, Xy 1 2 3 4 5
Baking time (s) X. X, 10 25 40 85 70
Temperature °C X Xq 375 400 425 450 475
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Table 2 Central composite design

Experiment Variabie levels* Response
arrangement and response No. i< J scors
: X, X, X, X, X Y,
1 -1 -1 -1 -1 +1 23.8
2 -1 -1 -1 +1 -1 229
3 -1 -1 +1 -1 -1 29.2
4 -1 -1 +1 +1 +1 11.5
5 -1 +1 -1 -1 -1 20.7
6 -1 +1 -1 +1 +1 23.2
7 -1 +1 +1 -1 +1 30.3
8 -1 +1 +1 +1 -1 13.9
9 +1 -1 -1 -1 -1 22.9
10 +1 -1 -1 +1 +1 24.9
1" +1 -1 +1 -1 +1 23.1
12 +1 -1 +1 +1 -1 16.9
13 +1 +1 -1 -1 +1 185
14 +1 +1 -1 +1 -1 23.3
15 +1 +1 +1 -1 -1 28.4
16 +1 +1 +1 +1 +1 29.3
17 -2 0 0 0 0 26.6
18 +2 0 0 0 0 26.5
19 0 -2 0 0 0 15.9
20 0 +2 0 0 0 22.8
21 0 0 -2 0 0 24.3
22 0 0 +2 0 0 29.2
23 0 0 0 -2 0 28.9
24 0 0 0 +2 0 13.3
25 0 0 0 1] -2 28.4
26 [¢] 0 0 o} +2 26.0
27 0 0 0 0 0 29.1
28 0 0 0 0 0 28.1
28 0 0 0 0 0 284
30 0 0 Q 0 0 29.1
31 0 0 0 0 0 29.4
32 0 0 0 0 0 29.1

°: Coded values.

(Floros & Chinnan, 1987):
Yk = f(x, Xayer Ke) (1)

Inourcasen =1 and m = 5,
Y, = Overall sensory score,

x, = Water added to flour
X, = Salt added to flour
x; = Dough mixing time
x, = Baking time

X, = Baking temperature

The unknown function, f,, was assumed to be
approximated by a second degree polynomial
equation:

Y, =b,+ Z:f.bki.Xi +

b X1+ Tb XX (2)
it i =1 | A

i=1

© 1996 Blackwell Science i.td

Where b,, is the value of the fitted response at
the centre point of the design, that is point
(0.0,0,0,0), b, b,; and b,; are the linear, quadrat-
ic and cross-product regression terms, respective-
ly.

Experimental procedures
Preparation of dough and tandoori roti

Dough for tandoori roti was made by mixing
whole wheat flour (200 g), salt and water (accord-
ing to experimental design) in a Hobart mixer
(Model N-50, North York, Ontario, Canada) for
a stipulated period. The dough was rested for
30 min and then 55 g of the dough was sheeted
to a circular shape of 2.5 mm thickness using a

International Journal of Food Science and Technology 1996. 31. 345-351
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rolling pin and an aluminium frame (Rao et al.,
1986). The rolled dough was gently kept on a
cloth pad and pasted on the heated inner wall
surface of a tandoor oven. The inner wall temper-
ature of the oven was maintained according to
the experimental design by monitoring the air
available for burning of coal, through a slide
door fitted at the lower portion of the oven
(Saxena et al., 1995). After a prescribed time, the
roti was removed with the help of a scraper rod
(with flattened end) and an L-shaped rod (with a
sharp end).

Each set of experimental design was replicated
five times. The roties were cooled to room tem-
perature before measuring the response (sensory
score) and an average value of response was
taken for further analysis of the experimental
design. All the experiments were conducted on a
pilot scale.

Analyses of data

The regression analysis was conducted using the
‘Stepwise  Variable Selection - Backward
Elimination’ procedure (Chatterjee & Price, 1977)
for fitting the model represented by eqn 2 to
experimental data (Table 2). Maximization of the
polynomial thus fitted was performed by numeri-
cal techniques using the mathematical Optimizer
procedure of the Quatro Pro software package
(Quatro Pro, version 4.0, 1989 Borland
International Inc., USA) that deals with con-
straints. The mapping of the fitted response sur-
faces was achieved using a surfer program (Surfer
Access System, version 3.0, 1987 Golden
Software Inc., Golden Co., USA). The response
surfaces for this model were plotted as a function
of two variables while keeping the other three
variables at the optimum value.

Results and discussion
Flour analysis

The flour used in the present study had the fol-
lowing characteristics (expressed on a 14% mois-
ture basis): dry gluten 97.8 g kg™, ash 10.1 g kg
and damaged starch 126 g kg-'. The gluten and
damaged starch contents indicated its suitability
for roti making.

International Journal of Food Science and Technology 1996, 31, 345-351

Table 3 Estimated coefficients of the fitted quadratic
equation for sensory score

Coefficients Estimated coefficients  Standard error
by 30.96™ 1.71
by, 0.92~ 0.35
by, 0.69 0.35
by -1.89™ 0.32
[ 9% -0.77" 0.32
By -1.15™ 0.32
by -1.156" 0.32
bk!! -0.93" 0.32
By, 117 0.43
[ -1.37" 0.43
[ -1.61" 0.43
[N 1.01 0.43

‘P < 0.05; P < 0.01; P < 0.001.
df. = 17;R* = 0.9,

Diagnostic checking of the fitted model

The coefficient of determination (R?) is the pro-
portion of variability in the data explained or
accounted for by the model and large values of R*
indicate a better fit of the model to the data.
Regression analysis indicated that the fitted qua-
dratic model accounted for 93.3% of the variation
In the experimental data (Table 3), which was
highly significant.
The model for Y, was:

Y, = 3096 + 092 X, + 069 X, — 1.89
X — 077 X2 — 115 X2 — L15 X2 — 0.93
X2+ LI7X, X, - 1.37X,X, - 1.61 X, X, + 1.01
X, X,.

The significance of the coefficients (Table 3) of
the quadratic model (Eqn. 2) at P < 0.05, 0.01,
and 0.00! demonstrated that for overall sensory
score, only two linear but all quadratic terms of
the model were significant, as was the interaction
of water with each of salt, mixing time and bak-

Table 4 Optimum conditions for maximum sensory score

Variables Coded Uncoded
vaiues values

Water (mL kg : -0.43 721

Salt (g kg™ 0.27 11.4

Mixing time (min) 0.71 3.7

Baking time (s) -0.19 37

Baking temperature °C 1} 425

Maximum sensory score = 31.55

© 1996 Biackwell Science Ltd
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Figures 1-4 Effect of ingredients
and process conditions on sensory
quality of tandoori roti.

SENSORY SCORE

ing time and the interaction of mixing time with
baking time.

The optimum conditions to yield maximum
overall sensory score are presented in Table 4.
The model is representative of tandoori roti pro-
duced from a medium hard wheat, having dry
gluten content of 90-100 g kg™', protein content

Figures 5-8 Effect of ingredients
and process conditions on sensory
quality of tandoori roti.
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The response surfaces in Figs 1-8 are based on
the above model (Y,) with three variables kept
constant at the optimum level and varying the~
other two within the experimental range.

The surface plot of sensory score as a function
of consistency of dough demonstrated maximum
sensory score at a water level of 720 mL kg™
flour, representing 800 BU farinograph consisten-
¢y, and salt level of 11 g kg™ flour (Fig. 1).
Increasing or decreasing the water/salt concentra-
tions resulted in decreased score. A similar pat-
tern of response of baking time and water level
on the sensory score was noticed. However, at
optimum level of water, the maximum sensory
score shifted towards lower baking time (Fig. 2).
At the optimum water level, the middle of the
baking temperature region was found suitable to
obtain better quality rori (Fig. 3). A parabolic
curve similar to Fig. 2 was obtained for the
response of salt and mixing time (Fig. 4). It is
clear that increasing the salt level required longer
dough mixing time, and this could be attributed
to the toughening action of the salt (Hlynka,
1962; Salovaara, 1982). At any salt level, decreas-
ing the mixing time from the optimum decreased
the sensory score. .

It is clear from Fig. 5 that the moderate level
of salt has a desirable effect on rozi quality. It
may be attributed to the fact that the lower level
of salt affects the rheological behaviour of dough
and in turn the roti quality. On the other hand,
the higher level of salt may produce objectionable
taste. The shape of the curves obtained for
response of baking temperature and sait (Fig. 6)
is stmilar to that observed for baking temperature
and water (Fig. 3). At any level of salt, the bak-
ing temperature of rozi has to be at optimum level
to obtain the maximum sensory score. The sur-
face plot given in Fig. 7 demonstrated maximum
sensory score at the optimum baking time of 37 s
and little longer mixing time of 3.7 min. At the
optimum level of water, salt and mixing time
(Fig. 8) the maximum score was obtained when
roti was baked at moderate baking time and bak-
ing temperature. Shifting towards the higher or
lower region of any of the two variables, resulted
in a lower sensory score.

It may be concluded that the system of senso-
ry score of tandoori roti can effectively be opti-
mized using response surface methodology and

International Journal of Food Science and Technology 1996, 31, 345-351
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with a minimum number of experiments.
Computerized computations, model building and
generation of three dimensional graphs will go a
long way to unravelling the complexity of the
preparation of tandoori roti with the different
variables used. The optimum conditions for
obtaining a better quality roti were a water con-
tent of 720 mL kg~' flour (correspond to farino-
graph dough consistency of 800 BU), a salt
content of 11 g kg™' flour, a mixing time of 3.7
min, a baking time of 37 s and a baking temper-
ature of 425°C.
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