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EFFECTS OF SOME HYDROCOLLOIDS AND SURFACTANT ON THE
RHEOLOGICAL PROPERTIES OF HARD WHEAT FLOUR DOUGH

BY USING RESPONSE SURFACE METHODOLOGY  

Abstract
The aim of this study was to determine the effect of three hydrocolloids (guar gum, carboxymethylcellulose
(CMC) and locust bean gum (LBG)) and diacetyl tartaric acid ester of mono-diglycerides (DATEM) on
the rheological properties of hard wheat flour dough by using response surface methodology. Each
independent variable was tested at five levels: guar gum, CMC and LBG were 0.00%, 50%, 1.00%, 1.50%
and 2.0% (w/w, on weight of flour basis), and DATEM was 0.00%, 0.25%, 0.50%, 0.75% and 1.00%
(w/w, on weight of flour basis). The results showed that the guar gum was the most effective additive
on water absorption values and the maximum resistance of the dough to stretching out. The best
results among the combinations were generally obtained with CMC and DATEM on the maximum
resistance of the dough to stretching out. 

Keywords: Hydrocolloids, rheological properties, surfactants, response surface methodology

(RSM).

YÜZEY TEPKİ METODU KULLANILARAK BAZI
HİDROKOLLOİDLER ve YÜZEY AKTİF MADDENİN SERT
BUĞDAY UNU HAMURUNUN REOLOJİK ÖZELLİKLERİ

ÜZERİNE ETKİLERİ 
Özet
Bu çal›flman›n amac› üç hidrokolloidin (guar gam, karboksimetilselüloz (CMC) ve keçiboynuzu gam›
LBG) ile mono-digliseridlerin diasetil tartarik asit esterlerinin (DATEM) sert bu¤day unu hamurunun
reolojik özellikleri üzerine etkilerini yüzey tepki metodu (RSM) kullanarak belirlemektir. Her bir ba¤›ms›z
de¤iflken 5 farkl› oranda test edilmifltir; guar gam, CMC ve LBG, %0.00, %0.50, %1.00, %1.50 ve %2.0
(w/w un a¤›rl›¤› üzerinden), DATEM, %0.00, %.0.25, %0.50, %0.75 ve %1.00 (w/w un a¤›rl›¤› üzerinden).
Elde edilen sonuçlara göre hamurun uzamaya karfl› gösterdi¤i maksimum direnç ile su absorpsiyonu
de¤erleri üzerine en önemli etkiyi guar gam göstermifltir. Kombinasyonlar aras›nda hamurun uzamaya
karfl› gösterdi¤i direnç üzerine genel olarak en olumlu etkiyi CMC ve DATEM göstermifltir. 

Anahtar kelimeler: Hidrokolloidler, reolojik özellikler, yüzey aktif maddeler, yüzey tepki metodu (RSM).
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INTRODUCTION

Nowadays, additives are extensively used in the
baking  industry  for  several  reasons  such  as
improving bread quality, enhancing nutritional
value, retarding staling and preventing it from
spoiling.  Some  additives  have  focused  on
improving rheological characteristics of dough
and bread quality, such as hydrocolloids (1-3),
others on dough modifiers, shortening sparing
agents as anti-staling agents, and as improvers
for the production of high-protein breads, such as
different emulsifiers like DATEM (4). Therefore,
the bakery industry has increasingly exploited the
applications of hydrocolloids and emulsifiers (3, 4).

Hydrocolloids, known as water-soluble gums,
have specifically found a wide application such as:
thickening, gel formation, melting, gelatinization,
fragmentation and retrogradation of starch, foam
stabilization and increasing water-holding capacity
(5-7). 

Hydrocolloids have been employed to modify
dough and improve bread making quality (8, 9).
The functional effects of hydrocolloid stem from
their  ability  to  modify  dough  rheology  and
keeping qualities of finished baked products (9)
and they can induce structural changes in the
main components of wheat flour systems during
the bread making steps and bread storage (4).
These  additives  can  also  be  added  to  wheat
flours  in  order  to  increase  the  level  of  water
absorption of flour (10).

Shittu et. al. (9) studied the effect of xanthan
gum on composite cassava-wheat dough handling
properties  and  some  bread  qualities.  It  was
found that the higher gum content increased the
oven spring, loaf volume, crumb softness, percent
cell area and overall sensory acceptability of
composite cassava-wheat bread. Linlaud et. al.
(10) also analyzed the effect of hydrocolloid
addition on water absorption of flour and their
influence on dough rheology. It was found that guar
gum-added mixtures led to more stable dough
and high-methoxyl pectin to the less stable ones. 

Response surface methodology (RSM) is a collec-
tion of statistical and mathematical techniques
useful for developing, improving and optimizing
processes.  It  usually  contains  three  stages  (1)

design  of  experiments,  (2)  response  surface
modeling through regression and (3) optimization.
The main advantage of RSM is the reduced
number of experimental trials needed to evaluate
multiple parameters and their interactions. The
experimental data were utilized to build mathe-
matical models using regression methods. Once
an appropriate approximating model is obtained,
this model can then be analyzed by using various
optimization techniques to determine the optimum
conditions for the process (11).

The aim of the recent study has been to evaluate
the  effects  of  hydrocolloids  and  surfactant
(DATEM) on the rheological properties of dough.
As a control, bread without gum and surfactant
was used. An RSM study of the relative contribu-
tion  of  variables  (guar  gum,  CMC,  LBG  and
DATEM) to the rheological properties of dough
was conducted as described by Box and Wilson
(12). 

MATERIALS AND METHODS

Basic Ingredients and Additives

A commercial blend of Turkish hard wheat flour
of 13.63% moisture (13), 0.60% ash content (14),
13.64% protein (15), 453 s Falling number (16),
60.6% water absorption in farinograph (17), 770
BU maximum resistance of dough (Rm) in exten-
sograph (18). The hydrocolloids (guar gum, CMC
and LBG) included in this analysis were obtained
from INCOM Incorporated Company, Mersin,
Turkey, and DATEM was obtained from Additive
Food, Ankara, Turkey.

Experimental Design

A central composite design was created using the
software package with StatEase Design Expert
6.0.10 software package (Stat-Ease Inc., 2003,
Minneapolis, USA). Five levels of each independent
variable were incorporated into the design. Table
1 shows the levels of independent variables and
the combination of independent variable levels
used in the central composite design. The complete
experimental design, four factors at five levels,
required 24 + 2 x 4 + 4 = 28 formula combinations.
The centre point in the design was repeated four
times to calculate the reproducibility of the method. 
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The response variables were water absorption
and maximum resistance of the dough. Each of
the response variables were analyzed for quadratic
model. 

Statistical Analysis

Table  2  shows  the  relationship  between  the
independent variables (guar gum, CMC, LBG and
DATEM)  and  the  dependent  variables  (water
absorption and maximum resistance of dough)
described regression coefficient and significance
of the model. A tree-dimensional response surface
and  contour  plot  were  generated  from  the
regression equation over the range of variables

tested.  Analyses  of  variance  (ANOVA)  were
performed to determine significant differences
between independent variables (P ≤ 0.05). 

RESULTS AND DISCUSSION

Effects of Hydrocolloids and Surfactant
(DATEM) on the Rheological Properties of
Dough

Water Absorption (%)

As  shown  in  Figure  1(a), (b) and (c),  with  the
addition of hydrocolloids, the water absorption
of dough significantly increased. The results of
the  recent  study  support  previous  reports
showing  that  hydrocolloids  increase  water
absorption  and  improve  the  technological
properties of dough because of their hydrophilic
texture (9, 19-21). On the other hand, the use of
hydrophilic gums such as guar gum, LBG and
CMC  in  the  baked  goods  improve  moisture
retention (22). Increased concentration of DATEM
resulted in a slight decrease in water absorption
of dough (Figure 1(d)). This result is consistent
with some studies on the effect of surfactants on
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Table 1. Central composite design showing independent

variable level combinations (for guar gum, CMC and LBG -

2.00: 0.00%, - 1.00:0.50%, 0.00:1.00%, + 1.00:1.50%, +

2.00:2.00%; for DATEM -2.00: 0.00%, -1.00:0.25%,

0.00:0.50%, + 1.00:0.75%, + 2.00:1.00%;)

Experiment Guar CMC LBG DATEM

number gum

1 -1.00 -1.00 1.00 -1.00

2* 0.00 0.00 0.00 0.00

3* 0.00 0.00 0.00 0.00

4 1.00 1.00 1.00 -1.00

5 -1.00 -1.00 -1.00 1.00

6 -1.00 1.00 -1.00 -1.00

7 2.00 0.00 0.00 0.00

8 1.00 -1.00 -1.00 1.00

9 -1.00 -1.00 1.00 1.00

10 0.00 -2.00 0.00 0.00

11 1.00 1.00 1.00 1.00

12 1.00 -1.00 1.00 -1.00

13 1.00 -1.00 -1.00 -1.00

14 -2.00 0.00 0.00 0.00

15 1.00 1.00 -1.00 -1.00

16 -1.00 1.00 1.00 1.00

17 0.00 0.00 0.00 -2.00

18 0.00 0.00 0.00 2.00

19 0.00 0.00 2.00 0.00

20 -1.00 1.00 1.00 -1.00

21 0.00 2.00 0.00 0.00

22 1.00 1.00 -1.00 1.00

23 -1.00 -1.00 -1.00 -1.00

24 1.00 -1.00 1.00 1.00

25* 0.00 0.00 0.00 0.00

26* 0.00 0.00 0.00 0.00

27 -1.00 1.00 -1.00 1.00

28 0.00 0.00 -2.00 0.00

*: centre points

Table 2. Coefficient and significance of regression models

for hard wheat dough formulated by flour containing different

hydrocolloids and surfactant 

Water Maximum resistance

absorption (%) of the dough

(Rm, BU*)

Intercept +71.83a +637.09a

X1 +1.44a +22.87a

X2 +1.44a -31.30a

X3 +1.52a -21.30a

X4 -0.22a +14.54

X1
2 -0.13 +0.86

X2
2 -0.13 -2.89

X3
2 -0.13 -16.64

X4
2 -1.56.10-3 -5.39

X1xX2 -0.13 -1.74

X1xX3 -0.26a +7.01

X1xX4 -7.38.10-3 -5.49

X2xX3 -7.38.10-3 +12.01

X2xX4 -7.38.10-3 +22.01a

X2xX4 -0.13 +13.26

R2 0.9901 0.7878

*: brabender units ; a: the term is significant at P ≤ 0.05 ;

X1= Guar gum ; X2= CMC ; X3= LBG ; X4= DATEM



farinogram  properties  of  dough,  which  show
that surfactants did not affect or reduce water
absorption of dough (23, 24). In combinations,
guar gum and LBG caused a decrease in the water
absorption for all the tested samples (Figure
1(e)).  Other  combinations  did  not  have  any
significant  effects  on  the  variation  of  water
absorption of dough (Table 2).

Maximum Resistance of Dough (Rm)

Increasing concentrations of guar gum caused an
increase in the maximum resistance of dough
(Figure 2(a)). In contrast, the addition of other
hydrocolloids (CMC and LBG) decreased in the
maximum resistance of dough (Figure 2(b) and
(c)). DATEM did not have any significant effect
on the maximum resistance of dough (Table 2).
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Figure 1(a) Figure 1(b)

Figure 1(c)

Figure 1(e)

Figure 1. Effect of hydrocolloids and surfactant on hard

wheat flour’s water absorption: (a) guar gum, (b) CMC,

(c) LBG, (d) DATEM, (e) guar gum and LBG. 

Figure 1(d)



It has been known that hydrocolloids such as
CMC and the other derivatives of celluloses have
reduced the maximum resistance of dough (25).
In combination, CMC and DATEM increased in
the maximum resistance of dough, with the gre-
atest effect among the combinations (Figure
2(d)). Mettler and Seibel (1) observed that the
detrimental effects of hydrocolloids could be
compensated, in part, by increasing concentrati-
ons of DATEM. Bollain and Collar (26) also indi-
cated that DATEM has been shown to increase
Rm in comparison with hydroxypropylmethylcel-
lulose (HPMC) and high ester pectin. It has been
reported that the dough strengthening effect of
DATEM has been related to strong binding ef-
fects and thereby to the promotion of the deve-
lopment of a gluten-starch-lipid complex (27).

This study has showed that the rheological pro-
perties of hard wheat flour dough are signifi-
cantly affected by hydrocolloids and DATEM.
With the addition of different concentrations of
guar gum, the water absorption and maximum
resistance of the dough significantly increased.
In combination, CMC and DATEM increased in
maximum resistance of the dough, with the gre-
atest effect among the combinations. In conclusi-
on, hydrocolloids and DATEM can be combined,
contributing to much stronger rheological pro-
perties of hard wheat dough.
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Figure 2(a) Figure 2(b)

Figure 2(c) Figure 2(d) 

Figure 2. Effect of hydrocolloids and surfactant on hard

wheat flour dough’s maximum resistance: (a) guar gum,

(b) CMC, (c) LBG, (d) CMC and DATEM.
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